
Diabetes in America, 2nd Edition, has been
sponsored by the National Diabetes Data
Group (NDDG) of the National Institute of
Diabetes and Digestive and Kidney Dis-

eases, National Institutes of Health. The NDDG was
established in 1977 in response to recommendations
of the U.S. National Commission on Diabetes. Its
purposes are to define needs for information that can
address the important scientific and public health
issues in diabetes,  facil itate research on the
epidemiologic and clinical aspects of diabetes, and to
develop reliable and accurate information on the
scope and impact of diabetes in the U.S. population.

The authors of Diabetes in America, 2nd Edition, are
recognized experts in their fields. Their participation
brings to the document not only their specific scien-
tific expertise, but also the spectrum of disciplines
that reflect the broad interests and issues in the diabe-
tes community. The book represents, in the judgment
of its authors and editors, a compilation and assess-
ment of the most valid, accurate, and useful data on
diabetes and its complications in the United States. It
complements the first edition of Diabetes in America,
published by the NDDG in 1985, which remains a
valid reference work for the field of diabetes.

Five general areas are addressed in the 36 chapters.
These include the descriptive epidemiology of diabe-
tes in the United States based on national surveys and
community-based studies, including prevalence, inci-

dence, sociodemographic and metabolic charac-
teristics, risk factors for developing diabetes, and
mortality; the myriad of complications that affect pa-
tients with diabetes; characteristics of therapy and
medical care for diabetes; economic aspects, including
health insurance and health care costs; and diabetes in
special populations, including blacks, Hispanics,
Asian and Pacific Islanders, Native Americans, and
pregnant women.

Diabetes in America, 2nd Edition has been designed to
serve as a reliable scientific resource for assessing the
scope and impact of diabetes and its complications,
determining health policy and priorities in diabetes,
and identifying areas of need in research. The in-
tended audience includes health policy makers at the
local and federal levels who need a sound quantitative
base of knowledge to use in decision making; clini-
cians who need to know the probability that their
patients will develop diabetes and the prognosis of the
disease for complications and premature mortality;
persons with diabetes and their families who need
sound information on which to make decisions about
their life with diabetes; and the research community
which needs to identify areas where important scien-
tific knowledge is lacking. I hope you will find that
these purposes have been fulfilled.

Maureen I. Harris, PhD, MPH
Director, National Diabetes Data Group
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CLASSIFICATION AND
DIAGNOSTIC CRITERIA

Diabetes mellitus comprises a heterogeneous group of
disorders characterized by high blood glucose levels.
Four major types of diabetes have been defined: insu-
lin-dependent diabetes mellitus (IDDM), non-insu-
lin-dependent diabetes mellitus (NIDDM), gesta-
tional diabetes mellitus (GDM), and diabetes secon-
dary to other conditions. IDDM characteristically pre-
sents with prominent diabetes symptoms and extreme
hyperglycemia. NIDDM can be diagnosed by the pres-
ence of the classical signs and symptoms of diabetes
together with unequivocally elevated blood glucose
levels; by fasting plasma glucose (FPG) ≥140 mg/dl; or
by venous plasma glucose ≥200 mg/dl at 2 hours after
a 75-g oral glucose challenge. Criteria for GDM vary
but require an oral glucose challenge and measure-
ment of post-load plasma glucose.

PREVALENCE AND INCIDENCE

Based on the National Health Interview Survey
(NHIS), there were ~7.8 million diagnosed cases of
diabetes in the United States in 1993. The rate for all
ages of 3.1% in 1993 was more than three times the
prevalence of 0.93% in 1958. The number of people
with diagnosed diabetes increased fivefold between
1958 and 1993. In the 1989 NHIS diabetes supple-
ment, ~43% of people with diagnosed diabetes were
treated with insulin. IDDM with onset at age <30 years
comprised ~7% of all diagnosed cases. Most of the
remainder can be considered to be NIDDM, although
some studies indicate that ~7% of insulin-treated
cases with onset at age ≥30 years may be IDDM.
Diabetes associated with or secondary to other condi-
tions occurs in ~1%-2% of all disorders comprising
the syndrome of diabetes. In addition to the diagnosed
cases, there are probably ~7 million undiagnosed
cases of NIDDM in the United States, based on oral
glucose tolerance tests (OGTTs) in representative
samples of people without diagnosed diabetes. GDM

occurs in ~3%-5% of all pregnancies. Impaired glu-
cose tolerance (IGT) is a class that encompasses peo-
ple whose OGTT values are intermediate between
normal and diabetic; ~11% of adults had IGT when
tested by oral glucose challenge in the 1976-80 Sec-
ond National Health and Nutrition Examination Sur-
vey (NHANES II).

Insulin-Dependent Diabetes

The prevalence of IDDM with onset at age <30 years
in the United States is estimated to be ~120,000 indi-
viduals age <20 years and ~300,000-500,000 individu-
als of all ages. There may also be ~500,000 adults who
have adult-onset IDDM (onset at age ≥30 years). The
incidence of IDDM is ~30,000 new cases each year.
There are considerable racial and ethnic differences in
IDDM incidence in children. For example, the annual
incidence per 100,000 was 8.8 for Hispanics in Colo-
rado, 12.1 for African Americans in Alabama, and 17.3
for whites in Pennsylvania. Some countries in Europe
show an increasing IDDM incidence over time. In the
United States, incidence has been stable over the past
several decades, except for rapid rises during certain
years which may be suggestive of epidemics.

Non-Insulin-Dependent Diabetes

Of the ~7.8 million people in the United States who
had diagnosed diabetes in 1993, ~90%-95% appeared
to have NIDDM. Prevalence rates were 1.3% at age
18-44 years, 6.2% at age 45-64 years, and 10.4% at age
≥65 years. In addition to the known cases of diagnosed
NIDDM, there is about one undiagnosed case of
NIDDM for every diagnosed case, based on oral glu-
cose tolerance testing in NHANES II. Thus, the total
prevalence of NIDDM is estimated to be twice that of
diagnosed diabetes. When IGT is also considered,
rates of total glucose intolerance may range from ~9%
at age 20-44 years to ~42% at age 65-74 years. NIDDM
prevalence rates are similar for men and women in the
United States, but diabetes is more common in blacks,
Mexican Americans, Japanese Americans, and Native
Americans than in non-Hispanic whites. From the
NHIS, it is estimated that ~625,000 new cases of dia-
betes are diagnosed annually in the United States. 

Chapter 1

Summary

Maureen I. Harris, PhD, MPH

DESCRIPTIVE EPIDEMIOLOGY

1



Secondary and Other Types of Diabetes

These conditions include diabetes and glucose intol-
erance that develop in association with disorders or
factors such as pancreatic diseases, endocrinopathies,
many genetic syndromes, and the diabetogenic effects
of drugs, chemical agents, and toxins. The prevalence
is ~1%-2% of all diabetes. Studies on the genetics of
diabetes have defined a specific genetic basis for dia-
betes in some families. Although all mutations identi-
fied thus far account for only a small fraction of the
diabetic population, further genetic studies should
provide an increasingly scientific basis for the hetero-
geneity of diabetes. 

SCREENING FOR NIDDM

Based on the National Ambulatory Medical Care Sur-
vey (NAMCS), blood glucose tests were ordered or
performed in 23.5 million visits of patients without
diabetes to office-based physicians in 1985, and urine
glucose tests in 55.3 million visits. These tests were
presumably used in screening for hyperglycemia and
glycosuria. NAMCS data from 1989-90 indicate that
~3.2 million OGTTs were performed annually during
patient visits to office-based physicians. Virtually all
people with NIDDM in the 1989 NHIS stated that they
had a blood test at diagnosis of diabetes, with 38%
indicating an OGTT had been performed.

About 31% of adults without diagnosed diabetes in
the 1989 NHIS reported they had been screened for
diabetes in the previous year. Screening is most appro-
priately carried out in groups at high risk for NIDDM.
Major risk factors for NIDDM include older age; obe-
sity; family history of diabetes; race/ethnicity of black,
Hispanic, and American Indian; and presence of com-
plications related to diabetes. In the 1989 NHIS, 78%
of nondiabetic adults in the United States had at least
one of these risk factors and 23% had three or more;
39% of people with three risk factors or complica-
tions, and 57% of people with four or more, reported
being screened for diabetes in the previous year. 

Detection of undiagnosed NIDDM can be conducted
by an oral glucose challenge or by measurement of
FPG, although only ~25% of adults with undiagnosed
NIDDM in NHANES II had fasting hyperglycemia
(≥140 mg/dl). Based on NHANES II, if a 75-g oral
glucose challenge were used to screen for undiag-
nosed NIDDM in the U.S. population, the yield of
positive screenees (2-hour glucose ≥200 mg/dl) would
be 9% when people age ≥40 years who have a percent
desirable weight (PDW) ≥120 are screened. This
would detect 67% of all U.S. adults with undiagnosed

NIDDM. The yield could be increased to 25% if people
age ≥40 years with PDW ≥140 and a family history of
diabetes were screened. This would detect only 25%
of all cases of undiagnosed NIDDM, but only 6% of
adults in the United States would have to be adminis-
tered the oral glucose challenge. The cost effective-
ness and long-range benefit to the patient of such
screening strategies remain to be defined.

CHARACTERISTICS OF PERSONS 
WITH NIDDM

Sociodemographic Characteristics

Based on the 1989 NHIS, 58% of people with NIDDM
are women, 70% are non-Hispanic white, 20% are
black, 5% are Mexican American, and 5% are of other
race/ethnicity. Median age is 64 years, and 58% are age
≥60 years. Mean age at diagnosis of NIDDM is 51
years, and 27% have duration of diabetes ≥15 years.
Mean age at diagnosis is oldest in whites (52 years),
intermediate in blacks (49 years), and youngest in
Mexican Americans (45 years). Mean age at diagnosis
does not differ by sex.

Persons with NIDDM most frequently (72%) live in or
just outside a city. Most (61%) persons with NIDDM
are married. About 24%, including 35% of those age
≥65 years, live alone. Even after accounting for their
older age, persons with NIDDM have less education
and lower income levels than nondiabetic adults. The
proportion of adults who have completed at least
some college education is 21% for NIDDM and 40%
for nondiabetic persons. The proportion in 1989 with
family income ≥$40,000 was 16% for NIDDM and 33%
for nondiabetic persons; the proportion with family
income <$10,000 was 28% and 13%, respectively.
Likewise, at every age, persons with NIDDM are less
likely to be employed. For example, at age 45-64
years, whereas 68% of nondiabetic adults were em-
ployed in 1989, 51% of persons with NIDDM were not
in the labor force. 

Physical and Metabolic Characteristics

Mean FPG values in patients with diagnosed NIDDM
vary widely in community-based studies.  Mean FPG
was 141 mg/dl for an upper middle-class group of
white diabetic patients in Rancho Bernardo, CA, 182-
198 mg/dl in Hispanics in San Luis Valley, CO and San
Antonio, TX, and 197-243 mg/dl in three groups of
Native Americans, whereas mean FPG was only 91
mg/dl in persons with normal glucose tolerance in a
U.S. population sample in NHANES II. Large differ-
ences also occurred for 2-hour post-challenge plasma
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glucose levels in diagnosed NIDDM, ranging from 235
mg/dl in Rancho Bernardo to 336-360 mg/dl in Japa-
nese Americans in Seattle, WA, and 247-356 mg/dl in
the three Native American groups. These values were
substantially greater than the mean post-challenge
value of 97 mg/dl for adults with normal glucose
tolerance in NHANES II. 

In NHANES II, the frequency of obesity (body mass
index (BMI) ≥30) for those age 40-64 years with
NIDDM was higher in white women (53%) than white
or black men (21%) and was markedly high in black
women (65%). The proportion of NIDDM subjects
with BMI ≥30 was also high in most community-based
studies, ranging from 19%-53% for white women,
19%-36% for white men, 47%-59% for Mexican-
American women, 32%-42% for Mexican-American
men, 61%-71% for Native American women, and 48%-
65% for Native American men. Obesity was lower
only in Japanese American NIDDM subjects; BMI ≥30
was found in only 18% of women and 6% of men.
Central obesity was more evident in persons with
NIDDM compared with nondiabetic persons, as meas-
ured by subscapular-to-triceps skinfold ratios of 1.7
versus 1.5 for men and 1.0 versus 0.8 for women in
NHANES II.

The prevalence of hypertension (≥160/95 mmHg or
using antihypertensive medication) in persons age
45-64 years in NHANES II was 50% for diagnosed
NIDDM versus 23% for those with normal glucose
tolerance. Only ~12% of the hypertension in NIDDM
was undiagnosed, but 37% of the known hypertension
was uncontrolled. Among persons with NIDDM who
had physician-diagnosed hypertension in the 1989
NHIS, 76% said they were taking antihypertensive
medication, 87% were restricting salt intake, 58%
were engaging in physical exercise, and 70% were
trying to lose weight or control their weight.
Dyslipidemia was common in persons with NIDDM in
NHANES II: 41% had total cholesterol ≥240 mg/dl,
74% had total cholesterol ≥200 mg/dl, 39% had low-
density lipoprotein (LDL) cholesterol ≥160 mg/dl,
18% had high-density lipoprotein (HDL) cholesterol
<35 mg/dl, and 19% had fasting triglycerides ≥250
mg/dl.

The proportion of subjects in the 1989 NHIS who
reported they smoke cigarettes was similar for those
with and without diagnosed diabetes (20% and 26%).
Based on NHANES II, the proportion who stated they
drank any alcohol in the past 3 months was lower for
diabetic (47%) than nondiabetic (67%) adults. Partici-
pating in regular exercise was reported by 28% of
diabetic and 34% of nondiabetic adults in the 1990
NHIS. Among those age 45-64 years in the 1989

NHIS, excellent or very good health status was re-
ported by 58% of nondiabetic adults but by only 18%
of subjects with NIDDM. 

RISK FACTORS FOR DEVELOPMENT 
OF DIABETES

Insulin-Dependent Diabetes

Epidemiologic patterns for IDDM suggest that both
environmental and genetic factors are involved in its
etiology. Concordance for IDDM among identical
twins is only ~30%-50%, much less than would be
expected for a disease with a strictly genetic basis.
More than 80% of IDDM occurs in children with no
family history of the disease. However, in families that
have a person with IDDM, the risk of IDDM in rela-
tives is much greater than in the general population.
For example, the prevalence of IDDM by age 30 years
in siblings of IDDM patients is about 3%-6%, whereas
IDDM prevalence in the general population is <0.2%
at age 20 years. Prevalence in parents of IDDM pa-
tients is also about 3%-6%.

The genes that confer susceptibility to IDDM are lo-
cated in the HLA region of chromosome 6, which
contains genes that control immune response. Indi-
viduals who have autoantibodies to islet cell antigens
(ICA), to insulin, or to glutamic acid decarboxylase
(GAD) are at greatest risk for developing IDDM. An
increased risk of IDDM occurs in children who are
breast fed for a shorter time or are introduced to cow’s
milk at a younger age; an autoimmune response to
cow’s milk proteins may mediate the increased risk of
IDDM. Viruses have long been invoked as etiologic
agents for IDDM, but a mechanism for the association
between IDDM and viral infections has not been sub-
stantiated. Older age of the mother is a risk factor for
IDDM in the child, but children with an IDDM father
are more likely to have the disease than children with
a IDDM mother (4%-9% versus 1%-4%). Further stud-
ies of host and environmental risk factors and their
interactions are needed to provide information about the
causes of IDDM and approaches to disease prevention.

Non-Insulin-Dependent Diabetes

NIDDM is heterogeneous in its etiology and clinical
course, and there is no single cause of the disease. A
large number of rare genetic syndromes are associated
with development of NIDDM, but these currently ac-
count for <1% of all cases. The majority of NIDDM
cases are believed to result from a combination of
hyperinsulinemia/insulin resistance and β-cell failure,
but this major type of diabetes may also be composed
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of several distinct etiologic entities. Given the high
prevalence of NIDDM and IGT (~45% of those age
65-74 years), it is likely that a large proportion of the
U.S. population is at risk for NIDDM.

Risk markers for NIDDM include older age, positive
family history of diabetes, minority ethnicity, and
lower socioeconomic status. Each of these is probably
a reflection of underlying causal factors. Genetic fac-
tors play a major causal role in the etiology of
NIDDM. The concordance for NIDDM in monozy-
gous twins, although only ~60% in unbiased studies,
is still twice the rate for dizygous twins. Numerous
studies have investigated the association of NIDDM
with specific candidate genes, but the genes that de-
termine NIDDM are yet to be identified. 

Many studies support the role of physiologic and life-
style factors in NIDDM etiology. Such factors include
greater total obesity, longer duration of obesity, intra-
abdominal location of body fat, and physical inactiv-
ity. There is little evidence that any specific compo-
nent of the diet, other than caloric intake, influences
susceptibility to NIDDM. The risk for developing
NIDDM increases with higher blood glucose values,
and the pathogenesis of NIDDM seems to proceed
through a stage of abnormal glucose tolerance such as
IGT. Metabolic challenges such as gestational diabetes
may unmask a prediabetic state. 

Even though a number of risk markers and risk factors
for NIDDM are known, it remains unknown whether
interventions focused on such components as weight
loss and increased physical activity can prevent diabe-
tes or reverse the pathology in those already diag-
nosed with diabetes.

MORTALITY

Insulin-Dependent Diabetes

Mortality rates for IDDM patients are ~5-7 times that
of the general U.S. population for males and ~9-12
times for females. In the Pittsburgh, PA Children’s
Hospital IDDM cohort age 30-34 years, the annual
mortality rate was 14.6 per 1,000 for females and 29.6
per 1,000 for males. Life expectancy for patients with
IDDM is reduced by ~15 years; >15% of IDDM pa-
tients will die by age 40 years. The majority of deaths
of people with IDDM occur in middle and late adult-
hood. 

There are marked changes in the cause of death with
longer duration of IDDM. In the early years after
diagnosis, acute coma is the leading cause of death,

while renal disease predominates in the middle years.
After 30 years of IDDM, two-thirds of deaths result
from cardiovascular disease. In IDDM, as in the gen-
eral U.S. population, African Americans have a higher
mortality rate than whites. Cigarette smoking and
hypertension are important predictors of mortality.
Metabolic control of diabetes is the strongest predic-
tor of survival in patients with IDDM.

Non-Insulin-Dependent Diabetes 

Based on a 1986 study, it is estimated that deaths of
persons with NIDDM account for 17.2% of all deaths
in the United States for those age ≥25 years. Death
rates for people with diabetes in 1986 were 1.0% for
those age 25-44 years, 2.8% for age 45-64 years, 5.8%
for age 65-74 years, 13.6% for age ≥75 years, and 5.5%
for all diabetic persons age ≥25 years. The 1982-84
followup of the 1971-75 NHANES I and a community-
based study in southern Wisconsin in 1980-88 also
found that ~5%-6% of adults with NIDDM die each
year. This rate is twice the rate for adults in the
general U.S. population.

In the 1986 study, diabetes was listed on the death
certificate in only 38% of deaths of persons with dia-
betes and was listed as the underlying cause in <10%.
Thus the mortality impact of diabetes is greatly under-
estimated by death certificate data. 

The four leading causes of death in persons with
NIDDM are diseases of the heart (~50% of deaths),
diabetes (13%), malignant neoplasms (13%), and
cerebrovascular disease (10%). The risk of heart dis-
ease mortality is ~2-4 times higher for NIDDM than
for nondiabetic persons. Although persons with
NIDDM possess more and higher levels of known risk
factors for mortality, this does not fully explain their
excess mortality. Among middle-aged populations
with NIDDM, life expectancy is reduced by ~5-10
years. Reduction in life expectancy is greater for dia-
betic women than men and for those with complica-
tions, and decreases with increasing age at diagnosis
of diabetes.

DISABILITY

Disability affects large numbers of people with diabe-
tes in the United States. In the 1989 NHIS, the propor-
tions of diabetic subjects who reported any activity
limitation related to an impairment or health problem
(50%), being unable to carry on their major activity
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(20%), and restricted activity days in the past 2 weeks
(22%) were two to three times higher than reported by
persons without diabetes.

The largest impact of disability appears to be for the
most severe forms of disability, including being unable
to work. At every age, persons with NIDDM are less
likely to be employed than those without diabetes.
For example, at age 45-64 years, whereas 68% of
nondiabetic adults were employed in 1989, 51% of
persons with NIDDM were not in the labor force. Of
those age 45-64 years who were employed in 1989,
10% of NIDDM reported workloss days in the past 2
weeks compared with 5% of nondiabetic subjects.

The consequences of disability are also extensive for
IDDM. In the Children’s Hospital of Pittsburgh IDDM
registry, the proportion of IDDM subjects who had
experienced work limitations by age 45 years was
48%. IDDM subjects with disability had higher rates
of unemployment than those not disabled (49% ver-
sus 12%) and higher rates of absenteeism for those
who did work (13.8 days per year versus 3.0 days per
year). Persons with IDDM were seven times more
likely to report work disability as their nondiabetic
siblings (32% versus 5%).

Diabetic persons with disabilities use health care serv-
ices more frequently than those not limited in activity.
In the 1989 NHIS, 32% were hospitalized in the past
year versus 13% of those not limited and the length of
stay (LOS) in the hospital was longer (14 days versus
9 days). The average number of physician visits was
13.9 per year for persons limited in activity, compared
with 6.5 visits per year for those not limited. Limita-
tions in the personal care activities of daily living
(ADL) were also more common among diabetic (5%)
than nondiabetic (2%) individuals in the 1989 NHIS.
Self-reported health status is lower in subjects with
diabetes. Among those age 45-64 years in 1989, excel-
lent or very good health status was reported by 58% of
nondiabetic adults but by only 18% of subjects with
NIDDM. 

ACUTE METABOLIC COMPLICATIONS

The acute metabolic complications of diabetes include
diabetic ketoacidosis (DKA), hyperosmolar nonke-
totic coma (HNC), lactic acidosis (LA), and hypogly-
cemia. The incidence rate for DKA in population-
based studies is ~5-8 per 1,000 diabetic persons per
year. DKA is more common in young diabetic people,
who had rates of 54 per 1,000 persons age <15 years
per year in one study and 13 per 1,000 in another
study. In contrast, rates at age >30 years were ~2-3 per

1,000 persons per year. About 100,000 hospital dis-
charges were coded to DKA annually in 1989-91,
based on the NHDS. The average annual number of
hospital discharges listing the other conditions were
10,800 (HNC), 18,800 (acidosis), 4,500 (coma),
13,000 (hypoglycemic coma), and 48,500 (hypoglyce-
mia). Mortality rates in past studies were ~9%-14% for
DKA and ~10%-50% for HNC. 

VISION DISORDERS

Diabetic retinopathy is the leading cause of new cases
of blindness in adults in the United States. Among all
new cases of legal blindness in adults, 11% are due to
diabetic retinopathy including 12% at age 20-44 years,
19% at age 45-64 years, and 8% at age ≥65 years. Of
people who are legally blind, 9% have diabetes as the
cause.

In the Wisconsin Epidemiologic Study of Diabetic
Retinopathy (WESDR), about 97% of IDDM, 80% of
insulin-treated NIDDM, and 55% of NIDDM not
treated with insulin had evidence of retinopathy by 15
years of diabetes. The most severe stage, proliferative
diabetic retinopathy, was present in 30% of IDDM,
10%-15% of insulin-treated NIDDM, and 5% of
NIDDM not treated with insulin after 15 years of
diabetes. The incidence of retinopathy during 4 years
in WESDR among those with no retinopathy at base-
line was 20%, 15%, and 10%, respectively. 

The major risk factor for incidence and progression of
diabetic retinopathy is hyperglycemia. Indeed, differ-
ences among the three types of diabetes in WESDR
were minimal when their level of glycemia was taken
into account. For example, the 10-year incidence of
proliferative retinopathy was similar (~7%-15%) for
those with baseline glycosylated hemoglobin of ~9%
and increased linearly for all three types of diabetes to
a 10-year incidence of ~35%-45% for those with base-
line glycosylated hemoglobin of ~12%.

About 20% of patients with NIDDM have evidence of
diabetic retinopathy at diagnosis of diabetes. This is
believed to be due to a long (~10 years) preclinical
period between onset of NIDDM and its diagnosis,
during which time the untreated hyperglycemia is
causing retinopathy.

Clinical trials in persons with severe proliferative ret-
inopathy have shown the efficacy of panretinal photo-
coagulation in reducing the incidence of serious loss
of vision by ~50%. In addition, focal photocoagulation
can reduce the incidence of doubling of the visual
angle by ~50%. The Diabetes Control and Complica-
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tions Trial (DCCT) demonstrated that persons with
IDDM who had no retinopathy at baseline had a 60%
reduction in the progression of retinopathy with in-
tensive insulin treatment compared with conventional
insulin treatment. For those who had retinopathy at
baseline, intensive insulin treatment was associated
with a 54% reduction in progression of retinopathy, a
47% reduction in the incidence of preproliferative or
proliferative retinopathy, and a 54% reduction in laser
treatment, compared with those with conventional
insulin treatment.

Two other complications of diabetes, cataracts and
glaucoma, can lead to visual loss. Senile lens changes
measured by ophthalmic examination were found in
63% of NIDDM age 50-64 years and 78% of those age
65-74 years in the Framingham Eye Study. Rates of
cataract are often ~50% higher in NIDDM than in
nondiabetic persons. Prevalence of clinically-deter-
mined glaucoma in the Beaver Dam, WI Eye Study
increased from 2% of NIDDM age 43-54 years to 13%
of those age ≥75 years. After adjusting for age and sex,
the risk of glaucoma was 70% higher in people with
NIDDM.

Ophthalmic care for people with diabetes may not be
adequate to detect vision problems and institute treat-
ment to prevent blindness. Of adults with diabetes in
the 1989 NHIS, only 45% had seen an ophthalmolo-
gist in the past year and only 49% had had a dilated
eye examination within the past year.

NEUROPATHY

Neuropathy is a common complication of IDDM and
NIDDM. In population-based studies, 30%-70% of
patients were affected, depending on neuropathy cri-
teria. In the Rochester, MN Diabetic Neuropathy
Study, the prevalence was 60% for any neuropathy,
47% for distal polyneuropathy, 34% for carpal tunnel
syndrome, and 5% for autonomic neuropathy. Most
cases of distal polyneuropathy and carpal tunnel syn-
drome were subclinical or asymptomatic. In the San
Luis Valley, CO Diabetes Study, definite neuropathy
was found in 28% of Hispanic and Anglo patients with
NIDDM, based on history and absent/decreased re-
flexes and altered vibration perception threshold. The
prevalence of distal symmetrical neuropathy in-
creased from 17% at 0-4 years duration of NIDDM to
50% at ≥15 years duration. Neuropathy rates were ~5
times greater in those with NIDDM compared with
nondiabetic subjects. Prevalence of symptoms of sen-
sory neuropathy was 38% in NIDDM subjects in the
1989 NHIS versus 10% in those without diabetes.
Absent knee/ankle reflexes were found in 13% of sub-

jects with previously diagnosed NIDDM in NHANES
II. This was substantially higher than the rate of 5% in
subjects with normal glucose tolerance. 

In the DCCT, intensive treatment of diabetes with
near-normalization of glycemia reduced the 5-year
prevalence of neuropathy by 60%-70%, compared
with the conventional treatment group.

KIDNEY DISEASES

Diabetes accounts for ~35% of all new cases of end-
stage renal disease (ESRD) in the United States and is
the leading cause of new ESRD. Persons with diabetes
comprise the fastest growing group of renal dialysis
and transplant recipients. In 1991, 48,274 persons
with diabetes were receiving renal replacement ther-
apy and there were 17,888 new cases of diabetic
ESRD. There were also 11,361 deaths among diabetic
ESRD patients in that year. The annual cost for treat-
ment of diabetic ESRD exceeds $2 billion, not includ-
ing the costs associated with reduced productivity and
unemployment. 

A large proportion of persons with diabetes have ele-
vated urinary albumin excretion, with ~20%-30% hav-
ing microalbuminuria and ~20%-30% having macroal-
buminuria. In IDDM, the incidence of persistent pro-
teinuria rises during the first 10 years of diabetes and
reaches ~25% after ~15 years of diabetes. In NIDDM,
~10% have macroalbuminuria within 5 years of diag-
nosis and prevalence reaches 25% at 20 years after
diagnosis. Clinical proteinuria in IDDM heralds a re-
lentless decline of renal function that often leads to
ESRD. Of IDDM patients at the Joslin Clinic in Bos-
ton, MA, 50% developed chronic renal failure after 10
years of persistant proteinuria. In NIDDM subjects in
Rochester, MN, the proportion was 11%. There has
been a secular decline since ~1960 in the incidence of
proteinuria in IDDM, possibly due to improved con-
trol of hyperglycemia, but a similar decline in NIDDM
has not been reported. The presence of microalbu-
minuria in IDDM is associated with a nearly threefold
increased risk of death from cardiovascular disease,
and survival in patients with NIDDM and microalbu-
minuria is also substantially reduced. In Pima Indians
with NIDDM, an excess risk of death was found in
diabetic patients with proteinuria but not in those
without proteinuria.

Diabetic ESRD is four times more common in blacks
than in whites among patients with NIDDM, but the
risk in IDDM is the same for blacks and whites. Hy-
perglycemia is the major risk factor for proteinuria.
Other factors associated with development of diabetic
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nephropathy include longer diabetes duration, hyper-
tension, and cigarette smoking. Diabetic renal disease
is more common in some families than in others,
suggesting that there is a genetic component to renal
disease. Increased plasma prorenin activity, lipopro-
tein abnormalities, autonomic neuropathy, pregnancy,
a high-protein diet, and drug nephrotoxicity have
been implicated as risk factors in some studies. 

Control of blood glucose can reduce the rate of pro-
gression of renal disease in diabetes. In the DCCT,
intensive insulin therapy was associated with a 39%
reduced risk of microalbuminuria and a 54% reduced
risk of macroalbuminuria. Control of blood pressure
also decreases the rate of progression of renal disease,
and angiotensin converting enzyme (ACE) inhibitors
may be renoprotective independent of their effects on
blood pressure. Several studies suggest that reduction
of dietary protein may lower the rate of progression of
renal disease. Most studies of risk factors have been
conducted in IDDM, and little is known about the
effectiveness of these treatment modalities in NIDDM.

Other renal diseases that occur with greater frequency
in diabetic patients include asymptomatic bacteriuria,
pyelonephritis, papillary necrosis, and radiocontrast-
induced renal failure.

PERIPHERAL VASCULAR DISEASE 

Lower extremity arterial disease (LEAD) is identified
clinically by intermittent claudication and/or absence
of peripheral pulses in the lower legs and feet, repre-
senting decreased arterial perfusion of the extremity.
In population-based studies, pulse deficits were found
in ~10% of diabetic subjects, absent foot pulses in
~20%-30%, and intermittent claudication in ~9%.
Prevalence of pulse deficits in subjects with NIDDM
in NHANES II was about twice that of subjects with
normal glucose tolerance. 

The incidence of LEAD in diabetic subjects without
LEAD at baseline in the Rochester, MN population
was ~10 times that of nondiabetic subjects (25.1 per
1,000 person-years versus 2.6 per 1,000). The inci-
dence increases with older age, longer duration of
diabetes, and the presence of hypertension, cigarette
smoking, and dyslipidemia. LEAD in diabetes is also
compounded by the presence of peripheral
neuropathy and susceptibility to infection. These fac-
tors contribute to progression of LEAD to ulcerations
of the feet, gangrene, and ultimately to amputation of
the extremity. 

Mortality is increased in patients with LEAD. In the

Rochester, MN and Framingham, MA studies, mortal-
ity rates for diabetic patients with LEAD were two to
three times greater than mortality in the general popu-
lation. 

LOWER EXTREMITY FOOT ULCERS 
AND AMPUTATIONS

Lower extremity ulcers and amputations are an in-
creasing problem among individuals with diabetes.
The annual incidence of foot ulcers in community-
based studies was 2%-3%, and prevalence was 4%-
10%. In the 1983-90 NHDS, 6% of hospital discharge
records that listed diabetes also listed a lower extrem-
ity ulcer condition, and chronic ulcers were present
on 2.7%. The average length of stay for diabetes dis-
charges with ulcer conditions was 59% longer than for
diabetes discharges without them. Clinical
epidemiologic studies suggest that foot ulcers precede
~85% of nontraumatic lower extremity amputations
in individuals with diabetes.

The incidence of amputation in patients with diabetes
is ~0.4%-0.8% per year. About half of amputations in
the United States occur in people with diabetes.
NHDS data indicate there were an annual average of
~54,000 hospital discharges listing diabetes and a
nontraumatic lower extremity amputation in 1989-
92. Lower level amputations (toe, foot, and ankle)
comprised 55%. Hospital discharge data indicate that
9%-20% of amputees experienced a second amputa-
tion within 12 months. By 5 years after an initial
amputation, 28%-51% had undergone a second ampu-
tation. Perioperative mortality among diabetic ampu-
tees averaged 5.8% in the 1989-92 NHDS. Five-year
mortality following amputation was 39%-68% in
other studies.

Risk factors for amputation include hyperglycemia,
longer duration of diabetes, older age, and the pres-
ence of neuropathy, peripheral vascular disease, and
foot ulcers. Several studies have demonstrated the
beneficial effect of patient education on reducing the
rate of lower extremity amputations. A randomized
trial showed that interventions at the patient and
health care provider levels were effective in prevent-
ing serious foot lesions. Several amputation preven-
tion programs have reported striking differences in
amputation frequency after instituting comprehensive
foot care programs.

HEART DISEASE

In contrast to nondiabetic subjects, heart disease in
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diabetes appears earlier in life, affects women almost
as often as men, and is more often fatal. The most
common cause of death in adults with diabetes is
coronary heart disease, and ~50% of deaths of people
with diabetes are due to ischemic heart disease. 

In community-based studies in which both history
and electrocardiograph (ECG) evidence were used to
measure heart disease in subjects with diabetes, preva-
lence of coronary heart disease was 42% in white men
and women in Rancho Bernardo, CA; 37% in men and
51% in women among non-Hispanic whites and 30%
in men and 45% in women among Hispanics in San
Luis Valley, CO; and 41% in men and 37% in women
among Japanese Americans in Seattle, WA. These
rates were substantially greater than in persons with
normal glucose tolerance.

The excess risk of heart disease in diabetic versus
nondiabetic subjects has been found in numerous
community-based studies. The risk ratio for incident
coronary heart disease in diabetic versus nondiabetic
subjects was 2.3 for men and 2.9 for women in the
Framingham Study; 1.7 for men in the Honolulu
Heart Study; 3.1 for women in the Nurses’ Health
Study; and 1.8 for men and 3.2 for women in a New
Haven, CT study. Elevated mortality from coronary
heart disease has also been found for diabetic versus
nondiabetic subjects. Mortality risk ratios for men
varied from 1.5 to 3.8 in community studies; for
women the ratios varied from 2.6 to 4.7. The only data
based on a U.S. population sample come from a 9-year
mortality study of the 1971-75 NHANES I, in which
the age-adjusted death rate per 1,000 person-years
was 28.4 for diabetic men and 10.2 for nondiabetic
men age 40-77 years at baseline, and 10.5 and 4.1 for
diabetic and nondiabetic women, respectively. Dia-
betic subjects have a poorer prognosis after a myocar-
dial infarction than subjects without diabetes. The
risk ratios for reinfarction in community studies were
1.4-3.1; risk ratios for death were often 1.5-3.0.

The excess risk of heart disease may be greater for
IDDM than NIDDM. For example, in the Nurses
Health Study the age-adjusted risk ratio for mortality
from coronary heart disease in diabetic versus nondi-
abetic women was 6.7 for NIDDM but was 12.2 for
IDDM. 

Adults with diabetes are more likely than those with-
out diabetes to have hypertension and dyslipidemia,
but some of the increased risk of heart disease associ-
ated with diabetes appears to be independent of these
factors. Endogenous and exogenous insulin and lack
of glycemic control may act as cardiovascular disease
risk factors, but the data are inconsistent. 

STROKE

In the 1989 NHIS, 9% of adults with diabetes reported
that they had had a stroke. Rates increased from 2% at
age 18-44 years to 13% at age ≥65 years. In the 1989-
91 NHDS, 11% of all diabetes hospital discharges
listed stroke, and 20% of all stroke discharges listed
diabetes. In the 10-year followup of the 1971-75
NHANES I, there was a 2.5-fold higher risk of stroke
in diabetic versus nondiabetic subjects; this risk ratio
was similar for blacks and whites. The risk of fatal and
nonfatal stroke was also higher for diabetic subjects in
Rancho Bernardo, CA than for nondiabetic subjects,
with risk ratios of ~1.5 for men and ~2.0 for women.
The relative risk of stroke for women in the Nurses
Health Study was 4.1 and for men in the Honolulu
Heart Program was 1.9.

Elevated blood pressure is the major risk factor for
stroke; other risk factors include cigarette smoking
and high LDL cholesterol. Prevention of stroke is
feasible by identification and treatment of these risk
factors, but it is unknown whether reduction of blood
glucose levels will reduce the risk of stroke in persons
with diabetes. 

DIGESTIVE DISEASES

Based on 1989 NHIS and 1976-80 NHANES II data on
self-reported diabetes and digestive diseases, diabetic
subjects are more likely than the general U.S. popula-
tion to report a number of digestive conditions, in-
cluding ulcers, diverticulitis, symptoms of irritable
bowel syndrome, abdominal pain, constipation, diar-
rhea, and gallstones. NHDS data from 1987-91 sug-
gest that diabetic patients may also be more prone
than the general population to hospitalizations for
gastrointestinal infections, cancers of the liver and
pancreas, gastritis and other stomach disorders, intes-
tinal impaction, liver disease, pancreatitis, and he-
matemesis. Based on the 1987-91 NHDS, there were
an annual average of ~2.5 million hospital discharge
records that listed diabetes, and 32% of those also
listed at least one digestive diagnosis.

In studies based on clinic and community popula-
tions, it is difficult to demonstrate that people with
diabetes are at much higher risk of digestive condi-
tions than the general population, despite well-char-
acterized syndromes such as diabetic gastropathy and
diabetic diarrhea. These studies suggest that diabetic
subjects are more likely than the general population
to have constipation and increased risk of liver disease
and gallstones. Patients with IDDM have an increased
risk of celiac disease, and those with NIDDM have an
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increased risk of pancreatic cancer. The risk of devel-
oping diabetes is markedly increased by diseases of
the exocrine pancreas, particularly pancreatic cancer
and chronic pancreatitis, and may also be increased by
chronic liver disease.

INFECTIONS

Studies in clinic, community, and hospital popula-
tions indicate that diabetic subjects probably have a
higher risk of some infections, including asympto-
matic bacteriuria, lower extremity infections, reacti-
vation tuberculosis in American Indians, infections in
surgical wounds after sternotomy and total hip re-
placement, and group B streptococcal infection. Popu-
lation-based data support a probable higher mortality
from influenza and pneumonia. There is a possible
association of diabetes with other infections, but ap-
propriate studies have not been conducted.

In 12 studies of outpatients, prevalence of bacteriuria
was 9%-27% in diabetic women versus 3%-19% in
nondiabetic women; prevalence was 1%-11% in dia-
betic men versus 0%-4% in nondiabetic men. Nine of
the 12 studies reported a two- to fourfold higher
bacteriuria prevalence in diabetic subjects. In the
1989 NHIS, 23% of diabetic women reported having
≥1 urinary tract infections in the past year versus 13%
of women without diabetes; this differential occurred
for all age groups ≥18 years. At least 60% of diabetic
amputations are preceded by an infected foot ulcer.
Osteomyelitis of the ankle or foot is listed on hospital
discharge records with diabetes 12 times as frequently
as on records without diabetes, and cellulitis of the toe
is listed 14 times as frequently. Local and systemic
immunologic defects and autonomic and sensory
neuropathy probably contribute to the increased pro-
pensity to infections.

ORAL COMPLICATIONS

Studies during the past 40 years have found that peri-
odontal disease is more severe and occurs with higher
frequency in diabetic patients. In one study, the preva-
lence of periodontal disease in IDDM patients was
9.8% compared with 1.7% in people without diabetes.
The rate in the IDDM patients increased from 0% at
age ≤10 years to 30% at age ≥19 years. Prevalence of
gingivitis was ~70% of those age <19 years and ~98%
of those age ≥19 years. Periodontal attachment loss
was ~50% greater in IDDM patients with retinopathy
compared with nondiabetic patients, but was not ele-
vated in IDDM patients without retinopathy. These
and other data indicate that poor glycemic control

increases the extent and severity of periodontal dis-
ease in IDDM.

Few studies have dealt with NIDDM. In Pima Indians,
attachment loss and alveolar bone loss was more ex-
tensive than in nondiabetic Pimas. Toothlessness was
15 times more frequent in the diabetic than the non-
diabetic group, and the incidence of periodontal dis-
ease was 2.6 times higher. Reasons for the greater
occurrence of periodontal destruction in diabetes are
not clear. Studies of the periodontal flora find similar
microorganisms in diabetic and nondiabetic individu-
als, suggesting that alteration in the patient’s re-
sponses to periodontal pathogens may account for the
differences in periodontal destruction. 

PSYCHOSOCIAL ASPECTS OF DIABETES

In studies that used structured diagnostic interviews,
the mean prevalence of current depression in diabetic
adults was ~14%. In investigations that used depres-
sion symptom scales, the mean prevalence of clini-
cally significant depression symptomatology in dia-
betic subjects was ~32%. These rates are substantially
greater than prevalence in the general U.S. popula-
tion. However, whether depression is more common
in diabetes than in other chronic diseases is less clear.

Significant associations between depression and se-
verity of diabetes were found in a minority of meas-
urements. The presence of diabetes complications
alone may not result in depression unless severe func-
tional limitations such as blindness, impotence, and
cognitive impairment are also present. Depression
was found to be highly correlated with reported dia-
betes symptoms, but both physiological and psycho-
logical factors may contribute to diabetes symptoms.
Findings on the relationship between stress and glu-
cose regulation in diabetes have been inconsistent. 

The efficacy of psychotropic medication for psychiat-
ric disorders in diabetic populations is largely un-
known. These agents may have side effects that can
limit their use in persons with diabetes, and psycho-
therapy may have a prominent place in the diabetes
treatment armamentarium.

THERAPY

The most recent information about therapy used by
adults with diabetes in the United States is available

MEDICAL CARE FOR DIABETES
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from the 1989 NHIS diabetes supplement. For all
adults, ~43% were treated with insulin and ~49% were
treated with oral agents. About 2% of IDDM and 10%
of insulin-treated NIDDM reported they were using
oral agents in addition to insulin. The proportion of
NIDDM treated with insulin increased from 22% at
0-4 years duration of diabetes to 58% at ≥20 years
duration. Concomitantly, the proportion treated with
oral agents declined from 64% at 0-4 years duration to
37% at ≥20 years duration. For both IDDM and insu-
lin-treated NIDDM, the average insulin dose was ~50
units per day. Two or more insulin injections daily
were taken by 61% of IDDM and 48% of insulin-
treated NIDDM; use of an insulin pump was rare.

About 64% of subjects in the 1989 NHIS reported they
were following a diet for their diabetes, but 90% be-
lieved that diet is important in control of their diabe-
tes. A variety of situations were problematic in main-
taining their diet, most notably the desire to eat foods
that are not on the diabetes diet. Two important situ-
ations were not issues: lack of support from family
and friends, and being unsure about what foods they
should eat.

Patient education can translate to increased self-man-
agement skills, but only 35% of people with diabetes
in the 1989 NHIS had ever attended a diabetes educa-
tional class or course. About 40% of IDDM and 26%
of insulin-treated NIDDM reported they self-test their
blood glucose at least once per day, but this propor-
tion was only 5% for NIDDM not treated with insulin.

AMBULATORY MEDICAL CARE

Based on the 1990 NHIS, persons with diabetes in the
United States had ~96 million outpatient medical care
contacts, including 53 million visits to physician’s
offices, 14 million visits to outpatient clinics, 1.6 mil-
lion visits to emergency rooms, 11 million telephone
contacts, and 16 million visits to other ambulatory
care settings. For all ages, there was an average of 15.5
contacts with physicians for ambulatory care per per-
son with diabetes in 1990, compared with 5.5 contacts
per person in the general U.S. population. Rates were
two to three times higher for diabetic subjects in all
age groups. The number of physician contacts for
ambulatory care per person with diabetes was 22.6 at
age <25 years, 10.9 at age 25-44 years, 16.2 at age
45-64 years, and 16.1 at age ≥65 years. The annual
number of physician contacts was higher for diabetic
females (17.6) than for diabetic males (12.8).

In the 1989 NHIS, 91% of persons with diabetes stated
they have one physician whom they see for regular

care of their diabetes; of these, 65% saw this physician
four or more times each year. In the 1990-91 NAMCS,
most visits for diabetes to office-based physicians
were made to general and family practitioners (34%)
and internists (37%). Only 8% of visits were made to
diabetologists or endocrinologists; the remaining 21%
were visits to a variety of other surgical and medical
specialists. Diabetic subjects in the 1989 NHIS were
asked about visits to certain physician specialists in
the previous year: 23% had seen a cardiologist, 45%
had seen an ophthalmologist, and 15% of women had
seen an obstetrician/gynecologist. In addition, 17%
had seen a podiatrist and 20% had seen a dietitian or
nutritionist. 

Based on the 1990 NAMCS, the mean duration of an
office visit for diabetes was 17.4 minutes, and 68% of
visits were ≤15 minutes. Medicare was a source of
payment for 46% of office visits, Medicaid for 10%,
commercial insurance for 26%, and in 30% the patient
had out-of-pocket expenses.

HOSPITALIZATIONS

Based on the NHDS, there were ~2.8 million hospitali-
zations in 1990 that listed diabetes as one of the
discharge diagnoses. However, in only ~60% of hospi-
talizations of people with diabetes is diabetes listed on
the hospital discharge record. Of discharges in which
diabetes was listed in 1990, diabetes was the primary
diagnosis in only 15%. Thus NHDS data can seriously
underestimate the extent of hospitalizations of people
with diabetes.

In the 1989 NHIS, 24% of adults with diabetes re-
ported they were hospitalized at least once in the
previous year; 8% reported two or more hospitaliza-
tions. Hospitalization rates were three times higher
than persons without diabetes. There were few differ-
ences by gender or by race in the proportion hospital-
ized. Having complications of diabetes was clearly
associated with hospitalization. The proportion of
diabetic adults who were hospitalized at least once in
the past year increased from 12% for persons report-
ing no complications to 34% for persons reporting ≥3
complications. Average length of stay per hospitaliza-
tion was ~8 days in both NHIS and NHDS data.

LONG-TERM CARE

Based on the 1987 National Medical Expenditure Sur-
vey (NMES), ~18% of all nursing home residents age
≥55 years were known to have diabetes (389,000 per-
sons), compared with 13% of the general population.
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Persons age ≥55 years with diabetes were twice as
likely as nondiabetic persons to reside in a nursing
facility (6.1% versus 3.9%). The proportion of nursing
facility residents who were known to have diabetes
doubled between 1964 and 1987.

About 70% of diabetic nursing home residents in 1987
were women, 32% were age ≥85 years, and 79% had
incomes <$10,000. More than 80% had cardiovascular
disease, 56% had hypertension, 39% had senile de-
mentia, and 69% had two or more chronic conditions
in addition to their diabetes. About 24% had impaired
hearing, 33% had impaired vision, and 6% were blind.
Almost all were limited in their ability to perform the
activities of daily living (ADL). Diabetic residents of
nursing facilities in 1987 were in the facility for a
median of 243 days; only 8% were discharged back
into the community. Of expenditures for care of dia-
betic residents in 1987, 54% was covered by Medicaid
and 40% by the residents or their families; <4% of
residents had any care covered by private health insur-
ance.

Home health care agencies serve as an increasingly
important source of formal long-term care. In a 1992
survey, ~1.2 million persons were enrolled in home
health care programs, of whom >8% were believed to
have diabetes. The number of Americans who will
need long-term care is increasing due to an increase in
life expectancy and the large number of Americans
who are moving into older age groups. When this
demographic shift is coupled with the increasing
prevalence rates for diabetes in older persons, nursing
facility care will be required for an even greater num-
ber of people with diabetes.

HEALTH INSURANCE

Among all adults with diabetes, 92% have some form
of health insurance, including 87% of those age 18-64
years and 99% of those age ≥65 years, according to
data from the 1989 NHIS. Based on 1993 prevalence
of diabetes, ~640,000 people with diabetes do not
have any form of health care coverage. Among dia-
betic persons age 18-64 years, 10% were covered by
Medicare, 69% by private health insurance, 6%
through military benefits, and 14% through Medicaid
or other public assistance programs in 1989. Among
those age ≥65 years, 95% were covered by Medicare,
69% by private health insurance, 5% through military
benefits, and 15% through Medicaid or other public
assistance programs. Government-funded programs

were responsible for health care coverage for 57% of
adults with diabetes, including 26% of those age 18-
64 years and 96% of those age ≥65 years.

Virtually all diabetic patients covered by Medicare or
private health insurance had coverage for hospital
care and physician/surgeon bills in 1989. Coverage for
prescription medicines occurred for 62.9% of adults
with diabetes. There were only small differences be-
tween people with diabetes and those without diabe-
tes in the proportion covered and the types of health
care coverage. The costs of private health insurance
were also similar for people with and without diabetes
in studies in 1977 and 1987.

ECONOMIC IMPACT

Substantial costs to society and its citizens are in-
curred for direct costs of medical care for diabetes and
for indirect costs including lost productivity resulting
from diabetes-related morbidity and premature mor-
tality. Economic analyses performed in the 1980s sug-
gested that the economic costs associated with diabe-
tes in the United States were between $14 and $20
billion in 1980s-era dollars, including an estimated
$7.4-$11.6 billion for direct medical care expendi-
tures and another $6.3-$10.8 billion for lost produc-
tivity. A more recent study estimated $91.8 billion for
the cost of diabetes in 1992, including $45.2 billion
direct costs and $46.4 billion indirect costs. Another
study found that the direct costs of all medical care for
people with diabetes was $85.7 billion in 1992.

Medical costs for persons with diabetes are higher
because they visit physician’s offices, hospital outpa-
tient departments, and emergency rooms more fre-
quently than their nondiabetic counterparts and are
more likely to be admitted to the hospital and to
nursing homes. Americans with diabetes have two to
five times higher per capita total medical expenditures
and per capita out-of-pocket expenses than people
without diabetes. These expenses and their associated
loss of productivity impact not only diabetic patients
and their families, but federal and state governments
and society as a whole.

AFRICAN AMERICANS

Among U.S. black children age <15 years, estimates of
IDDM incidence from population registries range
from 3.3 to 11.8 per 100,000 per year. Rates for white

ECONOMIC ASPECTS OF DIABETES

DIABETES IN SPECIAL POPULATIONS
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children are nearly twice as high, ranging from 13.8 to
16.9 per 100,000 per year. In contrast, prevalence of
diabetes in adults is 1.4 to 2.3 times more frequent in
blacks than whites. Based on the 1993 NHIS, the
prevalence of known, physician-diagnosed diabetes
among African Americans is 3.7%, rising from 1.3% at
age 0-45 years to 17.4% at age 65-74 years. The rate of
diagnosed diabetes in blacks has tripled during the
past 30 years, and ~1.3 million African Americans
have been diagnosed as having diabetes. In addition,
approximately half of black adults who meet diagnos-
tic criteria for NIDDM are undiagnosed. Data on the
frequency of diabetes complications in African Ameri-
cans are limited but suggest that this population expe-
riences considerable morbidity and excess frequency
of many diabetic complications.

HISPANIC AMERICANS

Most of the information on diabetes in Hispanic
Americans comes from community studies in Texas
and Colorado and the 1982-84 Hispanic Health and
Nutrition Examination Survey (HHANES). These
studies have clearly established that the prevalence of
NIDDM is two to three times higher in Mexican
Americans than in non-Hispanic whites. In the
HHANES, diabetes prevalence in persons age 45-74
years was 24% in Mexican Americans; 26% in Puerto
Ricans in the Miami, FL area; and 16% in Cuban
Americans in the New York City area. In all groups,
much of NIDDM was undiagnosed. 

Risk factors for NIDDM in Hispanic Americans are
similar to those in non-Hispanics and include obesity,
unfavorable distribution of body fat, physical inactiv-
ity, and hyperinsulinemia. These abnormalities are
more common in Hispanics. NIDDM prevalence in
Mexican Americans in San Antonio, TX tended to be
inversely related to socioeconomic status and degree
of acculturation to mainstream U.S. society. For exam-
ple, diabetes rates at age 25-64 years were 6.5% for
those in the suburbs, 12.6% in the transitional neigh-
borhood, and 14% in the barrio. There is a strong
association between the percentage of Native Ameri-
can genetic admixture and the prevalence of diabetes
in Hispanic populations, and this may explain some of
the differences in diabetes rates.

In contrast to NIDDM, registry data indicate that the
incidence of IDDM is lower in Hispanics than non-
Hispanic whites. In Colorado, annual incidence in
1978-88 was 7-10 per 100,000 children age <18 years
in Hispanics versus 15-16 per 100,000 in non-His-
panic whites.

In the San Antonio Heart Study and the 1988-91
NHANES III, there was a higher rate of microvascular
complications in diabetic Mexican Americans than in
non-Hispanic whites. This is partly related to differing
levels of hyperglycemia; in San Antonio, diabetic
Mexican Americans were substantially more hypergly-
cemic than non-Hispanics, with mean FPG of 185
mg/dl versus 165 mg/dl. Prevalence of retinopathy
was 85% after 10 years of diabetes in San Antonio and
56% after 15 years in NHANES III. Clinical prote-
inuria was found in 19% of Mexican Americans with
diabetes in San Antonio versus 10% of non-Hispanic
whites. State-wide surveillance in Texas and Colorado
indicates that rates of diabetic ESRD are markedly
higher in Hispanics than in non-Hispanics. However,
data from Texas indicate that the survival of Mexican
Americans on dialysis is longer than for non-Hispanic
whites.

In contrast to microvascular disease, rates of coronary
heart disease are lower in Hispanics than in non-His-
panic whites. The prevalence of previous myocardial
infarction and coronary heart disease was lower in
diabetic Mexican American men in Colorado and
Texas than in diabetic non-Hispanic white men. Mor-
tality from coronary heart disease in diabetes was
lower in Hispanics than non-Hispanics in Texas. How-
ever, there is evidence that diabetic Mexican Ameri-
cans have a higher prevalence of peripheral vascular
disease as assessed by ankle-arm blood pressure ratios
than non-Hispanic whites with diabetes. 

ASIAN AND PACIFIC ISLANDER 
AMERICANS

There are ~7.3 million Asian and Pacific Islander
Americans, and they comprise more than 20 different
population groups. The majority are Asian (95%).
IDDM is relatively rare, and diabetes in Asian and
Pacific Islanders is predominantly NIDDM; much of
the NIDDM is undiagnosed. A study in Japanese-
American men and women in Seattle, WA in 1983-88
found that prevalence of NIDDM was 20% and 16%,
respectively, which was substantially higher than in
U.S. whites in NHANES II (12% and 14%) and in
Japanese in Japan (5% and 4%). Studies show that
prevalence of NIDDM is generally higher in Asian
groups in the United States than in their native coun-
tries. For Pacific Islanders, the limited data available
indicate that prevalence rates for NIDDM are high in
Hawaiians and Samoans. 

NIDDM is considered to be one of the diseases whose
development is associated with lifestyle changes that
occur with westernization. Indeed, diabetes in Japa-
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nese Americans in Seattle is associated with obesity,
particularly central obesity, a high saturated fat diet,
reduced physical activity, and insulin resistance with
hyperinsulinemia, as in other populations.

NORTH AMERICAN INDIANS 
AND ALASKA NATIVES

An epidemic of NIDDM in Native American commu-
nities of the United States has occurred during the
second half of the twentieth century. Prevalence of the
disease has increased dramatically as traditional life-
styles have been abandoned in favor of western-
ization, with accompanying increased body weight
and lower physical activity. There are >500 tribal or-
ganizations in North America. Prevalence of NIDDM
ranges widely, from rates from ~3% among Native
Americans in Alaska to 50% among the Pima Indians
in Arizona, the population with the highest recorded
prevalence of NIDDM in the world. 

Much of our understanding of the natural history of
NIDDM is derived from studies of the Pima Indians.
The relationship of diabetes to total obesity, duration
of obesity, body fat distribution, hyperinsulinemia and
insulin resistance, sedentary lifestyle, and genetics
have been delineated in studies of the Pima Indians.
Diabetes was once described as benign in Native
Americans; now, complications of diabetes are major
causes of morbidity and mortality in all Native Ameri-
can populations except the isolated Arctic groups
whose lifestyles remain relatively unchanged. In stud-
ies of three Native American tribes, hyperglycemia
was more severe than in non-Indian populations. Na-
tive American communities experience high rates of
retinopathy, ESRD, and lower extremity amputation.
However, rates of cardiovascular disease appear to be
lower than found in studies of Caucasians.

GESTATIONAL DIABETES

GDM complicates between 1% and 14% of pregnan-
cies in the United States, depending on the screening
method and diagnostic criteria used and the popula-
tion tested. Most studies report prevalence rates of
2%-5%. Prevalence is higher in population groups
with higher risk of NIDDM, i.e., blacks, Hispanics,
and Native Americans.

Perinatal mortality rates in GDM pregnancies are pro-
portional to the level of maternal hyperglycemia.
However, most studies in the past 15 years find no
increase in the perinatal mortality rate in pregnancies

that included treatment for GDM. The major morbid-
ity in GDM is macrosomia, and this is also related to
the degree of metabolic control. Maternal hyperglyce-
mia appears to be a risk factor for both obesity and
development of NIDDM in the offspring. For the
mother, GDM is a strong risk factor for her own
subsequent development of NIDDM.

PREGNANCY IN PREEXISTING DIABETES

Two major forms of maternal diabetes occur during
pregnancy, preexisting diabetes and gestational-onset
diabetes. The former constitutes ~10% of maternal
diabetes, and prevalence rates for preexisting diabetes
are in the range of 0.1%-0.3% of all pregnancies. Pre-
term delivery occurs in ~25% of IDDM pregnancies
and cesarean delivery in ~24%-66%; these rates are
three to five times higher than rates in the general
population. In the absence of special preconceptional
diabetes management, spontaneous abortions occur
in 7%-17% of pregnancies with preexisting diabetes
and major malformations occur in 7%-13%. Rates of
these complications are highest in women with
marked hyperglycemia during the first trimester, but
are lower when maternal blood glucose is controlled
prior to and during early pregnancy. Macrosomia is
the most frequent fetal complication, affecting 10%-
33% of infants depending on the definition used for
macrosomia. Stillbirths are uncommon in diabetic
pregnancies; congenital malformations and complica-
tions of maternal hypertensive disorders account for
most of the 1.5- to twofold higher perinatal mortality,
compared with nondiabetic pregnancies. The peri-
natal mortality rate in diabetic pregnancies is ~30-50
per 1,000 births. 

Maternal risks in diabetic pregnancies are greatest in
the presence of retinopathy and nephropathy. Diabetic
retinopathy is present in 15%-66% of women with
IDDM early in pregnancy, and the retinopathy fre-
quently worsens during gestation. Overt diabetic
nephropathy is present before pregnancy in ~5%-10%
of IDDM women; many of these manifest hypertensive
disorders during pregnancy. Nephropathy increases
the prevalence of intrauterine growth retardation, pre-
maturity, fetal morbidity, and fetal mortality. Maternal
mortality during diabetic pregnancy is ~3-7 per
100,000, which is similar to the rate in nondiabetic
pregnancies.

Dr. Maureen I. Harris is Director, National Diabetes Data
Group, National Institute of Diabetes and Digestive and Kid-
ney Diseases, National Institutes of Health, Bethesda, MD.

13



14



Chapter 2

Classification, Diagnostic Criteria,
and Screening for Diabetes
Maureen I. Harris, PhD, MPH

SUMMARY

Diabetes mellitus comprises a heterogeneous
group of disorders characterized by high
blood glucose levels. Four major types of
diabetes have been defined by the National

Diabetes Data Group (NDDG) and the World Health
Organization (WHO): insulin-dependent diabetes
mellitus (IDDM), non-insulin-dependent diabetes
mellitus (NIDDM), gestational diabetes mellitus
(GDM), and diabetes secondary to other conditions.
Diabetes can be diagnosed by the presence of the
classic signs and symptoms of diabetes and unequivo-
cally elevated blood glucose levels, by fasting plasma
glucose (FPG) ≥140 mg/dl, or by venous plasma glu-
cose ≥200 mg/dl at 2 hours after a 75-g oral glucose
challenge.

In 1993, there were ~7.8 million diagnosed cases of
diabetes in the United States, of whom ~43% were
treated with insulin. IDDM with onset at age <30 years
comprises ~7% of all diagnosed cases. Some studies
indicate that ~7% of insulin-treated cases with onset
at age ≥30 years may also be IDDM. If these data are
correct, then insulin-treated NIDDM comprises ~30%
of diagnosed diabetes and NIDDM not treated with
insulin comprises ~55%. Diabetes associated with or
secondary to other conditions may occur in ~1%-2%
of all disorders comprising the syndrome of diabetes.
In addition to these diagnosed cases, there are ~7
million undiagnosed cases of NIDDM in the United
States. GDM occurs in ~3%-5% of all pregnancies. 

Impaired glucose tolerance (IGT) is a class that en-
compasses persons whose glucose tolerance is inter-
mediate between normal and diabetic. About 11% of
adults have IGT when tested by oral glucose chal-
lenge. 

About half of adults with diagnosed NIDDM indicate
that they were symptomatic at diagnosis, but the other
half report that their diabetes was diagnosed during a
routine physical exam, through screening for diabe-
tes, or while being treated for another condition. Vir-

tually all people with NIDDM state that they had a
blood test at diagnosis, with 38% indicating that an
oral glucose tolerance test (OGTT) had been per-
formed at diagnosis.

About 31% of adults without diagnosed diabetes in
1989 reported being screened for diabetes in the pre-
vious year. Blood glucose tests were ordered or per-
formed in 23.5 million visits of patients without dia-
betes to office-based physicians in 1985, and urine
glucose tests in 55.3 million visits. These tests were
presumably used in screening for hyperglycemia and
glycosuria. About 3.2 million OGTTs were performed
annually during 1989-90 during patient visits to of-
fice-based physicians.

The onset of NIDDM, on average, is probably ~10
years before clinical diagnosis. A proportion of indi-
viduals with undiagnosed NIDDM develop microvas-
cular disease of the eye and kidney and neuropathy
during this preclinical period, and macrovascular dis-
ease and risk factors for vascular disease are very
common in these persons. Consequently, screening
for undiagnosed NIDDM appears warranted, particu-
larly in persons at high risk for NIDDM, although
controversy exists about screening. Detection of undi-
agnosed NIDDM can be conducted by an oral glucose
challenge or FPG, although only ~25% of adults with
undiagnosed NIDDM (2-hour post-challenge gly-
cemia ≥200 mg/dl) have fasting hyperglycemia (≥140
mg/dl).

Screening is most appropriately carried out in groups
at high risk for NIDDM. Major risk factors for NIDDM
include older age; obesity; family history of diabetes;
race/ethnicity of black, Hispanic, or American Indian;
and presence of complications related to diabetes. As
many as 78% of nondiabetic adults in the United
States have at least one of these risk factors, and 23%
have three or more. Rates of screening for diabetes are
higher in people with these risk factors and with
diabetes-related complications. In 1989, 39% of peo-
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Diabetes mellitus is a clinically and genetically hetero-
geneous group of disorders that have one common
feature—abnormally high levels of glucose in the
blood due either to insulin deficiency or to resistance
of the body’s cells to the action of insulin. It has been
centuries since this syndrome was first recognized.
However, over the past several decades, research has
led to the recognition that the different types of diabe-
tes have different causes although their pathologic
courses after onset of diabetes may be similar. The
classification of this heterogeneous group of disorders

is summarized in Table 2.1. This classification is rec-
ommended by the NDDG of the National Institutes of
Health1 and by the WHO Expert Committee on Diabe-
tes2,3. It includes the types of diabetes that occur in the
United States but does not include diabetic syndromes
common in some countries but rarely seen in the
United States, such as malnutrition-related diabetes.
The table highlights the different clinical presenta-
tions and genetic and environmental etiologic factors
that permit discrimination among the types of diabe-
tes.

In patients for whom inadequate information is ob-
tained, it may be difficult to distinguish among IDDM,
NIDDM, and diabetes secondary to other diseases. For

CLASSIFICATION AND FREQUENCY OF THE
TYPES OF DIABETES

ple with three risk factors or complications, and 57%
of people with four or more reported being screened
for diabetes in the previous year. If the 75-g oral
glucose challenge is used to screen for undiagnosed
NIDDM in the U.S. population, the yield of positive
screenees (2-hour glucose ≥200 mg/dl) would be 9%
when people age ≥40 years who have a percent desir-
able weight (PDW) ≥120 are screened. This would
capture 67% of all U.S. adults with undiagnosed

NIDDM. The yield could be increased to 25% if people
age ≥40 years with PDW ≥140 and a family history of
diabetes were screened. This would capture only 25%
of all cases of undiagnosed NIDDM, but only 6% of
U.S. adults would have to be administered the oral
glucose challenge. The cost-effectiveness and long-
range benefit to the patient of such screening strate-
gies remain to be defined.

• • • • • • •

Table 2.1
Classification of the Types of Diabetes

Class name Characteristics

Insulin-dependent diabetes
 mellitus (IDDM)

Low or absent levels of circulating endogenous insulin and dependent on injected insulin to prevent
 ketosis and sustain life
Onset predominantly in youth but can occur at any age
Associated with certain HLA and GAD antigens
Abnormal immune response and islet cell antibodies are frequently present at diagnosis
Etiology probably only partially genetic, as only ~35% of monozygotic twins are concordant for IDDM

Non-insulin-dependent
 diabetes mellitus (NIDDM)

Insulin levels may be normal, elevated, or depressed; hyperinsulinemia and insulin resistance
 characterize most patients; insulinopenia may develop as the disease progresses
Not insulin-dependent or ketosis-prone under normal circumstances, but may use insulin for treatment
 of hyperglycemia
Onset predominantly after age 40 years but can occur at any age
Approximately 50% of men and 70% of women are obese 
Etiology probably strongly genetic as 60%-90% of monozygotic twins are concordant for NIDDM

Gestational diabetes (GDM) Glucose intolerance that has its onset or recognition during pregnancy
Associated with older age, obesity, family history of diabetes
Conveys increased risk for the woman for subsequent progression to NIDDM
Associated wlth increased risk of macrosomia

Other types of diabetes, including
 diabetes secondary to or associated with:

In addition to the presence of the specific condition, hyperglycemia at a level diagnostic of diabetes
 is also present

Pancreatic disease
Hormonal disease

Causes of hyperglycemia are known for some conditions, e.g., pancreatic disease; in other cases
 an etiologic relationship between diabetes and the other condition is suspected

Drug or chemical exposure
Insulin receptor abnormalities
Certain genetic syndromes

Source: References 1-3
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IDDM there may be evidence of insulinopenia by di-
rect measurement of insulin or C-peptide levels, by
inference through documentary episodes of ketosis,
or by a history of insulin use equal to the duration of
diabetes in thin patients. Diabetes secondary to an-
other condition can only be established by clinical
workup or medical history to determine the presence
of the other condition (see Chapter 5). If IDDM and
secondary diabetes can be excluded, patients who
meet the diagnostic criteria for diabetes can be pre-
sumed to have NIDDM.

Table 2.2 shows the prevalence of diagnosed diabetes
in the United States in 1992, by age and type of
diabetes, based on self-reported data from the 1989
and 1992 National Health Interview Surveys (NHIS).
Women in the survey who had diabetes diagnosed
only during pregnancy have been excluded, and the
small proportion of subjects with secondary diabetes
(~1%-2%) could not be identified.

There are ~7.4 million diagnosed cases of diabetes in
the United States, based on 1992 estimates of the
population4. Of these, ~43% are treated with insulin5.
IDDM with onset at age <30 years comprises ~7% of
all diagnosed cases5. Some studies indicate that ~7%
of insulin-treated cases with onset at age ≥30 years
may also be IDDM6-8. If these data are correct, then
insulin-treated NIDDM comprises ~30% of diagnosed
diabetes and NIDDM not treated with insulin com-
prises ~55%. GDM occurs in ~3%-5% of all pregnan-
cies (see Chapter 35). Diabetes associated with or
secondary to other conditions may occur in ~1%-2%

of all disorders comprising the syndrome of diabetes
(Chapter 5). In addition to these diagnosed cases,
there are ~7 million undiagnosed cases of NIDDM in
the United States, based on the finding that there is
about one undiagnosed case for every diagnosed case
among adults9,10.

The heterogeneity within the syndrome of diabetes
implied in Table 2.1 has important implications for
research and for clinical management of patients. For
example, different genetic, metabolic, environmental,
and lifestyle factors result in similar diabetic pheno-
types (hyperglycemia and microvascular complica-
tions), although the disorders in Table 2.1 differ
markedly in pathogenesis, natural history, and re-
sponses to therapy and preventive measures. The ex-
act causes of IDDM and NIDDM, the subject of inten-
sive research over the past decades, remain unknown,
although both can be accompanied by ketoacidosis,
blindness, kidney failure, premature cardiovascular
disease, stroke, amputations, and other complica-
tions. GDM may arise from the physiological stresses
of pregnancy or it may be a degree of abnormal glu-
cose tolerance that precedes pregnancy and is discov-
ered during the routine metabolic testing that occurs
during pregnancy (see Chapter 35). Diabetes associ-
ated with other conditions may be strictly secondary
to the pathophysiology of these conditions (Chapter
5). Each class in Table 2.1 may be heterogeneous in
etiology and pathogenesis, and further research is
needed to define more precisely the different types of
diabetes, determine their etiologies, and devise more
appropriate preventive and therapeutic strategies.

SCIENTIFIC BASIS FOR THE DIAGNOSTIC
CRITERIA

Diagnosis of diabetes defines a group at high risk for
micro- and macrovascular disease. The diagnostic cri-
teria were established by the NDDG1 and WHO2 in
1979-80, and several criteria may be used (Table 2.3).
For individuals with symptoms of diabetes, such as
excessive thirst and urination or unexplained weight
loss, only elevated FPG (≥140 mg/dl) or random
plasma glucose ≥200 mg/dl is required to confirm the
diagnosis. Many persons with symptomatic NIDDM
who meet these criteria, however, have diabetes that
has already progressed significantly in its severity be-
fore diagnosis. For example, diabetic retinopathy was
present in 21% of patients with NIDDM at clinical
diagnosis in southern Wisconsin11,12 and in 16%-19%
of Mexican Americans found to have NIDDM on

Table 2.2
Prevalence of Diagnosed Diabetes (Thousands) 
According to Type of Diabetes, U.S., 1992

Type of diabetes
 and insulin use

Age group (years)
All <18 18-44 45-64 ≥65

All diabetes 7,417 87 1,214 2,716 3,400

IDDM, onset age <30 years 528 87 375 57 9

IDDM, onset age ≥30 years 535 0 103 201 231

NIDDM, using insulin 2,183 0 285 913 985

NIDDM, not using insulin 4,171 0 451 1,545 2,175

The small proportion of persons with diagnosed diabetes who have secondary
diabetes (~1%-2%) could not be identified. All subjects who do not have IDDM
have been designated as NIDDM. All subjects age <18 years are assumed to
have IDDM. For age ≥18 years, subjects with age at onset <30 years were
defined as having IDDM if they had continuous insulin use since diagnosis and
percent desirable weight (PDW) <120 (equivalent to BMI of <27 for males and
<25 for females). For diabetic subjects with age at diagnosis ≥30 years, 8.5%
with current age 30-49 years, 7.4% age 50-64 years, and 6.8% age ≥65 years
appear to have IDDM, based on PDW <125 and continuous insulin use since
diagnosis of diabetes (Reference 6). These data have been used to compute the
prevalence of IDDM with onset at age ≥30 years and to decrease the prevalence
of insulin-treated NIDDM by this amount. 

Source: References 4-6
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screening13,14. Gross proteinuria was present in 11% of
the Wisconsin cohort with <1 year duration of diabe-
tes, in 37% of patients in France examined within 1
year after diagnosis, and in 10% of subjects detected
to have NIDDM during a screening survey among
Mexican Americans15-17. Among persons newly diag-
nosed with NIDDM in Finland, peripheral arterial
disease was present in 20% and coronary heart disease

in 59%, both of which were more frequent than in
nondiabetic controls18,19. In addition, 40% of men with
new NIDDM had calcifications of the abdominal
aorta, and dilitation of the aortic arch was more preva-
lent than in controls20. Both of these indicate acceler-
ated development of atherosclerotic lesions of the
large arteries in the early, undiagnosed phase of
NIDDM.

The NDDG and WHO recognized that complications
of diabetes were developing in undiagnosed NIDDM.
They examined data from long-term population-based
studies in which individuals were administered a 2-
hour oral glucose challenge at baseline and were fol-
lowed prospectively for deterioration of glucose toler-
ance and development of diabetic complications21-25. A
sentinel finding from these studies was that popula-
tions with high prevalence of NIDDM had a bimodal
distribution of 2-hour post-challenge plasma glucose,
with the antimode at ~200 mg/dl26-29. In addition,
microvascular complications specific to diabetes did
not develop or were rare in subjects with FPG <140
mg/dl or 2-hour post-challenge glucose <200 mg/dl.
Subjects with fasting values ≥140 mg/dl or 2-hour
post-challenge values ≥200 mg/dl were at high risk for
diabetic retinopathy and nephropathy30.  Conse-
quently, the criteria for diagnosis of diabetes recom-
mended by NDDG and WHO (Table 2.3) are based on
plasma glucose levels that are predictive of the spe-
cific microvascular complications of diabetes. 

The recommendations of the NDDG and WHO have
been accepted and endorsed by the American Diabetes
Association (ADA) and other national diabetes or-
ganizations representing the scientific bodies most
concerned with diabetes. Earlier diagnostic criteria
based on urine glucose or casual and postprandial
glucose are no longer considered to be adequate for
the diagnosis of diabetes.

NDDG VERSUS WHO DIAGNOSTIC 
CRITERIA

The NDDG and WHO criteria for diabetes (Table 2.3)
both permit a diagnosis based on the presence of the
classic diabetic symptoms and random plasma glucose
≥200 mg/dl. Both also permit a diagnosis of diabetes
based on FPG ≥140 mg/dl. In persons without un-
equivocal symptoms and in those with lower FPG,
both require measurement of plasma glucose at 2
hours after a 75-g oral glucose challenge. For diagno-
sis of diabetes, this 2-hour value must be ≥200 mg/dl.
The NDDG suggested that a midtest OGTT value ≥200
mg/dl is also required, but essentially all persons
meeting the 2-hour criterion also meet this midtest

Table 2.3
Criteria for Diagnosis of Diabetes in Nonpregnant
Adults

I. In a clinical setting

Any one of the following is considered diagnostic of diabetes. In
each case, measurement of glucose concentration should be
repeated on a second occasion to confirm the diagnosis.

A. Presence of the classic symptoms of diabetes, such as polyuria,
polydipsia, ketonuria, and rapid weight loss, together with gross
and unequivocal elevation of plasma glucose, e.g., postprandial
or random plasma glucose concentration ≥200 mg/dl (11.1
mmol/L).

B. Elevated fasting glucose concentration on more than one occasion:
venous plasma ≥140 mg/dl (7.8 mmol/L)
venous whole blood ≥120 mg/dl (6.7 mmol/L)
capillary whole blood ≥120 mg/dl (6.7 mmol/L)

If the fasting glucose concentration meets these criteria, the
OGTT is not required. Virtually all persons with FPG ≥140 mg/dl
will exhibit an OGTT that meets or exceeds the criteria in I.C.
below.

C. Fasting glucose concentration less than that which is diagnostic
of diabetes (I.B., above), but sustained elevated glucose
concentration during the OGTT. The NDDG requires that both
the 2-hour sample and some other sample taken between
administration of the 75-g glucose dose and 2 hours later meet
the following criteria; the WHO requires only that the 2-hour
sample meet these criteria:

venous plasma ≥200 mg/dl (11.1 mmol/L)
venous whole blood ≥180 mg/dl (10.0 mmol/L)
capillary whole blood ≥200 mg/dl (11.1 mmol/L)

II. In an epidemiologic setting

In epidemiologic research or during screening for diabetes, it will
generally be impossible to conduct the careful plasma glucose
measurements above. Any one of the following criteria, which are
compromises, is considered sufficient to denote diabetes in these
circumstances:

A. Medical history of diabetes diagnosed by a physician

B. A single fasting glucose concentration:
venous plasma ≥140 mg/dl (7.8 mmol/L)
venous whole blood ≥120 mg/dl (6.7 mmol/L)
capillary whole blood ≥120 mg/dl (6.7 mmol/L)

C. A single glucose concentration 2 hours after ingesting a 75-g
glucose dose:

venous plasma ≥200mg/dl (11.1 mmol/L)
venous whole blood ≥180mg/dl (10.0 mmol/L)
capillary whole blood ≥200mg/dl (11.1 mmol/L)

FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; NDDG, Na-
tional Diabetes Data Group; WHO, World Health Organization.

Source: References 1-3
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requirement. For example, 91% of persons in the Sec-
ond National Health and Nutrition Examination Sur-
vey (NHANES II) of a representative sample of the
U.S. population whose 2-hour value was ≥200 mg/dl
also had 1-hour values ≥200 mg/dl10. This has been
found in other populations as well31,32. Consequently,
only the 2-hour post-challenge glucose value would
appear to be required.

Both the NDDG and WHO criteria require a repeat
determination of fasting or post-challenge plasma glu-
cose for a definitive diagnosis of diabetes in an asymp-
tomatic patient: that is, the diagnosis cannot be made
with a single glucose result. For patients with symp-
toms of diabetes, a single elevated blood glucose value
is considered sufficient for confirmation of the diag-
nosis.

RESEARCH NEEDS FOR DIAGNOSTIC 
CRITERIA

The criteria for diagnosis of diabetes undoubtedly
need further study and validation. For example, per-
sons with diabetes who have high FPG levels may be
at greater risk for developing complications than
those who have FPG <140 mg/dl with post-challenge
hyperglycemia ≥200 mg/dl. A Japanese study found
the fasting value to be more predictive of mortality
than the 2-hour value33, while in Pima Indians both
the fasting and the 2-hour value and glycosylated
hemoglobin predict  retinopathy and neph-
ropathy27,34,35. Further research is needed to quantify
these risks. In addition, further research is needed to
determine whether blood glucose levels should con-
tinue to be the basis for diagnosing diabetes, or
whether a simple measure such as glycosylated hemo-
globin can accurately predict development of the com-
plications of diabetes and hence be used for diagnosis
of NIDDM.

CRITERIA FOR GESTATIONAL DIABETES

Table 2.4 lists the criteria for GDM used most com-
monly in the United States. These criteria were prom-
ulgated in 196436,37 and were endorsed by the Second
International Workshop on GDM38. GDM is consid-
ered in detail in Chapter 35.

IMPAIRED GLUCOSE TOLERANCE

IGT was defined by the NDDG1 and adopted by the
WHO2,3 to encompass persons whose FPG concentra-
tion is less than that required for a diagnosis of diabe-

tes (<140 mg/dl) and whose plasma glucose value at 2
hours after a 75-g oral glucose challenge is intermedi-
ate between normal and diabetic (140-199 mg/dl).
Thus the IGT class is defined not by clinical manifes-
tations but by plasma glucose criteria, and a 75-g oral
glucose challenge is required to place an individual in
this class. "Impaired glucose tolerance" replaces the
older terms "borderline diabetes" and "chemical dia-
betes," which are considered inappropriate because
they invoke social, psychologic, and economic sanc-
tions that are unjustified in light of the lack of severity
of glucose intolerance in these persons.

There are some differences between the NDDG and
WHO criteria for classifying persons as IGT. While
both require the fasting and 2-hour values shown in
Table 2.5, the NDDG suggests a midtest plasma glu-
cose value ≥200 mg/dl. WHO criteria do not use this
midtest value, and persons are categorized based only
on their fasting and 2-hour values. The NDDG has
modified its criteria to be concordant with the WHO
for epidemiologic studies10. Use of the midtest value
substantially changes the prevalence of IGT. Only
about half of persons classed as IGT by WHO criteria
are also classed as IGT by NDDG. The remainder are
nondiagnostic, primarily because the midtest glucose
value is <200 mg/dl10.

Although persons with IGT have absent or minimal
rates of retinopathy and nephropathy, they are at a
higher risk of developing diabetes than persons with
normal glucose tolerance. Prospective studies of the
Pima Indians show that nondiabetic persons develop
diabetes at a rate proportional to their 2-hour glucose
value, with rates particularly high in those with

Table 2.4
Criteria for Diagnosis of GDM

Two or more of the following glucose concentrations (fasting
 value and values at times after 100-g oral glucose) must be
 met or exceeded:

Venous
plasma

Venous
whole blood

Capillary
whole blood

Fasting 105 mg/dl
(5.8 mmol/L)

90 mg/dl
(5.0 mmol/L)

90 mg/dl
(5.0 mmol/L)

1 hour 190 mg/dl
(10.6 mmol/L)

170 mg/dl
(9.4 mmol/L)

190 mg/dl
(10.6 mmol/L)

2 hour 165 mg/dl
(9.2 mmol/L)

145 mg/dl
(8.1 mmol/L)

165 mg/dl
(9.2 mmol/L)

3 hour 145 mg/dl
(8.1 mmol/L)

125 mg/dl
(6.9 mmol/L)

145 mg/dl
(8.1 mmol/L)

GDM, gestational diabetes mellitus. See Chapter 35 for a discussion of criteria
for diagnosis of GDM.

Source: References 1, 36-38
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IGT27,39. In studies of Caucasians, persons in the IGT
class also have a higher risk of developing diabetes,
with ~1%-5% becoming diabetic each year compared
with <1% of persons classed as normal23-25,40-49 . How-
ever, these studies also showed that, even after 10
years, the majority of persons remains in the IGT class
and a substantial proportion retest as normal. Among
Pima Indians, microvascular complications rarely oc-
curred in persons with IGT34 and, in a British study,
persons with IGT also appeared to have little or no
evidence of the microvascular disease found in per-
sons with established diabetes50. However, mortality
rates for IGT in the latter population were higher than
those experienced by persons without diabetes, and
much of the excess death was due to cardiovascular
diseases21,40,41,51. The clinical significance of IGT and
its prognostic significance for the development of
complications thus remain to be fully investigated.

THE ORAL GLUCOSE TOLERANCE TEST

In symptomatic individuals with random plasma glu-
cose values >200 mg/dl, the OGTT is not required for
a diagnosis of diabetes. However, in asymptomatic
individuals and to establish a diagnosis of IGT, the
OGTT is necessary1-3. The test should be performed in
the morning on subjects who have had at least 3 days
of unrestricted diet. The subject should have fasted
overnight for 10-16 hours and remain seated and not
smoke throughout the test. A fasting blood sample
should be collected, after which the subject should
drink 75 g of glucose in a concentration no greater
than 25 g per 100 ml. Commercially prepared carbo-
hydrate loads equivalent to this are available. The
NDDG originally suggested that blood samples be
taken at midtest (1⁄2 hour, 1 hour, or 11⁄2 hours) and at
2 hours. However, in practice virtually all persons
with 2-hour post-challenge values ≥200 mg/dl also
have midtest values ≥200 mg/dl, and the midtest blood
sample does not appear to be necessary. In addition,
multiple blood samples are often not feasible in an
epidemiologic or survey setting, and a single 2-hour
blood sample can be considered adequate.

Figure 2.1 and Table 2.6 show the circumstances un-

Table 2.5
Criteria for Impaired Glucose Tolerance 

I. NDDG and WHO criteria

The NDDG requires that the three criteria A, B, and C must be met.
The WHO requires that only criteria A and B be met.

A. Fasting glucose concentration:
venous plasma <140 mg/dl (7.8 mmol/L)
venous whole blood <120 mg/dl (6.7 mmol/L)
capillary whole blood <120 mg/dl (6.7 mmol/L)

B. Glucose concentration at 2 hours after ingesting 75-g oral glucose:
venous plasma ≥140 and <200 mg/dl (7.8 and 11.1 mmol/L)
venous whole blood ≥120 and <180 mg/dl (6.7 and 10.0   
mmol/L)

capillary whole blood ≥140 and <200 mg/dl (7.8 and 11.1 
mmol/L)

C. Glucose concentration at midtest (1⁄2 hour, 1 hour, or 1 1⁄2 hours)
after ingesting 75-g oral glucose:

venous plasma ≥200 mg/dl (11.1 mmol/L)
venous whole blood ≥180 mg/dl (10.0 mmol/L)
capillary whole blood ≥200 mg/dl (11.1 mmol/L)

II. In an epidemiologic setting or population screening

In epidemiologic or population studies on diabetes, it may be
impossible or impractical to meet the requirement of obtaining two
or three blood samples. Consequently, a modification is
recommended whereby a single blood sample should be drawn 2
hours after a 75-g oral glucose challenge. If the glucose
concentration meets the criteria below, the individual may be
assigned to the IGT class for epidemiologic purposes.

Glucose concentration at 2 hours after ingesting 75-g oral glucose:
venous plasma ≥140 and <200 mg/dl (7.8 and 11.1 mmol/L)
venous whole blood ≥120 and <180 mg/dl (6.7 and 10.0 
mmol/L)

capillary whole blood ≥140 and <200 mg/dl (7.8 and 11.1 
mmol/L)

NDDG, National Diabetes Data Group; WHO, World Health Organization.

Source: References 1-3
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Figure 2.1
Circumstances for Diagnosis of NIDDM in Adults,
U.S., 1989

Figure shows the percent distribution of U.S. adults age ≥18 years with
self-reported physician-diagnosed NIDDM, according to answers to questions
about diagnosis of their diabetes. NIDDM was distinguished from IDDM by age
at diagnosis, obesity, and hypoglycemic medication use. 

Source: Reference 52; 1989 National Health Interview Survey Diabetes Supple-
ment
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der which diabetes was diagnosed as reported by a
representative sample of adults with NIDDM in the
United States in the 1989 NHIS. About half (50.1%) of
people with NIDDM reported that they were sympto-
matic (sick or feeling diabetic symptoms) at diagnosis
of diabetes; the remaining half (49.9%) indicated that
their diabetes was discovered "by chance." For symp-
tomatic patients, most diagnoses occurred in a physi-
cian’s office. This was also the case for asymptomatic
patients; 22.8% of adults with NIDDM were diagnosed
during a routine physical exam and 19.1% while being
treated for another medical condition. The proportion
who were symptomatic at diagnosis decreased with
increasing age, and the proportion whose diabetes was
discovered by chance increased with increasing age
(Table 2.6).

Figure 2.2 and Table 2.6 show the type of test used for
diagnosis of diabetes as reported by U.S. adults with
NIDDM in 198952. Almost all (91.1%) indicated that

their diagnosis involved a blood test, 73.5% had both
a blood and a urine test, and only 4.9% were diag-
nosed based on a urine test alone. Individuals who
stated that they were diagnosed by a blood test were
asked whether this test was an OGTT. About 38% of
NIDDM adults indicated the OGTT was the method of
diagnosis, but a large percentage (28.4%) did not
know whether they had had an OGTT. The propor-
tions diagnosed by blood, urine, and OGTT were simi-
lar across age groups (Table 2.6). These percentages
are shown in Table 2.7 according to duration of diabe-
tes. With more recent diagnoses, there appears to be a
trend toward decrease in the use of urine glucose
alone and use of the OGTT and an increase in use of
blood tests that do not involve the OGTT.

In the 1989 NHIS, a representative sample of U.S.
adults with no medical history of diabetes were asked
whether they had been screened for diabetes in the
previous year. Figure 2.3 presents data on the propor-
tion screened53. About 69% indicated they were not
screened for diabetes. Of those who were screened,
most were screened once (24.3%), and the remainder
(6.7%) were screened more than once.

Table 2.6
Circumstances and Tests Used for Diagnosis of 
Diabetes in Adults with NIDDM, U.S., 1989

Age (years)
Diagnostic situation or test ≥18 18-44 45-64 ≥65

Diabetes discovered when subject was
 sick or having symptoms of diabetes (%) 50.1 64.4 53.0 43.9

At his/her doctor’s office 32.6 37.5 34.8 29.6

When hospitalized 7.4 10.1 7.4 6.6

Other 9.9 16.8 10.6 7.5

Unknown 0.2 0.0 0.3 0.3

Diabetes discovered by chance (%) 49.9 35.6 47.0 56.1

During routine physical exam 22.8 15.1 20.3 26.9

While being treated for some other
 condition 19.1 15.3 19.2 19.9

During screening test for diabetes 2.7 2.1 3.0 2.6

Other/unknown 5.4 3.1 4.5 6.7

Type of test used for diagnosis (%)

Blood test 91.1 93.5 91.6 90.2

Blood test only 17.6 15.7 18.2 17.6
Both blood and urine tests 73.5 77.8 73.4 72.6

Urine test only 4.9 4.4 4.9 5.1

Unknown 3.9 2.0 3.6 4.7

Oral glucose tolerance test (%)*

Yes 38.0 42.8 41.5 33.7

No 24.8 29.1 24.0 24.4

Unknown 28.4 21.7 26.1 32.1

Table shows the percent distribution according to diagnostic situation of adults
age ≥18 years with self-reported medical history of physician-diagnosed diabe-
tes in a representative sample of the U.S. population. NIDDM was distin-
guished from IDDM by age at diagnosis, obesity, and hypoglycemic medication
use.  *Only individuals who indicated they were diagnosed by a blood test were
asked whether an oral glucose tolerance test had been performed.

Source: Reference 52; 1989 National Health Interview Survey Diabetes Supple-
ment
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Figure 2.2
Type of Test Used for Diagnosis of NIDDM in
Adults, U.S., 1989

OGTT, oral glucose tolerance test. A urine glucose test was reported to have
been performed for 81% of diabetes cases diagnosed by a blood glucose test.
Figure shows the percent distribution of U.S. adults age ≥18 years with
physician-diagnosed NIDDM, according to answers to questions about diagno-
sis of their diabetes. NIDDM was distinguished from IDDM by age at diagnosis,
obesity, and hypoglycemic medication use. 

Source: Reference 52; 1989 National Health Interview Survey Diabetes Supple-
ment
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The National Ambulatory Medical Care Survey
(NAMCS) has provided data to examine several meth-
ods used in screening for diabetes, including blood
glucose testing, urine glucose testing, and the OGTT.
In the 1985 NAMCS, office-based physicians were
asked to record, for a sample of their patient visits,
whether they had ordered or performed a test for
blood glucose or a test for urine glucose. These data
were then extrapolated to all U.S. office-based physi-
cians. For visits in which diabetes was recorded as a

diagnosis in the patient, it was estimated that physi-
cians conducted or ordered a blood glucose test in
13.3 million visits and a urine glucose test in 4.5
million visits in 198554. Because the annual incidence
of diabetes is only ~600,000 new cases each year55,
most of these tests were probably performed to meas-
ure glucose levels in patients with established diabetes
and a minority were used to screen for and diagnose
new cases of diabetes. For visits not involving diabe-
tes, blood glucose tests were ordered in 23.5 million
visits (3.8% of all visits to office-based physicians)
and urine glucose tests in 55.3 million visits (9.0% of
all visits)54. These tests were presumably used in
screening for hyperglycemia and glycosuria.

In the 1989-90 NAMCS, office-based physicians re-
corded whether they had ordered or performed an
OGTT during patient visits. An average of 3.2 million
OGTTs were performed or ordered annually during
visits to these physicians (Table 2.8)52. About 845,000
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Figure 2.3
Percent of Nondiabetic Adults Screened for 
Diabetes in the Past Year, U.S., 1989

Figure shows the percent distribution of U.S. adults age ≥18 years who reported
they had never been diagnosed with diabetes, according to self-reported fre-
quency of being screened for diabetes in the previous year, based on the 1989
National Health Interview Survey Diabetes Risk Factor Supplement.

Source: Reference 53

Table 2.7
Frequency of Tests Used in Diagnosis of Diabetes,
by Duration of NIDDM, U.S., 1989

Years since diagnosis of diabetes
Type of diagnostic test All 0-4 5-9 10-14 ≥15

Proportion of NIDDMs (%) 100.0 30.6 23.6 18.4 27.4

Urine test only (%) 4.9 3.2 4.7 6.1 7.0
Blood test* 91.2 95.4 90.9 91.9 88.1

OGTT (%) 38.0 36.4 35.6 40.3 42.1
No OGTT (%) 24.8 31.8 28.7 21.5 17.8
Unknown whether
 OGTT (%) 28.4 27.2 26.6 30.1 28.2

Type of test unknown (%) 3.9 1.5 4.4 2.1 5.0

OGTT, oral glucose tolerance test. Table shows the percent distribution accord-
ing to type of diagnostic test of adults age ≥18 years with self-reported medical
history of physician-diagnosed diabetes in a representative sample of the U.S.
population. NIDDM was distinguished from IDDM by age at diagnosis, obesity,
and hypoglycemic medication use. *82% of diagnoses involving a blood glu-
cose test were stated to involve a urine test also.

Source: Reference 52; 1989 National Health Interview Survey Diabetes Supple-
ment

Table 2.8
Average Annual Frequency of OGTTs in Patient 
Visits to Office-Based Physicians, U.S., 1989-90

Patient diagnosis

Average annual
no. of OGTTs
(thousands)

Proportion
of total

(%)

Pregnancy 845.8 26.1
Diabetes mellitus 948.1 29.3
Cardiovascular conditions
 and risk factors

292.6 9.0

Routine medical exams and
 laboratory determinations

205.9 6.4

Renal and urinary tract
 conditions

156.7 4.8

Infections 124.5 3.8
Arthritis and musculoskeletal
 conditions

105.1 3.2

Obesity and endocrine
 disorders

93.9 2.9

Gynecologic conditions 93.9 2.9
Gastrointestinal conditions 84.9 2.6
Neoplasms 72.0 2.2
Psychiatric diagnoses 49.4 1.5
Eye conditions 13.8 0.4
Neuropathy 7.6 0.2
Miscellaneous diagnoses 144.1 4.4
Total 3,238.3 100.0

OGTT, oral glucose tolerance test. Data are derived from the 1989-90 National
Ambulatory Medical Care Survey (NAMCS). The physician was asked to note,
for a sample of patient visits, whether an OGTT had been performed or
ordered, and these data were extrapolated to all U.S. office-based physicians.
The NAMCS data form permits up to three diagnoses to be recorded by the
physician. All visits in which pregnancy was one of these diagnoses are
included as "pregnancy."  All visits in which diabetes was listed (except those
in which pregnancy was also listed) are included as "diabetes mellitus." For all
other visits, the first-listed diagnosis is tabulated. The first-listed diagnosis is
that condition considered by the physician to be most associated with the
patient’s primary reason for the office visit.

Source: Reference 52
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OGTTs were recorded in pregnancy-related visits and
were probably related to screening and diagnosis of
gestational diabetes. This number can be compared
with the average of 4.1 million births each year during
1989-9056,57, suggesting that the majority of pregnan-
cies go unscreened. About 29% of the OGTTs
(948,100 per year) were associated with diabetes
(without mention of pregnancy) and were presumably
for the purposes of diagnosing new cases of diabetes
or measuring post-challenge glucose in established
diabetes, although these two circumstances cannot be
distinguished. The remaining 1.4 million annual
OGTTs occurred in visits for a variety of medical
conditions. Diabetes was not listed on the patient
record form for these visits, and thus the OGTT did
not appear to result in a diagnosis of diabetes. Diabe-
tes is associated with abnormalities in virtually every
organ system, and Table 2.8 reflects the numerous
conditions that may lead the physician to suspect
diabetes.

The necessary requirements for screening for a disease
have been summarized58. These principles include
that the condition is an important health problem, an
accepted treatment is available, the disease has an
early asymptomatic stage, and a suitable screening
test exists. Undiagnosed NIDDM meets all four re-
quirements, as follows.

PREVALENCE OF UNDIAGNOSED NIDDM 

About 7 million adults in the United States meet
diagnostic criteria for diabetes but are undiagnosed59.
Figure 2.4, based on a representative sample of U.S.
adults in 1976-80, shows the prevalence of diagnosed
NIDDM determined by medical history and of undiag-
nosed NIDDM determined by OGTT. Total prevalence
of NIDDM increases with age, from 2.0% at age 20-44
years to 18.7% at age 65-74 years9. About 50% of
NIDDM is undiagnosed. This proportion is similar
across all age groups, for both sexes, and for the three
main racial/ethnic groups in the United States (Fig-
ures 2.4 and 2.5). The Pima Indians in Arizona have
the highest prevalence of NIDDM of any population in
the world27,60. However, undiagnosed NIDDM is virtu-
ally nonexistant among Pimas because of extensive
screening for the disease in this population61.

THE PRECLINICAL PHASE OF NIDDM

The high prevalence of undiagnosed NIDDM indi-
cates there must be a considerable preclinical phase
for the disease, although this may not be an entirely
asymptomatic period. Based on extrapolation of data
on the prevalence of retinopathy, it has been estimated
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Figure 2.4
Prevalence of Diagnosed and Undiagnosed NIDDM
in Adults, U.S., 1976-80

Diagnosed NIDDM was determined by medical history and undiagnosed
NIDDM by oral glucose tolerance test using WHO criteria for a representative
sample of U.S. adults age 20-74 years in the 1976-80 Second National Health
and Nutrition Examination Survey.

Source: Reference 9
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Percent of NIDDM That Is Undiagnosed in Adults,
U.S., 1976-80

Total NIDDM determined by sum of diagnosed NIDDM (medical history of
diabetes) and undiagnosed NIDDM (oral glucose tolerance test) in a repre-
sentative sample of U.S. adults age 20-74 years in the 1976-80 Second National
Health and Nutrition Examination Survey.

Source: References 9 and 59
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that onset of NIDDM may occur as long as 10-12 years
before clinical diagnosis of NIDDM11 (Figure 2.6).
Microvascular complications of diabetes begin to de-
velop during this period before clinical diagnosis.

TREATABLE RISK FACTORS AND 
COMPLICATIONS IN UNDIAGNOSED
NIDDM

Individuals with undiagnosed NIDDM have signifi-
cant hyperglycemia, which is the primary risk factor
for diabetic microvascular disease. Individuals age 40-
69 years with undiagnosed NIDDM detected by OGTT
in the 1976-80 NHANES II had mean FPG of 135
mg/dl and 2-hour post-challenge glucose of 265
mg/dl59. Similarly elevated values were found when
undiagnosed NIDDM was detected by OGTT in Japa-
nese Americans in Seattle, WA62; whites in Rancho
Bernardo, CA63; Mexican Americans in the San Luis
Valley, CO64; and Native Americans in Oklahoma, Ari-
zona, North Dakota, and South Dakota65 (Figures 2.7
and 2.8). Extremes of plasma glucose in the U.S.
population age 40-69 years with undiagnosed NIDDM
are shown in Figure 2.9. More than 30% have fasting
hyperglycemia (≥140 mg/dl), and 25% have post-chal-
lenge glucose >300 mg/dl.

U.S. adults with undiagnosed NIDDM also have high
levels of other risk factors for diabetes complications,
including hypertension (67%, of which about half is

uncontrolled), dyslipidemia (49% with total choles-
terol ≥240 mg/dl; 62% with LDL-cholesterol ≥130
mg/dl; 28% with triglycerides ≥250 mg/dl), obesity
(50% of men and 82% of women exceed 120% of
desirable weight), and cigarette smoking (32%)59.
Rates of microvascular and macrovascular disease and
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Figure 2.6
Estimated Time of Onset of Retinopathy and of
NIDDM, Wisconsin, 1980-82

Data points are prevalence of any retinopathy in a representative sample of
subjects with NIDDM according to time since diagnosis of diabetes. Line is
linear regression of the data (R2=0.89) to estimate time at which detectable
retinopathy first began. Onset of NIDDM is believed to occur some years before
evidence of detectable retinopathy.

Source: References 11 and 12
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Mean Fasting Plasma Glucose in U.S. Adults with
Undiagnosed NIDDM

NHANES II, 1976-80 Second National Health and Nutrition Examination
Survey. Data are based on U.S. population and community-based surveys in
which fasting plasma glucose and a 75-g oral glucose challenge were used to
identify subjects with undiagnosed NIDDM.

Source: References 59, 62-65
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Mean Two-Hour Post-Challenge Plasma Glucose in
U.S. Adults with Undiagnosed NIDDM

NHANES II, 1976-80 Second National Health and Nutrition Examination
Survey. Data are based on U.S. population and community-based surveys in
which fasting plasma glucose and a 75-g oral glucose challenge were used to
identify subjects with undiagnosed NIDDM.

Source: References 59, 62-65
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premature mortality are substantially higher than in
the nondiabetic population11,59,66,67. For example, 21%
of an NIDDM cohort in southern Wisconsin had reti-
nopathy at diagnosis of diabetes (Figure 2.6)11,12, and
gross proteinuria was present in 11% when measured
within 1 year of diagnosis15.

CONTROVERSIES IN SCREENING FOR
NIDDM

Because of strong evidence that undiagnosed diabetes
is highly prevalent, that it is associated with a high
frequency of risk factors for complications, that there
is a high prevalence of micro- and macrovascular com-
plications, and that treatment for hyperglycemia and
other risk factors is available, screening for undiag-
nosed NIDDM would appear to be appropriate, par-
ticularly in groups at high risk for NIDDM. Screening
for the purpose of reducing morbidity and mortality
has been advocated in reviews of undiagnosed
NIDDM59,68, and the ADA position statement on
screening describes a major objective of a community
screening program as being identification of individu-
als with one or more risk factors for diabetes69.

However, controversy exists about screening for
NIDDM70-72. Some of the controversy arises from the
difficulty of conducting an OGTT and the low sensi-
tivity of FPG in detecting NIDDM. Also, methods of
treatment after diagnosis of diabetes are not wholly

effective, as shown by the high rates of hyperglycemia,
hypertension, and dyslipidemia in diagnosed NIDDM
discussed in Chapter 7. In contrast, the Diabetes Con-
trol and Complications Trial (DCCT) showed that
intensive treatment to reduce glycemia has a substan-
tial effect on the incidence of microvascular complica-
tions, with decreases of 50%-75% in rates of reti-
nopathy, neuropathy, and nephropathy73. It is likely
that such intensive treatment would have similar
benefits in NIDDM74.

Screening can be interpreted as public health screen-
ing in the community but also simply as testing for
diabetes in patients in the clinician’s office. It is un-
likely that symptomatic NIDDM (criterion IA in Table
2.3) would be encountered in a screening situation,
because severe symptoms characteristic of diabetes
would likely have led such individuals to seek medical
care and already be diagnosed as having diabetes.
Several methods can be used for screening for asymp-
tomatic undiagnosed NIDDM. For diagnosis of diabe-
tes in an individual patient, a confirmatory test is
required if the screening test is positive.

EFFECTIVENESS OF SCREENING TESTS

Effectiveness of screening for diabetes can be evalu-
ated by calculating four measures: a) Sensitivity—the
percent with glucose levels ≥ the cutoff value among
those meeting diagnostic criteria for diabetes; b)
Specificity—the percent with glucose levels < the cut-
off value among those not meeting diagnostic criteria
for diabetes; c) Positive predictive value—the percent
meeting diagnostic criteria for diabetes among all per-
sons with glucose ≥ the cutoff value; and d) Percent
requiring retesting—the percent with glucose ≥ the
cutoff value among all persons screened (retesting is
necessary because a repeat determination of fasting or
post-challenge glucose is required to confirm a clini-
cal diagnosis of diabetes).

SCREENING BY ORAL GLUCOSE 
CHALLENGE

The OGTT is the internationally recognized standard
for diagnosing asymptomatic NIDDM1-3. However,
measuring post-challenge glucose can also be used to
screen for NIDDM, and the data in Tables 2.6, 2.7, and
2.8 indicate that the OGTT is a common procedure
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Figure 2.9
Fasting and Post-Challenge Hyperglycemia in U.S.
Adults with Undiagnosed NIDDM, 1976-80

Figure shows percent with extremes of fasting and 2-hour post-75-g glucose
challenge hyperglycemia in undiagnosed NIDDM (World Health Organization
criteria) in a representative sample of the U.S. population age 40-69 years in
the 1976-80 Second National Health and Nutrition Examination Survey.

Source: Reference 59
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used to screen for and diagnose NIDDM. Measure-
ment of plasma glucose at 2 hours after a 75-g oral
glucose challenge has the characteristics of a satisfac-
tory screening method (Table 2.9)59,75. Using a 2-hour
value of ≥200 mg/dl, sensitivity is 97%; that is, only
3% of adults have 2-hour post-challenge glucose <200
mg/dl and are considered to have diabetes due to
fasting values ≥140 mg/dl alone. Specificity is 100%
because all nondiabetic subjects have 2-hour glucose
values <200 mg/dl. Positive predictive value is also
100% because all persons with a 2-hour glucose value
≥200 mg/dl are considered to have diabetes. Thus a
glucose challenge test has high specificity, high sensi-
tivity, and high positive predictive value. The 2-hour
oral glucose challenge has the drawback, however,
that the subject must be fasting and must be at the
screening site for at least 2 hours. The glucose chal-
lenge is thus a relatively complex procedure that re-
quires considerable cooperation from the subject.
Hence it is not ideal for use in screening for diabetes,
either in asymptomatic patients considered to be at
risk for diabetes or in the general population.

Screening by glucose challenge has the virtue that
most individuals with 2-hour values ≥200 mg/dl will
be confirmed to have NIDDM on a repeat OGTT, and
they are at high risk for already having or for develop-
ing the complications of diabetes. Conversely, sub-
jects with lower 2-hour glucose values do not appear
to be at risk for complications. For example, persons

with IGT (2-hour glucose 140-199 mg/dl) in a 10-year
study did not develop diabetic retinopathy as long as
they remained as IGT, although retinopathy began to
develop within 5 years in those who progressed to
overt diabetes50.

SCREENING BY FASTING PLASMA 
GLUCOSE

In the U.S. population, there is a broad distribution of
FPG among adults with undiagnosed NIDDM (Figure
2.10), and only ~26% of people age 20-74 years with
undiagnosed NIDDM have fasting hyperglycemia
(≥140 mg/dl)10. Other studies have also found that as
many as 80% of diabetes cases discovered in popula-
tion screening by OGTT have FPG <140 mg/dl32,75-81.
Thus, FPG appears to be an insensitive test in popula-
tion screening for undiagnosed NIDDM. Appendices
2.1 and 2.2 show the prevalence of IGT and undiag-
nosed NIDDM, and their percent distributions, ac-
cording to fasting plasma glucose. 

Table 2.9 presents information on screening by FPG
in the U.S. population age 40-69 years75. The data
indicate that no FPG cutoff point provides an ade-
quate screening method in the general population.
For example, at FPG ≥100 mg/dl, sensitivity and
specificity are moderate (83% and 76%, respectively)
and the percent requiring retesting for confirmation of
the diagnosis of diabetes is relatively low (27%). How-

Table 2.9
Factors in Screening for NIDDM by Glucose 
Challenge and Fasting Plasma Glucose, U.S., Age
40-69 Years

Screening test
 (mg/dl)

Sensitivity
%

Specificity
%

PPV
%

PRR
%

Post-challenge
 plasma glucose

2-hour ≥200 97 100 100 5.5

Fasting plasma
 glucose

≥80 98 4 6 96.3

≥90 93 32 8 69.8

≥100 83 76 17 27.4

≥110 65 93 37 10.1

≥120 54 98 65 4.7

≥130 42 100 91 2.6

≥140 31 100 100 1.8

PPV, positive predictive value; PRR, percent of screenees requiring retesting by
oral glucose tolerance test. Data are based on a representative sample of adults
age 40-69 years in the 1976-80 Second National Health and Nutrition Exami-
nation Survey. NIDDM was defined by fasting plasma glucose ≥140 mg/dl
and/or 2-hour OGTT glucose ≥200 mg/dl. Subjects with a medical history of
diabetes were excluded. See text for definitions of screening parameters.

Source: References 59 and 75
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Figure shows the distribution of nondiabetics (2-hour OGTT glucose <200
mg/dl) and those with undiagnosed NIDDM (2-hour OGTT glucose ≥200
mg/dl), according to plasma glucose after an overnight 10-16 hour fast. Data
are based on a representative sample of people age 20-74 years in the 1976-80
Second National Health and Nutrition Examination Survey.

Source: References 59 and 75

Figure 2.10
Percent Distribution of Fasting Plasma Glucose in
U.S. Adults, 1976-80
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ever, positive predictive value is low: Only 17% of
persons with FPG ≥100 mg/dl meet diagnostic criteria
for diabetes. Thus, for every six subjects identified by
such screening, only one might actually have diabetes.

Table 2.10 presents the sensitivity and percent requir-
ing retesting by confirmatory OGTT when FPG ≥100
mg/dl is used as a screening criterion in various high-
risk groups in the United States75. Sensitivity is some-
what lower in women compared with men, but there
is little effect of age or ethnicity. Body mass index
(BMI) <23 is associated with considerably lower sen-
sitivity, with no difference between the two higher
BMI categories (23-26.9 and ≥27). However, individu-
als with BMI <23 constitute only ~10% of all NIDDM
cases. Hypertension, treated or untreated, has no con-
sistent effect on sensitivity. In summary, variations in
sensitivity by age, sex, ethnic group, BMI, or blood
pressure status appear to be too small to have practical
implications regarding the effectiveness of screening
by FPG. Thus, while FPG ≥100 mg/dl is relatively
more effective than other FPG cutoff points (Table

2.9), it is inadequate for screening in the total U.S.
population or in high-risk groups (Table 2.10). Other
studies on screening for undiagnosed NIDDM are
shown in Table 2.11.

It is likely that screening by FPG ≥140 mg/dl identifies
a group at greater risk for developing complications
than those who have FPG <140 mg/dl with post-chal-
lenge hyperglycemia ≥200 mg/dl. A Japanese study
found the fasting value to be more predictive of mor-
tality than the 2-hour value33, while in Pima Indians
both the fasting and the 2-hour value and glycosylated
hemoglobin predict  retinopathy and neph-
ropathy27,34,35.

SCREENING BY OTHER METHODS

Other methods of screening for undiagnosed NIDDM
have been evaluated and found to be inadequate68.
Glycosylated hemoglobin has the same advantages as
FPG, requiring only one blood sample and minimal
patient cooperation, and in addition is not affected by
time of day or recent food intake. However, in popu-
lations such as in the United States, with prevalence
of undiagnosed diabetes of ~5%-10% among adults
and a minority of undiagnosed NIDDM having fasting
hyperglycemia, there is considerable overlap between
the glycohemoglobin distribution of nondiabetic and
diabetic groups32,82-86. If the screening value is set high
enough, specificity is high but sensitivity is low32

(Table 2.11). In populations such as the Pima Indians
that have a high prevalence of fasting hyperglycemia,
diabetes, and microvascular complications, glycosy-
lated hemoglobin is as effective as FPG or 2-hour
post-challenge glucose in detecting NIDDM (Table
2.11) and predicting the development of retinopathy
and nephropathy35,87. Measurements of casual or ran-
dom blood glucose or urine glucose are not acceptable
screening methods because these cannot be stand-
ardized with regard to risk of having diabetes or devel-
oping its complications, due to the considerable fluc-
tuations of blood and urine glucose levels according
to the interval since the preceding meal, the unstan-
dardized content of the meal, and the often-unknown
renal threshold for glycosuria.

The major risk factors for NIDDM include older age;
obesity; a family history of diabetes; race/ethnicity of
black, American Indian, or Hispanic; and presence of
complications related to diabetes. These data are read-
ily obtainable through interview and the simple meas-

Table 2.10
Sensitivity and Percent Requiring Retesting (PRR)
for FPG ≥100 mg/dl in High-Risk Groups, U.S., Age
40-69 Years

Sensitivity
%

PRR
%

Total   83.1 27.4

Sex
Men   88.8 32.4
Women 79.6 23.1

Age (years)
40-49   82.6 22.7
50-59   81.9 27.7
60-69   84.2 33.6

Race
White   83.5 27.4
Black   79.2 30.1

BMI
<23 43.3 14.1

23-26.9 84.0 26.2
≥27 89.4 39.0

Blood pressure
Normotensive 82.0 20.7
Hypertensive

Untreated 82.7 36.0
On AHM 84.5 39.9

FPG, fasting plasma glucose; BMI, body mass index. Hypertension defined by
systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg
or use of antihypertensive medications (AHM) including diuretics. Data are
based on a representative sample of adults age 40-69 years in the 1976-80
Second National Health and Nutrition Examination Survey. NIDDM was de-
fined by FPG ≥140 mg/dl and/or 2-hour oral glucose tolerance test glucose
≥200 mg/dl. Subjects with a medical history of diabetes were excluded.

Source: Reference 75
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urement of height and weight. Hence these are excel-
lent candidates for use in screening for undiagnosed
NIDDM.

PREVALENCE OF RISK FACTORS FOR 
NIDDM

The frequency of risk factors for NIDDM and of com-
plications related to NIDDM in a representative sam-
ple of the U.S. population age ≥18 years without diag-
nosed diabetes is shown in Figure 2.11 and Table
2.1253. About 51% of U.S. adults are age ≥40 years, and
47.0% are 20% or more above ideal weight (based on
self-reported height and weight). Blacks and Mexican
Americans comprise 10.6% and 3.9% of adults, re-
spectively, and 15.6% of all adults have a parental
history of diabetes. About 78% have at least one risk
factor for NIDDM. A small proportion of adults report
conditions that are complications related to NIDDM,
with hypertension being reported most frequently
(14.6%). Figure 2.12 shows the percent distribution
of adults and number of people (in millions), accord-
ing to number of risk factors for NIDDM or diabetes-

related complications53. A large proportion of U.S.
adults (22.9%, 38 million people) have three or more
risk factors or diabetes-related complications.

PREVALENCE OF UNDIAGNOSED NIDDM
IN HIGH-RISK GROUPS

Figure 2.13 shows the prevalence of undiagnosed
NIDDM determined by OGTT in a representative sam-
ple of U.S. adults according to the presence or absence
of risk factors for diabetes53. Undiagnosed NIDDM is
significantly more prevalent in those age ≥40 years,
those with a family history of diabetes, and those with
PDW ≥120. Prevalence among individuals with all
three of these risk factors for NIDDM was 11.7%,
whereas prevalence among individuals with none of
these risk factors was only 0.4%. Prevalence of
NIDDM in those age 20-74 years was also somewhat
higher among blacks and Mexican Americans, com-
pared with non-Hispanic whites.

Table 2.11
Sensitivity and Specificity of Some Tests Used in Screening for Undiagnosed NIDDM

Ref. Population Screening test Sensitivity (%) Specificity (%)

76 Rancho Bernardo, CA,
 whites age 50-64 years

FPG ≥110 mg/dl
FPG ≥140 mg/dl

88
31

87
99

76 Rancho Bernardo, CA,
 whites age 65-79 years

FPG ≥110 mg/dl
FPG ≥140 mg/dl

60
21

80
100

77 San Antonio, TX, age 25-64 years
Mexican American
Non-Hispanic white

FPG ≥140 mg/dl
FPG ≥140 mg/dl

55
32

100
100

78 Wadena, MN, sample of primarily
 white adults

FPG ≥115 mg/dl
FPG ≥140 mg/dl

68
40

97
100

32, 75 Israel, sample of Jewish population
 age 40-70 years

FPG ≥100 mg/dl
FPG ≥140 mg/dl

92
38

45
100

HbA1 ≥6.0 (mean of normal
 population=6.8)

92 21

79 Arizona, Pima and Tohono
 O’odham Indians, age >15 years

FPG ≥110 mg/dl
FPG ≥123 mg/dl
FPG ≥140 mg/dl

95
88
75

90
98

100
HbA1c ≥5.8 92 89
HbA1c ≥6.3 80 98
Quantitative nonfasting
 glycosuria ≥1.94 mmol/L

81 98

81 Nauru, South Pacific, age ≥20 years FPG ≥126 mg/dl
FPG ≥140 mg/dl

78
60

98
99

82 Paris, France, selected group of
 outpatients at a diabetes
 screening center

FPG ≥140 mg/dl
HbA1c >6 (mean of normal
 population=5.0)

52
60

99
91

All studies used either World Health Organization or National Diabetes Data Group criteria for diabetes; FPG, fasting plasma glucose.

Source: References are listed within the table
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NIDDM SCREENING RATES IN HIGH-
RISK GROUPS

The proportion of nondiabetic adults who reported
being screened for diabetes in the previous year is
shown in Figure 2.14 and Table 2.12 according to risk
factors and complications related to NIDDM53. The
percent screened increased with age. Screening rates
were higher for women (34.2%) compared with men
(27.6%) and for blacks compared with other ra-
cial/ethnic groups. The percent screened was higher
in those with a family history of diabetes compared
with those without, and the percent increased with
increasing level of PDW. Screening rates were consis-
tently higher in persons with complications related to
NIDDM compared with those without, particularly in
those with hypertension and macrovascular disease.

Table 2.12
Distribution of Nondiabetic Adults and Percent
Screened for Diabetes in the Past Year, U.S., 1989

Percent
distribution

Percent
screened

for
diabetes

Age-
standardized

percent
screened for

diabetes

All persons 100.0 31.0
Age (years)

18-39 48.7 23.1
40-64 35.7 35.6

≥65 15.6 46.0
Sex

Men 48.7 27.6 28.2
Women 51.3 34.2 33.6

Race
Non-Hispanic white 79.5 31.2 30.6
Non-Hispanic black 10.6 36.0 37.4
Mexican American 3.9 27.9 32.1
Other Hispanic 3.1 24.9 27.0
Asian/Pacific Islander 2.2 16.0 18.8
American Indian 0.7 21.8 23.1

Parental history of
 diabetes

Yes 15.6 38.4 38.3
No 84.4 29.5 29.7

Current PDW
<100 11.7 24.0 25.7

100-119 41.3 29.5 30.3
120-139 28.5 32.7 31.5

≥140 18.5 36.4 34.6
Kidney disease or
 proteinuria

Yes 4.9 39.4 38.2
No 95.1 30.5 30.6

Sensory neuropathy
Yes 10.9 40.1 37.1
No 89.1 29.9 30.2

Hypertension
Yes 14.6 47.6 38.8
No 85.4 26.5 27.7

Macrovascular disease
Yes 4.4 50.0 41.4
No 95.6 28.7 29.4

Marital status
Married 64.2 32.4 31.5
Widowed 6.9 42.9 26.4
Divorced/separated 9.8 29.8 29.6
Never married 19.2 22.9 29.2

Urban/rural
Central city 30.4 32.4 32.7
Not central city 46.9 31.2 31.4
Nonfarm 21.3 28.8 28.1
Farm 1.5 27.4 25.8

Region
Northeast 20.1 35.1 34.5
Midwest 24.8 31.1 31.2
South 34.6 30.7 30.8
West 20.5 27.2 27.3

Table 2.12—Continued next page

Figure 2.11
Frequency of Risk Factors for and Complications of
NIDDM in Nondiabetic Adults, U.S., 1989

PDW, percent desirable weight; hx, history; DM, diabetes. Figure shows preva-
lence of risk factors for NIDDM (top panel) and complications related to
NIDDM (bottom panel) reported by a representative sample of U.S. adults age
≥18 years with no medical history of diabetes, based on the 1989 National
Health Interview Survey Diabetes Risk Factor Supplement.

Source: Reference 53
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Even after age adjustment, screening rates remained
higher in those with risk factors or complications.
Rates were highest in the Northeast compared with
other regions. Rates increased with higher levels of
socioeconomic status and health care utilization. 

Figure 2.15 shows screening rates among U.S. nondi-
abetic adults according to the number of risk factors
and diabetes-related complications53. Screening rates
increased with a greater number of risk factors and
diabetes-related complications. Among those with
three and those with four or more risk factors and
complications, screening rates were 38.6% and 57.1%,
respectively.
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Figure 2.12
Percent Distribution and Number of Nondiabetic
Adults with NIDDM Risk Factors, U.S., 1989

Figure shows data for adults age ≥18 years with no medical history of diabetes,
according to number of risk factors for NIDDM or complications related to
NIDDM (Figure 2.11), based on self-report by a representative sample of adults
in the 1989 National Health Interview Survey Diabetes Risk Factor Supple-
ment.

Source: Reference 53
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Figure 2.13
Prevalence of Undiagnosed NIDDM Determined by
OGTT According to NIDDM Risk Factors, U.S.,
1976-80

MA, Mexican American; PDW, percent desirable weight; hx, history; DM,
diabetes; OGTT, oral glucose tolerance test. Undiagnosed NIDDM was deter-
mined by a 2-hour OGTT using World Health Organization criteria in a
representative sample of U.S. adults age 20-74 years in the 1976-80 Second
National Health and Nutrition Examination Survey; estimates for Mexican
Americans are from the 1982-84 Hispanic Health and Nutrition Examination
Survey. "None" and "Three" refer to the risk factors: age 40-74 years, positive
family history of diabetes, and PDW ≥120.

Source: Reference 53

Table 2.12—Continued

Percent
distribution

Percent
screened

for
diabetes

Age-
standardized

percent
screened for

diabetes

Currently working
Yes 69.2 28.1 30.0
No 30.8 37.4 30.9

Family income
<$10,000 10.7 28.9 26.7

$10,000-19,999 17.1 29.2 27.5
$20,000-39,999 29.6 30.0 31.1

≥$40,000 28.2 33.7 34.6
Unknown 14.6 31.2 29.1

Education (grade)
<9 9.2 31.4 22.2

9-12 50.4 29.2 29.2
>12 40.4 33.0 35.0

Health insurance
Yes 86.9 33.0 32.3
No 13.1 17.9 21.0

Number of doctor visits
in past 12 months

Zero 26.0 10.4 10.2
1-2 38.2 32.6 33.2
3-4 15.6 41.8 39.9

≥5 20.3 47.5 45.1
Hospitalization in past
12 months

Yes 7.7 49.0 45.4
No 92.3 29.6 29.9

Parity (women)
Zero 27.5 30.7 34.1
1-2 40.5 34.2 33.8
3-4 23.3 37.0 33.3
≥5 8.6 36.9 24.2

PDW, percent desirable weight. Table shows data for adults age ≥18 years who
had no medical history of diabetes, based on the 1989 National Health Inter-
view Survey Diabetes Risk Factor Supplement.

Source: Reference 53
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SCREENING YIELDS IN HIGH-RISK 
POPULATIONS

Information on screening in high-risk populations is
shown in Table 2.13, which demonstrates how the
proportion of the population who have undiagnosed
NIDDM is enriched when age, obesity, and family
history of diabetes are considered59. Among all per-
sons age 40-69 years in the total U.S. population, 5.5%
have undiagnosed NIDDM. If all of these were
screened, all people with undiagnosed NIDDM would
be detected. If screening were limited to people with a
PDW of ≥120, only 41% of the population would have
to be tested, 9.0% would have undiagnosed NIDDM
and this would detect 67% of all cases of undiagnosed
NIDDM. If family history of diabetes were added as a

criterion, only 14% of the population would be tested
and 12% would have undiagnosed NIDDM, but only
29% of all undiagnosed cases would be detected. This
shows that most people with undiagnosed NIDDM do
not have or do not know they have a family history of
diabetes, which is probably a major reason why they
remain undiagnosed. If a PDW of ≥140 were used,
only 16% of the population would be screened, the
prevalence of undiagnosed NIDDM would be 14.4%,
and this would capture ~42% of all cases. If family
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Figure 2.15
Frequency of Screening for NIDDM According to
Number of NIDDM Risk Factors, U.S., 1989

Figure shows percent of U.S. adults age ≥18 years with no medical history of
diabetes who were screened for diabetes in the previous year, according to
number of risk factors for and complications related to NIDDM, based on
self-report by a representative sample of adults in the 1989 National Health
Interview Survey Diabetes Risk Factor Supplement. Risk factors/complications
include age ≥40 years, parental history of diabetes, percent desirable weight
≥120, black or Mexican American, hypertension, and diabetes-related compli-
cations (kidney disease/proteinuria, neuropathy, and macrovascular disease).

Source: Reference 53

Figure 2.14
Frequency of Screening for NIDDM in High-Risk
Groups, U.S., 1989

PDW, percent desirable weight; hx, history; DM, diabetes; MA, Mexican Ameri-
can. Figure shows percent of U.S. adults age ≥18 years with no medical history
of diabetes who were screened for diabetes in the previous year, according to
risk factors for NIDDM (top panel) and complications related to NIDDM
(bottom panel), based on self-report by a representative sample of adults in the
1989 National Health Interview Survey Diabetes Risk Factor Supplement. 

Source: Reference 53
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Table 2.13
Screening for Undiagnosed NIDDM by 2-Hour 
Post-Challenge Glucose, U.S., Age 40-69 Years

Population
 screened

Percent
of

total

Percent with
undiagnosed

NIDDM

Percent of all
undiagnosed

NIDDM

Total 100 5.5 100
PDW ≥120 41 9.0 67
PDW ≥120 and
 family hx of DM 14 11.7 29
PDW ≥140 16 14.4 42
PDW ≥140 and
 family hx of DM 6 24.6 25

PDW, percent desirable weight; hx, history; DM, diabetes. Data are based on a
representative sample of adults age 40-69 years in the 1976-80 Second National
Health and Nutrition Examination Survey. NIDDM was defined by fasting
plasma glucose ≥140 mg/dl and/or 2-hour oral glucose tolerance test glucose
≥200 mg/dl. Subjects with a medical history of diabetes were excluded.

Source: Reference 59
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history were added as a criterion, 6% of the popula-
tion would be screened and the prevalence of NIDDM
in this high-risk group would be as high as 25%; that
is, one in every four people who were screened would
be found to have undiagnosed NIDDM, although this
would capture only 25% of all cases. Whichever high-
risk group is chosen, or whether clinicians choose to
screen all patients who they think might have
NIDDM, the data in Table 2.13 can provide several
scenarios for screening.

The choice of screening method and criteria to be
used depends on the screening situation. In public
screening programs, considerations of cost and effi-
ciency are important and it might be considered im-
portant to screen only very high-risk groups to ensure

high yields of positive screenees, although this would
miss significant numbers of persons with NIDDM
(Table 2.13). In physician’s offices, where the focus is
on care of the individual patient, it would appear
appropriate to relax the screening exclusions and be
more inclusive. Screening for undiagnosed NIDDM
can also be accomplished in the context of programs
directed toward other medical conditions that are fre-
quent in people with diabetes, such as hypertension
and hypercholesterolemia.

Dr. Maureen I. Harris is Director, National Diabetes Data
Group, National Institute of Diabetes and Digestive and Kid-
ney Diseases, National Institutes of Health, Bethesda, MD.
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IDDM is one of the most frequent chronic childhood
diseases1. Figure 3.1 contrasts the incidence of child-
hood diabetes with that of other chronic diseases in
children. The incidence of IDDM is higher than all
other chronic diseases of youth. Much has been writ-
ten about the frequency of childhood AIDS, which is
certainly a major health concern. However, the num-
ber of children who develop IDDM each year is about
13,000, more than 14 times that seen for cases of
childhood AIDS2. The economic impact of IDDM is
large, with a cost to age 40 years of almost $40,000 per
case3. The risk of devastating complications remains
high. Most certainly IDDM is an expensive and seri-
ous condition. Despite its importance, it is only in the
past decade that the frequency of IDDM has been
intensively investigated through a joint international

effort to map the global patterns of this disease.

Reports on the prevalence of IDDM were published
primarily before 1980. Most research on IDDM since
1980 has been targeted toward determining the inci-
dence (new cases) of the disease. A major reason for
the proliferation of these incidence data is that the
question of how frequently IDDM occurs has been
recognized as a central and critical issue. In addition,
IDDM has characteristics that make it well suited for
registration. It is an acute disease, and the onset usu-
ally can be identified readily since the symptoms at
onset are easily recognized and highly specific to dia-
betes. Because the disease is severe, cases are brought
to medical attention. IDDM is not so severe, however,
that mortality occurs before diagnosis and, conse-

Chapter 3

Prevalence and Incidence of 
Insulin-Dependent Diabetes
Ronald E. LaPorte, PhD, Masato Matsushima, MD, and Yue-Fang Chang, PhD

SUMMARY

The prevalence of insulin-dependent diabetes
mellitus (IDDM) in the United States is esti-
mated to be about 120,000 individuals age
≤19 years and about 300,000-500,000 indi-

viduals of all ages. There may also be about 0.3% of
the U.S. population who have adult-onset IDDM (on-
set at age ≥30 years) and an unknown number of
adults identified as NIDDM (non-insulin-dependent
diabetes mellitus) who have slowly progressive
IDDM. The incidence of IDDM is about 30,000 new
cases each year.

IDDM is one of the most frequent chronic diseases in
children in the United States. In the past decade,
considerable attention has been given to determining
the incidence of IDDM in children, with increasing
recognition of the importance of registries. The devel-
opment of IDDM registries throughout the world has
made it possible to present comparably collected data.
These data have demonstrated that there is more than

a 50-fold geographic variation in the annual incidence
of IDDM, ranging from 0.7 per 100,000 in Shanghai,
China, to 35.3 per 100,000 in Finland. In the United
States, there is considerable racial and ethnic variation
in IDDM incidence (3.3 per 100,000 in African Ameri-
cans in San Diego, CA to 20.6 per 100,000 in whites
in Rochester, MN), and about 40% of the incidence
rate variation in the United States can be explained by
racial composition. For the non-Hispanic white popu-
lation, males have a slightly higher incidence rate
than females, whereas for Hispanics and African
Americans the rate is somewhat higher in females.
IDDM incidence demonstrates seasonal variation,
with lower rates in the summer. Evidence in Europe
and in several other countries shows an increasing
IDDM incidence over time. In the United States, inci-
dence has been stable over the past several decades,
except for rapid rises during certain years and in certain
areas that may be suggestive of epidemics.

• • • • • • •

INTRODUCTION

IDDM REGISTRIES
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quently, children rarely escape detection in the United
States. Cases may be initially misdiagnosed, but a
routine blood glucose measurement immediately con-
firms the diagnosis. The incidence of IDDM is low
enough to allow manageable registration. Further, in
1983 a group of international investigators studying
IDDM agreed on a common set of criteria for register-
ing cases (Table 3.1)4, and these were readily applica-
ble in developing and developed countries. Registra-
tion systems for IDDM have also incorporated a tech-
nology, called capture-recapture, to determine the
completeness of registration5,6. This entails a formal
evaluation of undercount and permits adjustment to
produce corrected incidence rates.

The early work on IDDM registries was developed
through the Diabetes Epidemiology Research Interna-
tional Group (DERI)7. DERI identified broad interna-
tional variation and the suggestion of temporal vari-
ation in incidence. In the early 1990s, the World
Health Organization (WHO) began its Multinational
Project for Childhood Diabetes (Diabete Mondiale,
DiaMond)8. This project has as its core the estab-

lishment of population-based registries with a formal
assessment of ascertainment. These registries monitor
the global incidence of IDDM, evaluate risk factors for
geographic and temporal variation, assess mortality,
and evaluate socioeconomic aspects of IDDM. The
WHO DiaMond Project also sponsors regional train-
ing programs in diabetes epidemiology. Through this
project there has been a rapid proliferation of popula-
tion-based registries. There are now 168 registries in
69 countries monitoring 7.2% of the world’s popula-
tion (Figure 3.2). Fourteen registries monitor the in-
cidence of IDDM in the United States and nine in
other countries of North America (Figure 3.3)9.

Table 3.1
Case Definition for IDDM Registries

Individuals eligible for registration should be:
1. Diagnosed by a physician as diabetic
2. Placed on daily insulin injections before the 15th birthday
3. Resident in the area of registration at the time of the first 

insulin administration
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Figure 3.3
Location of IDDM Registries in North America

Source: Reference 9

Source: Reference 8

Figure 3.2
Location of Registries in the WHO Multinational
Project for Childhood Diabetes (DiaMond)

Source: Reference 4
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Figure 3.1
Incidence of IDDM Compared with Other Chronic 
Diseases of Children Age <16 Years

Source: Reference 2
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Some studies that have estimated the prevalence of
IDDM are shown in Table 3.210-26,39. These studies are
difficult to interpret and compare because they come
from different time periods, are not standardized, and
have no evaluation of the degree of ascertainment of
cases. Prevalence of IDDM in children ranges from 0.6
per 1,000 to 2.5 per 1,000, with most estimates clus-
tering around 1.7 per 1,000. Using this figure, there
are an estimated 123,032 individuals age ≤19 years in
the United States who have IDDM (Table 3.3). Thus,
IDDM is one of the most prevalent chronic diseases of
children. There is little information about the preva-
lence of IDDM in the total population, but it can be
estimated using data from a study in Rochester, MN
conducted in 197025. Of all 810 individuals diagnosed
with diabetes, 7.9% were classified as having IDDM,
and the prevalence of IDDM in the total U.S. popula-
tion (all ages) was estimated to be 1.2 per 1,000. Based

on this rate and the 1990 U.S. population of
252,177,200, the estimated total number of people
who have IDDM is 302,613 (Table 3.3).

A study of 2,405 persons age ≥18 years with self-re-
ported physician-diagnosed diabetes in the 1989 Na-
tional Health Interview Survey (NHIS) found that 124
appeared to have IDDM, based on the criteria of age at
diagnosis <30 years, continuous insulin use since di-

Table 3.2
Prevalence Studies of IDDM in the U.S., 1961-92

Ref. Location             Year of study Type of study Age (years)

Prevalence rate
(number/1,000 in

the age group)

10 Erie County, NY 1961 Hospital records <16 0.61
11 Rochester, MN 1970 Hospital and

 physician records
5-18
<15

1.21
0.57

12 Michigan 1972-73 School survey
 (excluding Detroit)

0-18 1.60

13 National Health
 Interview Survey 1973 Interview <16 1.30

14 Pennsylvania 1975-76 School survey 5-17 1.71
15 Allegheny County, PA 1976 Estimate from

 incidence data
5-17 1.73

16 National Health
 Interview Survey 1976 Interview <16 1.60

17 Minnesota 1978 School survey 5-17 1.88
18 Kentucky 1979 School survey 5-17 2.10
18 Rhode Island 1980 Random sample <15 2.50
18 Colorado 1981 School survey <15 1.70
18 Utah 1981 Random sample <15 1.20
19 National Health

 Interview Survey 1979-81 Interview <18 1.30
20 North Dakota 1983 Outpatient records <19 1.30
21-24 National Health

 Interview Survey 1989-92 Interview <18 1.20
11,25 Rochester, MN 1970 Hospital and

 physician records
All ages 1.20

39 National Health Interview
 Survey

1989 Interview, age <30 
 years at diabetes
 diagnosis

≥18 2.1

26 Second National Health 
 and Nutrition
 Examination Survey

1976-80 Interview, age 30-74 
 years at diabetes
 diagnosis

30-74 3.0  

Source: References are listed within the table

Table 3.3
Estimated Prevalence of IDDM in the U.S., 1990

Age (years)
1990 U.S.
population

Prevalence
rate

No. with
 IDDM

0-19 72,372,000 1.7/1,000 123,032
≥20 179,805,200

Total 252,177,200 1.2/1,000 302,613

Source: Based on estimates of IDDM in Table 3.2 (median prevalence of
1.7/1,000 for age ≤19 years and prevalence of 1.2/1,000 for all ages in
Rochester, MN in 1970)

PREVALENCE OF IDDM IN THE UNITED STATES 
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agnosis, and absence of obesity39. Extrapolating to the
U.S. population, an estimate of ~380,000 persons with
IDDM age ≥18 years (diagnosed at age <30 years) can
be made. This is somewhat higher than the estimate
of ~179,581 for age ≥20 years from data in Table 3.3,
and results in a prevalence at all ages of ~500,000.

PREVALENCE OF ADULT-ONSET IDDM

IDDM onset is believed to occur predominantly in
youth, but it can begin at any age. A study based on
the 1976-80 Second National Health and Nutrition
Examination Survey (NHANES II) estimated the
prevalence of adult-onset IDDM in the United States26.
The survey included a stratified probability sample of
12,102 subjects age 30-74 years. Cases of IDDM de-
fined by age at diagnosis ≥30 years, continuous or
nearly continuous insulin treatment since diagnosis
of diabetes, and relative body weight ≤125 were clas-
sified as adult-onset IDDM. It was estimated that 7.4%
of all diabetic patients diagnosed at age 30-74 years
were adult-onset IDDM, which represents 0.3% of the
U.S. population in this age group (Table 3.4).

UNITED STATES

The incidence of IDDM among children age ≤19 years
in Allegheny County, PA is 18.2 per 100,000/year27.
Applying this rate to the U.S. population, an estimated
13,171 new cases arise each year in persons age ≤19
years (Table 3.5). Data on IDDM incidence in adults
in 1945-69 are available from Rochester, MN (Table
3.6)28. Applying the overall rate of 9.2 per 100,000 per
year to the adult U.S. population, an estimated 16,542
cases of IDDM arise each year in persons age ≥20 years
in the United States (Table 3.5). Therefore, about

29,713 Americans develop IDDM each year (Table
3.5).

With 29,713 new cases each year and 302,613 existing
cases, IDDM is a major burden on both the youth and
adults of our nation. The 13,171 new cases of IDDM
occurring in children each year can be contrasted to
the annual incidence of other childhood diseases, in-
cluding 796 muscular dystrophy cases, 8,829 child-
hood cancers, and 2,822 leukemia cases2. Moreover, if
the incidence of IDDM is increasing, as has been
suggested, estimates provided here may be low.

INTERNATIONAL VARIATION IN IDDM 
INCIDENCE

As shown in Figure 3.4, there is remarkable geo-
graphic variation in IDDM9,29. While the incidence is
only 0.7 per 100,000 in Shanghai, China, it is 26 times
greater in whites in Allegheny County, PA (18.2 per
100,000), and more than 50 times greater in Finland
(35.3 per 100,000). The international variation in
IDDM is one of the largest seen for any noncommuni-
cable disease. In Figure 3.5, incidence rates in the
United States are contrasted with those in Japan and

Table 3.6
IDDM Incidence at Age ≥20 Years, Rochester, MN,
1945-69

Age (years)
Annual incidence 

per 100,000 population

20-29 5.2

30-39 4.0

40-49 10.7

50-59 10.5

60-69 9.4

≥70 15.2

Overall (≥20) 9.2

Source: Reference 28

INCIDENCE OF IDDM

Table 3.5
Estimated Annual Incidence of IDDM in the U.S.

Age (years)
1990 U.S.
population

Incidence
rate

No. with
 IDDM

0-19 72,372,000 18.2/100,000 13,171

≥20 179,805,200 9.2/100,000 16,542

Total 252,177,200 29,713

Data for age 0-19 years are based on studies in Allegheny County, PA in
1985-89; data for age ≥20 years are based on a study in Rochester, MN in
1945-69.

Source: References 27 and 28

Table 3.4
Prevalence of IDDM Diagnosed at Age 30-74 Years,
U.S., 1976-80

Current
age (years)

Proportion of people
with diabetes 

diagnosed at age 
30-74 years (%)

Proportion of the
U.S. population age

30-74 years (%)

30-49 8.5 0.11

50-64 7.4 0.44

65-74 6.8 0.63

Total, 30-74 7.4 0.30

Source: Reference 26
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Figure 3.4
Geographic Variation in IDDM Incidence

Source: References 9 and 29
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the United Kingdom30. Within the United States, there
is at least a twofold difference in incidence, but about
40% of the variation in incidence rates in the United
States can be explained by racial composition of the
population30. In Montreal, Canada, there are also large
differences in IDDM incidence among ethnic groups31.
In contrast, Japan has a very homogeneous population
and shows little variation among studies30.

RACIAL AND ETHNIC DIFFERENCES IN
IDDM INCIDENCE

Table 3.7 presents age-adjusted IDDM incidence rates
for locations in the United States7,32-34 and shows that
there are clear racial and ethnic differences in disease
incidence. The highest incidence is among whites and
among Hispanic children in the Philadelphia, PA area
(where most Hispanics are Puerto Rican), followed by
black and Mexican-American children. The incidence
rates in Table 3.7 are illustrated in Figure 3.6. Some-
what greater variation of incidence is indicated among
Hispanic populations; however, these studies are
fewer in number.

IDDM INCIDENCE BY SEX AND AGE 

The incidence of IDDM by sex is presented in Tables
3.8 and 3.9. In general, whites have a slight male
excess, whereas non-whites have a slight female excess.

African
American

Hispanic White    
0

5

10

15

20

25

Figure 3.6
Variation in IDDM Incidence Within Racial Groups
in the U.S.

Largest rate for Hispanics is for a Puerto Rican group; the other two Hispanic
groups are Mexican American

Source: References 7, 32-34
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Figure 3.5
Variation in IDDM Incidence Within Countries

Source: Reference 30

Table 3.7
Age-Adjusted Incidence of IDDM, by Ethnic Group,
Age ≤14 Years

Non-Hispanic Hispanic

Registry White Black Oriental

Allegheny County, PA
1965-89

18.1     
(17.0-19.2)

10.2     
(8.4-12.4)

Rochester, MN
1970-79

20.6     
(13.9-29.5)

North Dakota
1979-83

20.3     
(15.0-17.8)

Colorado
1978-83

16.4     
(15.0-17.8)

9.7     
(7.4-12.4)

Jefferson County, AL
1979-83

16.9     
(13.4-21.4)

4.4     
(2.3-7.5)

San Diego, CA
1978-80

13.8     
(9.8-18.9)

3.3     
(0.4-11.9)

6.4    
(1.3-18.7)

4.1     
(1.3-9.6)

Philadelphia, PA
1985-89

13.3     
(11.0-16.1)

11.0     
(8.8-13.6)

15.2     
(8.8-24.3)

U.S. Virgin Islands
1979-88

5.6     
(2.8-8.4)

Numbers in parentheses are 95% confidence intervals; Hispanic population of
Philadelphia, PA is primarily Puerto Rican.

Source: References 7, 32-34

Table 3.8
Annual Sex-Race Specific Incidence of IDDM, Age
≤14 Years, Allegheny County, PA, 1965-89

White Non-white Total

Male 18.5     
(17.0-20.1)

8.6     
(6.3-11.5)

17.0     
(15.7-18.4)

Female 17.6     
(16.2-19.3)

11.9     
(9.2-15.4)

16.7     
(15.4-18.2)

Total 18.1     
(17.0-19.2)

10.2     
(8.4-12.4)

16.9     
(15.9-17.9)

Incidence rates are per 100,000 persons age ≤14 years in the sex/race group per
year; numbers in parentheses are 95% confidence intervals.

Source: Allegheny County IDDM registry
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Figure 3.7 presents the characteristic age-at-onset
curve with evidence for a pubertal peak. Females have
an earlier pubertal peak incidence than males, with
the peak occurring about 1 year earlier. This pattern
has been seen in almost every registry in the United
States and outside the country as well, in Japan35, for
example. Few cases of IDDM develop in the first year
of life. There is little information concerning the inci-
dence of IDDM with onset at age >30 years27.

IDDM INCIDENCE BY SEASON OF THE YEAR

Onset of IDDM occurs in typical seasonal patterns.
Data from Allegheny County, PA are presented in Fig-
ure 3.8. There appears to be a general decline in cases
in the summer. The decline typically is not large but
has been seen consistently across registries. Other
studies in temperate climates have demonstrated sta-
tistically significant bimodal peaks in the late winter
and early spring months9.

Table 3.9
Incidence of IDDM, Age <15 Years, U.S., 1965-89

Study 
period

Estimate (%) of
ascertainment

Incidence per 100,000

M/F Ratio

No. of Cases
Male Female Total Male Female Total

Puerto Rico 1985-89 ? 10.0
North Dakota 1980-86 ? 21.6 16.2 18.9 1.3 120 84 204
Wisconsin (part) 1970-79 <90 20.2 16.2 18.2 1.2 94 72 166
Allegheny County, PA 1970-85 >90

White 17.0 17.5 17.3 1.0 389 383 772
Non-white 9.7 13.3 11.5 0.7 33 45 78

Rochester, MN 1965-79 100 15.8 18.4 17.1 0.9 18 20 38
Colorado 1978-88 93

Non-Hispanic 16.4 14.5 15.5 1.1 560 488 1,048
Hispanic 7.1 10.5 8.8 0.7 47 70 117

Jefferson County, AL 1979-85 96 9.9 14.9 12.4 0.7 52 76 128
White 15.1 16.2 15.6 0.9 66 68 134
Black 3.4 10.6 12.1 0.3 10 31 41

San Diego, CA 1978-81 ? 9.6 9.1 9.4 1.1 25 23 48
U.S. Virgin Islands 1979-88 92 7.5 27

Black 6.9 4.8 5.9 1.4 10 7 17
White 28.9 6
Hispanic 7.2 4

Source: Reference 9
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TEMPORAL TRENDS IN IDDM INCIDENCE

Table 3.10 presents an overview of selected studies on
temporal trends in IDDM36. In Europe there has been
an increase in the incidence of IDDM. In the United
States, there is no evidence for changing incidence of
IDDM during 1966-86 (Figure 3.9). Data from Allegh-
eny County, PA show a markedly increased incidence
of IDDM among males but not females during 1985-
89 compared to previous periods (Figure 3.10)27.

In addition to the experience in males in Allegheny
County, PA during 1985-89, there have been spiking

patterns of IDDM incidence over time observed else-
where, which may be suggestive of epidemics. In the
U.S. Virgin Islands (Figure 3.11), there was a dramatic
rise in incidence in the mid-1980s34. Other centers in
the Caribbean, including Barbados, also demonstrated
this epidemic pattern37. There was a marked rise in
IDDM incidence in Birmingham, AL in 1983 (Figure
3.12), which coincided with a coxsackievirus infection
in the area38. Incidence data worldwide suggest that
there was an apparent pandemic of IDDM, which oc-
curred in the United States and in a large proportion of
countries across the world27,36. Thus, there is evidence
that IDDM is increasing globally (Table 3.10), and epi-
demics of IDDM may account for the overall increase.

Table 3.10
Temporal Variation in IDDM Incidence

Registry Best model

Annual
change

(%)

North America
Allegheny County, PA

White No trend
Black No trend

Rochester, MN No trend
Jefferson County, AL

White No trend
Black No trend

Colorado
Non-Hispanic No trend
Hispanic No trend

North Dakota No trend
Montreal, Canada Common nonlinear variation
Prince Edward Island,
 Canada No trend

Europe
Finland Common nonlinear variation +3.4
Vasterbotten, Sweden Different nonlinear variation in age

 groups 0-4, 5-9, and 10-14 years
Sweden Common linear trend +3.7
Norway Common linear trend +2.8
United Kingdom Different linear trend

0-4 years
5-9 years
10-14 years

+11.5
+12.2

+2.6
Scotland No trend
Wielkopolska, Poland Common linear trend +5.6
Austria Common linear trend +5.1

Asia and Western Pacific
Hokkaido, Japan Common linear trend +6.3
Auckland, New Zealand

White Common linear trend +10.1
Maori and Polynesian No trend

Best-fitting models for temporal variation in age- and sex-adjusted incidence
of IDDM for selected registries participating in Diabetes Epidemiology Re-
search International Group.

Source: Reference 36
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Little information is available on the prevalence of
IDDM. Because policymakers, clinicians, and public
health officials require meaningful data to develop
actions aimed at reducing the impact of IDDM, there
is a need for accurate and current information on
prevalence. Regular monitoring of the frequency of
IDDM is the best means to achieve these data. This
capability, though, does not yet exist. There has been
a rapid increase in our knowledge concerning the
geographic variation of IDDM. Investigations of the
causes of geographic variation may provide important
insight into the epidemiology and etiology of IDDM.
Evidence of a rise in incidence in certain countries, as

well as the suggestion of epidemics, have left unan-
swered questions about etiologic factors. An effective
national monitoring system for IDDM would enable
the search for environmental factors related to the
etiology of IDDM and provide necessary information
for public health planning.

Dr. Ronald E. LaPorte is Professor, and Dr. Masato Mat-
sushima and Dr. Yue-Fang Chang are Research Fellows, De-
partment of Epidemiology, Graduate School of Public Health,
University of Pittsburgh, Pittsburgh, PA.
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NIDDM is a chronic disease that affects the lives of
millions of Americans. Monitoring of national trends
in the prevalence and incidence of NIDDM is needed
so that the burden of diabetes can be assessed, the
impact of risk factors can be described, interventions
can be developed and their impacts determined, and
needs for future health services can be projected. This
chapter summarizes estimates of the prevalence and
incidence of diagnosed NIDDM in the United States.
Data from national surveys and community-based
surveys are presented. The prevalence of undiagnosed
diabetes and IGT is also included.

NATIONAL HEALTH INTERVIEW SURVEY

Estimates of the prevalence and incidence of self-re-
ported diabetes in the United States can be deter-
mined from the National Health Interview Survey
(NHIS). The first NHIS was conducted in 1935-36 and
>2.5 million people were interviewed. The survey was
not initiated again until 1957 but has been conducted
continuously since then. Each year the civilian, non-
institutionalized population residing in the United
States is sampled using a multistage probability de-
sign. From each of the 36,000 to 49,000 randomly
selected households, all occupants are interviewed by

Chapter 4

Prevalence and Incidence
of Non-Insulin-Dependent
Diabetes

SUMMARY

Susan J. Kenny, PhD; Ronald E. Aubert, PhD; and Linda S. Geiss, MA

Diabetes is a prevalent disease in the U.S.
population. In 1993, ~7.8 million people
had been diagnosed as having diabetes.
This represents a prevalence rate of 3.1% of

the U.S. population. However, rates range from ~1.3%
of those age 18-44 years to ~10.4% of those age ≥65
years. Both the prevalence rate for diabetes and the
number of people with diabetes have increased stead-
ily since a national system for ascertaining diagnosed
diabetes was established in 1958. Diabetes is more
prevalent in U.S. blacks, Mexican Americans, and Na-
tive Americans, compared with non-Hispanic whites.

In 1990-92, there was an average of ~625,000 new
cases of diabetes diagnosed annually in the United
States. This represents an incidence rate of 2.42 per

1,000 people per year. This incidence rate has been
approximately constant during the past 20 years.

For all ages, ~90% of people with diabetes have non-
insulin-dependent diabetes mellitus (NIDDM), but at
age >45 years virtually all people with diabetes have
NIDDM. In addition to known cases of NIDDM, there
is about one undiagnosed case of NIDDM for every
diagnosed case, based on oral glucose tolerance test-
ing in U.S. population samples. About 11% of U.S.
adults had impaired glucose tolerance (IGT) in na-
tional surveys in 1976-80 and 1982-84. Rates of total
glucose intolerance (diabetes plus IGT) range from
~7%-14% at age 20-44 years to ~28%-44% at age 45-74
years, depending on the racial/ethnic group studied.

• • • • • • •

INTRODUCTION METHODS FOR DETERMINING NATIONAL
PREVALENCE AND INCIDENCE RATES
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personnel of the U.S. Census Bureau. This yields an
annual probability sample of ~127,000 individuals. If
an individual in the household is unavailable at the
time of the interview, proxy responses are obtained
from related adults. Details of the sampling methods
have been described1.

Each year since 1982, a one-sixth subsample of survey
participants is asked questions about diabetes. Spe-
cifically, the following questions are asked: 1) During
the past 12 months did anyone in the family have
diabetes?, 2) Who was this?, and 3) During the past
12 months did anyone else have diabetes? If a person
is reported as having diabetes, he or she is asked when
the condition was first noticed. Prior to 1982, the size
of the subsample varied and, for some years, no ques-
tions about diabetes were asked.

SECOND NATIONAL HEALTH AND 
NUTRITION EXAMINATION SURVEY

Additional estimates of the prevalence of previously
diagnosed diabetes, undiagnosed diabetes, and IGT
were obtained in the 1976-80 Second National Health
and Nutrition Examination Survey (NHANES II)2,3.
This survey was designed to investigate several medi-
cal conditions. Like the NHIS, NHANES II collected
self-reported data but, unlike the NHIS, for targeted
conditions NHANES II involved a medical examina-
tion, detailed clinical assessments, and measurements
of blood and urine. In NHANES II, all participants
were asked whether they had ever been diagnosed by
a physician as having diabetes. Oral glucose tolerance
tests (OGTTs) were performed on 66% of a random
half sample of the examined adult participants in
NHANES II, excluding persons with a medical history
of diabetes.

HISPANIC HEALTH AND NUTRITION 
EXAMINATION SURVEY

As a complement to NHANES II, the Hispanic Health
and Nutrition Examination Survey (HHANES) was
conducted in 1982-844-6. This survey consisted of
probability samples of three Hispanic populations:
Mexican Americans in the southwestern United
States, Cuban Americans in the Miami, FL area, and
Puerto Ricans in the New York City area. Ascertain-
ment of undiagnosed diabetes was obtained by OGTTs
as in NHANES II. Previously diagnosed diabetes was
based on self-report of a physician diagnosis of diabe-
tes.

ANALYSIS OF SURVEY DATA

In published reports based on the national surveys
cited in this chapter, prevalence of known diabetes
was based on the number of persons in the survey who
reported having physician-diagnosed diabetes. In
these reports, the survey data were weighted based on
U.S. Census data to reflect the number of U.S. resi-
dents that each survey participant represented by age,
race, sex, geographic location, and income. Thus, the
weighted data provided estimates that were repre-
sentative of the U.S. population. Using these weights
and the survey sample, the number of people report-
ing diabetes in the survey was extrapolated to reflect
a national estimate of diabetes prevalence. 

Since the number of people in the NHIS who indicate
they have diabetes is small, yearly estimates of preva-
lence and incidence in this survey tend to have large
relative standard errors. This is especially true for
estimates from the 1980-92 NHIS, when the sample
size of the survey was reduced. Consequently, new
analyses were performed for this chapter wherein 3-
year average estimates were calculated to produce
more stable estimates for 1980-92. Annual incidence
of diabetes in the United States was calculated based
on the weighted number of people who reported that
they were diagnosed with this condition within the
past year, divided by the weighted estimate of the
survey sample size. 

INTERPRETATION OF SURVEY DATA

When interpreting data from any survey sample, the
potential for inaccurate or biased data must be consid-
ered. Of most importance is the fact that the NHIS and
the interview components of NHANES II and
HHANES ascertain only cases of diagnosed NIDDM.
About half of all people with NIDDM are undiagnosed
in the United States2,4,5, and these people are therefore
not included in the NHIS or in the HANES self-report
data. However, a number of studies indicate excellent
agreement between self-report and medical records
concerning a person’s diabetes status7-11. Further, a
study of the Rochester, MN population found that
almost all persons with diagnosed diabetes met Na-
tional Diabetes Data Group (NDDG) criteria for dia-
betes12.

Definitions and diagnostic criteria for NIDDM are
presented in Chapter 2. Unfortunately, the questions
asked of individuals in the national surveys do not
generally allow for distinction between insulin-de-
pendent diabetes mellitus (IDDM) and NIDDM. It is
estimated, however, that only ~7% of all cases of dia-
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betes and an even smaller proportion of those age >45
years are due to IDDM12-14. Thus, many researchers
equate diabetes in adults in population surveys with
NIDDM. For these reasons, the results of the national
surveys are interpreted as reflecting trends in the
prevalence and incidence of NIDDM for persons age
≥25 years.

COMMUNITY SURVEYS

Numerous studies in the United States have estimated
the prevalence and incidence of NIDDM in local
populations, and summaries of the results of these
studies are presented in this chapter (see Chapters
31-34 for detailed data by racial/ethnic group). Com-
parisons among studies are difficult because they
often differ in the study protocol and diagnostic crite-
ria used to define NIDDM. In addition, there are large

differences among populations in the presence of ge-
netic, environmental, and lifestyle factors that con-
tribute to development of NIDDM. With these issues
in mind, the results of community surveys are pre-
sented in this chapter to provide a perspective on the
range of NIDDM prevalence and incidence in a variety
of U.S. populations.

PREVALENCE OF DIAGNOSED DIABETES

Based on the NHIS, an estimated 7.2 million persons
in the United States in 1991, 7.4 million in 1992, and
7.8 million in 1993 were known to have diabetes15-17.
The total number of people with diagnosed diabetes is
shown by age and sex in Figure 4.1 and Table 4.1.
About 19% of cases are age <45 years, 38% age 45-64
years, 26% age 65-74 years, and 17% age ≥75 years.
About 45% of people with diagnosed diabetes are
males, and 55% are females. Estimated rates of diabe-
tes in 1991-93 based on the NHIS are shown in Figure
4.2 and Table 4.2. On average, 2.97% of the U.S.
population were known to have diagnosed diabetes in
1991-93. Rates increased from 1.3% at age 18-44 years
to >10% at age ≥65 years. In each age group, rates of
diagnosed diabetes were equal to or slightly higher for
women than for men.

TIME TRENDS IN THE PREVALENCE 
OF DIABETES

Figure 4.3 shows trends in the prevalence of diag-
nosed diabetes based on NHIS data since 195815-27.
There has been a steady increase in both the number
of people with diabetes and the prevalence rate during
the past 35 years. The 1991-93 average rate of 2.97%
is more than three times the rate in 1960 (0.91%) and
eight times the rate in 1935 (0.37%). The steep in-
crease in prevalence over time is partly due to aging of
the U.S. population and the higher rates of diabetes in
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Table 4.1
Number of People with Diagnosed Diabetes (in Thousands), by Age and Sex, U.S., 1991-93

Age 1991 1992 1993 Average 1991-93
(years) Males Females Total Males Females Total Males Females Total Males Females Total

<45 646 860 1,506 524 777 1,301 761 733 1,494 644 790 1,434
<18 72 87 104 88

18-44 1,433 1,214 1,389 1,345
45-64 1,310 1,398 2,708 1,223 1,492 2,716 1,553 1,528 3,081 1,362 1,473 2,835
65-74 796 1,103 1,899 990 1,113 2,103 833 1,064 1,897 873 1,093 1,966

≥75 425 685 1,110 447 849 1,297 487 854 1,341 453 796 1,249
All ages 3,177 4,046 7,223 3,185 4,232 7,417 3,634 4,179 7,813 3,332 4,152 7,484

Source: References 15-17, National Health Interview Surveys

Data are the average for the 3 years 1991-93.

Source: References 15-17, National Health Interview Surveys

Figure 4.1
Number of People with Diagnosed Diabetes 
(in Millions), by Age and Sex, U.S., 1991-93
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older adults. During the past 50 years, the proportion
of the population age ≥65 years has risen from 8% to
12%. During the 1980s and also in 1991-93, the preva-
lence of diabetes in persons age ≥65 years was ~3.5
times the rate for people of all ages. Figure 4.4 shows
time trends by age group in the prevalence rate of
known diabetes based on NHIS data. Detailed NHIS
data on prevalence of diagnosed diabetes by age, sex,
and race for the individual years 1958-93 are provided
in Appendices 4.1-4.4, and 3-year average rates are
shown in Appendix 4.5.

Another reason for the increase in prevalence over
time may be a reduction in mortality of persons with
diabetes since the early 1970s28. During 1968-79,
there was a major decline in mortality attributed to
diabetes as the underlying cause of death on U.S.
death certificates29. Between 1980 and 1986, there was
a 12% decrease in the age-standardized mortality rate

for diabetes as the cause of death, with the largest
decrease in individuals age ≥75 years30,31. In this age
group, there was a 23% decline in the annual mortality
rate for deaths attributed to diabetes on death certifi-
cates31. This decline may be associated with reduction
of mortality from cardiovascular diseases, which are
the cause of death in 60%-70% of deaths of people
with diabetes30-32. However, as discussed in Chapter
11, only about 10%-15% of deaths of people with
diabetes have diabetes recorded as the underlying
cause of death on their death certificates, and it is
difficult to assess diabetes mortality from death cer-
tificate data.

Changes in the criteria used to diagnose diabetes may
also have contributed to the increase in prevalence
over time. Prior to the mid-1950s, diabetes was often
detected and diagnosed on the basis of glycosuria.
This method, however, has poor sensitivity and speci-
ficity33, which prompted the American Diabetes Asso-
ciation34 and the World Health Organization (WHO)35

Table 4.2
Percent of the Population with Diagnosed Diabetes, by Age and Sex, U.S., 1991-93

Age 1991 1992 1993 Average 1991-93
(years) Males Females Total Males Females Total Males Females Total Males Females Total

<45 0.76 1.00 0.88 0.61 0.90 0.76 0.88 0.85 0.86 0.75 0.92 0.83
<18 0.11 0.13 0.15 0.13

18-44 1.36 1.15 1.31 1.27
45-64 5.79 5.70 5.74 5.25 5.92 5.60 6.48 5.91 6.19 5.84 5.84 5.84
65-74 9.73 10.90 10.38 11.96 10.92 11.39 9.96 10.37 10.19 10.55 10.73 10.65

≥75 9.51 9.11 9.26 9.68 11.02 10.53 10.21 10.83 10.60 9.80 10.32 10.13
All ages 2.63 3.16 2.90 2.61 3.27 2.95 2.94 3.20 3.07 2.73 3.21 2.97

Source: References 15-17, National Health Interview Surveys
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Figure 4.3
Time Trends in the Number and Percent of the
Population with Diagnosed Diabetes, U.S., 1958-93
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Figure 4.2
Percent of the Population with Diagnosed Diabetes,
by Age and Sex, U.S., 1991-93

Data are the average for the 3 years 1991-93.

Source: References 15-17, National Health Interview Surveys
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to recommend the use of blood glucose criteria for
diabetes diagnosis. The OGTT was soon recognized as
being a more sensitive method36 and became a stand-
ard procedure. In addition, in 1979-80, recommenda-
tions for diagnostic criteria for diabetes based on
blood glucose were promulgated by the NDDG and a
WHO expert committee37,38. Since the 1960s, avail-
ability and use of automated multichannel biochemi-
cal blood testing has increased. The net effect of im-
proving the sensitivity of the biochemical measures
used for detection of diabetes and the accelerated
effort of screening may be an increase in the reported
prevalence of diabetes since 1960. However, the in-
crease may very well be real and not an artifact, as the
prevalence of risk factors for diabetes, such as over-
weight and physical inactivity, has also increased over
the past decades (see Chapters 7 and 9).

SEX DIFFERENCES IN THE PREVALENCE
OF DIAGNOSED DIABETES

Estimates of the prevalence of diabetes obtained from
the NHIS indicate that women have slightly higher
rates of diagnosed diabetes than men (Figure 4.2).
Based on data from HHANES and NHANES II, the
age-standardized rate of total diabetes (diagnosed and
undiagnosed combined) in women relative to the rate
in men is 1.3 for whites, 1.2 for blacks, 1.1 for Mexi-
cans, and 1.0 for Puerto Ricans4. This differential in
rates for women versus men was also found for diag-
nosed and undiagnosed NIDDM separately2. However,
prevalence rates for men and women obtained from
community surveys are not consistently higher for
women (see below, Table 4.5). It is likely that differ-
ences among studies represent differing distributions

of risk factors among the populations, such as body
mass index, physical activity, and genetic differences.
A review of global estimates of the prevalence of dia-
betes indicated that the ratio of prevalence in women
versus men varied among populations, with no dis-
cernable trend39.

RACIAL DIFFERENCES IN THE 
PREVALENCE OF DIAGNOSED DIABETES

The prevalence of NIDDM varies substantially among
different racial groups in the United States4,5,28,39. The
NHIS does not permit calculation of reliable preva-
lence rates for diagnosed diabetes for all racial groups.
Rates are available, however, for racial groups catego-
rized as white and black in the NHIS. Age-specific
rates for whites and blacks in 1990-92 are shown in
Figure 4.5. These data clearly indicate that diabetes is
more prevalent in blacks at all ages. Appendix 4.1
shows the number of blacks and whites with diag-
nosed diabetes in 1991-93.

Figure 4.6 shows time trends in the prevalence of
diagnosed diabetes for black and white men and
women for 1963-90. The difference in prevalence
rates for these two racial groups has been increasing
since the late 1960s. Prevalence rates for black and
white women are consistently higher than rates for
black and white men. It is important to recognize that
these apparent racial differences may reflect popula-
tion differences in risk factors, such as obesity, physi-
cal activity, genetics, and other factors. Prevalence
rates by age and race for the individual years 1983-93
are included in Appendix 4.4, and 3-year average rates
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Figure 4.5
Percent of Whites and Blacks with Diagnosed 
Diabetes, by Age, U.S., 1990-92
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Figure 4.4
Time Trends in the Percent of the Population with
Diagnosed Diabetes, by Age, U.S., 1958-93

Source: References 15-27, National Health Interview Surveys
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by age for blacks and whites are shown in Appendix
4.5. The epidemiology of diabetes in blacks is re-
viewed in further detail in Chapter 31.

Estimates of the prevalence of diagnosed diabetes in
Hispanics in the U.S. population are available from the
HHANES5. These data indicate that rates of diagnosed
diabetes are higher for persons of Mexican and Puerto
Rican descent at age 45-74 years compared with non-
Hispanic whites and blacks (Table 4.3). This is also
seen for rates of total diabetes (sum of diagnosed and
undiagnosed), as shown in Figure 4.7. Community
studies complement the HHANES results and also

indicate an increased prevalence of NIDDM in His-
panic populations in the United States. Chapter 32
reviews diabetes in the U.S. Hispanic population.

No national survey data provide stable diabetes preva-
lence estimates for the Native American population.
Evidence from community surveys (see Table 4.5)
indicates that rates for this ethnic group are very high.
The highest rates of NIDDM in the United States, as

1965 ’70 ’75 ’80 ’85 ’90
Year 

0

1

2

3

4

5
Black males Black females
White males White females

Figure 4.6 
Time Trends in the Percent of Black and White Men
and Women with Diagnosed Diabetes, U.S., 1963-90

Source: References 15-27, National Health Interview Surveys

Table 4.3
Prevalence of Diabetes and IGT in U.S. Whites, Blacks, and Hispanics, 1976-80 and 1982-84 

Race/ethnicity
Age

 (years)
Diagnosed

diabetes (%)
Undiagnosed
diabetes (%)

Total 
diabetes (%)

Impaired glucose
tolerance (%)

Total glucose 
 intolerance (%)

Non-Hispanic white 20-44 0.9 0.7 1.6 5.5 7.1
45-74 5.9 6.1 12.0 16.1 28.1

Non-Hispanic black 20-44 2.3 1.0 3.3 10.8 14.1
45-74 10.1 9.3 19.3 15.6 34.9

Mexican American 20-44 1.9 1.8 3.8 9.8 13.6
45-74 14.3 9.6 23.9 19.0 42.9

Puerto Rican 20-44 2.0 2.1 4.1 6.3 10.4
45-74 14.3 11.8 26.1 18.3 44.4

Cuban American 20-44 1.5 1.0 2.4 7.6 10.0
45-74 5.9 9.9 15.8 15.3 31.1 

IGT, impaired glucose tolerance. Data for whites and blacks are from the 1976-80 Second National Health and Nutrition Examination Survey; data for the three Hispanic
groups are from the 1982-84 Hispanic Health and Nutrition Examination Survey of the National Center for Health Statistics. In both, diagnosed NIDDM was ascertained
by medical history interview, and undiagnosed NIDDM and IGT were determined by results of a 2-hour, 75 g oral glucose tolerance test in subjects with no medical history
of diabetes, using World Health Organization criteria.

Source: References 2, 4, and 5, 1976-80 Second National Health and Nutrition Examination Survey and the 1982-84 Hispanic Health and Nutrition Examination Survey
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Figure 4.7
Percent of U.S. Populations with Diagnosed and 
Undiagnosed Diabetes and IGT, U.S., 1976-80 and
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well as in the world, occur in the Pima Indians of
Arizona40. The epidemic of NIDDM is not limited to
the Pima Indians, however, but is widespread and
increasing in other Native American groups41-45.
Chapter 34 provides details on the epidemiology of
diabetes in Native Americans.

Based on the 1990-92 NHIS, an estimated ~625,000
people in the United States are diagnosed with diabe-
tes each year. The average annual number of new
cases of diabetes in 1990-92 is shown by age and sex
in Table 4.4 and Figure 4.8. About 49% of new cases
occur in persons age ≥55 years and 9% in people age
≥75 years. About 58% of new cases of diabetes are
diagnosed in females and 42% in males.

Age-specific incidence rates per 1,000 population for
1990-92 are shown in Table 4.4 and Figure 4.9. The
average annual incidence rate was 2.42 per 1,000 U.S.
population, but rates ranged from 1.79 per 1,000 per
year at age 25-44 years to 8.63 per 1,000 per year at
age 65-74 years. This increase with age is also found
in community surveys, and three sources of incidence
data are compared in Figure 4.1046. Women have
slightly higher incidence rates for diagnosis of diabe-
tes than men. Despite this, as discussed in Chapter 9,

there is conflicting evidence as to whether gender
independently influences the risk for development of
NIDDM28,47.

Figure 4.11 illustrates time trends in diabetes inci-
dence based on the 1964-92 NHIS. Incidence rates
increased during the 1960s but were relatively con-
stant during 1968-92, with some year-to-year vari-
ation that is probably attributable to sampling vari-
ability. The estimated incidence rate for diagnosed

Table 4.4
Average Annual Number of Newly Diagnosed Cases
of Diabetes, and Average Annual Number per 1,000
Population, by Age and Sex, U.S., 1990-92

Age (years) Males Females Total

Number per year
0-24 20,926 22,956 43,882

25-44 46,969 113,665 160,634
45-54 48,246 66,193 114,439
55-64 67,142 26,143 93,285
65-74 57,443 100,386 157,829

≥75 20,157 34,170 54,326
All ages 260,883 363,513 624,396

Number per 1,000 population
0-24

25-44 2.76 1.79
45-54 3.79 4.90 4.36
55-64 6.70 2.35 4.41
65-74 7.02 9.93 8.63

≥75 4.51 4.54 4.53
All ages 1.97 2.84 2.42

In cells with no entry, data have been omitted because of small sample size and
unreliable estimate.

Source: Unpublished analyses of the 1990-92 National Health Interview 
Surveys
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Figure 4.8
Average Annual Number of New Cases of 
Diagnosed Diabetes (in Thousands), by Age and
Sex, U.S., 1990-92

Source: Unpublished analyses of the 1990-92 National Health Interview 
Surveys
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Figure 4.9
Average Annual Number of New Diagnoses of 
Diabetes per 1,000 Population, by Age and Sex,
U.S., 1990-92

 Source: Unpublished analyses of the 1990-92 National Health Interview 
Surveys
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diabetes in 1990-92 (2.42 per 1,000) is 1.4 times the
rate in 1964 (1.76 per 1,000) and 6.4 times the rate in
1935-36 (0.38 per 1,000). Numbers and rates for the
total population based on the NHIS surveys of 1964-
92 are shown in Appendix 4.6, and 3-year average
annual incidence rates for men and women by age for
1979-92 are presented in Appendix 4.7.

Sample sizes for incident cases of diagnosed diabetes
in the NHIS are not large enough to compute reliable
incidence rates for different racial groups. Commu-
nity surveys, however, indicate a wide diversity of

incidence rates for differing racial groups (see Table
4.6). As with prevalence, incidence rates for blacks,
Hispanics, and Native Americans are higher than for
whites. It has been hypothesized that the high rates of
diabetes for Native Americans are associated with a
genetic predisposition to insulin resistance and obe-
sity that evolved as a survival strategy in response to
fluctuating food supplies48-50. About 31% of the His-
panic gene pool is derived from Native American
genes, and this genetic admixture has been associated
with increased rates of diabetes in the U.S. Hispanic
population51-54. Lifestyle factors such as decreased
physical activity, change in diet including increased
caloric intake, and rapid modernization into Western
society are strong contributors to increased diabetes
in these populations55. The specifics of risk factors for
NIDDM are summarized in Chapter 9, and racial dif-
ferences in NIDDM for African Americans, Hispanics,
Native Americans, and Asian Americans are reviewed
in Chapters 31-34.

Data from the 1976-80 NHANES II and the 1982-84
HHANES provide estimates of the prevalence of undi-
agnosed NIDDM, i.e., people who meet diagnostic
criteria for diabetes but who have never been diag-
nosed. These results are presented in Table 4.3 and
Figures 4.7 and 4.12. Based on these surveys, the
prevalence of undiagnosed NIDDM was as great as
that of diagnosed diabetes in the United States2,5. The
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true prevalence of diabetes in the United States was
therefore twice the rate of self-reported, physician-di-
agnosed diabetes.

The prevalence of undiagnosed diabetes increases
with age for both men and women, and 10%-15% of
the adult population age ≥50 years have undiagnosed
NIDDM, depending on race/ethnicity2,5. The percent-
age of diabetes that is undiagnosed is 50% for whites,
44% for blacks, and 42% for Mexican Americans4.
When the prevalence of undiagnosed diabetes is age-
standardized, rates for blacks and for Mexican Ameri-
cans are, respectively, 1.5 and 1.7 times the rate for
whites4,56. Therefore, not only do these racial groups
have a higher incidence and prevalence of known
diabetes, but they also have higher rates of undiag-
nosed diabetes. Combining estimates of previously
diagnosed and undiagnosed diabetes yields preva-
lences of 16%-26% for persons age ≥45 years in minor-
ity populations (Table 4.3).

Two population-based studies have shown that undi-
agnosed NIDDM is associated with substantial mor-
bidity. Data from southern Wisconsin indicate that the
prevalence of retinopathy at clinical diagnosis of dia-
betes is ~21% and that the onset of NIDDM may occur
9-12 years before its clinical diagnosis57. In NHANES
II, persons with undiagnosed diabetes had unfavor-
able risk factor profiles and had prevalences of angina,
stroke, and history of myocardial infarction that were
two to three times those of people with normal glu-
cose tolerance58.

In 1979-80, the NDDG and the WHO recommended
that the term impaired glucose tolerance (IGT) be
used to characterize persons with abnormal glucose
tolerance previously categorized as borderline, as-
ymptomatic, or chemical diabetes37,38. The NDDG de-
fines IGT as fasting plasma glucose <140 mg/dl and,
after 75 g oral glucose, a 1-hour midtest value of ≥200
mg/dl and a 2-hour value of 140-199 mg/dl. The WHO
criteria omit the 1-hour value and are in wider use in
the United States and internationally. The use of WHO
criteria classifies more people as IGT compared with
NDDG criteria. Using WHO criteria, the prevalence of
IGT in the U.S. adult population in 1976-80 was
estimated to be 11.2%, ranging from 6.4% at age 20-44
years to 22.8% at age 65-74 years2 (Figure 4.12).
Epidemiologic studies have shown that IGT is associ-
ated with increased risk for cardiovascular disease and
subsequent development of NIDDM but not for mi-

crovascular complications.

The prevalence of IGT follows similar trends seen for
the prevalence of NIDDM. Based on data from
NHANES II and HHANES, the prevalence of IGT in-
creases with age and varies with race (Figures 4.7 and
4.12). For persons age 20-44 years, the prevalence of
IGT ranges from 5.5% in non-Hispanic whites to
10.8% in blacks (Table 4.3). Differences among the
racial groups were less evident in older persons, rang-
ing from 15.3% in Cuban Americans to 19.0% in
Mexican Americans age 45-74 years. The standard
errors for these estimates, however, are large enough
for these racial differences not to be statistically sig-
nificant.

PREVALENCE OF NIDDM

Numerous community-based surveys have been con-
ducted in the United States to estimate the prevalence
of NIDDM (Table 4.5)59-69. The target population,
sampling methodology, and diagnostic criteria used to
define diabetes differ among studies, making compari-
son of community rates difficult. In addition, genetic,
socioeconomic, environmental, and other risk factors
associated with diabetes are different in each commu-
nity and may contribute to differences in estimated
prevalence rates. Prevalence rates from community
surveys, however, are similar to those from the na-
tional surveys when similar methodologies are used.

INCIDENCE OF NIDDM

Longitudinal and retrospective community-based
studies have been conducted by independent re-
searchers in the United States to estimate the inci-
dence of NIDDM (Table 4.6)13,40,61,69-73 . As with com-
munity studies of prevalence, study characteristics of
sampling methodology and diagnostic criteria differ
among studies. In addition, populations under study
differ in genetics, environment, and socioeconomic
factors that may influence the development of
NIDDM.

Dr. Susan J. Kenny is Senior Biostatistician, Quintiles Inc.,
Research Triangle Park, NC; Dr. Ronald E. Aubert is Epide-
miologist, Prudential Insurance Co. of America, Atlanta, GA;
and Linda S. Geiss is Statistician, Division of Diabetes Trans-
lation, Centers for Disease Control and Prevention, Atlanta,
GA.

COMMUNITY STUDIES

IMPAIRED GLUCOSE TOLERANCE

55



Table 4.5
Community Surveys of Diabetes Prevalence

Year Diagnostic 
and Ref. Population and methodology Sample size criteria Prevalence per 1,000

1979-82 A population-based study of 1,288 496 (low income) NDDG; known Neighborhood
Ref. 59 Mexican Americans (MA) and 929 diabetes was defined

as current use of
insulin or oral
antidiabetic drugs

Low Mid High
non-Hispanic whites (NHW) was 927 (mid income) MA Men
conducted in three San Antonio, TX 25-34 40 16 0
neighborhoods: a low-income barrio, 963 (high income) 35-44 94 78 31
a middle-income neighborhood, and 45-54 152 225 109
a high-income suburb. The study 2,386 total 55-64 300 306 120
population included men and non- Age-adj. 137 132 65
pregnant women age 25-65 years.
Equal numbers of both ethnic
groups were sampled using stratified
random sampling. Non-Hispanic
whites were not sampled in the
barrio. Each neighborhood was
sampled over a period of ~1 year.

64% response rate MA Women
25-34 14 11 38
35-44 110 77 14
45-54 173 83 37
55-64 342 184 63

Age-adj. 164 70 31

NHW Men
25-34 17 0
35-44 37 0
45-54 122 49
55-64 115 110

Age-adj. 70 46

NHW Women
25-34 0 0
35-44 47 26
45-54 93 0
55-64 179 72

Age-adj. 73 22

1981 Three areas of densest population in 2,498 Presence of symp- Age Men Women
Ref. 60 Starr County, TX (pop. 27,266) were

randomly sampled. These areas
constituted 50% of the county
population and 97% were Mexican
American. Approximately 10% of
the county population was targeted.

toms, fasting glucose
≥140 mg/dl or 2-hour
OGTT ≥200 mg/dl at
midtest

15-24 0.0 4.0
25-34 26.0 4.0
35-44 33.0 57.0
45-54 126.0 108.0
55-64 165.0 190.0
65-74 167.0 170.0

≥75 176.0 80.0
Total 69.0 67.0

1979-82 All individuals with physician- 595 (91% Physican-diagnosed Age Men Women
Ref. 61 diagnosed diabetes living in the

cities of Wadena (pop. 4,699),
Marshall (pop. 11,131), and Grand
Rapids (pop. 7,934), MN were
identified by medical chart review.
Secondary sources such as
pharmacies, nursing homes, and
civic organizations were used for
patient identification.

were NIDDM) diabetes determined
from chart review

≤15 1.2 0.8
15-29 3.7 1.9
30-39 7.0 9.2
40-49 10.8 14.3
50-59 30.7 33.4
60-69 50.5 50.9

≥70 93.8 50.9
Age-adj. 14.4 17.5

1986-88 All known physician-diagnosed 87 known diabetic NDDG and WHO NDDG criteria
Ref. 62 diabetic individuals and (71% of diabetic

pop.)
criteria. NIDDM was
defined by C-peptide
>0.2 pmol/ml at 90
minutes after an
Ensure challenge test

Age Men Women Total
all other residents age ≥20 years 20-39 8.2 8.2 8.2
(n=4699) residing in Wadena, MN 40-59 100.3 87.4 91.3
were targeted. The adult resident 389 sampled ≥60 140.9 249.1 194.1
population was sampled using a (65% of pop.) Total 90.3 107.0 99.5
stratified random sample based on Age-adj. 64.3 95.4 77.6
age, gender, and use of prescription
medication, with 50 persons
sampled in each stratum.

WHO criteria
Age Men Women Total

20-39 8.2 8.2 8.2
40-59 104.4 87.4 93.2

≥60 140.9 272.1 206.8
Total 74.3 101.6 104.8

Age-adj. 65.7 101.6 81.1

Table 4.5—Continued next page
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Table 4.5 Continued

Year Diagnostic 
and Ref. Population and methodology Sample size criteria Prevalence per 1,000
1979-80 All primary care physicians practicing 8,135 Physician-diagnosed Age Men Women Total
Ref. 63 in an 11-county area in southern

Wisconsin were invited to
participate by allowing chart review.
All patients with diabetes were
identified from physicians’ lists and
their charts were reviewed.

diabetes 30-39 3.8 4.1 3.9
40-49 9.0 8.9 9.0
50-59 20.0 19.8 19.9
60-69 35.1 33.2 34.0
70-79 44.1 45.2 44.7

≥80 36.4 30.1 32.2
Age-adj. 10.1 9.8 9.9

1945-70 Medical records for all residents of 1,470 Postprandial glucose Age Men Women Total
Ref. 64 Rochester, MN were reviewed for

diagnosis of diabetes. Medical exam
followup was done for identified
patients.

values and current age
were used to
determine diabetes in
81% of patients. GTT
was used for
remaining 19% 

<15 0.6 0.5 0.6
15-29 3.7 2.1 2.7
30-39 5.5 5.7 5.6
40-49 13.4 11.8 12.6
50-59 36.7 22.0 28.5
60-69 72.3 50.7 59.3

≥70 83.8 77.5 79.6
Age-adj. 18.6 14.3 16.1

1972-84 All adults age 30-95 years residing 4,944 (82% of pop.) Known diabetes was Known diabetes
Ref. 65 in Rancho Bernardo, CA (pop.

6,029) were invited to participate.
This target population was
predominately white and upper-
middle class. Nearly one-half were
retirees.

defined by history as
diagnosed by personal
physician. Previously
unknown diabetes was
defined as fasting
plasma glucose ≥140
mg/dl

Age Men Women
30-39 3.4 17.8
40-49 37.9 6.7
50-59 54.1 32.6
60-69 80.6 36.3

≥70 74.6 47.3
Total 60.1 32.2

Fasting hyperglycemia
Age Men Women

30-39 11.4 6.5
40-49 47.8 22.0
50-59 86.5 27.6
60-69 41.9 31.1

≥70 32.6 21.8
Total 42.8 24.4

1984-86 This geographically based case- 343 cases Confirmed diabetes Confirmed NIDDM, Hispanic
Ref. 66 control study was conducted in two

southern Colorado counties, which
consisted of 44% Hispanic and 55%
Anglo persons. Diabetic cases were
identified by review of medical
records in all health care facilities.
Nondiabetic controls were selected
using a two-stage random sample of
households.

607 controls had to have self-
report of disease and
meet WHO criteria.
Undiagnosed diabetes
had no prior history
but met WHO criteria.

Age Men Women
30-39 8 6
40-49 36 26
50-59 74 110
60-69 82 124
70-74 67 190

Age-adj. 33 49

Confirmed NIDDM, Anglo
Age Men Women

30-39 1 5
40-49 9 6
50-59 46 20
60-69 53 25
70-74 29 62

Age-adj. 18 12

Previously undiagnosed, Hispanic
Age Men Women

30-39 0 0
40-49 0 40
50-59 83 53
60-69 65 111
70-74 0 294

Age-adj. 22 43

Previously undiagnosed, Anglo
Age Men Women

30-39 0 0
40-49 0 0
50-59 19 56
60-69 65 57
70-74 0 105

Age-adj. 12 21
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Table 4.5 Continued

Year Diagnostic
and Ref. Population and methodolgy Sample size criteria Prevalence per 1,000

1946 All inhabitants of Oxford, MA (pop. 3,518 Newly diagnosed was Previous history: 11
Ref. 67 4,983) were invited to participate in

population screening. Capillary
blood samples were tested in the
field. Venous blood samples were
subsequently taken 1-1.5 hours after
eating for measurement of glucose.
Persons with blood glucose levels
>160 mg/dl were retested and 100-g
OGTT was performed on borderline
cases.

(71% of pop.) defined as blood
glucose >170 mg/dl or
capillary blood
glucose >200 mg/dl.
History of diabetes
was confirmed.

Newly diagnosed: 9

1964 Medical questionnaires were mailed 4,626 Confirmed history Confirmed diabetes
Ref. 68 to most legal residents of Sudbury,

MA who were age ≥15 years.  A 2-
hour postprandial venous glucose
was measured. People >110 mg/dl
were retested postprandially and
persons >130 mg/dl were given a
100-g OGTT. A random sample of
5% of the population received an
OGTT also.

(76% of pop.) used chart review or
diagnostic OGTT
and/or postprandial
values ≥200 mg/dl.
New cases used
postprandial values
that equate to NDDG
criteria for IGT and
diabetes combined.

Age Men Women Total
15-24 0.0 0.0 0.0
25-34 6.0 3.0 4.0
35-44 11.0 0.0 6.0
45-54 34.0 7.0 21.0
55-64 36.0 23.0 29.0
65-74 139.0 33.0 82.0

≥75 53.0 59.0 57.0
Total 18.0 6.0 11.0

Newly diagnosed diabetes (plus IGT)
Age Men Women Total

15-24 0.0 0.0 0.0
25-34 4.0 0.0 2.0
35-44 0.0 3.0 1.0
45-54 22.0 7.0 14.0
55-64 7.0 29.0 19.0
65-74 38.0 33.0 35.0

≥75 53.0 98.0 86.0
Total 6.0 7.0 7.0

1959-65 During 1959-60, 88% of the popula- 2,749 men Physician diagnosis of Age Men Women
Ref. 69 tion of Tecumseh, MI participated in

a comprehensive exam. A second
exam was conducted in 1962-65.
Only participants age ≥20 years were
included in prevalence estimates.

2,986 women diabetes, use of
insulin or oral
hypoglycemic agents

20-39 5.0 7.0
40-54 23.0 31.0

≥55 57.0 89.0
Total 20.0 29.0

NDDG, National Diabetes Data Group; OGTT, oral glucose tolerance test; WHO, World Health Organization; IGT, impaired glucosed tolerance.

Source: References are listed within the table
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Table 4.6
Community Surveys of Diabetes Incidence

Year
and Ref. Population and methodology Sample size Diagnostic criteria Annual incidence rate per 1,000
1979-87 A population-based baseline study 671 MA NDDG at baseline; Men
Ref. 70 was conducted in 1979-82. Households

from several San Antonio, TX census
tracts were randomly sampled and the
sampling was stratified to include equal
numbers of Mexican Americans (MA)
and non-Hispanic whites (NHW). All
men and nonpregnant women age 25-
64 years were eligible. In 1987, an 8-
year follow-up study was conducted to
ascertain the incidence of NIDDM.

306 NHW WHO at followup Age MA NHA
25-34 3.5 0.0
35-44 8.5 0.0
45-54 5.4 3.6
55-64 16.0 0.0
Total 7.5 1.0

Women
Age MA NHA

25-34 5.6 0.0
35-44 6.5 2.3
45-54 14.5 2.9
55-64 9.4 8.5
Total 8.6 3.5

Total
Age MA NHA

25-34 4.9 0.0
35-44 7.4 1.4
45-54 10.4 3.2
55-64 12.2 5.1
Total 8.1 2.5

1965-90
Ref. 40

Since 1965, a longitudinal study of
 diabetes has been conducted among
 residents (Pima and Papago Indians) of
 the Gila River Indian Community, AZ.
 Each resident age >4 years is invited for
 a biennial examination.

41,844 person-
 years of followup

WHO criteria A total of 736 cases of diabetes
 developed during 41,844 person-years of
 followup, resulting in an incidence of
 17.6

1954-68
Ref. 71

Participants age 33-67 years in the 3rd
 biennial exam of the Framingham, MA
 study who were not diagnosed as
 glucose intolerant were chosen. The
 development of glucose intolerance
 from the 4th through the 10th biennial
 exam was the measurement of interest

2,272 men
2,810 women
5,082 total

100 g OGTT with 1-
 hour value >205
 mg/dl; 2-hour value
 >140; insulin use;
 oral drug use with
 glucose >150 mg/dl

Age 
<40

40-49
50-59

≥60
Total

Men
3.4
4.9
5.8
4.3
4.8

Women
2.1
3.5
4.9
5.9
3.9

1972-87 Between 1972 and 1974, 82% of all 1,847 NIDDM was defined Age Men Women
Ref. 72 residents of a geographically defined

upper-middle class white community of
Rancho Bernardo, CA participated in a
baseline study in which the presence of
NIDDM was established  All
participants were invited to attend the
1984-87 follow-up exam, during which
progression to diabetes was established.

as fasting plasma
glucose ≥140 mg/dl,
2-hour glucose ≥200
mg/dl, or a reported
history of diabetes

40-49
50-59
60-69
70-79
Total

Age-adj.

5.2
6.0

11.0
9.9
8.5
8.5

2.1
6.8
8.6

13.9
7.4
7.5

1979-82 All individuals with physician- 595 (91% were Physician-diagnosed All cities combined, age-standardized rates
Ref. 61 diagnosed diabetes living in the three-

city area of Wadena (pop. 4,699),
Marshall (pop. 11,131), and Grand
Rapids (pop. 7,934), MN were
identified by medical chart review.
Secondary sources such as pharmacies
and nursing homes were used to obtain
information on diabetic cases.

NIDDM) diabetes in the
medical chart.
NIDDM was defined
as not ketosis prone
and not using insulin
for duration of
disease

Men Women Total
2.9 3.8 3.3

1973-81 Participants who were randomized 6,000 Documented use of Yearly incidence
Ref. 73 into the Usual Care group in the

MRFIT and who were free from
symptoms of diabetes at baseline exam
(1973-76) were included in this
followup study (1978-81). Participants
were men age 35-57 years from several
ethnic backgrounds from 22 clinical
centers in the United States

insulin or oral
hypoglycemic drugs,
two consecutive
annual fasting glucose
values ≥140 mg/dl

Year 1
Year 2
Year 3
Year 4
Year 5

5.1
6.1
9.1
9.9

14.4

Average annual incidence, 8.2
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Table 4.6 Continued

Year 
and Ref. Population and methodology Sample size Diagnostic criteria Annual incidence rate per 1,000

1973-81 This population-based study 1,031 NIDDM Fasting blood glucose Obese NIDDM
Ref. 13 conducted in Rochester, MN identi- >110 mg/dl; 2-hour Age Men Women

fied all residents with diabetes postchallenge glu- 30-39 3.1 2.3
through a central medical index. cose 110-140 mg/dl; 40-49 8.5 8.3
Medical records were reviewed for or medical chart 50-59 25.7 19.2
diagnosis of diabetes. Results were review 60-69 30.6 31.5
stratifed by presence/absence of 70-79 32.2 31.5
obesity (relative weight ≥1.2) at ≥80 21.5 24.5
diagnosis. Age-adj. 8.6 8.0

Non-obese NIDDM
Age Men Women

30-39 2.6 1.2
40-49 5.7 2.1
50-59 12.8 3.9
60-69 23.0 13.0
70-79 28.0 23.5

≥80 34.3 23.5
Age-adj. 6.4 4.6

1977-79 During 1959-60, 88% of the 1,832 men Direct question to Age Men Women
Ref. 69 population of Tecumseh, MI 2,049 women patient about 20-39 1.8 1.7

participated in a comprehensive diabetes; listing of 40-54 3.8 4.0
health exam. A second series of diabetes on the death ≥55 4.6 6.5
exams were given in 1962-65. certificate Total 2.8 3.0
During 1977-79, the health status Age-adj. 4.3 5.5
of persons classified as nondiabetic 
in previous exams was ascertained.
Information about these individuals
was obtained from either a clinic
visit or death certificates. Blood
glucose measurements were not done.

NDDG, National Diabetes Data Group; WHO, World Health Organization; OGTT, oral glucose tolerance test; MRFIT, Multiple Risk Factor Intervention Trial.

Source: References are listed within the table
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APPENDICES

Appendix 4.1
Number of Persons (in Thousands) with Diagnosed Diabetes, U.S., 1991-93

1991 1992 1993

Age (years) Black White All races Black White All races Black White All races

<45 200 1,218 1,506 216 1,033 1,301 304 1,151 1,494
45-64 475 2,175 2,708 408 2,238 2,716 578 2,413 3,081
65-74 353 1,489 1,899 367 1,710 2,103 292 1,576 1,897

≥75 106 981 1,110 155 1,106 1,297 141 1,161 1,341
Total 1,134 5,863 7,223 1,146 6,087 7,417 1,315 6,301 7,813

Source: References 15-17

Appendix 4.2
Prevalence of Diagnosed Diabetes and Rate per
1,000 Population, U.S., 1935-93

Year
Number with diabetes

(millions)
Number per 1,000 U.S.

residents (all ages)

1935-36 0.510 3.7
1958 1.575 9.3
1959 1.485 8.7
1960 1.594 9.1
1961 1.867 10.5
1962 1.908 10.6
1963 2.101 11.5
1964 2.313 12.4
1965 2.385 12.7
1966 2.772 14.5
1967 3.091 16.1
1968 3.175 16.2
1973 4.191 20.4
1975 4.780 22.9
1976 4.974 23.6
1978 5.193 23.7

1979-81 5.466 24.9
1982 5.767 25.4
1983 5.613 24.5
1984 6.053 26.1
1985 6.134 26.2
1986 6.585 27.9
1987 6.641 27.8
1988 6.221 25.8
1989 6.489 26.6
1990 6.232 25.3
1991 7.223 29.0
1992 7.417 29.5
1993 7.813 30.7

Source: References 15-27, National Health Interview Surveys
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Appendix 4.3
Percent of the Population with Diagnosed Diabetes, by Age and Sex, U.S., 1935-81

Sex
and age
(years) 1935 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1973 1975 1976 1978

1979-
81

All persons
All ages 0.37 0.93 0.87 0.91 1.05 1.06 1.15 1.24 1.27 1.45 1.61 1.62 2.04 2.29 2.36 2.37 2.47

<45 0.10 0.23 0.22 0.24 0.25 0.23 0.28 0.33 0.31 0.38 0.42 0.41 0.55 0.59 0.60 0.64 0.59
<25 0.05 0.08 0.09 0.08 0.13 0.10 0.13 0.13 0.13 0.16 0.19 0.20 0.22 0.22 0.29 0.23 0.18

25-44 0.18 0.46 0.42 0.52 0.48 0.48 0.55 0.70 0.65 0.80 0.89 0.85 1.16 1.23 1.31 1.29 1.20
45-54 0.66 1.24 1.24 1.38 1.65 1.42 1.67 1.91 1.87 2.00 2.62 2.79 3.32 3.80 4.08 3.51 4.28
55-64 1.43 2.93 2.76 2.73 3.54 3.52 3.70 3.58 3.80 4.37 4.43 4.19 5.42 6.50 5.99 7.23 6.81 

≥65 1.84 4.33 3.77 3.91 4.22 4.73 4.76 5.21 5.42 6.21 6.61 6.71 7.85 8.30 8.53 8.08 8.84
65-74 1.99 4.49 4.09 4.14 4.34 4.64 4.75 5.26 5.57 6.44 6.89 6.78 7.74 8.17 8.99 8.18 8.77

≥75 1.46 3.99 3.15 3.48 4.01 4.90 4.79 5.12 5.15 5.79 6.13 6.58 8.04 8.52 7.73 7.86 8.94

Males
All ages 0.28 0.82 0.78 0.84 1.00 0.94 1.05 1.07 1.09 1.29 1.37 1.42 1.63 2.01 2.11 2.00 2.22

<45 0.09 0.27 0.23 0.24 0.25 0.20 0.29 0.28 0.30 0.37 0.33 0.39 0.42 0.51 0.53 0.59 0.49
<25 0.05 0.10 0.12 0.08 0.11 0.10 0.12 0.10 0.13 0.15 0.14 0.17 0.17 0.19 0.27 0.21 0.16

25-44 0.15 0.55 0.43 0.51 0.49 0.40 0.60 0.63 0.64 0.82 0.72 0.84 0.91 1.09 0.99 1.21 1.01
45-54 0.45 1.11 1.13 1.45 1.75 1.36 1.71 1.88 1.62 2.15 2.55 2.27 3.22 3.44 4.01 2.95 4.19
55-64 1.00 2.57 2.45 2.65 3.64 3.38 3.44 3.05 3.29 4.04 4.39 3.80 5.13 6.45 6.14 6.80 6.93

≥65 1.46 3.33 3.39 3.42 3.80 4.18 4.13 4.69 4.85 5.12 5.49 6.51 6.03 7.79 8.27 6.92 8.52
65-74 1.51 3.26 3.65 3.54 3.84 4.30 3.93 4.69 4.85 5.16 5.82 6.35 6.33 7.72 8.50 6.81 8.79

≥75 1.31 3.52 2.84 3.17 3.66 3.93 4.53 4.70 4.89 5.09 4.84 6.80 5.46 7.92 7.79 7.05 7.93

Females
All ages 0.45 1.05 0.95 0.98 1.10 1.17 1.24 1.41 1.43 1.61 1.83 1.80 2.41 2.54 2.59 2.71 2.70

<45 0.12 0.19 0.20 0.25 0.26 0.26 0.27 0.38 0.32 0.38 0.51 0.44 0.68 0.66 0.80 0.68 0.69
<25 0.05 0.07 0.08 0.08 0.14 0.09 0.14 0.17 0.14 0.17 0.23 0.22 0.28 0.25 0.13 0.24 0.21

25-44 0.20 0.37 0.41 0.53 0.47 0.55 0.50 0.77 0.66 0.79 1.05 0.85 1.40 1.36 1.62 1.36 1.38
45-54 0.86 1.37 1.35 1.31 1.55 1.48 1.62 1.94 2.08 1.87 2.69 3.27 3.42 4.14 4.14 4.03 4.37
55-64 1.82 3.25 3.05 2.80 3.45 3.65 3.94 4.08 4.26 4.67 4.48 4.53 5.68 6.55 5.84 7.63 6.69

≥65 2.15 5.16 4.09 4.32 4.57 5.18 5.27 5.62 5.87 7.04 7.47 6.76 9.13 8.66 8.71 8.89 9.07
65-74 2.38 5.59 4.48 4.65 4.74 4.93 5.45 5.72 6.17 7.49 7.74 7.13 8.82 8.53 9.36 9.22 8.77

≥75 1.48 4.39 3.38 3.72 4.27 5.62 4.95 5.43 5.36 6.29 7.05 6.43 9.62 8.88 7.68 8.33 9.53 

Source: Reference 18, National Health Interview Surveys
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Appendix 4.4
Percent of the Population with Diagnosed Diabetes, by Age, Sex, and Race, U.S., 1983-93

Sex and age
(years) 1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993   

All persons
All ages 2.45 2.61 2.62 2.79 2.78 2.58 2.66 2.53 2.90 2.95 3.07

<45 0.62 0.61 0.63 0.63 0.81 0.65 0.73 0.65 0.88 0.76 0.86
<18 0.18 0.14 0.19 0.24 0.20 0.22 0.18 0.06 0.11 0.13 0.15

18-44 0.90 0.90 0.91 0.87 1.19 0.92 1.07 1.01 1.36 1.15 1.31
45-64 5.82 5.32 5.19 6.37 5.64 5.46 5.82 5.04 5.74 5.60 6.19

≥65 7.95 10.29 10.38 9.83 9.82 9.24 8.82 9.34 9.93 11.04 10.35
65-74 7.92 10.50 10.89 9.19 9.83 9.52 8.97 10.22 10.38 11.39 10.19

≥75 8.00 9.95 9.55 10.85 9.82 8.78 8.57 7.97 9.26 10.53 10.60

Males
All ages 2.94

<45 0.56 0.45 0.59 0.44 0.81 0.73 0.55 0.56 0.76 0.61 0.88
45-64 5.28 4.94 5.24 6.85 5.95 5.68 6.49 4.86 5.79 5.25 6.48

≥65 7.61 9.47 10.11 9.92 10.83 9.08 7.39 9.65 9.64 11.15 10.05
65-74 6.75 9.70 10.40 9.63 10.76 8.86 7.40 10.20 9.73 11.96 9.96

≥75 9.29 9.05 9.57 10.53 10.97 9.50 7.39 8.63 9.51 9.68 10.21

Females
All ages 3.20

<45 0.67 0.76 0.66 0.81 0.81 0.58 0.90 0.74 1.00 0.90 0.85
45-64 6.31 5.67 5.14 5.94 5.35 5.25 5.21 5.21 5.70 5.92 5.91

≥65 8.18 10.85 10.55 9.76 9.11 9.35 9.83 9.11 10.14 10.97 10.57
65-74 8.81 11.12 11.27 8.86 9.09 10.06 10.25 10.23 10.90 10.92 10.37

≥75 7.26 10.46 9.55 11.05 9.15 8.36 9.26 7.59 9.11 11.02 10.83

Whites
All ages

<45 0.60 0.58 0.65 0.65 0.78 0.61 0.70 0.64 0.87 0.74 0.82
45-64 5.08 4.79 4.56 5.97 5.12 4.78 5.26 4.46 5.35 5.36 5.63

≥65 7.40 9.25 9.72 9.14 9.13 8.39 8.02 8.70 9.08 10.23 9.79
65-74 7.07 9.26 10.20 8.46 9.42 8.63 8.20 9.57 9.12 10.44 9.54

≥75 7.93 9.25 8.97 10.22 8.69 8.01 7.73 7.35 9.02 9.92 10.16

Blacks
All ages

<45 0.82 0.81 0.65 0.64 0.98 1.02 0.83 0.88 0.85 0.91 1.26
45-64 12.07 10.41 11.21 10.51 10.25 11.05 10.02 10.03 9.77 8.18 11.25

≥65 14.05 22.04 16.55 17.23 16.28 18.74 16.59 15.65 17.91 19.91 16.21
65-74 16.42 23.84 17.20 17.02 13.05 18.55 14.82 15.86 21.94 22.32 17.44

≥75 10.01 19.02 15.32 17.60 21.85 19.05 19.60 15.27 11.11 15.85 14.11 

Source: References 15-27, National Health Interview Surveys
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Appendix 4.5
Three-Year Average Number of Persons with Diagnosed Diabetes per 1,000 Population, U.S., 1979-92

Sex
and age
(years) 1979-81 1980-82 1981-83 1982-84 1983-85 1984-86 1985-87 1986-88 1987-89 1988-90 1989-91 1990-92

Both sexes
All ages 25.2 25.2 24.9 25.2 25.6 26.7 27.3 27.0 26.6 25.8 26.9 27.8

<45 6.2 6.2 6.1 6.1 6.2 6.2 6.9 6.9 7.2 6.7 7.5 7.6
<25 1.9 2.0 2.0 2.1 2.0 2.5 2.9 3.1 2.8 2.2 1.9 1.9

25-44 12.5 12.2 11.9 11.5 11.5 10.9 11.7 11.5 12.3 11.9 13.7 13.9
45-54 42.8 43.9 43.0 40.8 36.7 37.7 38.8 38.6 38.4 38.7 38.8 35.6
55-64 68.7 68.8 72.5 71.7 72.0 74.5 76.1 78.0 75.6 71.3 74.5 77.5

≥65 90.5 89.4 84.9 89.7 95.2 101.3 99.7 95.9 92.5 91.3 93.7 101.1
65-74 91.4 92.4 86.3 92.8 97.8 101.8 99.0 94.5 93.8 95.8 98.6 106.5

≥75 88.9 84.5 82.6 84.7 91.0 100.5 100.8 98.0 90.5 84.3 86.0 92.7

Male
All ages 22.8 22.6 22.1 21.6 22.3 23.8 25.8 26.0 25.3 23.8 24.3 25.0

<45 5.2 5.3 5.6 5.2 5.4 5.0 6.2 6.6 7.0 6.1 6.2 6.4
<25 1.7 1.7 1.5 1.3 1.3 1.5 2.6 2.8 2.7 1.7 1.4 1.3

25-44 10.5 10.7 11.5 10.6 10.8 9.4 10.7 11.2 12.1 11.3 11.9 12.2
45-54 41.6 41.9 36.1 34.2 32.0 37.8 42.3 42.1 42.9 38.4 38.7 31.2
55-64 70.8 70.6 75.5 72.0 71.9 76.8 79.1 81.7 79.2 76.6 78.5 79.5

≥65 88.3 84.7 79.6 83.0 90.9 98.4 102.5 98.9 90.3 87.1 89.1 101.4
65-74 94.3 87.8 77.6 80.0 89.7 99.0 101.9 96.7 89.2 88.3 91.2 106.1

≥75 76.2 78.6 83.4 88.8 93.0 97.2 103.6 103.2 92.5 84.9 85.2 92.8

Female
All ages 27.5 27.7 27.6 28.6 28.6 29.3 28.6 27.9 27.8 27.7 29.4 30.5

<45 7.2 7.0 6.6 7.0 7.0 7.4 7.6 7.3 7.5 7.3 8.7 8.7
<25 2.1 2.2 2.4 2.9 2.8 3.5 3.3 3.4 3.0 2.6 2.5 2.5

25-44 14.4 13.8 12.2 12.4 12.2 12.2 12.7 11.7 12.6 12.4 15.5 15.5
45-54 43.8 45.8 49.5 47.0 41.0 37.6 35.6 35.3 34.1 39.0 38.8 39.8
55-64 66.9 67.3 69.8 71.3 72.1 72.5 73.4 74.7 72.3 66.7 71.0 75.6

≥65 92.0 92.7 88.6 94.4 98.3 103.3 97.7 93.7 94.0 94.3 96.9 100.8
65-74 89.3 95.9 93.0 102.7 104.1 104.0 96.7 92.8 97.4 101.8 104.6 106.9

≥75 96.3 87.9 82.1 82.3 89.9 102.4 99.1 95.0 89.3 84.0 86.5 92.7

White
All ages 24.3 24.2 23.7 23.8 24.2 25.6 26.3 25.7 25.1 24.4 25.9 27.2

<45 5.9 6.1 6.1 6.1 6.1 6.3 6.9 6.7 6.9 6.4 7.3 7.4
<25 2.0 2.1 2.2 2.2 2.2 2.7 3.2 3.4 3.0 2.3 2.2 2.1

25-44 11.5 11.6 11.3 11.0 11.0 10.5 11.2 10.6 11.2 10.8 12.9 13.1
45-54 36.5 37.7 37.0 35.5 31.4 33.6 35.0 34.5 33.4 33.6 35.1 32.9
55-64 63.8 61.9 64.2 63.0 64.0 67.1 68.5 70.2 68.0 64.1 67.8 72.2

≥65 87.3 84.9 79.2 82.0 87.9 93.3 92.7 88.1 84.7 83.8 86.1 93.5
65-74 88.4 86.7 78.5 82.3 88.8 93.0 92.6 87.4 86.9 88.4 89.9 97.3

≥75 85.6 82.0 80.4 81.5 86.4 93.7 92.8 89.2 81.4 76.7 80.2 87.8

Black
All ages 33.3 34.3 35.1 37.2 37.1 36.9 36.0 37.6 37.7 36.9 35.2 36.0

<45 9.1 7.8 7.0 7.2 7.6 7.0 7.6 8.8 9.4 9.1 8.5 8.8
<25 1.8 1.4 2.1 2.5 1.8 1.4 1.4

25-44 23.1 19.7 18.4 16.9 18.0 15.7 17.2 19.1 19.8 19.7 18.9 19.5
45-54 93.0 96.3 92.8 85.8 80.3 73.5 74.9 72.6 79.0 77.8 72.0 63.0
55-64 117.0 126.9 145.1 150.6 149.2 146.1 143.2 145.4 134.5 131.7 130.1 128.1

≥65 125.9 139.0 147.4 175.5 175.6 185.5 166.8 174.3 172.1 169.7 167.2 178.6
65-74 122.2 148.9 165.6 202.0 191.3 192.7 157.4 162.2 155.0 164.0 176.0 201.0

≥75 133.2 120.2 115.3 130.4 148.9 173.2 182.9 195.0 201.3 179.3 152.3 140.7

In cells with no entry, data have been omitted because of small sample size and unreliable estimates.

Source: Unpublished analyses of the 1979-92 National Health Interview Surveys
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Appendix 4.6
Average Annual Number of Newly Diagnosed Cases of Diabetes, U.S., 1935-92

Year
Number of cases

(thousands)
Number of cases per

1,000 population Year
Number of cases

(thousands)
Number of cases per

1,000 population

1935-36 50 0.38 1980-82 601 2.62
1964 328 1.76 1981-83 647 2.79
1965 383 2.03 1982-84 696 2.98
1966 348 1.83 1983-85 685 2.91
1967 430 2.24 1984-86 669 2.81
1968 517 2.64 1985-87 693 2.89
1973 612 2.97 1986-88 691 2.85
1975 574 2.77 1987-89 701 2.87
1978 570 2.67 1988-90 633 2.57

1979-81 536 2.36 1989-91 607 2.53
1990-92 624 2.42

Source: References 18 and 30, unpublished analyses of the 1990-92 National Health Interview Surveys

Appendix 4.7
Three-Year Average Annual Number of Newly Diagnosed Cases of Diabetes per 1,000 Population, U.S., 1980-92

Sex
and age
(years) 1979-81 1980-82 1981-83 1982-84 1983-85 1984-86 1985-87 1986-88 1987-89 1988-90 1989-91 1990-92

All persons
All ages 2.35 2.62 2.79 2.98 2.90 2.80 2.88 2.84 2.86 2.57 2.53 2.42

<45 1.09 1.19 1.13 1.14 0.99 1.10 1.21 1.43 1.50 1.31 1.24 1.06
<25 0.39 0.41 0.31 0.33 0.35 0.74 0.79 0.78 0.54 0.45 0.34 0.41

25-44 2.12 2.31 2.26 2.23 1.82 1.56 1.72 2.20 2.60 2.30 2.25 1.79
45-54 4.34 4.36 5.48 5.22 5.44 5.03 5.15 5.15 5.83 6.00 5.80 4.36
55-64 5.57 7.84 9.22 10.62 9.25 8.08 6.32 5.68 5.98 5.79 5.65 4.41

≥65 5.65 5.44 5.25 5.84 7.05 6.88 8.14 7.05 5.99 4.52 4.86 7.00
65-74 5.20 5.97 5.62 5.92 6.95 5.40 7.01 5.39 5.74 5.00 5.29 8.63

≥75 6.42 4.55 4.65 5.71 7.22 9.25 9.96 9.71 6.38 3.77 4.19 4.53

Males
All ages 2.21 2.47 2.55 2.32 2.11 1.95 2.22 2.35 2.53 2.25 2.07 1.97

<45 0.89 1.06 0.91 0.63 0.40 0.69 0.92 1.21 1.06 0.78 0.53 0.53
<25 0.25 0.38 0.79 0.66

25-44 1.86 2.08 1.73 1.21 0.66 0.78 1.07 1.88 2.03
45-54 6.68 6.26 6.18 4.67 3.88 2.88 4.37 5.13 6.99 6.34 6.20 3.79
55-64 4.88 8.18 10.02 10.86 8.59 7.77 6.14 5.82 6.22 7.19 7.62 6.70

≥65 4.67 3.40 3.84 4.31 6.78 4.83 5.91 4.66 5.28 4.20 4.04 6.13
65-74 3.90 5.89 5.89 5.80 4.08 4.20 7.02

≥75 6.22 5.04 5.27 7.05 8.50 6.35 5.47 4.90 4.30 4.43 3.72 4.51

Females
All ages 2.49 2.76 3.02 3.59 3.64 3.60 3.49 3.31 3.17 2.87 2.96 2.84

<45 1.29 1.31 1.34 1.65 1.58 1.51 1.50 1.65 1.92 1.84 1.96 1.59
<25 0.52 0.43 0.28 0.45 0.49 0.85 0.79 0.91 0.83 0.72 0.58 0.51

25-44 2.37 2.53 2.75 3.19 2.93 2.32 2.34 2.50 3.15 3.09 3.46 2.76
45-54 2.17 2.59 4.83 5.73 6.90 7.04 5.88 5.17 4.74 5.67 5.43 4.90
55-64 6.18 7.54 8.53 10.42 9.83 8.35 6.49 5.56 5.77 4.54 3.89 2.35

≥65 6.33 6.87 6.24 6.89 7.24 8.30 9.71 8.74 6.49 4.74 5.44 7.63
65-74 6.19 8.58 7.55 8.23 7.77 6.46 7.70 6.06 5.70 5.73 6.16 9.93

≥75 6.54 6.48 10.92 12.57 12.51 7.60 3.39 4.46 4.54

In cells with no entry, data have been omitted because of small sample sizes and unreliable estimates

Source: Unpublished analyses of the 1979-92 National Health Interview Surveys
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According to the classification system developed by
the National Diabetes Data Group1, the subclass sec-
ondary diabetes contains "a variety of types of diabe-
tes, in some of which the etiologic relationship is
known (e.g., diabetes secondary to pancreatic disease,
endocrine disease, or administration of certain
drugs); whereas in others, an etiologic relationship is
suspected because of higher frequency of association
of diabetes with a syndrome or a condition (e.g., a
number of genetic syndromes)."

Table 5.1 presents a classification of various forms of
secondary diabetes. When diabetes is secondary to
pancreatic disorders, particularly when β-cell  mass is

greatly reduced as in malignancy or pancreatectomy,
or when diabetes is due to chemical agents toxic to the
β-cell, such as pentamidine or vacor, overt diabetes
with or without ketoacidosis will often result depend-
ing on the extent of β-cell loss. In contrast, when
diabetes is secondary to endocrinopathies leading to
counterregulatory hormone production (e.g.,
acromegaly, Cushing’s syndrome, hyperthyroidism),
overt diabetes or ketoacidosis is unusual, mainly ow-
ing to the compensatory responsiveness of the normal
β-cell mass. The net metabolic outcome in patients
with secondary diabetes thus depends on the direct or
indirect impact of the underlying disorders on insulin
secretion (i.e., inhibition or compensatory hyperin-
sulinemia), insulin-sensitivity (i.e., glucose utiliza-
tion), and/or unmasking of genetic diabetes.

Chapter 5

Prevalence and Incidence of
Secondary and Other Types
of Diabetes
Om P. Ganda, MD

Other types or secondary forms of diabetes
include diabetes or glucose intolerance
that develops in association with disorders
(or factors) other than insulin-dependent

diabetes mellitus (IDDM), non-insulin-dependent
diabetes mellitus (NIDDM), or gestational diabetes
mellitus (GDM). The prevalence is about 1%-2% of all
diabetes. The extent of glucose intolerance in patients
with secondary forms of diabetes can vary widely,
presenting as overt diabetes that is insulin-requiring
or non-insulin-requiring, simulating IDDM or
NIDDM, or as milder forms such as impaired glucose
tolerance (IGT) or minimally abnormal glucose toler-
ance. Another complexity in the evolution of secon-
dary diabetes is that an underlying co-existing predis-
position to primary diabetes might be unmasked, a

not uncommon occurrence considering the relatively
high prevalence of diabetes in various populations.
Since diabetes, particularly NIDDM, is a heterogenous
disorder, the revelation of a specific genetic basis for
diabetes in many families continues to delineate many
subclasses of NIDDM. Numerous mutations thus far
identified include those involving the insulin gene,
the insulin-receptor gene and other candidate genes
such as glucokinase, insulin-receptor substrate-1
(IRS-1), and mitochondrial DNA. Although all muta-
tions identified thus far account for a small fraction of
the diabetic population, the identification of other
candidate genes in the future will surely explain the
basis underlying the heterogeneity of diabetes and its
long-term complications.

INTRODUCTION

SUMMARY

• • • • • • •
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PANCREATECTOMY

The pancreatectomized state provides a unique model
of insulin-deficient secondary diabetes. Elegant stud-
ies in baboons with streptozotocin-induced β-cell de-
struction revealed that in vivo β-cell secretion became
undetectable and fasting hyperglycemia developed when
40%-50% of β-cell mass was still detectable by islet
morphometric assessment2. However, of 28 healthy hu-
man donors who underwent ~50% pancreatectomy,
only seven (25%) developed glucose intolerance and
deterioration in insulin and glucagon secretion after
8-15 months3,4 (Figure 5.1), and none of these indi-

viduals developed overt diabetes. Therefore, the ex-
tent of β-cell loss required for the development of
fasting hyperglycemia is debatable. It has been sug-
gested that development of diabetes in partially pan-
createctomized humans depends on several additional
factors, such as the rate of regeneration of β-cells, the
nutritional status due to weight loss and concomitant
exocrine insufficiency, and glucagon deficiency due to
loss of α-cells5.

Subtotal or total pancreatectomy provides a model for
diabetes without pancreatic glucagon6, but there are
many reports of normal or elevated immunoreactive
glucagon originating from extrapancreatic sources
(gastrointestinal) in such patients7,8. The biological
significance of extrapancreatic glucagon is not clear.

A. Pancreatic disorders
a. Pancreatectomy
b. Pancreatitis, pancreatic malignancy
c. Malnutrition-related diabetes
d. Hemochromatosis

B. Endocrinopathies
a. Growth hormone excess (acromegaly) and deficiency states
b. Glucocorticoid excess (Cushing’s syndrome)
c. Catecholamine excess (pheochromocytoma)
d. Primary hyperaldosteronism
e. Hyperthyroidism
f. Tumors of endocrine pancreas or gut

Glucagonoma, somatostatinoma, pancreatic cholera syn-
drome, carcinoid syndrome, multiple endocrine neoplasia 
syndromes

g. Polyendocrine autoimmunity syndromes
h. Polyneuropathy, organomegaly, endocrinopathy, monoclonal

gammopathy, skin changes (POEMS) syndrome

C. Drugs, chemical agents, and toxins
a. Diuretics and antihypertensive agents

Thiazides, chlorthalidone, loop-diuretics (furosemide,
ethacrynic acid, metolazone), diazoxide, clonidine, 
β-adrenergic antagonists

b. Hormones
Glucocorticoids, ACTH, α-adrenergic agonists, growth
hormone, glucagon, oral contraceptives, progestational agents

c. Psychoactive agents
Lithium, opiates, ethanol, phenothiazines

d. Anticonvulsants
Diphenylhydantoins (Dilantin)

e. Antineoplastic agents
Streptozotocin, L-asparaginase, mithramycin

f. Antiprotozoal
Pentamidine

g. Rodenticides
Pyriminil (Vacor)

h. Miscellaneous
Nicotinic acid, cyclosporine, N-nitrosamines, theophylline

D. Genetic syndromes
a. Pancreatic deficiencies

1. Congenital absence of pancreatic islets
2. Cystic fibrosis
3. Hereditary relapsing pancreatitis

b. Mutant insulin syndromes
c. Severe to extreme insulin resistance syndromes

1. Type A syndrome—classic and variants
2. Type B syndrome—associated with autoantibodies to

insulin-receptor
3. Leprechaunism
4. Lipodystrophic syndromes
5. Rabson-Mendenhall syndrome (precocious puberty, dental

dysplasia, dystrophic nails)
6. Ataxia-telangiectasia 
7. Alström syndrome (obesity, retinitis pigmentosa, deafness)
8. Dystrophia myotonica

d. Glucokinase gene mutations
e. Mitochondrial tRNA gene mutation
f. Obesity-associated insulin resistance

1. Laurence-Moon-Biedl syndrome
2. Bardet-Biedl syndrome
3. Prader-Willi syndrome
4. Achondroplasia

g. Progeroid syndromes
1. Werner’s syndrome
2. Cockayne’s syndrome (microcephaly, dwarfism, deafness, 

nephropathy)
h. Chromosomal defects

1. Down’s syndrome (Trisomy 21)
2. Klinefelter’s syndrome (47, XXY)
3. Turner’s syndrome (45, XO)

i. Hereditary neuromuscular disorders
1. Muscular dystrophy
2. Huntington’s chorea
3. Friedreich’s ataxia (spinocerebellar ataxia)
4. Machado disease (ataxia, dysarthria, nystagmus)
5. Herrmann’s syndrome (photomyoclonus, dementia, deafness,

nephropathy)
6. Stiff-man syndrome
7. DIDMOAD syndrome (diabetes insipidus, diabetes mellitus,

optic atrophy, deafness) and variants
8. Kearns-Sayre syndrome (ophthalmoplegia, retinitis 

pigmentosa, mitochondrial myopathy, heart block)

Table 5. 1
A Classification of Secondary Forms of Diabetes or Impaired Glucose Tolerance

PANCREATIC DIABETES
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Insulin withdrawal in such patients, compared with
patients with IDDM, leads to slower and less severe
ketoacidosis, despite comparable rates of lipolysis,
supporting the role of pancreatic glucagon in the in-
duction of ketoacidosis6.

PANCREATITIS

Diabetes secondary to pancreatitis accounts for <1%
of all diabetes in the United States and other Western
countries9,10. However, in many parts of the world
(especially tropical countries such as Nigeria, Indone-
sia, and South India), pancreatitis associated with
pancreatic calculi may account for 10%-15% of all
diabetes and up to 50% of young patients (<30 years)
with diabetes11.

Transient hyperglycemia may be seen in up to 50% of
patients with acute pancreatitis, but persistent diabe-
tes develops in <5% of these individuals on long-term

followup in the absence of further attacks, presumably
due to ongoing chronic, painless pancreatitis10. On the
other hand, in patients with chronic pancreatitis, the
incidence of diabetes increases over time, with preva-
lence rates of 40%-50% after 20 years and an addi-
tional 25%-30% having impaired glucose tolerance9,10.
Up to 80%-90% of patients with fibrocalcific pancrea-
titis have overt diabetes or impaired glucose toler-
ance9,10. In Western societies, the etiology of pancrea-
titis is largely alcohol-related, with or without biliary
disease (Chapter 21). Diabetes secondary to pancre-
atic calculi in the tropics is unrelated to alcohol10,11.
About 10%-15% of patients with cystic fibrosis may
manifest overt diabetes as increasing numbers survive
into adulthood. The prevalence of impaired glucose
tolerance in cystic fibrosis varies between 27% and
57% in patients age >12 years12.

The precise mechanisms whereby chronic pancreatic
inflammation leads to glucose intolerance are not es-
tablished, but compromised blood flow to islets from

Figure 5.1
Glucose and Insulin Levels Before and After Hemipancreatectomy in Healthy Human Donors
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The figure shows mean (±SEM) serum glucose and serum insulin levels measured before and one year after hemipancreatectomy during 5-hour oral glucose tolerance tests.
Patients are divided into 21 transplant donors who had normal glucose tolerance at 1 year (open squares) and 7 donors who had abnormal glucose tolerance at 1 year (closed
squares). 

Source: Reference 3
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fibrotic scarring of exocrine pancreas appears to play
a major role. Insulin and c-peptide secretory re-
sponses to various secretagogues, including oral and
IV glucose, sulfonylureas, glucagon, and amino acids,
are impaired, and these abnormalities are correlated
with the magnitude of exocrine pancreatic dysfunc-
tion13,14. Glucagon levels are markedly increased in
acute pancreatitis, both in the basal state and follow-
ing stimulation with alanine, accounting in part for
the transient hyperglycemia frequently seen in this
situation15. In chronic pancreatitis, basal glucagon
levels are normal or elevated, but responses to amino
acids15,16 or to insulin-induced hypoglycemia17,18 are
blunted. In some studies, increased levels of glu-
cagon-like immunoreactivity were found after stimu-
lation9,19 , perhaps due to glucagon derived from extra-
pancreatic sources, but the significance of this obser-
vation is uncertain.

Patients with diabetes secondary to chronic pancrea-
titis may have delayed recovery from hypoglycemia,
similar to the situation in pancreatectomized subjects.
However, the incidence and severity of hypoglycemia
in these patients is influenced by a number of factors,
including alcohol intake, nutritional status, and state
of malabsorption.

MALNUTRITION-RELATED DIABETES

In many tropical countries, extending from the West
Indies and Latin America to Africa to the Indian sub-
continent and Southeast Asia, diabetes presents with
many atypical clinical features11,20,21 . Initially charac-
terized by Hugh-Jones in Jamaica and termed J-type
diabetes22, some of the features include onset at young
age, resistance to ketosis, relatively large insulin re-
quirement, and lean body habitus. A number of vari-
ants have been described from many of the tropical
countries. Malnutrition and protein deficiency are the
common features in most of the variants, and the
prevalence estimates, although not adequately studied
in all areas, range from <10% to >75% of all diabetic
persons age <40 years11.

The World Health Organization has identified two
main subgroups: protein-deficient pancreatic diabetes
(or J-type diabetes) and fibrocalculous pancreatic dia-
betes23. In fibrocalculous pancreatic diabetes, no his-
tory of alcohol, biliary disease, or other known causes
of pancreatitis exist. However, β-cell functional loss
appears to be correlated with exocrine functional loss24,
similar to the situation with chronic pancreatitis in
general10,13,14 . The etiology of both forms of malnutri-
tion-related diabetes and their relationship, if any, to
conventional IDDM or NIDDM remain enig-

matic11,21,25-27 . Theories relating malnutrition to diabe-
tes abound28, although none has been proven. One
possibility is that protein deficiency might render β-
cells susceptible to damage by toxic, viral, or autoim-
mune factors. It has been observed that tropical diabetes
is endemic where cassava (tapioca) is the staple food28,29.
Cassava (95% starch) contains a cyanogenic glycoside
that is normally inactivated by thiocyanate derived
from sulfhydryl radicals of amino acids. Oral or in-
traperitoneal administration of cyanide in rats results
in transient hyperglycemia. However, the causal rela-
tionship is far from proven and there are exceptions to
the association between cassava consumption and dia-
betes in Africa and Brazil21,30,31 .

HEMOCHROMATOSIS

Hemochromatosis, one of the most commonly inher-
ited metabolic abnormalities in white populations, is
an autosomal-recessive disorder. Its gene frequency is
7%-10% and disease prevalence is 2-4 per 1,000 in
Caucasians32,33 . The disease is three to five times more
frequent in men than women, since ~80% of homozy-
gous women do not accumulate iron significantly.
About 70% of patients have antigen HLA-A3, whereas
the frequency of HLA-A3 is only ~22%-28% in general
Caucasian populations33.

Iron deposition primarily occurs in parenchymal cells
of liver, pancreas, adrenal, anterior pituitary, myocar-
dium, and skeletal muscle. The classic triad of hepa-
tomegaly, diabetes, and skin pigmentation ("bronze
diabetes") once considered common is, in fact, not a
frequent association considering the changing clinical
presentation due to early diagnosis and treatment32,34 .
Common presenting symptoms include hepatomegaly
with or without abdominal pain, arthralgias, fatigue,
and impotence. Presence of symptoms usually corre-
lates with the severity of iron accumulation docu-
mented on liver biopsy and with the presence of cir-
rhosis, which is already present in ~70% of patients at
the time of diagnosis35. Hepatocellular carcinoma de-
velops in ~15%-30% of patients, despite successful
iron removal, depending on patient longevity.

Hemochromatosis may result from a number of secon-
dary causes, including sideroblastic anemias (chiefly,
thalassemia major), chronic hemolytic anemias, mul-
tiple blood transfusions, porphyria cutanea tarda, and
dietary or medical iron overload, e.g., iron-rich beer
consumption in the Bantus32. In these states, the se-
verity of iron load is variable but usually less than the
30 g or more seen in primary (idiopathic) hemochro-
matosis. Alcohol promotes iron absorption but does
not, by itself, result in hemochromatosis.
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Abnormal glucose tolerance occurs in 75%-80% of
patients with hemochromatosis, of whom ~50%-60%
have overt diabetes35-37. Similarly, glucose intolerance
is present in ~50% of patients with thalassemia major
following chronic transfusion therapy38,39. In a large
series of patients, 25% had a history of diabetes in
first-degree relatives36. The pathogenesis of glucose
intolerance in iron-overload states remains controver-
sial since multiple factors, including cirrhosis, pan-
creatic iron deposition, and underlying primary diabe-
tes, are involved. However, the severity of cirrhosis
and iron load are correlated with the severity of glu-
cose intolerance, and the control of diabetes improves
in 35%-45% of patients following iron depletion32,35 .

Studies of β-cell and α-cell  function in hemochroma-
tosis have revealed several interesting observations. β-
cell function is usually impaired in patients developing
overt diabetes36-38 and ~40%-50% of these require insu-
lin therapy. However, patients in the pre-cirrhotic

stage and in those prior to development of overt dia-
betes have significant hyperinsulinemia following
oral glucose40,41 or hyperglycemic clamp41. Further-
more, insulin-mediated glucose disposal rates are im-
paired in patients with transfusion-induced iron over-
load41. These observations suggest that insulin resis-
tance, secondary to hepatic or extra-hepatic iron
deposition at insulin-sensitive sites (e.g., muscle),
precedes the eventual β-cell dysfunction before overt
diabetes develops. However, the mechanism of insulin
resistance due to iron overload remains unknown. Glu-
cagon secretion in patients with hemochromatosis is
augmented by arginine and is nonsuppressible after oral
glucose42,43, similar to responses seen in primary dia-
betes. In this respect, the α-cell responses seem to differ
from those seen in patients with chronic pancreatitis13,14

and are consistent with the observation that iron
deposition in islets, albeit variable, is restricted only
to β-cells44.

Figure 5.2
Survival of Patients with Hemochromatosis
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The figure shows cumulative survival in 163 patients with hemochromatosis compared with the normal population; in the same patients with (n=112) or without (n=51)
cirrhosis; with (n=89) or without (n=74) diabetes; and in those depleted (n=77) or not depleted (n=75) of iron during the first 18 months of venesection. All differences
were statistically significant (p<0.05 to <0.002 by log-rank test).

Source: Reference 35

73



Successful iron depletion, initiated early in the course
of disease, clearly reduces the incidence and progres-
sion of cirrhosis, improves diabetes control, and fre-
quently reduces other target organ damage and overall
morbidity and mortality. In a prospective study of 163
patients with mean followup of 10.5±5.6 years, major
determinants of reduced survival included presence of
cirrhosis, diabetes, and lack of iron depletion45 (Fig-
ure 5.2). Mortality ratios (observed/expected) for
liver cancer, cardiomyopathy, cirrhosis, and diabetes
were 219, 306, 13, and 7, respectively, compared with
the general population. Successful iron depletion,
however, did not protect from developing liver cancer.
In patients unable to undergo phlebotomy, such as
patients with thalassemia or other anemic states,
chelation therapy with deferoxamine is a useful alter-
native45,46, although the effects of this regimen on
long-term outcomes are not available.

Table 5.2 shows the major sites of action of various
counterregulatory hormones on target organs and
their principal mechanisms of diabetogenic effects.

ACROMEGALY

Acromegaly represents a prototype of diabetes and
glucose intolerance secondary to an endocrinopathy.
Growth hormone (GH)-hypersecreting anterior pitui-
tary adenomas account for >90% of cases of
acromegaly47,48 . Other causes include ectopic (nonpi-
tuitary) sources of GH or GH-releasing hormone, e.g.,
pancreatic islet cell tumors, carcinoid tumors, and
hypothalamic hamartomas. The prevalence of diag-
nosed acromegaly is estimated to be ~40 per million
population.

Glucose intolerance is prevalent in acromegaly in

~60%-70% of patients; however, overt diabetes requir-
ing treatment occurs in only 10%-15% of patients47-50.
Diabetes may be the presenting sign in only ~5% of
patients with acromegaly48,50. Even more frequent
than glucose intolerance is GH-induced insulin resis-
tance, manifested by striking hyperinsulinemia in re-
sponse to oral or intravenous glucose and other secre-
tagogues, as well as markedly attenuated responses to
exogenous insulin51-54. Furthermore, acromegalic pa-
tients with normal glucose tolerance but with hyper-
insulinemia have impaired muscle glucose uptake due
to diminished nonoxidative glucose metabolism55.
Overall, GH levels in individual patients correlate
poorly with both hyperinsulinemia and the severity of
glucose intolerance; a better correlation of disease
activity, including glucose intolerance, is found with
the serum levels of insulin-like growth factor 1 (IGF-
1)47,56. In contrast to patients with normal or impaired
glucose tolerance, insulin reserve is quite blunted by
the time overt diabetes develops, with or without
ketosis52, reminiscent of findings in animal models of
metasomatotrophic diabetes57. However, the coexis-
tence of primary diabetes (IDDM or NIDDM) cannot
be ruled out in the absence of a genetic marker, par-
ticularly if diabetes persists after successful treatment
of acromegaly. Considerable evidence exists, based on
studies with somatostatin infusions, that lipolytic and
ketogenic effects of GH supervene only after signifi-
cant insulinopenia occurs54,58,59.

Successful treatment of acromegaly, with normaliza-
tion of GH and IGF-1, is usually accompanied by
striking improvements in glucose tolerance, reversal
of hyperinsulinemia, and normalization of insulin
sensitivity47,52,56. However, the results are unpre-
dictable in those with overt, symptomatic diabetes52,60.
Acromegaly is associated with two- to threefold in-
creased mortality rate50,61. Increased incidence of ma-
lignancy contributes to the increased mortality. Post-
therapy GH levels <5 mU/L (versus >10 mU/L) were
associated with normalization of mortality rate, re-
gardless of the presence of diabetes or hypertension,

ENDOCRINOPATHIES

Table 5.2
Sites of Action of Major Diabetogenic Hormones in Humans

Liver Muscle Adipose tissue

β-cell
secretion Glycogen* Gluconeogenesis

Glucose 
uptake

Amino acid
release

Glucose 
uptake Lipolysis

Growth hormone + + + - ? - +
Glucocorticoids + + + - + +
Catecholamines - - + - - ? +
Glucagon + - + 0 ? 0 ?
Thyroid hormones + - + 0 0 ? +

+, stimulation; -, inhibition; 0, no effect; ?, uncertain. *Net effect on glycogen content via glycogen synthesis or glycogenolysis.
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in one survey61.

ISOLATED GROWTH HORMONE 
DEFICIENCY

It has long been appreciated that GH has cytotrophic
effects on β-cells in vitro62,63 . Exogenous GH admini-
stration to both normal and hypopituitary subjects
augments their insulin responses to a variety of secre-
tagogues before a significant change in blood glucose
ensues64. In light of these observations, it is of interest
that patients with monotropic GH deficiency (sexual
ateliotic dwarfs) have mild to moderately severe glu-
cose intolerance and insulin deficiency65. In the ma-
jority of these patients, insulin responses to glucose or
arginine are impaired, and treatment with GH results
in augmented insulin release66. This model of diabetes
supports the role of GH in sustaining β-cell  growth
and maturation.

CUSHING’S SYNDROME

Glucocorticoids such as GH are the principal insulin-
antagonistic hormones. They have diverse metabolic
effects on liver, adipose tissue, and muscle67,68. In
normal humans, short-term increments in plasma cor-
tisol levels within the range seen in moderate stress
situations result in only a slight increase in glucose
levels, mediated by hepatic and extrahepatic effects,
but cause a significant increase in ketone and
branched-chain amino acid levels. Insulin resistance
induced by the chronic administration of moderate
doses of glucocorticoids in normal humans is usually
compensated by augmented insulin release, resulting
in minimal changes in glucose levels. Thus, the spec-
trum of glucose intolerance in patients with Cushing’s
syndrome or exogenous steroid use largely depends
on endogenous β-cell reserve, similar to the situation in
acromegaly. Glucose intolerance occurs in 75%-80% of
patients with Cushing’s syndrome, but only 10%-15% of
patients develop overt diabetes69,70. Nearly all patients,
however, manifest basal and stimulated hyperin-
sulinemia and insulin resistance.

PHEOCHROMOCYTOMA

Catecholamines, acting via adrenergic receptors, af-
fect insulin secretion and produce anti-insulin effects
at several loci in the intermediary metabolism71,72 .
Glucose intolerance occurs in ~30% of patients with
pheochromocytoma72,73.  I t  results from multiple
mechanisms including the α2-adrenergic inhibition of
insulin secretion, β-adrenergic stimulation of hepatic
glycogenolysis and gluconeogenesis, and enhanced

lipolysis. Overt diabetes and ketoacidosis are dis-
tinctly unusual. Administration of α-adrenergic
blocking agents, such as phentolamine or phenoxy-
benzamine, characteristically improves insulin secre-
tion and glucose tolerance74,75. Surgical removal of the
tumor restores or improves glucose tolerance within
several weeks post-operatively73,76; however, in some
cases, it may take up to several months.

PRIMARY HYPERALDOSTERONISM

The triad of hypertension, hypokalemia, and glucose
intolerance (Conn’s syndrome) was described in
195577. It occurs in <2% of patients with hyperten-
sion. Glucose intolerance, previously thought to be
present in ~50% of these patients, is considerably less
common and is usually mild. It probably results, to a
variable degree, from potassium depletion, which may
be responsible for blunted insulin secretion77,78 and
perhaps increased glycogenolysis. However, it is not
certain if the glucose intolerance seen in Conn’s syn-
drome is entirely explained by potassium depletion79.

HYPERTHYROIDISM

Hyperthyroidism or thyrotoxic states are associated
with significant aberrations of carbohydrate, lipid,
and protein metabolism80. These states are charac-
terized by increased oxygen consumption, rapid gas-
tric emptying, enhanced gluconeogenesis and glyco-
genolysis, increased lipolysis and ketogenesis, and
increased proteolysis. Many of these effects are repro-
ducible in experimental hyperthyroidism induced in
nondiabetic81 or diabetic82 individuals. The metabolic
clearance rate of insulin is increased by ~40%83. The
data on peripheral glucose disposal and insulin sensi-
tivity are controversial, perhaps due to differences in
methodology employed. 

An increased incidence of glucose intolerance, usually
of mild to moderate severity, has been documented in
30%-50% of patients with hyperthyroidism84-86 . An
increased sympathetic sensitivity, mediated via β-ad-
renergic mechanism87, probably contributes to the in-
creased propensity to lipolysis and ketogenesis in
such patients. In patients with preexisting diabetes,
the metabolic consequences of untreated hyperthy-
roidism on hepatic glucose production, lipolysis, and
increased insulin clearance lead to deterioration of
glycemic control and recurrent ketoacidosis88. In pre-
viously nondiabetic individuals, glucose intolerance
persisted in 32% (7 of 22) of patients with hyperthy-
roidism after 12 years of followup after treatment86.
This may be explained partly by common autoim-
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mune mechanisms underlying Graves’ disease and
IDDM.

TUMORS OF ENDOCRINE PANCREAS 
OR GUT

Glucose intolerance or overt diabetes is a frequent
component of non-β-cell tumors of the endocrine pan-
creas that secrete glucagon (glucagonoma) or somato-
statin (somatostatinoma)89. Approximately 100 pa-
tients with glucagonoma and >20 patients with pan-
creatic somatostatinoma have been described. These
tumors are often malignant and quite large when diag-
nosed. The prognosis is usually poor, with rare excep-
tions. Other clinical features of glucagonoma include
a characteristic skin rash (necrolytic migratory
erythema) and anemia. Patients with somatostati-
noma frequently have gallbladder disease and diarrhea
with or without steatorrhea. Mild glucose intolerance
has occasionally also been described in patients with
non-islet cell tumors secreting vasoactive-intestinal
polypeptide (VIPOMA, pancreatic cholera syndrome)
and with carcinoid tumors of the pancreas or gut.
Finally, in patients with multiple endocrine neoplasia
type 1, transmitted as an autosomal dominant disor-
der and resulting in endocrine, pancreas, parathyroid,
and pituitary tumors, glucose intolerance may result
from the production of diabetogenic hormones such
as glucagon, VIP, corticotropin, and somatostatin.

POLYENDOCRINE AUTOIMMUNITY 
SYNDROMES

Insulin-requiring diabetes has been observed in ~50%
of patients with polyendocrine autoimmunity syn-
drome type II, in contrast to <5% prevalence in type I
syndrome90,91. The other salient clinical features of
these syndromes are outlined in Table 5.3. Type II
syndrome has strong association (>95%) with HLA
DR3/DR4 and characteristically multiple generations
are affected, whereas in type I syndrome the affected
relatives are siblings in a single generation and there
is no increase in HLA DR3/DR4. The early detection
of diabetes in type II syndrome (Schmidt’s syndrome)
may be possible by prospective evaluation with cyto-
plasmic anti-islet antibodies and assessment of first-
phase insulin response to intravenous glucose. These
patients may have insidious onset of diabetes years
after onset of initial endocrinopathy such as Addison’s
disease or thyroid disease.

POEMS SYNDROME 

POEMS syndrome (Polyneuropathy, Organomegaly,
Endocrinopathy, Monoclonal gammopathy, Skin
changes) is a rare form of plasma cell disorder associ-
ated with osteosclerotic type of myeloma and systemic
features including hepatosplenomegaly, lymphade-
nopathy, severe sensorimotor neuropathy, hyperpig-
mentation, and hypertrichosis. About 100 cases have
been reported92-94 . In most cases (>90%), the M-com-
ponent is of the lambda-light chain type. Other epo-
nyms of this entity include Takatsuki syndrome and
Crow-Fukase syndrome. A relationship of this syn-
drome to multicentric angiofollicular lymph node hy-
perplasia (Castleman’s disease) has also been sug-
gested95. The etiology of these entities is obscure but
they appear to be secondary to circulating immuno-
globulins. Glucose intolerance, sometimes insulin-re-
quiring, has been reported in 30%-50% of cases92,93.
Other endocrine features include hypogonadism, hy-
pothyroidism, hyperprolactinemia, and adrenal insuf-
ficiency.

A variety of drugs or chemical agents (Table 5.1) can
result in glucose intolerance or diabetes in previously
nondiabetic subjects or in worsening of hyperglyce-
mia in known diabetic patients96,97. The diabetogenic
effects may be brought about by effects on islet cell
secretion or on insulin action at hepatic or extrahepa-
tic sites, or by variable combinations of these factors.

Table 5.3
Characteristics of Polyendocrine Autoimmunity 
Syndromes

Type I      Type II      

HLA association None DR3/DR4
Age at onset Childhood Adult
Gender ratio (F/M) 1/4 1/8
Clinical components

Frequent Hypoparathyroidsm Addison’s disease 
(80%) (100%)

Mucocutaneous Hypothyrodism (70%)
candidiasis (75%) Diabetes mellitus 

Addison’s disease (50%)
(65%) 

Infrequent Alopecia (30%) Gonadal failure (5%)
Malabsorption (25%) Vitiligo (5%)
Gonadal failure (15%) Celiac disease (5%)
Pernicious anemia Alopecia 
(15%) Myasthenia gravis

Chronic active Pernicious anemia
hepatitis (10%)

Thyroiditis (10%)
Vitiligo (10%)
Diabetes (2%-4%)

Source: References 90 and 91

DRUGS, CHEMICAL AGENTS, AND TOXINS
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Table 5.4 presents the principal mechanisms of the
diabetogenic effects of certain therapeutic agents that
are more commonly associated with glucose intoler-
ance or diabetes.

DIURETICS AND β-ADRENERGIC 
ANTAGONISTS

The diabetogenic effects of diuretics, particularly
thiazides and chlorthalidone, and β-adrenergic an-
tagonists have been well recognized in clinical prac-
tice. These effects appear to be dose-dependent. A
12-year follow-up epidemiologic study revealed, re-
gardless of a family history of diabetes, a three- to
fourfold greater risk of developing diabetes with thiaz-
ides, five- to sixfold greater risk with β-blockers, and
11-fold greater risk in subjects on both drugs98. For
thiazides, most studies have indicated the mechanism
to be an insulin secretory defect due to hypokalemia,
with at least partial correction of this defect by potas-
sium replacement99. However, the potassium deple-
tion may not, by itself, entirely explain this phenome-
non, since loop diuretics such as furosemide and
ethacrynic acid are less likely to cause this defect.
There is also evidence for extrapancreatic effects100,101.
Furthermore, diazoxide, a non-diuretic thiazide, has
pronounced β-cell inhibitory as well as peripheral ef-

fects102. For β-blockers, an inhibitory effect on β-cell
secretion has been shown103 and, in some cases, drugs
such as propranolol precipitated hyperglycemic, hy-
perosmolar, non-ketotic coma104. However, evidence
for peripheral effects resulting in insulin resistance
with propranolol has also been reported100,101 .

DIPHENYLHYDANTOINS

Phenytoin (Dilantin) has direct inhibitory effects on
β-cell  secretion105. This appears to be dose-related and
there are occasional case reports of hyperglycemic,
nonketotic coma precipitated by Dilantin106.

GLUCOCORTICOIDS, ORAL 
CONTRACEPTIVES, AND PROGESTINS

Glucocorticoid-induced glucose intolerance is charac-
terized by insulin resistance and hyperinsulinemia.
Similar to patients with Cushing’s syndrome, chronic
administration of glucocorticoids induces distinct ef-
fects on hepatic and extra-hepatic sites. In a recent
community-based case-control study, the adjusted
odds ratios for initiation of hypoglycemic therapy
(oral agents or insulin) were 1.77, 3.02, 5.82, and
10.34, according to prednisone-equivalent average
daily dosage of <10 mg, 10-20 mg, 20-30 mg, and >30
mg, respectively107. The effects of sex steroid hor-
mones on carbohydrate metabolism are somewhat
controversial96. The bulk of evidence from better-de-
signed recent studies suggests that postmenopausal
estrogen use in current formulations, with or without
low-dose progestins, has no appreciable deleterious
effects on glucose or insulin levels, as shown in a
recent multicommunity study108. However, the effects
of oral contraceptives on carbohydrate metabolism in
young women are much more dependent on the for-
mulations, particularly on the dose and relative po-
tency of the progestin component of the pill. In a large
cross-sectional study, employing oral glucose toler-
ance tests in 1,060 women on oral contraceptives,
incremental glucose and insulin responses were 43%-
61% and 12%-40% higher, respectively, than in
nonusers109. However, incidence of overt diabetes is
distinctly rare in individuals without a family history
of diabetes110.

PENTAMIDINE AND VACOR

Pentamidine (an anti-protozoal agent) and Vacor (a
nitrosourea-derived pesticide) chemically resemble
streptozotocin and alloxan. Pentamidine is used in-
creasingly in the prophylaxis and treatment of pneu-
mocystis carinii infection in patients with acquired

Table 5.4
Sites of Action of Drugs or Agents More Commonly
Associated with Diabetes or Glucose Intolerance

Impaired 
insulin

secretion 

Impaired
insulin 
action Comments

Diuretics
Thiazide + ± Effects primarily mediated
Loop diuretics + 0 by potassium depletion

Diazoxide + + A non-diuretic thiazide
β-adrenergic + + Effects more common with
antagonists non-selective agents

Diphenyl- + 0 Direct β-cell effects
hydantoin

Glucocorticoids 0 + Also cause 
hyperglucagonemia

Oral contra- 0 + Effects less prominent than
ceptives glucocorticoids

Pentamidine + 0 Structurally similar to
Pyriminil + ± streptozotocin and

(Vacor) alloxan
Nicotinic acid 0 + Minimal effects in normal

subject
Cyclosporine + + Often used in combination

with glucocorticoids
Opiates + ± Also stimulate glucagon

secretion
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immune deficiency syndrome (AIDS), and increasing
incidence of insulin-dependent diabetes following its
use has been reported111,112 . Similarly, after accidental
or intentional ingestion of Vacor, IDDM with or with-
out ketoacidosis due to β-cell destruction may re-
sult113,114 . The sequence of events leading to diabetes
with these agents is similar to that seen with strepto-
zotocin and involves: a) initially, release of insulin due
to β-cell lysis lasting for hours and frequently associated
with hypoglycemia; and b) a delayed, persistent hyper-
glycemia following β-cell loss after days to weeks113,115 .

NICOTINIC ACID

Nicotinic acid causes glucose intolerance by inducing
peripheral insulin insensitivity116. In normal individu-
als this is accompanied by minimal changes in glucose
tolerance due to adaptive hyperinsulinemia. However,
significant hyperglycemia or deterioration in glucose
tolerance may result in patients with limited β-cell
reserve or preexisting diabetes117.

CYCLOSPORIN

An increased incidence of diabetes has been reported
in renal transplant patients treated with cy-
closporin118,119 , particularly in the black population,
in whom a 20% incidence posttransplant was re-
ported118. This increase is probably independent of the
concomitant diabetogenic effects of corticosteroids in
these patients. Direct inhibitory effects of cyclosporin
on β-cells are the likely explanation120, although a pe-

ripheral effect on muscle glucose transport is also
probable121.

OPIATES

A hyperglycemic effect of morphine and other opiates
has been recognized. β-endorphin and enkephalin are
produced in human islets. In normal and diabetic
subjects, infusions of β-endorphin result in hypergly-
cemia, accompanied by hyperglucagonemia122. These
results are in keeping with the observation of im-
paired β-cell responsiveness to glucose in narcotic
addiction123.

The availability of newer molecular biologic tech-
niques and their clinical application is unraveling dis-
tinct genetic subtypes of diabetes, although all genetic
syndromes identified thus far account for only a small
percentage of the diabetic population as a whole. This
confirms the heterogeneity of diabetes124.

Table 5.5 summarizes the genetic defects identified in
relation to various candidate genes. Of these, molecu-
lar defects in families with mutant insulins have been
best characterized125. In 10 families, single point mu-
tations in the proinsulin gene, transmitted in an
autosomal dominant pattern, resulted in either an
abnormal insulin molecule (Table 5.6) or an abnormal

Table 5.5
Diabetes Secondary to Identified Defects in Genetic Loci

Ref. Gene affected 
Number of 

mutations identified
Prevalence in 

diabetic persons Comments

125, 126 Insulin 6 <1% Abnormal insulin or proinsulin synthesis
127, 128 Insulin receptor >40 ∼1%-2% Numerous defects in receptor synthesis, 

transport, function or degradation
129-131 Glucokinase 16 ∼1%-2% (∼55% of MODY Impaired glucose sensing of β-cells

families in France)
132 Adenosine deaminase- 1 One large kindred (RW) 

linked
134, 135 Mitochondrial tRNA 1* ∼1%-2% Impaired insulin secretion; maternally

transmitted diabetes and deafness
137 IRS-1 2 ? Site of defect unclear
138 Glycogen synthase Polymorphism of Unknown Functional significance uncertain. No change 

non-coding region in protein content.
139 Rad (Ras-associated with Unknown (expression of AGTP-binding protein

diabetes) gene in muscle 3- to 18-
fold greater in NIDDM
than in IDDM or controls)

MODY, maturity-onset diabetes of the young. *The same mutation (tRNA-leu (UUR)) is also observed in MELAS syndrome (mitochondrial myopathy, encephalopathy,
lactic acidosis, and stroke-like episodes.

Source: References are listed within the table
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proinsulin molecule (Table 5.7). Of the six families
with abnormal insulin, three different single point
mutations causing amino acid substitutions resulted
in insulin with normal immunoreactivity but greatly
reduced (<1%-5%) receptor binding and bioactivity.
The hyperinsulinemia mainly results from defective
clearance of the mutant insulin. The affected subjects
presented with only glucose intolerance or mild dia-
betes since they were heterozygous and a varying
proportion of circulating insulin was normal. In four
other families, single point mutations causing defects
in processing the proinsulin molecule resulted in hy-
perproinsulinemia (Table 5.7). In each family, the
phenotypic expression consisted of either normal or
mildly abnormal glucose tolerance. Further search
may disclose other forms of insulin gene mutations.
However, in a restriction-fragment-length polymor-
phism analysis of the insulin gene in 213 individuals
with NIDDM, only one possible defect (frequency
~5/1,000) was detected in one survey126. Glucose in-
tolerance or diabetes may also result from severe to
extreme insulin resistance due to abnormalities of
insulin receptor structure or function. A wide variety
of mutations at numerous sites of the insulin receptor
gene have been delineated, but the overall prevalence
of these anomalies in NIDDM is probably very
low127,128 . 

Perhaps more common than the insulin gene and the
insulin receptor gene defects are the mutations in the
glucokinase (GK) gene on chromosome 7, responsible
for mild hyperglycemia in many families with matur-
ity-onset diabetes of the young (MODY). Although
the prevalence of this defect in NIDDM in various
populations is unknown, there have been 16 different
mutations of the GK gene described in 18 of 32
French families with MODY129. Mutations of the GK

gene have also been reported in a few kindreds from
other parts of the world, including Great Britain and
Japan130,131 . Only ~50% of patients with GK gene
mutations developed diabetes, i.e., there is incomplete
penetrance. A different mutation, on a gene linked to
the adenosine deaminase gene on chromosome 20,
was described in a large kindred of MODY in the
United States132. However, in many other MODY pedi-
grees the molecular nature of the genetic defect re-
mains unknown, despite extensive search for candi-
date genes133. Since MODY represents a significant
fraction of NIDDM in many parts of the world, further
search for the prevalence of defects in GK and other

Table 5.6
Characteristics of Probands from Six Families with Abnormal Insulin

Chicago Los Angeles 1 Los Angeles 2 Wakayama 1 Wakayama 2 Wakayama 3

Age (years), sex 51, male 28, female 60, female 56, female 57, male 44, female
Location Los Angeles, CA Los Angeles, CA Montreal, Canada Osaka, Japan Wakayama, Japan Saitama, Japan
OGTT results DM DM IGT DM Normal DM
Therapy Diet → insulin Diet → oral None Insulin → oral Diet Oral

hypoglycemic hypoglycemic hypoglycemic
Plasma glucose (mg/dl) 143-182 143-175 93-140 113-340 70- 102 154-244
Immunoreactive insulin  
  (µu/ml) 

67-113 86-130 310-440 33-130 58-130 111-314 

Insulin-C-peptide ratio (mol) 0.4-0.5 0.7-2.1 1.2 0.5-3.5 0.6-1.6 1.0-1.6
Structure Leu-B25 Ser-B24 Ser-B24 Leu-A3 Leu-A3 Leu-A3
Receptor binding (%) 4.0-5.0 0.7-2.0 0.7-2.0 0.2-0.4 0.2- 0.4 0.2-0.4
Biological activity (%) 4.0-5.0 0.7-2.0 0.7-2.0 0.2-0.4 0.2- 0.4 0.2-0.4

OGTT, oral glucose tolerance test; DM, diabetes mellitus; IGT, impaired glucose tolerance.

Source: Reference 125

Table 5.7
Characteristics of Probands from Four Families
with Abnormal Proinsulin

Boston, 
MA  

Providence, 
RI   

Tokyo,
 Japan, 1

Tokyo,
 Japan, 2

Age (years), sex 15, male 12, male 65, male 69, male
OGTT results Normal DM/IGT DM DM
Therapy Not Insulin → Diet Diet → 

required diet insulin
Plasma glucose 
(mg/dl) 74-92 77-96 120 60-170
Immunoreative
insulin (µu/ml) 24-287 45-71 77 37-70

Structure Xaa-65 Asp-B10 His-65 His-65
HPLC analysis
(plasma)

AC
proinsulin

Normal
proinsulin

AC
proinsulin

AC
proinsulin

Hypoglycemia - ? + + ? in
family

OGTT, oral glucose tolerance test; DM, diabetes mellitus; IGT, impaired glu-
cose tolerance; HPLC, high-performance liquid chromatography; AC, A chain-
C-peptide; +, documented; -, not documented; ?, uncertain.

Source: Reference 125
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genetic loci might be rewarding. Another interesting
genetic subtype of diabetes is associated with a point
mutation in mitochondrial DNA at position 3243 of
leucine tRNA134,135 . Diabetes in these families is ma-
ternally transmitted, often insulin-requiring, and as-
sociated with deafness in ~60% of patients. This mu-
tation was originally identified in patients with an-
other mitochondrial disorder, the MELAS syndrome
(Mitochondrial myopathy, Encephalopathy, Lactic
acidosis, and Stroke-like episodes)136. Other candidate
gene mutations in NIDDM include a recently de-
scribed polymorphism of the insulin-receptor sub-
strate-1 (IRS-1) gene137, a polymorphism of the glyco-
gen synthase gene138, and an overexpressed gene, Rad,
a member of the Ras-guanosine triphosphatase super-
family, that was expressed 3- to 18-fold greater in
skeletal muscle of patients with NIDDM, compared
with nondiabetic and IDDM patients139.

There are many other distinct but quite rare genetic
syndromes associated with glucose intolerance or dia-
betes (Table 5.1). The precise genetic defect(s) lead-
ing to diabetes in these disorders are not known. Some

are characterized by obesity-associated insulin resis-
tance, including Prader-Willi syndrome140, Laurence-
Moon-Biedl syndrome, and its variant, Bardet-Biedl
syndrome141. In the latter, ~45% of patients have glu-
cose intolerance. In a few of the other syndromes, the
appearance of insulin-dependent diabetes simulating
IDDM is an integral feature. These conditions include
Stiff-man syndrome, an autoimmune disorder142, and
two hereditary neurological disorders, Friedreich’s
ataxia143 and DIDMOAD (diabetes insipidus, diabetes
mellitus, optic atrophy, sensorineural deafness) or
Wolfram’s syndrome and its variants144,145 . In the for-
mer, up to 20% of patients have diabetes, although
some may not be insulin-dependent146. In contrast, in
Wolfram’s syndrome, autopsy studies revealed a selec-
tive loss of islet β-cells147, explaining the onset of
diabetes in early childhood and absolute insulin re-
quirement in these patients.

Dr. Om P. Ganda is Diabetologist, the Joslin Diabetes Center,
Boston, MA.
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Chapter 6

Sociodemographic Characteristics
of Persons with Diabetes
Catherine C. Cowie, PhD, MPH, and Mark S. Eberhardt, PhD

SUMMARY

This chapter examines the sociodemographic
characteristics of persons with and without
diagnosed diabetes. The primary data source
is the 1989 National Health Interview Sur-

vey (NHIS), a household interview survey of a repre-
sentative sample of the U.S. civilian, noninstitutional-
ized population age ≥18 years. The age distribution of
persons with diagnosed diabetes is much older than
that of the total population, with 57.9% of diabetic
persons being age ≥60 years, compared with only
21.9% of nondiabetic persons. In adults age ≥18 years,
median age is 32 years in insulin-dependent diabetes
mellitus (IDDM), 64 years in non-insulin-dependent
diabetes mellitus (NIDDM), and 40 years in nondia-
betic populations. About 58.4% of those with NIDDM
are women; this is similar to the percent in nondia-
betic persons (52.4%). In persons with IDDM, ~47%
are female. Among U.S. adults age ≥18 years with
NIDDM, 69.6% are non-Hispanic white, 20.2% are
non-Hispanic black, 4.7% are Mexican American, and
5.4% are of other race/ethnicity. This contrasts with
the proportion of whites (79.3%), blacks (10.7%), and
Mexican Americans (4.0%) in the nondiabetic popu-
lation and illustrates the disproportionate rate of
NIDDM in blacks and Mexican Americans. Duration
of diabetes is longest in adults with IDDM, with 60.7%
having duration ≥15 years, compared with 27.4% in
NIDDM. Onset of diabetes is most frequently at age
10-14 years in IDDM cases diagnosed at age <20 years.
Among U.S. adults age ≥18 years, mean age at diagno-
sis of diabetes is 16.2 years in IDDM and 51.1 years in
NIDDM. In persons with NIDDM, mean age at diag-
nosis is oldest in whites (52.2 years) and youngest in
Mexican Americans (45.3 years). Among persons with
NIDDM, the highest proportion live in the southeast-
ern United States (39.2%), particularly blacks
(60.1%), whereas IDDM and nondiabetic persons are

more evenly distributed throughout four regions (i.e.,
the Northeast, Southeast, Midwest, and West) of the
country. Persons with NIDDM most frequently live in
or just outside a central city (particularly blacks and
Mexican Americans), compared with IDDM and non-
diabetic persons, who are more likely to live just
outside city bounds. Of those living in urban areas,
most diabetic and nondiabetic persons (87.4%-90.5%)
live in areas with a population of at least 250,000.
Most diabetic and nondiabetic persons (59.1%-
64.7%) are married. However, there are more wid-
owed persons in NIDDM (22.1%), compared with
nondiabetic groups (6.7%), explained at least in part
by their older age. Consistent with the older age of
persons with NIDDM, family size is smaller in
NIDDM than IDDM and nondiabetic persons. The
proportion who have completed at least some college
education is 50.6% among IDDM, 21.0% among
NIDDM, and 40.3% among nondiabetic groups. The
proportion with family income ≥$40,000 is 37.7% in
IDDM, 15.6% in NIDDM, and 32.8% in nondiabetic
persons; the proportion with family income <$10,000
is 11.6% in IDDM, fully 27.9% in NIDDM, and 12.6%
in nondiabetic persons. Even after accounting for age,
persons with NIDDM have less education and lower
income levels. Likewise, at every age, persons with
NIDDM are less likely to be employed. Most IDDM
(73.9%) and nondiabetic (66.2%) persons were em-
ployed in 1989, whereas most persons with NIDDM
were not in the labor force (67.3%). Of all diabetic and
nondiabetic persons who were working, most (68.4%-
77.2%) worked for private companies as opposed to
working for a government or being self-employed.
Compared with IDDM and nondiabetic persons, par-
ticularly at age 18-44 years, there are more persons
with NIDDM who are military veterans.

• • • • • • •
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Understanding the sociodemographic characteristics
of people with diabetes in the United States is impor-
tant for many activities, including health care plan-
ning, health education, and public health research.
Before developing diabetes-related health care prod-
ucts or programs, health care planners must know the
age, income, and other demographic characteristics of
the target population they hope to reach. When health
educators are preparing diabetes-related educational
materials or activities, they need to know the demo-
graphic profile of the target audience, so that appro-
priate programs or efforts are made available. Re-
search projects may wish to examine the comparabil-
ity of their data to those of the United States, requiring
an assessment of the demographic features of diabetic
persons in the United States.

Previous reports have described the sociode-
mographic characteristics of people with diabetes.
One of the most detailed reports, which focused on
adults age ≥20 years, was the first edition of Diabetes
in America1. As presented in that report, people with
diabetes in the United States were more likely to be
older, female, members of a race or ethnic minority,
less educated, and have lower incomes compared with
people without diabetes. In this chapter, we reexam-
ine these and other factors using more current data.

The primary data source for this chapter is the 1989
NHIS, a cross-sectional household interview survey of
a representative sample of the U.S. civilian, noninsti-
tutionalized population2. It has been conducted annu-
ally since 1957 by the National Center for Health
Statistics, and the survey methods and quality control
measures have been described3-5. Interviews are con-
ducted by trained interviewers from the U.S. Bureau
of the Census, and response rates have been 95%-98%.

The NHIS includes a basic questionnaire that remains
unchanged from year to year and additional question-
naires on special health topics that vary annually. In
1989, the total interviewed sample age ≥18 years for
the basic questionnaire was 84,572 persons from
45,711 sampled households. These persons were
given a questionnaire about demographic charac-
teristics, use of health services, weight and height,
and health conditions. 

Unlike other years when the NHIS asked respondents

from one-sixth of the households if any household
member had been diagnosed as having diabetes, the
1989 NHIS attempted to identify all persons age ≥18
years with diagnosed diabetes by administering a
screening question to a household respondent. This
resulted in 2,829 persons who were reported to have
diabetes. Detailed follow-up questions were asked of
all identified cases; nonresponse was 4.5%. These
questions eliminated 10.5% of individuals (n=295)
who either did not have or no longer had diabetes
(e.g., gestational diabetes that subsided postpartum).
The respondents also verified that their diabetes had
been diagnosed by a physician, yielding 2,405 con-
firmed cases of diagnosed diabetes. A special health
topic questionnaire on diabetes was then adminis-
tered, consisting of questions about the diagnosis of
diabetes, medical care received, and personal health
practices. Self-response was obtained for all diabetic
persons.

In 1989, in addition to the special health topic ques-
tionnaire given to persons with diabetes, another spe-
cial questionnaire was administered to an ~one-quar-
ter probability sample of persons who did not report a
medical history of diabetes (82.2% self-response,
17.8% proxy response). The questions related to fre-
quency of diabetes screening, risk factors for diabetes,
and certain health conditions. Of 22,592 persons
identified as nondiabetic, the questionnaire was com-
pleted by 20,131 persons (89.1%); self-response was
obtained for all of these subjects. This nondiabetic
population has been used as a comparison group for
the diabetic population throughout the chapter.

Diabetic persons were designated as having IDDM
(n=124) if all of the following criteria were met: 1)
body mass index (weight [kg] divided by height [m]
squared, calculated from self-reported height and
weight) <27 in men and <25 in women; 2) age at
diagnosis of diabetes <30 years; and 3) continuous
insulin treatment since diagnosis. Missing data for
these criteria precluded assigning 13 individuals to
IDDM or NIDDM categories. The remaining 2,268
persons were considered to have NIDDM; of these,
922 were treated with insulin. Figures and appendices
in the chapter providing estimates for all diabetic
persons and the total population include the 13 per-
sons not classified as having IDDM or NIDDM.

The NHIS samples households from the noninstitu-
tionalized population and therefore does not include
people in the military or living in institutions. While
data from the 1985 National Nursing Home Survey6

estimated that 12.4% of people in nursing homes have
diabetes, this represents <3% of all persons age ≥18
years in the United States with diagnosed diabetes.

INTRODUCTION

SOURCES OF DATA
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Likewise, the number of personnel with diabetes in
the military is likely to be small because they are
young and healthy, and because the military repre-
sents a small proportion of the population. Persons
age <18 years were not included in the 1989 NHIS
special health topic questionnaire on diabetes. How-
ever, others have reported that this group comprises
~2% of all people with diabetes in the United States7.

Diabetic status in the NHIS is based only on self-re-
port. No laboratory testing was used to confirm this
diagnosis or to identify undiagnosed diabetic cases.
Therefore, the sociodemographic characteristics dis-
cussed in this chapter relate only to people with diag-
nosed diabetes. This information is useful for plan-
ning the extent and target of products and services for
persons known to have diabetes. The Second National
Health and Nutrition Examination Survey (NHANES
II), conducted in 1976-80, employed an oral glucose
tolerance test in addition to a questionnaire that que-
ried persons about previously diagnosed diabetes8.
These data demonstrated that ~50% of all diabetes is
undiagnosed9. 

Since diabetes was self-reported, the NHIS does not
include persons who would not admit or had not been
told that they had diabetes. However, the rate of agree-
ment between diabetes based on self-report from in-
terview and medical records is exceptionally good10-12,
being >95% in some studies10,11. Medical records are
relatively accurate for the diagnosis of diabetes13. Evi-
dence against a reporting bias by sex11 and race14 has
been reported.

Stratified analyses of diabetic subjects by race/ethnic-
ity was possible based on adequate sample size only
for non-Hispanic whites (n=1,585), non-Hispanic
blacks (n=600), and Mexican Americans (n=104).
The small number of IDDM subjects among non-His-
panic blacks (n=7), Mexican Americans (n=0), and in
older age groups (e.g., n=102 for age 18-44 years;
n=19 for age 45-64 years, and n=3 for age ≥65 years)
did not allow stratification by these factors. Hispanic
persons were excluded from white and black races to
allow comparison of more homogeneous groups. The
proportion of Hispanic persons was 8.0% (n=1,401)
among whites and 1.5% (n=50) among blacks. Among
persons of other races, 6.9% (n=41) were of Hispanic
non-Mexican origin; because of their small number,
this heterogeneous group was not examined sepa-
rately. The proportion of Hispanics in each racial
group was similar in diabetic and nondiabetic per-
sons.

All analyses were performed using appropriate sam-
pling weights to provide estimates that reflect the U.S.

population. The weights were based on the inverse of
the selection probability of each participant, with ad-
justments made for undercoverage and nonresponse
to ensure the representiveness of the sample2.

Since the 1989 NHIS only included persons age ≥18
years, this may exclude a large proportion of all per-
sons with IDDM. Analyses of age, duration of diabe-
tes, and age at onset of diabetes have been supple-
mented with data from the Pittsburgh IDDM Regis-
try15. The registry contains data on 1,585 predomi-
nantly white (90.6%) IDDM patients diagnosed at age
<20 years during 1965-89 in Allegheny County, PA.

AGE DISTRIBUTION

The age distribution of diabetic adults is very different
than that of the total adult population (Figure 6.1). In
1989, whereas 57.9% of diabetic adults were age ≥60
years, only 21.9% of all adults were in this age cate-
gory; 89.6% of diabetic adults were age ≥40 years,
compared with 51.2% of the total population. The
median age for the diabetic population was 63 years,
very different from the median of 40 years for all
adults. Figure 6.2 contrasts the age distributions of
IDDM, NIDDM, and nondiabetic populations. The
distribution of nondiabetic persons falls between the
younger distribution of IDDM and older distribution
of NIDDM persons. Median age among persons age
≥18 years was 32 years for IDDM, 64 years for
NIDDM, and 40 years for nondiabetic persons. 

DEMOGRAPHIC CHARACTERISTICS
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Figure 6.1
Age Distribution of All Diabetic Persons and the 
Total Population Age ≥18 Years, U.S., 1989

Diabetes includes both IDDM and NIDDM. See Appendix 6.2 for further
details.

Source: 1989 National Health Interview Survey
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The age distribution for IDDM patients diagnosed at
age <20 years in Allegheny County, PA during 1965-
89 is shown in Figure 6.3. These persons were diag-
nosed with IDDM at age <20 years during 1965-89.
The age range is 0-44 years, with most (22%) age
25-29 years. The distribution is approximately the
same in males and females. Age distributions are
shown for NIDDM men and women among non-His-
panic whites, non-Hispanic blacks, and Mexican
Americans in Figure 6.4. Whereas most NIDDM
whites are age ≥65 years (51.7%), most NIDDM blacks
and an even higher proportion of NIDDM Mexican
Americans are age 45-64 years (46.5% and 55.3%,

respectively). A higher proportion of NIDDM women
than men are age ≥65 years among whites and blacks,
but there is little difference by sex among Mexican
Americans. Detailed age distributions in Allegheny
County, PA IDDM subjects and in U.S. IDDM,
NIDDM, nondiabetic, and total populations age ≥18
years are shown in Appendices 6.1 and 6.2 according
to sex and race.
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Figure 6.2
Age Distribution of IDDM, NIDDM, and Nondiabetic
Populations Age ≥18 Years, U.S., 1989

See Appendix 6.2 for further details.

Source: 1989 National Health Interview Survey
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Figure 6.4
Age Distribution of Men and Women with NIDDM
Age ≥18 Years by Race, U.S., 1989

See Appendix 6.2 for further details.

Source: 1989 National Health Interview Survey
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SEX DISTRIBUTION

A higher proportion of adults with NIDDM are
women (58.4%) than men (41.6%). Similarly, al-
though less pronounced, a higher proportion of non-
diabetic adults are women (52.4%) than men (47.6%).
These higher proportions of women are found for
non-Hispanic whites, non-Hispanic blacks, and Mexi-
can Americans (Figure 6.5). The difference is greatest
for NIDDM blacks, and little difference occurs for
nondiabetic Mexican Americans. Among U.S. whites
age ≥18 years with IDDM, a slightly higher proportion
are men (53.4%) than women (46.6%). These propor-
tions are almost the same as the proportion of males
(53.2%) and females (46.8%) among IDDM patients
from Allegheny County, PA.

RACE DISTRIBUTION

Among adults with NIDDM, 69.6% are non-Hispanic
white, 20.2% are non-Hispanic black, 4.8% are Mexi-
can American, and 5.4% are of other races (Figure
6.6). This contrasts to the proportion of whites
(79.3%), blacks (10.7%), and Mexican Americans
(4.0%) in the nondiabetic population and illustrates
the higher prevalence of NIDDM in blacks and Mexi-
can Americans compared with whites. Most adults
with IDDM are non-Hispanic white (92.0%). Race
distributions in IDDM, NIDDM, and nondiabetic
groups are virtually the same when examined sepa-
rately in men and women.

DURATION OF DIABETES

Duration of diabetes among IDDM patients in Allegh-
eny County, PA is shown in Figure 6.7. Duration is
evenly distributed according to 5-year groups and
there is little difference according to sex (Appendix
6.3). Duration of diabetes in U.S. diabetic adults age
≥18 years is shown in Figure 6.8. Consistent with the
younger age at onset of IDDM, about 60.8% of those
with IDDM and 27.4% of those with NIDDM have
durations of ≥15 years. In persons with NIDDM, dura-
tion of diabetes increases with age (Appendix 6.4).
There is little difference in duration between men and
women with NIDDM (Appendix 6.4). A somewhat
higher proportion of Mexican Americans have longer
durations of NIDDM, compared with non-Hispanic
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whites and non-Hispanic blacks; durations of ≥15
years occur in 33.9% of Mexican Americans, 27.8% of
whites, and 24.6% of blacks (Appendix 6.4).

AGE AT DIAGNOSIS OF DIABETES

Figure 6.9 and Appendix 6.5 show the distribution of
age at onset of IDDM in Allegheny County, PA. Onset
is most frequently at age 10-14 years, with a slightly
older age at onset in males than females. For U.S.
adults age ≥18 years, mean age at diagnosis is 16.2
years in IDDM and 51.1 years in NIDDM (Appendix
6.6). Mean age at diagnosis is virtually the same in

men and women in both IDDM and NIDDM (Figure
6.10). Among persons with NIDDM, mean age at di-
agnosis is oldest in non-Hispanic whites (52.2 years)
and youngest in Mexican Americans (45.3 years)
(Figure 6.10). Mean age at diagnosis does not differ by
sex in NIDDM whites, blacks, and Mexican Americans
(Appendix 6.6).

REGION OF THE UNITED STATES

An approximately equal proportion (26.8%-29.0%) of
adults with IDDM live in the Midwest, South, and
West, while 15.9% live in the Northeast (Appendix
6.7). In NIDDM, most live in the South (39.2%),
similar proportions live in the Northeast (21.8%) and
Midwest (25.3%), and fewest live in the West (13.7%).
A similar pattern is found in nondiabetic adults, al-
though a somewhat higher percent lives in the West.
Among persons with NIDDM, a substantially higher
percent of non-Hispanic blacks (60.1%) live in the
South, compared with non-Hispanic whites (34.4%)
and Mexican Americans (44.5%) (Figure 6.11). A
much higher percent of Mexican Americans live in the
West (49.2%), compared with whites (11.9%) and
blacks (6.3%). Similar patterns by race are found in
nondiabetic adults. Among adults with IDDM, a
higher percent of women (22.2%) than men (10.4%)
live in the Northeast; no differences in regional distri-
bution are found by sex in NIDDM and nondiabetic
persons (Appendix 6.7).
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URBAN/RURAL RESIDENCE

Among adults with IDDM, the majority live in
(23.8%) or just outside (52.0%) a central city (Appen-
dix 6.8). Similarly, in NIDDM, most live in (32.4%) or
just outside (39.8%) a central city. The proportion
living in or near a city is also similar for nondiabetic
persons. There are substantial differences by race in
the distribution of urban/rural residence among both
NIDDM and nondiabetic persons (Figure 6.12). Re-
gardless of diabetes status, most non-Hispanic whites

(45.5%-50.4%) live just outside a central city, whereas
most non-Hispanic blacks and Mexican Americans
(51.8%-57.2%) live in a central city. In all groups, a
small percent (≤2.5%) live on farms. Differences by
age and sex are minimal (Appendix 6.8). Among per-
sons with NIDDM, there is a suggestion that men
(45.2%) are more likely than women (35.8%) to live
just outside a central city; in contrast, women are
more likely to live in a central city or nonfarm area
than men. 

POPULATION SIZE OF URBAN AREA

Figure 6.13 and Appendix 6.9 show the distribution
of adults living in or just outside a central city accord-
ing to population size of the urban area. Among per-
sons with IDDM, 40.4% live in a metropolitan area of
≥1 million population, while 25.9% live in an area of
250,000-1 million (Appendix 6.9). Patterns are simi-
lar both in persons with NIDDM and nondiabetic
persons. Among persons with NIDDM, differences are
evident by race (Figure 6.13). Among NIDDM non-
Hispanic whites, there is an equal distribution of per-
sons living in areas with 250,000-1 million population
(30.3%) and in areas with ≥1 million (30.9%). In
contrast, non-Hispanic blacks (47.2%) and Mexican
Americans (54.4%) are most likely to live in metro-
politan areas with ≥1 million residents. There is a
similar pattern by race among nondiabetic persons. In
all groups, few persons (<9.6%) live in cities with a
population of <250,000. Appendix 6.9 shows little if
any differences by age or sex.

NHW NHB MA NHW NHB MA
0

10

20

30

40

50

60

70 Northeast Midwest South West

IDDM NIDDM Nondiabetic

Figure 6.11
Regional Distribution of IDDM, NIDDM, and 
Nondiabetic Populations Age ≥18 Years by Race,
U.S., 1989

NHW, non-Hispanic white; NHB, non-Hispanic black; MA, Mexican American.
See Appendix 6.7 for further details.
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Figure 6.12
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Nondiabetic Populations Age ≥18 Years by Race,
U.S., 1989
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MARITAL STATUS

Except in women age ≥65 years, the majority of
IDDM, NIDDM, and nondiabetic persons are married
(59.1%-64.7%) (Appendix 6.10 and Figure 6.14). Per-

sons are more likely to have never been married at
young ages compared with older ages and more likely
to be widowed at old ages compared with young ages.
The proportion of persons divorced or separated is
higher in young and middle ages compared with old
ages. A substantially higher proportion of women
than men are widowed at age 45-64 years (9.4%-
15.6% in women versus 1.7%-2.0% in men) and age

SOCIOECONOMIC CHARACTERISTICS

Figure 6.14
Distribution of IDDM, NIDDM, and Nondiabetic
Populations Age ≥18 Years, by Marital Status and
Sex, U.S., 1989
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Source: 1989 National Health Interview Survey

Figure 6.15
Distribution of NIDDM and Nondiabetic Populations
Age ≥18 Years, by Marital Status and Race, U.S., 1989
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≥65 years (45.4%-54.8% in women versus 9.4%-15.6%
in men); this corresponds to a substantially lower
proportion of women who are married at these same
ages (35.2%-72.2% in women versus 76.0%-83.4% in
men).

Consistent with the older age of persons with
NIDDM, overall, a higher proportion of NIDDM than
nondiabetic persons are widowed and a lower propor-
tion have never been married (Appendix 6.10). At age
18-44 years, nondiabetic persons (29.2%) are more
likely than those with NIDDM (15.7%) to have never
been married, whereas a slightly higher percent of
persons with NIDDM are married (67.1% versus
61.1%) or divorced/separated (15.7% versus 9.3%)
(Figure 6.14). Among women age 45-64 years, a
higher percent of nondiabetic persons (72.2%) are
married relative to persons with NIDDM (58.3%), and
a slightly higher percent of persons with NIDDM are
widowed (15.6% versus 9.4%), or divorced/separated
(19.3% versus 14.5%); no difference by diabetes status
is found among men. Among women age ≥65 years,
there is also a higher percent of nondiabetic persons
(43.2%) relative to NIDDM persons (35.2%) who are
married, and a higher percent of persons with NIDDM
who are widowed (54.8% versus 45.4%); these differ-
ences are not observed in men.

At age 18-44 years, non-Hispanic blacks are the least
likely to be married (41.2%) relative to other race/eth-
nic groups (64.9%-65.5%), and a higher percent of
blacks have never been married (43.6% versus 26.3%-
27.5%), primarily among nondiabetic persons (Figure
6.15). At ages 45-64 years and ≥65 years, both in
NIDDM and nondiabetic groups, a higher percent of

blacks are divorced/separated or widowed and a lower
percent are married. In addition, at age ≥65 years, a
higher percent of Mexican Americans are married
(70.8%), compared with non-Hispanic blacks (39.3%)
and whites (58.3%).

TYPE OF COHABITATION

Figure 6.16 and Appendix 6.11 show the living ar-
rangements for IDDM, NIDDM, and nondiabetic
adults according to whether they live alone, live only
with a non-relative, live with a spouse (which may
include also living with another relative or non-rela-
tive), or live only with a relative other than a spouse.
Few differences are evident by diabetes status, regard-
less of age. For all diabetic adults, most (58%-60%)
live with a spouse. In both NIDDM and nondiabetic
groups, persons age ≥65 years are more likely to live
alone (15.9%-18.2%), compared with younger ages
(8.2%-13.3% at age 18-44 years). Living relationships
are shown for men and women in Figure 6.17. For
adults with NIDDM, a smaller proportion of women
(46.8%) than men (78.5%) live with a spouse, and a
larger proportion of women live with a relative other
than a spouse (22.1% versus 7.4%) or live alone
(30.2% versus 13.0%). These differences by sex are
similar in nondiabetic adults. Among both NIDDM
and nondiabetic groups, a smaller proportion of non-
Hispanic blacks (43.3%-48.7%) relative to non-His-
panic whites (62.3%-67.2%) and Mexican Americans
(65.2%-69.6%) live with a spouse; instead a relatively
larger proportion of blacks live with another relative
(Figure 6.18). These differences by race are similar in
all age groups (Appendix 6.11).

FAMILY SIZE

Overall, most adults with IDDM (30.4%) live in fami-
lies with four or more persons, most adults with
NIDDM (41.6%) live in families with two persons,
and most adults without diabetes live either in fami-
lies with two persons (30.8%) or four or more persons
(31.8%) (Appendix 6.12). Family size within a house-
hold decreases with age similarly in both NIDDM and
nondiabetic persons. There is little difference in fam-
ily size according to diabetes status when examined
separately in age groups. In both NIDDM and nondi-
abetic adults, there is little difference by sex in all age
groups, except in persons age ≥65 years in whom
women are more likely to live in households with
smaller size. Family size is larger in non-Hispanic
blacks than non-Hispanic whites, and in Mexican
Americans than blacks and whites.
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Figure 6.16
Distribution of IDDM, NIDDM, and Nondiabetic
Populations Age ≥18 Years, by Cohabitation and
Age, U.S., 1989

All IDDM are age ≥18 years. See Appendix 6.11 for further details.

Source: 1989 National Health Interview Survey
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EDUCATION

For all adults, the proportion completing at least some
college education is 50.6% among IDDM, 21.0%
among NIDDM, and 40.3% among nondiabetic
groups (Appendix 6.13 and Figure 6.19); the propor-
tions who have completed college are 20.4%, 9.5%,
and 19.3%, respectively. In every age group, the pro-
portion with <9 years education is greater for NIDDM

(9.2%-35.7%) than nondiabetic (3.8%-26.9%) per-
sons and the proportion with some college is greater
in nondiabetic (23.4%-46.5%) than NIDDM (16.6%-
37.3%) persons (Figure 6.20). The percent distribu-
tion by education level is similar in IDDM over all
ages (82.3% of whom are age 18-44 years), compared
with nondiabetic persons age 18-44 years (Figure
6.20). Education level decreases as age increases in all
groups (Figure 6.20). The proportion with some col-
lege education is lower in women than men at all ages

Figure 6.17
Distribution of NIDDM and Nondiabetic Populations
Age ≥18 Years, by Cohabitation and Sex, U.S., 1989
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Source: 1989 National Health Interview Survey
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Figure 6.18
Distribution of NIDDM and Nondiabetic Populations
Age ≥18 Years, by Cohabitation and Race, U.S., 1989

NHW, non-Hispanic white; NHB, non-Hispanic black; MA, Mexican American.
See Appendix 6.11 for further details.

Source: 1989 National Health Interview Survey
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Figure 6.19
Percent of NIDDM and Nondiabetic Men and
Women Age ≥18 Years with >12 Years Education,
by Age, U.S., 1989
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in both NIDDM and nondiabetic groups (Figures 6.19
and 6.20), particularly in persons age 18-44 years
with NIDDM (30.8% in women and 47.4% in men). In
both NIDDM and nondiabetic groups at all ages, the
proportion with some college education is highest in
non-Hispanic whites, intermediate in non-Hispanic
blacks, and lowest in Mexican Americans (Figure
6.21). For example, among NIDDM persons age 18-44

years, the proportion is 41.8%, 35.4%, and 17.6% in
whites, blacks, and Mexican Americans, respectively.

FAMILY INCOME

In persons with IDDM, 76.6% had a family income of

Figure 6.20
Distribution of IDDM, NIDDM, and Nondiabetic
Populations Age ≥18 Years, by Years of Education
and Sex, U.S., 1989
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Source: 1989 National Health Interview Survey

Figure 6.21
Distribution of NIDDM and Nondiabetic Populations
Age ≥18 Years, by Years of Education and Race, U.S.,
1989
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≥$20,000 in 1989 and 37.7% had an income of
≥$40,000 (Appendix 6.14 and Figure 6.22); these per-
centages were 42.9% and 15.6% for adults with
NIDDM and 67.5% and 32.8% for adults without dia-
betes, respectively (Appendix 6.14). At all ages in
both men and women, a greater percent of persons
with NIDDM were at lower income levels than per-

sons without diabetes (Figure 6.22). Fully 47.4% of
NIDDM women age ≥65 years and 18.8% of NIDDM
men had family incomes of <$10,000 in 1989 (Figures
6.22 and 6.23). Among both NIDDM and nondiabetic
groups, income levels were highest in those age 45-64
years (e.g., 31.3%-46.5% at ≥$40,000), intermediate
in those age 18-44 years (e.g., 18.1%-35.3% at
≥$40,000), and lowest in those age ≥65 years (10.5%-
15.0% at ≥$40,000). At all ages in both NIDDM and
nondiabetic groups, a higher proportion of women
than men had lower income levels, but the discrep-
ancy by sex was more marked in NIDDM than in
nondiabetic persons (e.g., at <$10,000, 37.3% in
women and 15.4% in men) (Figure 6.23). In all age
groups in both NIDDM and nondiabetic persons, in-
come levels were highest in non-Hispanic whites and
lower in non-Hispanic blacks and Mexican Americans
(Figure 6.24). For example, among NIDDM persons
age 18-44 years, the proportion was 20.9%, 15.1%,
and 5.4% in whites, blacks, and Mexican Americans,
respectively.

IMMIGRANT STATUS AND YEARS OF U.S.
RESIDENCE

The percent of persons reporting that they are immi-
grants is highest in the nondiabetic population
(9.8%), followed by NIDDM (7.7%) and IDDM (2.5%)
groups (Appendix 6.15). Among persons with
NIDDM, immigrant status is similar by sex and age. In
persons without diabetes, a smaller proportion of

Figure 6.22
Distribution of IDDM, NIDDM, and Nondiabetic
Populations Age ≥18 Years, by Family Income and
Sex, U.S., 1989
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Source: 1989 National Health Interview Survey
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Figure 6.23
Percent of NIDDM and Nondiabetic Men and
Women Age ≥18 Years with Family Income
<$10,000, by Age, U.S., 1989
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women age ≥65 years (6.3%) are immigrants, com-
pared with younger women and men at all ages (9.8%-
10.7%). Relative to non-Hispanic blacks and non-His-
panic whites, a higher percent of Mexican Americans
report being an immigrant in both NIDDM and non-
diabetic groups, but this is particularly dramatic in the
nondiabetic population (45.5% in Mexican Americans
relative to 6.4% in blacks and 4.5% in whites).

Overall, 52.3% of immigrants have lived in the United
States for ≥15 years (Appendix 6.16). At age 18-64
years, this proportion is higher in immigrants with
NIDDM (69.7%) than immigrants without diabetes
(46.6%), but there is no difference at age ≥65 years
(85.1% in NIDDM and 89.4% in nondiabetic immi-
grants). In both diabetic and nondiabetic immigrants,
non-Hispanic whites are more likely to have lived in
the United States for ≥15 years, compared with non-
Hispanic blacks and Mexican Americans (Appendix
6.16). For example, among nondiabetic persons, the
proportion is 71.0% in whites, 35.3% in blacks, and
46.6% in Mexican Americans.

EMPLOYMENT STATUS IN PAST 2 WEEKS

Persons were characterized as to whether they were
employed, unemployed through job layoff, or not in
the labor force due to reasons such as retirement or
being a homemaker. In 1989, most IDDM (73.9%) and
nondiabetic (66.2%) persons were employed, whereas
most NIDDM persons were not in the labor force (i.e.,
32.7% were employed) (Appendix 6.17). Much of this
difference may be due to the older age distribution of
persons with NIDDM, a time when persons are likely
to be retired. Within age groups, however, employ-
ment was still lower in NIDDM than in persons with-
out diabetes (Figure 6.25). The unemployment rate
was 5.6% for IDDM and 8.1% for NIDDM age 18-44
years, compared with 3.8% of nondiabetic adults age
18-44 years. In both NIDDM and nondiabetic per-
sons, women were less likely to be employed, particu-
larly at age 18-44 years (Figure 6.25); for example,
among NIDDM persons age 18-44 years, the employ-
ment rate was 52.1% in women and 77.3% in men. At
age 18-64 years, the highest employment rates were
found in non-Hispanic whites (51.1%-82.0% versus
39.9%-70.7% in blacks and 29.2%-69.2% in Mexican
Americans); at age 45-64 years and in nondiabetic
persons age ≥65 years, Mexican Americans had the
lowest rates (Figure 6.26).

USUAL ACTIVITY IN PAST 12 MONTHS

When queried about their usual activity in the past 12
months, persons with IDDM (72.1%) and persons
without diabetes (63.4%) were most likely to be work-
ing (Appendix 6.18). In contrast, persons with
NIDDM were as likely to be keeping house (34.7%) or
doing something else (34.4%) as working (30.3%).
Some of this difference is due to the older age of the

Figure 6.24
Distribution of NIDDM and Nondiabetic Populations
Age ≥18 Years, by Family Income and Race, U.S., 1989
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NIDDM group and the greater proportion of females.
With older age, the proportion working or going to
school decreased in all groups and was counterbal-
anced by a higher proportion keeping house or doing
something else. Compared with men of all groups,
women were more likely to keep house (36.3%-67.2%
versus 1.6%-7.3%) and less likely to work or be doing

something else. There was little difference by race. In
all adults, only a small proportion were going to
school. More detailed estimates by age, sex, and
race/ethnicity are given in Appendix 6.18.

Figure 6.25
Distribution of IDDM, NIDDM, and Nondiabetic
Populations Age ≥18 Years, by Employment Status
and Sex, U.S., 1989
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All IDDM are age ≥18 years. Employment status was obtained for the past 2
weeks. See Appendix 6.17 for further details.

Source: 1989 National Health Interview Survey

Figure 6.26
Distribution of NIDDM and Nondiabetic Populations
Age ≥18 Years, by Employment Status and Race, U.S.,
1989
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TYPE OF EMPLOYER FOR WORK IN PAST
2 WEEKS

As discussed above, 74% of IDDM, 33% of NIDDM,
and 66% of nondiabetic groups were employed. These
individuals were asked about their employers. In
1989, most (68.4%-77.2%) worked for private compa-
nies; there was little difference in type of employer by
diabetes status or sex (Appendix 6.19). In both
NIDDM and nondiabetic persons, younger persons
more frequently worked for private companies and
older persons more frequently worked for a govern-
ment employer or were self-employed. More non-His-
panic blacks (2.5%-39.0%) and Mexican Americans
(9.4%-54.5%) worked for a government employer
than did non-Hispanic whites (8.5%-19.0%). Blacks
were the least likely to be self-employed (4.0% versus
12.2% in whites and 6.2% in Mexican Americans).

VETERAN STATUS

Regardless of diabetes status, only a small percent of
women (1.0%-1.6%) are military veterans (Appendix
6.20). In men, persons with IDDM are least likely to be
veterans (12.7%), whereas persons with NIDDM are
most likely to be veterans (53.2%); nondiabetic persons
fall in between (32.6%). The difference in the overall
percent between NIDDM and nondiabetic persons is due
to the higher percent of veterans among NIDDM per-
sons age 18-44 years. In both NIDDM and nondiabetic
male groups, there is a higher percent of veterans among
whites (35.7%-58.9%), followed by blacks (25.5%-
42.8%), and Mexican Americans (15.7%-35.5%).

Certain sociodemographic characteristics of people
with diagnosed diabetes have changed since the pre-
vious edition of Diabetes in America1, which consid-
ered the years 1979-81. While it is not possible to
consider all the factors discussed in this chapter, sev-
eral comparisons are possible. Compared with dia-
betic adults in 1979-81, U.S. adults with diagnosed
diabetes in 1989 are somewhat older, have attended
slightly more years of school, and a larger proportion
is black. The median age for diabetic adults age ≥18
years was 63 years in 1989, compared with 61 years in
1979-81. In 1989, more than 22% of persons with
diabetes attended some college, whereas in 1979-81,
only 17.7% attained this level. Regarding race, 20.2%
of adults with diabetes were black in 1989, compared
with 15.4% in 1979-81. While women with diabetes

were somewhat more likely to be working in 1989,
compared with 1979-81 (23.8% versus 20.8%), men
with diabetes were less likely to be working (40.6%
versus 47.9%). Adults with diabetes in 1989 were less
likely to be married (60.7%), compared with adults
with diabetes in 1979-81 (65.6%). In addition, a larger
proportion lived alone in 1989; for example, among
those age ≥65 years, 33.8% reported living alone in
1989, compared with 25.8% in 1979-81. Among older
persons with diabetes, women are more likely to live
alone than men. In 1979-81, 35.5% of diabetic women
age ≥65 years lived alone, compared with 11.0% of
men. By 1989, the proportion of women was 44.8%,
compared with 15.9% of men.

Employment status for people with diabetes has
changed only slightly, but there is a suggestion of a
sex-related change. In 1979-81, 47.3% of adults age
45-64 years with diabetes reported being in the labor
force (i.e., employed or seeking employment). This is
nearly identical to the 47.0% of NIDDM reporting this
in 1989. However, the percent has decreased for dia-
betic men age 45-64 years from 64.1% in 1979-81 to
57.1% in 1989 and has increased for women with
diabetes during this period from 32.0% to nearly
38.3%.

Family income is lower for people with diabetes com-
pared with the total population, and the difference has
increased over time. For example, in 1979-81, 14.0%
of the total population age ≥65 years was in the high-
est income category (≥$25,000), compared with
11.1% of persons with diabetes. By 1989, 12.0% of the
total population age ≥65 years was in the highest
income category (≥$40,000), compared with only
6.5% of persons with NIDDM. The findings were simi-
lar if other categories for high income were consid-
ered.

Certainly, many of these sociodemographic changes
observed for adults with diabetes are similar to pat-
terns observed in the total U.S. adult population. Nev-
ertheless, the consequences can have significant pub-
lic health implications. The elderly, racial and ethnic
minorities, and lower-income U.S. adults will likely
require an increasing share of diabetes-related health
care and preventive services. With a greater propor-
tion of diabetic persons being older and poorer, the
cost of these services will likely increase in public-
supported programs such as Medicare and Medicaid.
In addition, with an expanding proportion of people
with diabetes living alone, the demand for in-home or
assisted-living arrangements may increase. Future ef-
forts should consider the special impact that diabetes
will have on U.S. women. 

COMPARISONS WITH DIABETES IN 1979-81
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While other comparisions of previous findings with
those from 1989 were not possible due to changes in
reporting of information, current evidence suggests
that a sustained effort is needed to prepare for the
increasing public health burden of diabetes. It is
hoped that the information provided in this chapter
will serve as a resource for public health planners and

policy-makers as we enter the 21st century.

Dr. Catherine C. Cowie is Senior Epidemiologist, Social and
Scientific Systems, Bethesda, MD, and Dr. Mark S. Eberhardt
is Commissioned Officer, Office of Analysis, Epidemiology
and Health Promotion, National Center for Health Statistics,
Hyattsville, MD.
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Appendix 6.1
Distribution by Age of Persons with IDDM, Allegheny County, PA, 1989

Race and sex
Age (years)

0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 Deceased

All races/sexes 2 5 9 13 17 22 17 8 2 5

Male 2 6 9 12 17 21 18 8 2 5

Female 1 5 10 14 17 23 16 7 1 6

Whites 2 5 9 13 17 23 17 8 1 5

Male 2 6 8 12 17 22 18 8 2 5

Female 1 5 9 14 17 24 17 7 1 5

Nonwhites 1 4 12 18 18 14 14 6 3 10

Male 2 4 12 18 18 14 17 6 5 4

Female 1 4 11 17 19 14 12 5 3 14

Incidence of IDDM during 1965-89 and at age <20 years.

Source: Pittsburgh IDDM Registry

Appendix 6.2
Distribution by Age of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, U.S., 1989

Race and age (years)

IDDM NIDDM Nondiabetic Total

Both
sexes Men Women

Both
sexes Men Women

Both
sexes Men Women

Both
sexes Men Women

All races
18-24 0.6 0.6 0.6 14.5 14.9 14.2 14.2 14.6 13.8
25-29 0.9 0.7 0.9 12.1 12.5 11.7 11.8 12.2 11.4
30-34 2.0 1.3 2.5 12.4 12.8 12.0 12.1 12.6 11.7
35-39 3.1 3.4 2.9 10.8 11.4 10.2 10.6 11.2 10.0
40-44 4.7 4.7 4.7 9.6 9.6 9.7 9.5 9.5 9.6
45-49 6.5 7.1 6.1 7.5 7.6 7.4 7.5 7.6 7.3
50-54 9.4 9.8 9.1 6.2 6.4 6.1 6.3 6.4 6.2
55-59 11.5 12.2 11.1 5.9 5.8 6.0 6.1 6.0 6.1
60-64 14.1 17.0 12.0 5.7 5.7 5.7 5.9 6.0 5.8
65-69 17.1 17.5 16.7 5.3 5.1 5.5 5.6 5.3 5.8
70-74 14.8 13.8 15.5 4.0 3.6 4.3 4.2 3.8 4.6
75-79 8.4 7.6 9.0 3.1 2.5 3.7 3.3 2.6 3.8
80-84 5.1 3.3 6.4 1.8 1.4 2.2 1.9 1.4 2.3

≥85 1.8 1.0 2.4 1.2 0.8 1.5 1.2 0.8 1.5
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

18-44 83.3 85.1 81.2 11.3 10.7 11.7 59.4 61.1 57.8 58.2 60.1 56.5
45-64 14.6 12.2 17.4 41.6 46.1 38.3 25.3 25.5 25.1 25.7 26.0 25.5

≥65 2.1 2.7 1.5 47.2 43.2 50.0 15.3 13.3 17.1 16.1 14.0 18.0
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Non-Hispanic whites
18-29 1.4 1.0 1.7 24.7 25.4 24.1 24.2 24.9 23.6
30-39 4.8 3.9 5.4 22.4 23.7 21.2 22.0 23.3 20.8
40-49 9.8 10.8 9.1 17.3 17.6 17.1 17.2 17.4 16.9
50-69 50.2 55.7 46.1 24.4 24.2 24.5 24.9 24.8 25.0
70-79 25.4 23.7 26.7 7.9 6.7 9.0 8.3 7.0 9.4

≥80 8.4 4.9 11.0 3.3 2.5 4.1 3.4 2.5 4.3
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Appendix 6.2 — Continued next page
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Appendix 6.2 — Continued

Race and age (years)

IDDM NIDDM Nondiabetic Total

Both
sexes Men Women

Both
sexes Men Women

Both
sexes Men Women

Both
sexes Men Women

18-44 10.1 8.8 11.1 56.8 58.8 55.0 55.9 57.9 54.0
45-64 38.2 43.7 34.2 26.2 26.6 25.9 26.5 26.9 26.1

≥65 51.7 47.6 54.7 16.9 14.6 19.1 17.7 15.3 19.9
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Non-Hispanic blacks
18-29 2.2 3.1 1.6 32.7 33.7 32.0 31.3 32.5 30.4
30-39 4.9 6.2 4.1 24.0 23.3 24.6 23.1 22.6 23.6
40-49 14.4 15.8 13.5 16.6 16.8 16.5 16.5 16.8 16.3
50-69 54.3 53.4 54.8 19.3 19.3 19.3 21.0 20.7 21.2
70-79 20.4 17.7 22.2 5.1 5.3 5.0 5.8 5.8 5.9

≥80 3.8 3.8 3.8 2.2 1.6 2.6 2.2 1.7 2.7
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

18-44 13.1 17.5 10.4 66.6 67.3 66.0 64.1 65.3 63.2
45-64 46.5 47.5 45.9 22.2 22.3 22.2 23.4 23.3 23.4

≥65 40.4 34.9 43.8 11.2 10.4 11.8 12.5 11.4 13.5
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Mexican Americans
18-29 0.9 0.0 1.5 38.2 36.4 39.9 37.0 35.6 38.5
30-39 12.3 14.4 10.9 28.5 28.7 28.4 28.1 28.3 27.8
40-49 11.9 11.6 12.0 16.0 15.4 16.6 15.9 15.3 16.4
50-69 62.4 64.9 60.6 14.3 16.6 12.0 15.7 17.8 13.7
70-79 11.8 9.1 13.6 2.3 1.5 3.2 2.6 1.6 3.6

≥80 0.8 0.0 1.4 0.7 1.4 0.0 0.7 1.4 0.1
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

18-44 17.7 19.1 16.8 75.0 72.6 77.4 73.3 71.3 75.3
45-64 55.3 54.9 55.6 19.6 21.5 17.8 20.7 22.3 19.1

≥65 27.0 26.0 27.6 5.4 5.9 4.8 6.0 6.4 5.6
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Other races
18-29 0.0 0.0 0.0 33.2 36.7 29.8 32.5 36.0 29.1
30-39 3.3 1.9 4.3 28.2 29.5 27.0 27.6 28.9 26.4
40-49 17.8 11.8 22.5 16.3 14.2 18.2 16.3 14.1 18.3
50-69 59.9 71.7 50.6 18.5 17.0 20.0 19.5 18.1 20.7
70-79 15.8 14.6 16.8 3.0 2.1 3.8 3.3 2.4 4.1

≥80 3.2 0.0 5.8 0.9 0.5 1.3 0.9 0.5 1.4
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

18-44 13.3 5.9 19.2 69.8 73.1 66.7 68.6 71.8 65.6
45-64 54.5 65.0 46.2 22.7 20.5 24.8 23.4 21.4 25.3

≥65 32.2 29.1 34.7 7.5 6.4 8.5 8.0 6.9 9.1
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

In cells with no entry, the percent is unreliable due to small sample size. Non-Hispanic whites comprise 92% of all whites; Non-Hispanic blacks comprise 98.5% of all blacks;
persons of Hispanic non-Mexican origin comprise 6.9% of all other races.

Source: 1989 National Health Interview Survey
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Appendix 6.5
Distribution of Persons with IDDM, by Age at Onset of Diabetes, Allegheny County, PA, 1989

Race and sex
Age at onset (years)

0-4 5-9 10-14 15-19

All races/sexes 12 25 38 25

Male 12 24 36 28
Female 11 26 41 22

Whites 12 25 38 25
Male 12 25 35 28
Female 11 26 41 22

Nonwhites 10 19 43 28
Male 12 17 39 32
Female 9 21 46 24

Incident cases of IDDM during 1965-89 and at age <20 years.

Source: Pittsburgh IDDM Registry

Appendix 6.4
Distribution of IDDM and NIDDM Populations Age ≥18 Years, by Diabetes Duration (Years), U.S., 1989

Race, sex, and
age (years)

IDDM NIDDM

<5 5-14 15-24 ≥25 <5 5-14 15-24 ≥25

All ages 8.3 31.0 32.7 28.1 30.6 42.0 18.9 8.5
18-44 47.9 40.9 9.2 2.0
45-64 32.8 42.1 19.6 5.6
≥65 24.5 42.2 20.6 12.7

Men 9.5 33.1 36.7 20.7 32.8 41.8 18.0 7.5
Women 7.0 28.5 28.0 36.5 29.1 42.1 19.6 9.2

Non-Hispanic whites 8.3 28.5 33.8 29.4 31.0 41.2 19.4 8.4

Non-Hispanic blacks 31.7 43.7 16.5 8.1

Mexican Americans 23.4 42.7 22.4 11.5

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey

Appendix 6.3
Distribution of Persons with IDDM, by Duration of Diabetes, Allegheny County, PA, 1989

Race and sex
Duration (years)

0-4 5-9 10-14 15-19 20-24 Deceased

All races/sexes 19 17 19 22 18 5
Male 20 15 19 23 18 5
Female 17 19 19 21 18 6
Whites 18 16 19 23 19 5

Male 19 15 19 24 18 5
Female 17 18 20 21 19 5

Nonwhites 29 18 16 16 12 9
Male 35 12 18 17 14 4
Female 24 23 14 14 11 14

Incident cases of IDDM during 1965-89 and at age <20 years.

Source: Pittsburgh IDDM Registry
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Appendix 6.7
Regional Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, U.S., 1989

Race, sex, and
age (years)

IDDM NIDDM Nondiabetic Total

North-
east

Mid-
west South West

North-
east

Mid-
west South West

North-
east

Mid-
west South West

North-
east

Mid-
west South West

All ages 15.9 26.8 28.3 29.0 21.8 25.3 39.2 13.7 20.0 24.8 34.7 20.5 20.1 24.8 34.8 20.4
18-44 17.4 26.1 41.3 15.2 19.5 25.2 34.6 20.7 19.5 25.2 34.7 20.7
45-64 20.5 24.7 39.8 15.0 19.7 24.6 35.2 20.5 19.8 24.6 35.4 20.3

≥65 24.0 25.6 38.3 12.2 22.8 23.5 33.9 19.9 22.9 23.6 34.2 19.3

Men 10.4 26.9 32.0 30.8 20.9 25.9 38.8 14.4 20.0 25.3 33.6 21.1 20.0 25.3 33.7 21.0
Women 22.2 26.8 24.1 26.9 22.4 24.9 39.5 13.2 20.1 24.3 35.7 20.0 20.1 24.3 35.7 19.8

Non-Hispanic whites 15.2 27.8 27.4 29.6 23.6 30.1 34.4 11.9 20.9 27.5 32.4 19.2 20.9 27.6 32.4 19.1

Non-Hispanic blacks 16.0 17.7 60.1 6.3 15.8 18.6 57.4 8.2 15.8 18.6 57.5 8.1

Mexican Americans 0.9 5.4 44.5 49.2 1.8 9.1 36.4 52.8 1.7 9.0 36.6 52.7

In cells with no entry, the percent is unreliable due to small sample size. Northeast: Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York,
New Jersey, Pennsylvania. Midwest: Michigan, Ohio, Indiana, Illinois, Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Kansas, Nebraska. South:
Delaware, Maryland, District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida, Kentucky, Texas, Tennessee, Alabama, Mississippi,
Arkansas, Louisiana, Oklahoma. West: Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, Washington, Alaska, Oregon, California, Hawaii.

Source: 1989 National Health Interview Survey

Appendix 6.6
Mean Age at Diagnosis of Diabetes in IDDM and NIDDM Populations Age ≥18 Years, U.S., 1989

Race and age (years)
IDDM NIDDM

Both sexes Men Women Both sexes Men Women

All ages/races 16.2 16.6 15.7 51.1 50.8 51.3
18-44 15.0 15.7 14.0 30.1 31.4 29.3
45-64 22.7 22.4 46.5 47.3 45.8

≥65 60.3 59.6 60.8

Non-Hispanic whites 16.1 16.6 15.5 52.2 51.9 52.4
18-44 14.6 15.6 13.5 29.2 30.9 28.2
45-64 22.7 22.4 46.6 47.3 45.9

≥65 60.9 60.0 61.4

Non-Hispanic blacks 49.1 47.8 50.0
18-44 31.3 31.7 31.0
45-64 46.5 46.9 46.3

≥65 58.5 58.2 58.7

Mexican Americans 45.3 46.2 44.7
18-44 30.8
45-64 44.3 46.1 43.1

≥65 56.8 57.2 56.6

In cells with no entry, the mean age is unreliable due to small sample size.
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Appendix 6.9
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Size (in Thousands) of
Urban Population, U.S., 1989

Race, sex and
 age (years)

IDDM NIDDM Non-diabetic

<100
100-
<250

250-
<1000 ≥1000

Not
urban <100

100-
<250

250-
<1000 ≥1000

Not
urban <100

100-
<250

250-
<1000 ≥1000

Not
urban

All ages 1.5 8.1 25.9 40.4 24.2 1.4 5.5 28.8 36.5 27.8 1.8 6.4 27.4 41.6 22.8

18-44 2.8 6.7 28.6 39.2 22.7 1.6 6.6 27.6 43.1 21.2

45-64 1.4 4.7 28.3 38.1 27.6 2.1 6.4 27.1 40.8 23.7

≥65 1.0 6.0 29.2 34.5 29.3 2.0 5.7 27.6 37.1 27.5

Men 0.0 9.3 26.3 39.3 25.1 1.3 4.7 29.7 39.7 24.6 1.7 6.6 27.1 42.0 22.7

Women 3.2 6.7 25.3 41.6 23.2 1.5 6.1 28.1 34.3 30.1 1.9 6.2 27.8 41.3 22.9

Non-Hispanic
 whites 1.6 7.8 27.8 38.9 23.9 1.8 5.5 30.3 30.9 31.5 2.1 6.9 27.8 38.0 25.3

Non-Hispanic blacks 0.3 7.3 23.2 47.2 21.9 0.7 6.2 24.7 51.0 17.4

Mexican Americans 0.0 1.9 35.9 54.4 7.7 0.1 2.4 32.1 58.2 7.2

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey

Appendix 6.8
Urban/Rural Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, U.S., 1989

Race, sex, and
age (years)

IDDM NIDDM Nondiabetic Total

Central
city

City,
not

central

Rural,
non-
farm

Rural,
farm

Central
 city

City,
not

central

Rural,
non-
farm

Rural,
farm

Central
city

City,
not

central

Rural,
non-
farm

Rural,
farm

Central
city

City,
not

central

Rural,
non-
farm

Rural,
farm

All ages 23.8 52.0 23.5 0.7 32.4 39.8 26.4 1.4 30.5 46.7 21.3 1.5 30.5 46.6 21.4 1.5
18-44 35.3 42.0 22.0 0.7 31.2 47.6 20.0 1.2 31.2 47.6 20.0 1.2
45-64 33.5 38.9 25.7 1.8 28.9 47.4 21.7 2.0 29.1 47.0 21.9 2.0

≥65 30.8 39.9 28.0 1.3 30.1 42.4 25.6 1.9 30.2 42.2 25.8 1.9

Men 21.8 53.2 23.8 1.3 30.2 45.2 22.9 1.7 29.5 47.9 21.1 1.6 29.5 47.8 21.1 1.6
18-44 31.0 49.6 18.5 0.9 30.6 48.2 19.9 1.3 30.6 48.3 19.9 1.3
45-64 32.6 41.1 24.2 2.2 27.0 49.5 21.7 1.8 27.3 49.1 21.8 1.8

≥65 27.4 48.6 22.7 1.4 29.2 42.9 25.4 2.5 29.0 43.4 25.2 2.5

Women 26.1 50.7 23.2 0.0 34.1 35.8 28.9 1.3 31.4 45.7 21.5 1.4 31.5 45.5 21.7 1.4
18-44 38.1 37.1 24.3 0.6 31.9 47.0 20.1 1.0 31.9 46.9 20.1 1.0
45-64 34.4 37.1 27.1 1.5 30.7 45.4 21.7 2.2 30.8 45.1 21.9 2.2

≥65 32.9 34.6 31.3 1.2 30.8 41.9 25.7 1.5 31.0 41.4 26.2 1.5

Non-Hispanic
 whites 21.5 54.6 23.1 0.8 22.9 45.5 29.5 2.0 24.4 50.4 23.4 1.8 24.3 50.3 23.6 1.8

Men 20.5 54.1 24.0 1.4 21.6 50.5 25.5 2.4 23.7 51.2 23.2 2.0 23.6 51.2 23.2 2.0
Women 22.7 55.2 22.1 0.0 23.9 41.9 32.5 1.7 25.0 49.6 23.7 1.7 25.0 49.4 23.9 1.7

Non-Hispanic blacks 56.1 22.0 21.7 0.2 56.2 26.4 17.3 0.1 56.2 26.2 17.5 0.1
Men 55.4 25.7 18.8 0.0 55.4 27.5 16.9 0.3 55.4 27.4 17.0 0.3
Women 56.5 19.6 23.5 0.4 56.9 25.5 17.6 0.0 56.9 25.2 18.0 0.0

Mexican Americans 57.2 35.1 7.7 0.0 51.8 41.0 6.8 0.4 52.0 40.8 6.8 0.4
Men 49.0 44.3 6.7 0.0 46.9 46.6 6.5 0.0 47.0 46.5 6.5 0.0
Women 62.7 28.9 8.4 0.0 56.6 35.5 7.0 0.9 56.9 35.2 7.1 0.8

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey
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Appendix 6.10
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Marital Status, U.S., 1989

Race, sex, and
 age (years)

IDDM NIDDM Nondiabetic Total

Married Widowed
Divorced/
separated

Never
married Married Widowed

Divorced/
separated

Never
married Married Widowed

Divorced/
separated

Never
married Married Widowed

Divorced/
separated

Never
married

All ages 59.1 3.5 13.9 23.6 60.7 22.1 10.7 6.5 64.7 6.7 9.6 19.0 64.5 7.1 9.6 18.7
18-44 67.1 1.5 15.7 15.7 61.1 0.4 9.3 29.2 61.2 0.4 9.3 29.1
45-64 69.4 9.3 15.2 6.1 77.6 5.7 12.7 4.0 77.3 5.9 12.8 4.1

≥65 51.6 38.3 5.5 4.7 56.8 32.8 5.8 4.6 56.4 33.2 5.8 4.6

Men 56.8 1.4 15.5 26.4 79.1 6.0 8.6 6.4 67.8 2.5 7.8 21.9 68.1 2.6 7.8 21.5
18-44 69.3 0.6 10.7 19.5 59.5 0.1 7.1 33.2 59.6 0.1 7.1 33.2
45-64 82.3 2.0 10.5 5.2 83.4 1.7 10.8 4.1 83.4 1.7 10.7 4.2

≥65 78.1 11.5 6.1 4.4 76.0 14.9 5.2 3.9 76.1 14.7 5.3 3.9

Women 61.8 5.8 12.1 20.4 47.6 33.6 12.2 6.6 61.8 10.5 11.3 16.4 61.4 11.2 11.3 16.2
18-44 65.6 2.1 19.0 13.2 62.7 0.7 11.4 25.2 62.7 0.7 11.4 25.2
45-64 58.3 15.6 19.3 6.8 72.2 9.4 14.5 3.9 71.6 9.7 14.7 4.0

≥65 35.2 54.8 5.1 4.9 43.2 45.4 6.3 5.1 42.6 46.2 6.2 5.1

Non-Hispanic
 whites 58.7 3.8 14.8 22.7 62.9 22.7 8.4 6.0 67.9 6.9 8.6 16.7 67.7 7.2 8.6 16.4

18-44 71.1 0.6 11.7 16.6 64.9 0.4 8.5 26.4 64.9 0.4 8.5 26.3
45-64 74.1 8.5 12.2 5.3 80.3 4.9 11.1 3.7 80.1 5.0 11.2 3.7

≥65 53.0 37.6 5.0 4.4 58.7 32.0 5.0 4.3 58.3 32.4 5.0 4.3

Non-Hispanic
 white men 57.1 1.6 16.2 25.2 81.1 5.7 7.1 6.1 70.7 2.5 7.2 19.6 70.8 2.5 7.3 19.4

18-44 72.3 0.0 8.4 19.3 62.4 0.1 6.8 30.6 62.4 0.1 6.9 30.6
45-64 85.8 0.7 8.0 5.5 84.8 1.3 9.8 4.1 84.8 1.3 9.8 4.1

≥65 78.4 11.3 6.1 4.2 78.1 13.9 4.3 3.7 78.1 13.8 4.4 3.8

Non-Hispanic
 white women 60.6 6.3 13.1 19.9 49.4 35.3 9.4 5.9 65.3 10.9 9.8 14.0 64.9 11.5 9.8 13.8

18-44 70.4 1.0 13.6 15.0 67.2 0.6 10.1 22.2 67.2 0.6 10.1 22.1
45-64 63.0 15.7 16.2 5.1 76.1 8.2 12.4 3.3 75.7 8.5 12.5 3.4

≥65 36.6 54.5 4.3 4.6 45.0 44.7 5.6 4.7 44.5 45.3 5.5 4.7

Non-Hispanic blacks 49.5 25.3 16.6 8.6 44.7 8.5 15.7 31.2 44.9 9.2 15.7 30.1
18-44 59.2 2.7 17.1 21.0 41.1 0.9 14.2 43.8 41.2 0.9 14.3 43.6
45-64 52.4 14.0 25.7 7.9 58.7 13.8 21.6 5.9 58.1 13.9 21.9 6.1

≥65 43.1 45.6 6.0 5.4 38.6 43.0 12.4 5.9 39.3 43.4 11.5 5.8

Non-Hispanic black men 67.4 9.2 15.3 8.2 52.8 4.0 12.1 31.1 53.4 4.2 12.2 30.2
18-44 58.5 1.8 12.8 27.0 46.0 0.2 10.0 43.9 46.1 0.2 10.0 43.7
45-64 65.3 7.8 22.5 4.3 73.1 5.6 16.6 4.7 72.5 5.8 17.0 4.7

≥65 74.6 14.6 6.8 4.0 53.4 25.4 16.2 5.0 56.0 24.1 15.1 4.9

Non-Hispanic black women 38.5 35.3 17.4 8.8 38.1 12.1 18.6 31.2 38.2 13.3 18.5 30.1
18-44 59.9 3.6 21.8 14.7 37.0 1.5 17.7 43.8 37.2 1.5 17.8 43.6
45-64 44.3 17.8 27.7 10.1 46.9 20.6 25.7 6.9 46.6 20.3 25.9 7.2

≥65 27.4 61.0 5.6 6.0 27.9 55.8 9.7 6.6 27.8 56.7 9.0 6.5

Mexican Americans 70.7 11.5 12.5 5.4 68.0 1.9 8.5 21.6 68.1 2.2 8.6 21.1
18-44 75.0 5.1 20.0 0.0 65.5 0.7 6.2 27.7 65.5 0.7 6.3 27.5
45-64 72.5 9.8 10.8 6.9 76.5 3.3 18.2 2.0 76.2 3.8 17.6 2.4

≥65 64.1 19.1 11.0 5.8 71.8 14.8 5.1 8.3 70.8 15.4 5.9 8.0

Mexican-American men 84.6 2.4 9.9 3.1 66.7 0.9 6.4 26.0 67.2 1.0 6.5 25.4
18-44 61.1 0.2 3.9 34.8 61.2 0.2 4.0 34.6
45-64 80.3 1.3 16.4 2.0 81.1 1.3 15.8 1.9

≥65 87.2 8.6 0.0 4.2 85.5 8.7 0.9 5.0

Mexican-American women 61.3 17.5 14.2 7.0 69.2 2.9 10.6 17.3 68.9 3.4 10.7 16.9
18-44 69.5 1.1 8.3 21.1 69.6 1.1 8.4 20.9
45-64 72.0 5.6 20.4 2.0 70.6 6.7 19.7 3.0

≥65 53.3 22.2 11.3 13.2 54.5 22.7 11.5 11.3

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey

107



Appendix 6.11
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Cohabitation, U.S., 1989

Race, sex, and
age (years)

IDDM NIDDM Nondiabetic Total

Alone

Non-
relative

only Spouse

Other
relative

only Alone

Non-
relative

only Spouse

Other
relative

only Alone

Non-
relative

only Spouse

Other
relative

only Alone

Non-
relative

only Spouse

Other
relative

only

All ages 18.5 1.7 58.0 21.9 23.0 1.1 60.0 15.9 14.4 2.6 63.8 19.2 14.7 2.6 63.7 19.1
18-44 6.9 2.2 66.9 24.0 10.7 3.7 60.3 25.3 10.7 3.7 60.3 25.3
45-64 15.2 1.0 68.6 15.2 12.4 1.1 76.6 9.9 12.5 1.1 76.3 10.1

≥65 33.8 0.8 50.8 14.6 32.1 0.9 55.8 11.2 32.2 0.9 55.5 11.5

Men 19.8 3.1 55.9 21.2 13.0 1.1 78.5 7.4 13.4 3.1 66.9 16.6 13.4 3.1 67.1 16.4
18-44 8.2 2.7 69.3 19.8 13.3 4.5 58.8 23.5 13.3 4.5 58.8 23.5
45-64 11.4 1.0 81.4 6.2 11.3 1.0 82.3 5.4 11.3 1.0 82.2 5.5

≥65 15.9 0.9 77.8 5.5 18.2 0.8 74.8 6.2 18.0 0.8 75.0 6.2

Women 17.0 0.0 60.3 22.7 30.2 1.0 46.8 22.1 15.3 2.2 60.9 21.6 15.8 2.1 60.5 21.6
18-44 6.1 1.9 65.3 26.8 8.3 2.9 61.8 27.0 8.3 2.9 61.8 27.0
45-64 18.4 1.0 57.6 23.0 13.4 1.2 71.5 14.0 13.7 1.2 70.9 14.3

≥65 44.8 0.8 34.1 20.3 41.9 0.9 42.4 14.8 42.1 0.9 41.7 15.2

Non-Hispanic
 whites 18.8 1.8 58.0 21.4 24.1 0.9 62.3 12.7 14.7 2.6 67.2 15.5 14.9 2.6 67.1 15.4

18-44 5.9 1.8 70.7 21.7 10.8 3.9 64.3 21.1 10.8 3.9 64.3 21.1
45-64 14.2 1.5 73.8 10.5 12.0 1.1 79.7 7.2 12.1 1.1 79.5 7.3

≥65 35.0 0.4 52.1 12.5 32.0 0.8 57.7 9.4 32.2 0.8 57.4 9.6

Non-Hispanic
 white men 19.1 3.4 57.1 20.4 12.5 1.0 80.7 5.9 13.0 2.9 69.9 14.1 13.0 2.9 70.1 14.0

18-44 6.3 2.4 72.3 19.0 12.9 4.3 61.8 20.9 12.9 4.3 61.8 20.9
45-64 9.2 1.4 85.2 4.3 10.7 1.0 84.0 4.4 10.6 1.0 84.0 4.4

≥65 16.7 0.3 78.1 5.0 17.8 0.6 76.9 4.6 17.8 0.6 77.0 4.6

Non-Hispanic
 white women 18.5 0.0 59.0 22.5 32.7 0.9 48.7 17.7 16.2 2.4 64.8 16.7 16.6 2.3 64.3 16.7

18-44 5.7 1.4 69.7 23.2 8.7 3.4 66.7 21.2 8.7 3.4 66.7 21.2
45-64 19.0 1.6 63.0 16.4 13.3 1.2 75.7 9.9 13.5 1.2 75.3 10.1

≥65 46.8 0.4 35.4 17.4 42.0 1.0 44.3 12.8 42.3 0.9 43.7 13.1

Non-Hispanic blacks 24.6 1.5 48.7 25.1 15.7 2.0 43.3 39.0 16.2 2.0 43.5 38.3
18-44 12.2 3.4 59.2 25.3 12.0 2.3 39.7 46.0 12.0 2.3 39.9 45.8
45-64 22.4 0.0 50.9 26.7 18.6 1.3 56.8 23.3 18.9 1.2 56.3 23.6

≥65 31.2 2.6 42.9 23.3 32.3 1.7 37.7 28.3 32.2 1.8 38.5 27.5

Non-Hispanic black men 18.4 2.2 66.3 13.2 17.8 3.4 51.9 26.9 17.9 3.3 52.5 26.3
18-44 14.9 4.4 58.5 22.2 16.5 4.0 45.2 34.2 16.6 4.0 45.3 34.1
45-64 23.3 0.0 63.0 13.7 20.0 1.5 71.6 7.0 20.2 1.4 71.0 7.5 

≥65 13.5 4.0 74.6 7.9 21.6 3.2 53.2 22.0 20.6 3.3 55.9 20.3

Non-Hispanic black women 28.5 1.1 37.8 32.6 14.0 0.9 36.2 48.8 14.8 1.0 36.3 48.0
18-44 9.3 2.4 59.9 28.5 8.2 0.9 35.1 55.8 8.2 0.9 35.3 55.5
45-64 21.8 0.0 43.0 35.2 17.4 1.2 44.7 36.7 17.9 1.1 44.5 36.6

≥65 40.0 1.9 27.1 31.0 40.0 0.6 26.6 32.7 40.0 0.9 26.7 32.5

Mexican Americans 9.1 0.3 69.6 21.1 5.9 2.6 65.2 26.3 6.0 2.6 65.3 26.2
18-44 0.0 0.0 75.0 25.0 4.3 3.4 62.5 29.8 4.3 3.4 62.6 29.7
45-64 6.4 0.5 72.5 20.6 7.9 0.4 73.7 18.0 7.8 0.4 73.6 18.2

≥65 20.5 0.0 60.1 19.4 21.1 0.0 70.6 8.3 21.1 0.0 69.2 9.8

Mexican-American men 5.4 0.7 84.6 9.3 6.5 4.4 63.2 26.0 6.5 4.3 63.7 25.6
18-44 6.4 5.8 57.7 30.1 6.3 5.8 57.8 30.0
45-64 6.8 0.7 75.0 17.4 6.4 0.8 76.2 16.7

≥65 6.6 0.0 87.2 6.3 8.0 0.0 85.5 6.6

Mexican-American women 11.6 0.0 59.5 28.9 5.3 0.9 67.1 26.7 5.5 0.9 66.9 26.8
18-44 2.4 1.1 67.0 29.5 2.3 1.1 67.1 29.5
45-64 9.2 0.0 72.0 18.7 9.4 0.0 70.6 20.0

≥65 38.7 0.0 50.6 10.7 35.5 0.0 51.1 13.3

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey
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Appendix 6.12
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Household Size, U.S., 1989

Race, sex, and
 age (years)

IDDM NIDDM Nondiabetic Total

1 2 3 ≥4 1 2 3 ≥4 1 2 3 ≥4 1 2 3 ≥4

All ages 20.2 27.8 21.6 30.4 24.1 41.6 17.1 17.2 17.1 30.8 20.3 31.8 17.3 31.1 20.2 31.5
18-44 9.2 20.3 27.1 43.5 14.5 19.3 22.6 43.7 14.5 19.3 22.6 43.7
45-64 16.2 39.7 22.6 21.5 13.5 43.4 22.4 20.7 13.6 43.3 22.4 20.7

≥65 34.6 48.4 9.9 7.2 33.0 54.9 7.9 4.2 33.1 54.4 8.0 4.4

Men 22.9 27.2 18.4 31.5 14.1 49.3 19.2 17.4 16.6 30.4 20.6 32.5 16.5 30.8 20.5 32.2
18-44 10.9 17.2 28.8 43.1 17.8 18.3 21.2 42.7 17.8 18.3 21.2 42.7
45-64 12.4 40.4 25.1 22.1 12.3 40.2 24.9 22.5 12.3 40.3 24.9 22.5

≥65 16.8 66.7 10.6 6.0 19.0 67.0 9.4 4.6 18.9 67.0 9.5 4.7

Women 17.0 28.5 25.3 29.2 31.2 36.1 15.6 17.1 17.5 31.3 20.0 31.2 17.9 31.4 19.9 30.8
18-44 8.0 22.4 25.9 43.8 11.3 20.2 23.9 44.6 11.3 20.3 23.9 44.6
45-64 19.4 39.0 20.5 21.0 14.6 46.4 20.0 19.0 14.9 46.1 20.0 19.1

≥65 45.6 37.1 9.4 7.9 43.0 46.3 6.8 3.9 43.2 45.6 7.0 4.3

Non-Hispanic
 whites 20.7 28.7 21.6 29.1 25.1 45.8 16.6 12.5 17.4 33.2 20.3 29.2 17.5 33.4 20.2 28.9

18-44 7.7 23.4 32.3 36.6 14.7 19.8 23.4 42.1 14.7 19.9 23.4 42.1
45-64 15.7 44.0 24.2 16.2 13.1 46.8 22.2 17.9 13.2 46.7 22.3 17.9

≥65 35.4 51.6 7.9 5.2 32.9 56.7 6.8 3.6 33.1 56.4 6.9 3.7

Non-Hispanic
 white men 22.5 27.8 17.4 32.3 13.5 54.1 19.5 12.9 16.0 32.9 20.9 30.3 15.9 33.3 20.9 29.9

18-44 8.7 21.4 34.6 35.3 17.3 18.9 22.5 41.4 17.3 18.9 22.5 41.4
45-64 10.6 43.9 27.7 17.8 11.7 43.6 24.6 20.1 11.6 43.7 24.7 20.1

≥65 17.0 69.6 9.2 4.3 18.5 69.5 8.2 3.8 18.4 69.5 8.3 3.8

Non-Hispanic
 white women 18.5 29.7 26.4 25.4 33.6 39.7 14.4 12.3 18.6 33.4 19.7 28.3 19.0 33.6 19.5 27.9

18-44 7.0 24.6 31.0 37.3 12.1 20.8 24.3 42.8 12.1 20.8 24.4 42.7
45-64 20.6 44.1 20.8 14.6 14.5 49.7 20.0 15.8 14.7 49.5 20.0 15.8

≥65 47.2 40.0 7.1 5.7 43.0 47.7 5.8 3.4 43.3 47.2 5.9 3.6

Non-Hispanic blacks 26.1 31.0 17.0 25.9 17.8 22.9 20.4 38.9 18.2 23.3 20.2 38.3
18-44 15.6 17.6 10.7 56.2 14.4 18.8 20.4 46.4 14.4 18.8 20.3 46.5
45-64 22.4 28.3 20.1 29.2 19.9 26.8 22.6 30.8 20.1 26.9 22.3 30.6

≥65 33.8 38.5 15.4 12.3 34.2 39.7 15.8 10.3 34.1 39.5 15.7 10.6

Non-Hispanic black men 20.6 38.6 16.4 24.5 21.3 20.6 19.5 38.7 21.3 21.3 19.4 38.1
18-44 19.3 12.4 15.1 53.3 20.7 16.5 16.7 46.1 20.7 16.5 16.7 46.1
45-64 23.3 33.3 18.2 25.2 21.4 21.5 29.8 27.3 21.5 22.5 28.8 27.2

≥65 17.5 59.0 14.4 9.1 24.8 44.6 15.6 15.1 23.9 46.4 15.4 14.4

Non-Hispanic black women 29.6 26.2 17.4 26.8 15.1 24.8 21.0 39.1 15.8 24.9 20.9 38.5
18-44 11.7 23.1 6.1 59.2 9.2 20.6 23.4 46.7 9.2 20.7 23.3 46.8
45-64 21.8 25.0 21.3 31.9 18.6 31.1 16.7 33.6 19.0 30.5 17.1 33.4

≥65 41.9 28.3 15.9 13.9 41.0 36.2 16.0 6.9 41.1 34.9 15.9 8.1

Mexican Americans 9.4 37.4 20.7 32.6 8.5 17.9 18.3 55.3 8.6 18.5 18.3 54.6
18-44 0.0 15.1 31.3 53.6 7.7 13.4 16.2 62.7 7.6 13.4 16.4 62.6
45-64 6.9 45.6 16.0 31.5 8.3 26.3 24.0 41.4 8.2 27.9 23.4 40.6

≥65 20.5 35.1 23.3 21.0 21.1 50.6 25.7 2.6 21.1 48.5 25.3 5.1

Mexican-American men 6.1 35.7 21.2 37.1 10.9 18.4 18.5 52.2 10.8 18.8 18.6 51.8
18-44 12.2 12.5 15.2 60.1 12.1 12.5 15.3 60.1
45-64 7.5 26.1 28.1 38.3 7.2 27.3 27.4 38.2

≥65 6.6 63.1 25.5 4.8 8.0 60.3 24.8 7.0

Mexican-American women 11.6 38.5 20.3 29.6 6.2 17.5 18.0 58.3 6.4 18.2 18.1 57.3
18-44 3.5 14.3 17.3 65.0 3.5 14.3 17.3 64.9
45-64 9.2 26.5 19.1 45.1 9.4 28.6 18.7 43.4

≥65 38.7 35.5 25.8 0.0 35.5 35.6 26.0 2.9

In cells with no entry, percent is unreliable due to small sample size. Household size is based on interviewer’s assessment of related persons (by blood or marriage) living
in the same dwelling. Household size is 1 for persons living alone or living with an unrelated individual.

Source: 1989 National Health Interview Survey
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Appendix 6.13
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Years of Education, U.S., 1989

Race, sex and
 age (years)

IDDM NIDDM Nondiabetic Total
<9 9-12 >12 ≥16 <9 9-12 >12 ≥16 <9 9-12 >12 ≥16 <9 9-12 >12 ≥16

All ages 3.4 46.0 50.6 20.4 27.5 51.5 21.0 9.5 9.1 50.6 40.3 19.3 9.6 50.6 39.9 19.0
18-34 3.7 58.5 37.8 19.3 3.5 52.7 43.8 18.0 3.5 52.7 43.8 18.0
35-44 11.6 51.2 37.1 10.7 4.5 43.9 51.6 28.4 4.6 43.9 51.5 28.3
45-54 17.7 57.2 25.1 9.9 8.0 51.4 40.6 20.9 8.2 51.6 40.2 20.6
55-64 26.6 54.1 19.3 9.6 14.1 55.3 30.6 15.7 14.8 55.3 30.0 15.4
65-74 32.5 50.9 16.6 8.2 21.5 54.9 23.6 11.6 22.4 54.6 23.0 11.4

≥75 42.5 40.9 16.7 8.6 35.1 41.8 23.1 11.1 35.6 41.8 22.7 10.9

18-44 9.2 53.5 37.3 13.3 3.8 49.7 46.5 21.6 3.8 49.7 46.5 21.5
45-64 23.2 55.3 21.5 9.7 10.8 53.2 36.0 18.6 11.3 53.3 35.4 18.2

≥65 35.7 47.7 16.6 8.3 26.9 49.7 23.4 11.4 27.5 49.6 22.9 11.2

Men 3.6 37.3 59.2 28.0 26.2 47.6 26.2 12.8 9.3 47.8 42.9 22.0 9.7 47.7 42.6 21.8
18-44 12.7 39.9 47.4 14.1 4.0 48.5 47.5 23.2 4.1 48.5 47.5 23.2
45-64 23.8 49.3 26.9 13.3 12.0 47.4 40.7 23.0 12.4 47.4 40.2 22.6

≥65 32.1 47.7 20.2 12.1 28.7 45.0 26.3 14.9 28.9 45.2 25.9 14.7

Women 3.2 56.0 40.7 11.8 28.5 54.3 17.3 7.1 8.9 53.1 38.0 16.8 9.4 53.2 37.4 16.5
18-44 6.9 62.3 30.8 12.8 3.6 50.8 45.6 20.0 3.6 50.9 45.5 20.0
45-64 22.7 60.4 16.9 6.7 9.7 58.6 31.7 14.5 10.2 58.7 31.1 14.2

≥65 38.0 47.7 14.4 6.0 25.6 53.1 21.3 9.0 26.6 52.7 20.8 8.8

Non-Hispanic
 whites 3.7 44.3 52.0 21.2 21.9 55.1 23.0 11.1 7.0 50.7 42.3 20.6 7.3 50.8 41.9 20.4

18-44 6.5 51.8 41.8 17.7 1.9 48.5 49.7 23.8 1.9 48.5 49.7 23.8
45-64 15.2 60.5 24.3 12.0 7.2 55.0 37.8 19.3 7.4 55.2 37.4 19.1

≥65 30.0 51.7 18.3 9.0 23.7 51.7 24.6 11.9 24.1 51.7 24.2 11.7

Non-Hispanic
 white men 3.9 34.3 61.8 28.6 20.5 51.1 28.4 15.2 7.3 47.5 45.3 23.6 7.5 47.5 45.0 23.4

18-44 13.1 32.8 54.1 18.4 1.9 47.1 50.9 25.4 2.0 47.1 51.0 25.3
45-64 16.7 52.9 30.5 16.7 8.9 48.7 42.4 24.1 9.1 48.8 42.1 23.8

≥65 25.4 52.8 21.8 13.2 26.0 46.5 27.5 15.4 25.9 46.9 27.2 15.2

Non-Hispanic
 white women 3.5 55.8 40.7 12.8 23.0 58.1 19.0 8.0 6.7 53.7 39.7 17.9 7.1 53.8 39.2 17.7

18-44 2.6 62.9 34.6 17.3 1.8 49.7 48.4 22.3 1.8 49.8 48.4 22.2
45-64 13.8 67.7 18.5 7.7 5.6 60.9 33.6 14.9 5.8 61.1 33.1 14.7

≥65 32.9 51.0 16.1 6.3 22.1 55.3 22.6 9.4 22.8 55.0 22.2 9.2

Non-Hispanic blacks 35.9 47.3 16.8 5.8 13.1 56.8 30.2 10.9 14.2 56.3 29.5 10.7
18-44 8.0 56.6 35.4 7.7 3.1 62.1 34.8 11.6 3.1 62.1 34.8 11.6
45-64 29.8 54.1 16.1 5.8 22.9 51.9 25.2 11.0 23.6 52.0 24.3 10.5

≥65 51.9 36.5 11.6 5.2 53.6 34.3 12.1 6.1 53.4 34.6 12.0 6.0

Non-Hispanic black men 40.7 41.2 18.1 5.9 13.2 56.8 30.0 11.8 14.3 56.1 29.5 11.6
18-44 9.6 50.1 40.3 10.5 3.2 63.1 33.7 12.7 3.3 63.0 33.8 12.7
45-64 41.1 45.5 13.4 4.6 24.3 49.8 25.9 11.3 25.7 49.4 24.8 10.7

≥65 55.8 31.0 13.2 5.5 55.1 30.2 14.7 6.9 55.2 30.3 14.5 6.8

Non-Hispanic black women 32.8 51.1 16.1 5.8 13.0 56.7 30.3 10.2 14.0 56.4 29.5 9.9
18-44 6.3 63.5 30.2 4.8 3.0 61.3 35.7 10.8 3.0 61.3 35.7 10.7
45-64 22.7 59.5 17.9 6.6 21.8 53.6 24.7 10.8 21.9 54.1 24.0 10.4

≥65 49.9 39.3 10.8 5.1 52.6 37.1 10.3 5.5 52.1 37.5 10.4 5.4

Mexican Americans 61.1 30.8 8.1 2.1 35.2 47.6 17.2 5.4 36.0 47.1 16.9 5.3
18-44 27.6 54.9 17.6 0.0 28.6 53.1 18.3 5.2 28.6 53.1 18.3 5.1
45-64 63.3 29.8 7.0 1.5 52.9 31.8 15.3 6.3 53.7 31.6 14.7 6.0

≥65 77.6 17.8 4.6 4.6 63.2 28.4 8.4 5.0 65.1 27.0 7.9 4.9

Mexican-American men 52.0 31.8 16.2 5.3 38.7 43.8 17.5 6.1 39.0 43.5 17.5 6.1
18-44 35.1 50.1 14.9 4.4 35.0 50.0 15.0 4.4
45-64 46.2 26.4 27.5 11.7 46.2 27.2 26.7 11.2

≥65 55.8 31.0 13.2 7.0 58.2 28.7 13.1 7.4

Mexican-American women 67.1 30.1 2.9 0.0 31.8 51.3 16.9 4.7 33.1 50.5 16.4 4.5
18-44 22.6 55.9 21.5 5.9 22.7 56.0 21.4 5.8
45-64 61.0 38.2 0.8 0.0 62.4 36.7 1.0 0.0

≥65 72.0 25.4 2.6 2.6 72.7 25.1 2.2 2.2

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey
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Appendix 6.14
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Family Income (in Thousands of
Dollars), U.S., 1989

Race, sex, and
 age (years)

IDDM NIDDM Nondiabetic Total

<10 10-<20 20-<40 ≥40 <10 10-<20 20-<40 ≥40 <10 10-<20 20-<40 ≥40 <10 10-<20 20-<40 ≥40

All ages 11.6 11.8 38.9 37.7 27.9 29.2 27.3 15.6 12.6 20.0 34.7 32.8 12.9 20.2 34.5 32.3
18-44 20.1 25.6 36.6 17.8 11.0 17.7 37.3 34.0 11.1 17.7 37.3 34.0
45-64 21.2 23.0 30.9 24.9 9.1 16.6 33.2 41.1 9.6 16.9 33.1 40.4

≥65 36.1 35.8 21.5 6.5 25.4 36.0 26.3 12.4 26.2 35.9 25.9 12.0

Men 8.3 10.4 36.1 45.2 15.4 29.7 33.7 21.1 9.9 18.7 35.7 35.6 10.1 18.9 35.7 35.3
18-44 11.6 23.1 47.2 18.1 9.8 16.9 38.0 35.3 9.8 16.9 38.0 35.3
45-64 13.3 19.8 35.6 31.3 6.8 13.9 32.8 46.5 7.1 14.2 32.9 45.9

≥65 18.8 42.7 28.0 10.5 17.2 37.6 30.2 15.0 17.3 38.0 30.1 14.7

Women 15.1 13.4 41.9 29.7 37.3 28.8 22.4 11.5 15.0 21.2 33.7 30.1 15.6 21.4 33.5 29.6
18-44 25.7 27.2 29.6 17.5 12.2 18.5 36.5 32.8 12.3 18.5 36.5 32.7
45-64 28.5 26.0 26.5 19.0 11.3 19.2 33.5 36.0 12.0 19.4 33.3 35.3

≥65 47.4 31.4 17.3 3.9 31.3 34.7 23.4 10.5 32.6 34.5 22.9 10.0

Non-Hispanic
 whites 10.7 12.4 38.4 38.5 24.3 29.6 29.0 17.1 9.9 18.6 35.9 35.6 10.2 18.8 35.7 35.2

18-44 16.1 23.4 39.6 20.9 7.9 15.6 38.8 37.7 7.9 15.6 38.8 37.7
45-64 16.6 22.5 31.8 29.1 6.8 14.9 34.3 44.0 7.1 15.1 34.2 43.5

≥65 32.3 36.7 24.4 6.7 22.9 36.1 27.4 13.5 23.5 36.1 27.2 13.1

Non-Hispanic
 white men 9.2 11.5 33.0 46.4 11.0 30.3 35.3 23.4 7.5 16.9 37.3 38.3 7.6 17.1 37.3 38.0

18-44 7.8 24.1 45.5 22.6 7.0 14.4 39.9 38.6 7.0 14.5 39.9 38.6
45-64 8.4 18.7 36.1 36.8 5.3 11.8 34.1 48.9 5.4 12.0 34.2 48.5

≥65 14.3 43.0 32.5 10.3 14.3 37.9 31.6 16.2 14.3 38.2 31.7 15.8

Non-Hispanic
 white women 12.4 13.4 44.3 30.0 34.6 29.1 24.1 12.2 12.2 20.2 34.5 33.1 12.7 20.4 34.3 32.6

18-44 21.0 23.0 36.2 19.9 8.7 16.8 37.7 36.8 8.8 16.8 37.7 36.7
45-64 24.6 26.2 27.7 21.5 8.3 17.8 34.5 39.4 8.8 18.1 34.3 38.8

≥65 44.4 32.4 18.9 4.2 29.1 34.9 24.4 11.6 30.1 34.7 24.1 11.1

Non-Hispanic blacks 40.0 29.0 21.1 9.8 26.9 26.0 29.3 17.8 27.5 26.1 29.0 17.4
18-44 22.4 31.1 31.4 15.1 24.6 25.1 33.1 17.3 24.6 25.1 33.1 17.2
45-64 33.7 24.3 29.3 12.7 25.0 25.1 24.8 25.1 25.8 25.0 25.2 24.0

≥65 53.1 33.4 8.7 4.8 47.2 33.9 14.0 4.9 48.1 33.8 13.2 4.9

Non-Hispanic black men 29.5 30.2 28.3 12.1 21.1 25.8 31.5 21.6 21.5 26.0 31.3 21.2
18-44 15.5 17.5 50.9 16.0 19.8 25.3 35.0 19.9 19.7 25.2 35.2 19.9
45-64 28.1 25.7 35.2 11.0 16.6 24.8 26.2 32.3 17.8 24.8 26.9 30.5

≥65 38.6 42.6 7.5 11.3 41.4 31.3 18.8 8.5 41.0 32.9 17.2 8.9

Non-Hispanic black women 47.5 28.2 16.1 8.2 31.7 26.1 27.5 14.6 32.5 26.2 27.0 14.3
18-44 30.5 46.9 8.6 14.1 28.6 24.9 31.5 15.0 28.7 25.1 31.3 15.0
45-64 37.8 23.3 24.9 14.0 31.7 25.3 23.7 19.3 32.3 25.2 23.8 18.8

≥65 61.4 28.2 9.3 1.1 51.6 35.9 10.4 2.2 53.3 34.5 10.2 2.0

Mexican Americans 29.3 30.6 30.1 10.1 20.8 28.1 32.5 18.6 21.1 28.2 32.4 18.3
18-44 34.0 23.0 37.6 5.4 19.7 28.3 33.9 18.2 19.8 28.2 33.9 18.1
45-64 23.2 34.7 27.1 15.0 17.1 26.4 31.1 25.4 17.6 27.1 30.8 24.5

≥65 37.6 27.8 30.7 3.9 48.8 32.6 18.6 0.0 47.3 32.0 20.2 0.5

Mexican-American men 22.8 22.7 39.8 14.8 22.7 30.2 28.6 18.5 22.7 30.0 28.9 18.4
18-44 23.5 31.6 28.6 16.3 23.5 31.6 28.7 16.2
45-64 13.1 24.3 32.6 30.0 13.3 24.2 32.7 29.9

≥65 49.4 35.9 14.7 0.0 47.9 34.6 17.6 0.0

Mexican-American women 33.5 35.8 23.7 7.1 18.9 26.1 36.4 18.7 19.5 26.4 35.9 18.2
18-44 16.3 25.2 38.6 19.9 16.5 25.2 38.5 19.8
45-64 23.3 29.6 28.9 18.2 23.8 31.2 28.1 16.9

≥65 47.9 28.3 23.8 0.0 46.6 29.0 23.3 1.1

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey

111



Appendix 6.15
Percent of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years Who are Immigrants, U.S., 1989

Race, sex, and age (years) IDDM NIDDM Nondiabetic Total

All ages 2.5 7.7 9.8 9.8
18-64 7.6 10.2 10.1

≥65 7.9 7.9 7.9

Men 7.8 10.6 10.5
18-64 7.8 10.7 10.6

≥65 7.8 10.0 9.8

Women 7.7 9.2 9.1
18-64 7.5 9.8 9.7

≥65 7.9 6.3 6.5

Non-Hispanic whites 4.5 4.5 4.5

Non-Hispanic blacks 2.1 6.7 6.4

Mexican Americans 23.0 46.2 45.5

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey

Appendix 6.16
Distribution among Immigrants of NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Years of Living
in the U.S., 1989

Race, sex, and
 age (years)

NIDDM Nondiabetic Total

<5 5-14 ≥15 <5 5-14 ≥15 <5 5-14 ≥15

All ages 3.1 19.9 77.0 18.3 29.9 51.8 18.0 29.7 52.3
18-64 4.9 25.4 69.7 20.3 33.2 46.6 20.1 33.1 46.9

≥65 1.1 13.8 85.1 4.5 6.1 89.4 4.2 6.7 89.1

Men 0.0 21.2 78.8 18.6 32.9 48.5 18.3 32.7 49.0
18-64 0.0 30.0 70.0 20.8 36.7 42.5 20.6 36.6 42.8

≥65 0.0 9.8 90.2 2.8 6.5 90.7 2.7 6.7 90.7

Women 5.5 18.9 75.6 18.1 26.7 55.2 17.8 26.5 55.7
18-64 9.1 21.6 69.4 19.7 29.5 50.8 19.6 29.4 51.1

≥65 1.8 16.3 81.9 6.3 5.8 87.9 5.9 6.8 87.4

Non-Hispanic whites 0.0 13.4 86.6 11.2 17.9 71.0 10.9 17.8 71.3

Non-Hispanic blacks 6.2 20.3 73.5 25.8 38.9 35.3 25.6 38.6 35.8

Mexican Americans 0.0 26.6 73.4 15.7 37.7 46.6 15.5 37.5 47.0

In adults with IDDM, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey.
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Appendix 6.17
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Employment Status in the
Past Two Weeks, U.S., 1989

Race, sex, and
 age (years)

IDDM NIDDM Nondiabetic Total

Employed
Unem-
ployed

Not in
labor
force Employed

Unem-
ployed

Not in
labor
force Employed

Unem-
ployed

Not in
labor
force Employed

Unem-
ployed

Not in
labor
force

All ages 73.9 5.6 20.6 30.8 1.9 67.3 66.2 2.9 30.8 65.4 2.9 31.8
18-44 62.0 8.1 29.9 79.3 3.8 16.9 79.2 3.8 17.0
45-64 47.0 1.7 51.3 67.7 2.3 30.0 66.8 2.3 30.9

≥65 9.1 0.5 90.4 13.2 0.4 86.4 12.9 0.5 86.7

Men 87.7 1.5 10.9 40.6 2.0 57.4 76.1 3.3 20.7 75.3 3.2 21.5
18-44 77.3 6.6 16.1 88.1 4.1 7.8 88.0 4.1 7.8
45-64 57.1 1.6 41.4 77.8 2.6 19.6 77.0 2.6 20.5

≥65 13.8 1.4 84.8 17.6 0.6 81.8 17.4 0.7 82.0

Women 58.0 10.2 31.7 23.8 1.8 74.4 57.3 2.6 40.1 56.4 2.6 41.0
18-44 52.1 9.0 38.9 70.8 3.5 25.7 70.7 3.5 25.8
45-64 38.3 1.8 59.9 58.4 2.1 39.5 57.5 2.1 40.4

≥65 6.1 0.0 93.9 10.1 0.3 89.6 9.8 0.3 89.9

Non-Hispanic
 whites 75.5 4.8 19.7 30.6 1.7 67.8 66.9 2.5 30.7 66.1 2.5 31.5

18-44 65.4 7.7 27.0 82.0 3.2 14.8 81.9 3.3 14.8
45-64 51.1 1.6 47.3 68.7 2.2 29.2 68.1 2.2 29.7

≥65 8.6 0.5 90.9 13.3 0.4 86.3 13.0 0.4 86.6

Non-Hispanic
 white men 88.3 1.6 10.1 40.3 1.9 57.8 76.9 2.7 20.3 76.2 2.7 21.0

18-44 81.2 5.5 13.4 90.9 3.4 5.7 90.8 3.4 5.7
45-64 61.3 1.8 36.9 78.8 2.4 18.8 78.2 2.4 19.4

≥65 13.5 1.4 85.1 17.6 0.5 81.8 17.4 0.6 82.0

Non-Hispanic
 white women 60.8 8.4 30.8 23.4 1.5 75.1 57.6 2.2 40.2 56.8 2.2 41.0

18-44 56.2 8.9 34.9 73.3 3.0 23.7 73.2 3.1 23.7
45-64 41.4 1.4 57.2 59.2 1.9 38.9 58.6 1.9 39.5

≥65 5.5 0.0 94.5 10.2 0.3 89.5 9.9 0.3 89.8

Non-Hispanic blacks 30.2 2.6 67.2 63.1 5.7 31.3 61.5 5.5 33.0
18-44 58.4 10.8 30.8 70.7 7.6 21.7 70.6 7.6 21.8
45-64 39.9 2.5 57.6 65.6 2.3 32.1 63.1 2.4 34.5

≥65 9.9 0.0 90.1 12.8 0.7 86.5 12.4 0.6 87.0

Non-Hispanic black men 36.5 2.3 61.2 70.3 6.1 23.5 68.9 6.0 25.1
18-44 78.2 8.2 13.6 77.5 8.4 14.1 77.5 8.4 14.1
45-64 39.6 1.8 58.6 73.5 1.9 24.6 70.5 1.9 27.6

≥65 11.4 0.0 88.6 17.4 0.7 81.9 16.7 0.6 82.8

Non-Hispanic black women 26.3 2.8 70.9 57.2 5.3 37.5 55.6 5.1 39.3
18-44 37.4 13.6 49.0 65.1 6.9 28.0 64.8 7.0 28.2
45-64 40.1 3.0 56.9 59.2 2.7 38.2 57.2 2.7 40.1

≥65 9.2 0.0 90.8 9.5 0.7 89.7 9.5 0.6 89.9

Mexican Americans 30.9 3.1 66.0 63.6 4.6 31.8 62.7 4.6 32.8
18-44 62.4 5.1 32.5 69.2 4.8 26.0 69.1 4.8 26.1
45-64 29.2 1.8 69.0 59.1 4.3 36.6 56.8 4.1 39.2

≥65 13.5 4.6 81.9 2.6 3.4 94.0 4.1 3.5 92.4

Mexican-American men 42.0 5.3 52.7 75.6 7.5 16.9 74.8 7.4 17.8
18-44 82.3 7.7 10.0 82.1 7.7 10.2
45-64 72.6 7.7 19.6 71.0 7.3 21.7

≥65 4.8 4.0 91.3 6.9 4.7 88.4

Mexican-American women 23.4 1.6 75.0 51.8 1.8 46.4 50.8 1.8 47.4
18-44 57.1 2.1 40.9 57.2 2.1 40.8
45-64 43.0 0.2 56.8 40.5 0.4 59.1

≥65 0.0 2.6 97.4 0.9 2.2 96.9

In cells with no entry, the percent is unreliable due to small sample size. "Unemployed" through job layoff; "not in labor force" due to other reasons, such as retirement.

Source: 1989 National Health Interview Survey

113



Appendix 6.18
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years, by Usual Activity in the Past 12
Months, U.S., 1989

Race, sex, and
 age (years)

IDDM NIDDM Nondiabetic Total

Working
Keeps
house School Else Working

Keeps
house School Else Working

Keeps
house School Else Working

Keeps
house School Else

All ages 72.1 10.4 8.5 9.0 30.3 34.7 0.7 34.4 63.4 18.7 6.2 11.7 62.6 19.1 6.1 12.2
18-44 62.2 23.2 5.0 9.6 74.7 12.5 10.2 2.6 74.6 12.6 10.2 2.7
45-64 46.9 26.9 0.1 26.1 67.6 19.9 0.6 11.9 66.8 20.2 0.6 12.5

≥65 7.6 44.5 0.1 47.9 11.6 41.0 0.2 47.2 11.3 41.3 0.2 47.2

Men 81.0 0.0 5.0 14.0 40.5 4.2 0.7 54.6 74.5 1.8 6.6 17.2 73.7 1.8 6.4 18.0
18-44 79.4 3.2 4.1 13.2 85.0 0.9 10.6 3.6 84.9 0.9 10.6 3.6
45-64 57.2 1.6 0.2 41.0 79.2 1.7 0.2 18.9 78.3 1.7 0.2 19.7

≥65 12.5 7.3 0.3 79.9 16.2 6.4 0.1 77.3 16.0 6.4 0.1 77.5

Women 61.8 22.3 12.6 3.3 23.0 56.4 0.7 20.0 53.4 34.1 5.9 6.7 52.5 34.7 5.8 7.0
18-44 51.0 36.3 5.6 7.2 64.8 23.7 9.8 1.7 64.8 23.8 9.8 1.7
45-64 38.1 48.7 0.0 13.2 57.0 36.7 0.9 5.5 56.2 37.2 0.8 5.8

≥65 4.6 67.2 0.0 28.2 8.3 65.8 0.3 25.6 8.0 66.0 0.3 25.8

Non-Hispanic
 whites 73.3 10.6 8.2 7.9 29.3 35.0 0.8 35.0 63.6 18.9 5.5 12.0 62.9 19.2 5.4 12.5

18-44 61.4 23.7 6.1 8.9 76.7 12.1 9.2 2.0 76.7 12.1 9.2 2.0
45-64 50.9 24.9 0.2 24.1 68.3 19.5 0.6 11.7 67.8 19.6 0.5 12.1

≥65 6.7 44.8 0.1 48.4 11.4 41.3 0.2 47.2 11.0 41.5 0.2 47.2

Non-Hispanic
 white men 82.9 0.0 5.4 11.7 39.6 4.2 0.8 55.4 75.0 1.7 5.6 17.6 74.3 1.8 5.5 18.4

18-44 78.1 5.6 5.1 11.3 87.2 0.6 9.4 2.7 87.2 0.6 9.4 2.8
45-64 62.0 0.7 0.4 37.0 80.0 1.5 0.2 18.4 79.4 1.4 0.2 19.0

≥65 11.3 7.2 0.3 81.1 16.0 6.8 0.1 77.2 15.7 6.8 0.1 77.4

Non-Hispanic
 white women 62.2 22.8 11.5 3.6 21.7 57.7 0.7 19.9 53.2 34.6 5.3 6.9 52.4 35.2 5.2 7.2

18-44 51.7 34.3 6.6 7.5 66.4 23.3 9.0 1.2 66.3 23.4 9.0 1.3
45-64 40.4 47.8 0.0 11.8 57.4 36.3 0.9 5.4 56.8 36.7 0.9 5.6

≥65 3.7 68.7 0.0 27.6 8.1 65.8 0.2 25.9 7.8 66.0 0.2 26.0

Non-Hispanic blacks 30.9 34.0 0.5 34.7 62.4 17.3 7.9 12.5 60.9 18.0 7.5 13.5
18-44 66.4 19.6 3.8 10.2 69.6 12.6 11.5 6.3 69.6 12.7 11.5 6.3
45-64 40.3 29.0 0.0 30.7 66.2 20.8 0.6 12.4 63.7 21.6 0.6 14.2

≥65 8.1 44.5 0.0 47.4 11.5 38.5 0.2 49.9 11.0 39.4 0.1 49.5

Non-Hispanic black men 36.7 5.5 0.7 57.1 69.9 3.4 8.3 18.4 68.5 3.5 8.0 20.0
18-44 84.5 0.0 3.8 11.7 76.5 3.1 12.0 8.3 76.6 3.1 11.9 8.4
45-64 38.7 5.7 0.0 55.6 76.2 3.2 0.8 19.9 72.9 3.6 0.7 22.9

≥65 9.9 8.0 0.0 82.1 13.3 5.0 0.0 81.7 12.9 5.4 0.0 81.7

Non-Hispanic black women 27.2 51.8 0.4 20.6 56.3 28.6 7.5 7.6 54.8 29.8 7.1 8.2
18-44 47.3 40.3 3.8 8.6 63.9 20.5 11.1 4.6 63.7 20.6 11.1 4.6
45-64 41.4 43.9 0.0 14.7 58.1 34.9 0.5 6.5 56.4 35.8 0.5 7.3

≥65 7.1 63.0 0.0 29.9 10.2 62.7 0.3 26.9 9.7 62.7 0.2 27.4

Mexican Americans 34.0 38.4 0.0 27.5 64.4 21.4 6.3 7.9 63.5 21.9 6.1 8.5
18-44 73.2 16.6 0.0 10.2 69.7 19.2 7.9 3.2 69.7 19.2 7.9 3.3
45-64 27.6 40.5 0.0 32.0 59.2 25.3 0.9 14.6 56.7 26.5 0.9 16.0

≥65 21.5 48.7 0.0 29.9 9.0 38.5 2.2 50.3 10.7 39.9 1.9 47.5

Mexican-American men 47.6 2.1 0.0 50.3 80.7 0.8 6.5 12.1 79.9 0.8 6.3 13.1
18-44 87.3 0.4 8.9 3.4 87.3 0.4 8.8 3.6
45-64 74.8 1.7 0.0 23.5 72.9 1.6 0.0 25.5

≥65 16.8 2.2 0.0 81.0 19.0 2.8 0.0 78.2

Mexican-American women 25.0 62.8 0.0 12.3 48.5 41.8 6.1 3.7 47.6 42.5 5.8 4.0
18-44 53.3 36.7 7.1 3.0 53.5 36.6 7.0 3.0
45-64 40.5 53.5 2.1 4.0 38.2 54.9 1.8 5.1

≥65 0.0 80.2 4.8 15.0 1.9 79.2 4.0 15.0

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey
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Appendix 6.19
Distribution of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years Who Were Employed in the Past
2 Weeks, by Type of Employer, U.S., 1989

Race, sex, and 
age (years)

IDDM NIDDM Nondiabetic Total

Private Govt.
Self-

employed Private Govt.
Self-

employed Private Govt.
Self-

employed Private Govt.
Self-

employed

All ages 77.2 14.5 8.3 68.4 18.3 13.3 74.5 14.7 10.8 74.4 14.7 10.9
18-44 79.6 11.2 9.3 78.5 13.3 8.2 78.5 13.3 8.2
45-64 66.0 21.7 12.3 65.5 19.0 15.5 65.5 19.1 15.4

≥65 59.1 15.5 25.4 53.7 11.2 35.1 54.0 11.4 34.6

Men 72.5 16.9 10.7 66.6 17.9 15.5 74.3 12.8 12.9 74.2 12.9 12.9
18-44 78.6 11.5 9.8 78.8 11.4 9.8 78.8 11.4 9.8
45-64 65.2 20.1 14.7 65.3 16.9 17.8 65.3 17.0 17.7

≥65 55.8 17.2 27.0 46.5 9.5 44.0 47.0 10.0 43.0

Women 84.2 10.9 4.9 70.5 18.9 10.6 74.6 17.0 8.4 74.6 17.0 8.4
18-44 80.5 10.8 8.7 78.2 15.5 6.3 78.2 15.5 6.3
45-64 66.9 23.7 9.3 65.8 21.7 12.6 65.8 21.7 12.5

≥65 64.7 12.5 22.7 63.2 13.4 23.4 63.3 13.3 23.4

Non-Hispanic
 whites 79.0 12.1 9.0 69.7 14.0 16.3 73.8 14.1 12.2 73.7 14.1 12.2
18-44 78.8 8.5 12.7 78.1 12.7 9.2 78.1 12.7 9.2
45-64 70.1 14.9 15.0 65.0 18.0 17.0 65.1 17.9 17.0

≥65 53.1 19.0 27.9 53.1 11.2 35.7 53.1 11.5 35.4

Non-Hispanic
 white men 73.5 15.0 11.5 68.8 12.7 18.5 73.4 12.2 14.4 73.4 12.2 14.5

Non-Hispanic white
women 87.0 7.8 5.3 70.9 15.7 13.3 74.2 16.4 9.4 74.2 16.4 9.5

Non-Hispanic blacks 66.8 28.5 4.7 75.6 20.5 3.9 75.3 20.7 4.0
18-44 81.8 16.4 1.9 78.3 19.1 2.6 78.3 19.1 2.6
45-64 57.1 39.0 3.9 67.6 26.3 6.1 67.0 27.1 6.0

≥65 81.7 2.5 15.8 59.9 12.0 28.2 62.4 10.9 26.8

Non-Hispanic black men 69.5 25.6 4.9 78.4 16.8 4.9 78.2 17.0 4.9

Non-Hispanic black women 64.5 30.9 4.6 72.7 24.3 3.0 72.5 24.4 3.1

Mexican Americans 63.0 24.8 12.2 82.3 11.5 6.1 82.1 11.7 6.2
18-44 74.7 17.5 7.8 84.5 9.4 6.1 84.5 9.4 6.1
45-64 57.5 29.9 12.6 73.1 20.6 6.3 72.5 21.0 6.6

≥65 50.2 25.5 24.3 45.5 54.5 0.0 46.9 45.7 7.4

Mexican-American men 48.8 33.9 17.3 83.5 12.2 4.3 83.1 12.5 4.4

Mexican-American women 80.0 14.0 6.0 80.5 10.5 9.0 80.5 10.6 8.9

In cells with no entry, the percent is unreliable due to small sample size.

Source: 1989 National Health Interview Survey

115



Appendix 6.20
Percent of IDDM, NIDDM, Nondiabetic, and Total Populations Age ≥18 Years with Military Veteran Status, U.S., 1989

Race, sex, and age (years) IDDM NIDDM Nondiabetic Total

All ages 7.6 22.8 16.2 16.3
18-44 12.7 9.4 9.4
45-64 26.9 28.1 28.1

≥65 21.7 22.8 22.7

Men 12.7 53.2 32.6 33.0
18-44 30.0 17.7 17.7
45-64 57.7 57.5 57.5

≥65 54.2 52.9 52.9

Women 1.6 1.0 1.2 1.2

Non-Hispanic white men 13.8 58.9 35.7 36.1
18-44 30.1 19.3 19.3
45-64 64.6 62.1 62.1

≥65 59.0 53.4 53.7

Non-Hispanic black men 42.8 25.5 26.2
18-44 28.2 16.7 16.8
45-64 48.0 40.1 40.6

≥65 43.1 51.1 50.1

Mexican-American men 35.5 15.7 16.2
18-44 35.4 9.9 10.0
45-64 38.9 27.7 28.4

≥65 28.4 41.9 40.5

In cells with no entry, the percent is unreliable due to small sample size

Source: 1989 National Health Interview Survey
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Chapter 7

Physical and Metabolic 
Characteristics of Persons 
with Diabetes
Catherine C. Cowie, PhD, MPH, and Maureen I. Harris, PhD, MPH

This chapter presents national and commu-
nity-based data on physical and metabolic
characteristics of persons with diabetes. The
primary data sources are the 1989 National

Health Interview Survey (NHIS), a household inter-
view survey of a representative sample of persons age
≥18 years; the 1976-80 Second National Health and
Nutrition Examination Survey (NHANES II), which
included a representative sample of the U.S. popula-
tion age 20-74 years who were administered a house-
hold interview, a physical examination with certain
clinical and laboratory tests, and an oral glucose tol-
erance test (OGTT) to detect undiagnosed diabetes;
and the 1982-84 Hispanic Health and Nutrition Ex-
amination Survey (HHANES), which included Mexi-
can Americans, Puerto Ricans, and Cuban Americans
age 20-74 years from certain regions of the U.S. and
employed methods similar to those used in the
NHANES II.

By definition, persons with non-insulin-dependent
diabetes mellitus (NIDDM) have much higher fasting
plasma glucose levels (mean in undiagnosed
NIDDM=132 mg/dl) than persons with impaired glu-
cose tolerance (IGT) (mean=98 mg/dl) and persons
with normal glucose tolerance (mean=91 mg/dl).
Similar trends are found for 2-hour plasma glucose
levels (means of 262, 161, and 97 mg/dl, respectively).
Self-reported frequency of urine glucose and high
blood glucose in the past 6 months was reported more
frequently in younger than in older persons and in
NIDDM than in insulin-dependent diabetes mellitus
(IDDM); fully 27% of persons with NIDDM age 18-44
years reported urine glucose or high blood glucose
always or most of the time.

A family history of diabetes is more frequent in
NIDDM than other groups. Based on NHANES II data
among persons age 20-54 years, a parental history of

diabetes was reported in 46.6% of those with a medi-
cal history of NIDDM, 24.7% of persons with undiag-
nosed NIDDM, 30.1% of IGT, and 17.6% of persons
with normal glucose tolerance; based on 1989 NHIS
data, the percent was similar for adults with IDDM
(16.4%) and nondiabetic persons (17.3%).

Mean body mass index (BMI) is highest in persons
with NIDDM, followed by those with IGT, and per-
sons with normal glucose tolerance. Among persons
with NIDDM, the frequency of obesity (BMI ≥30) is
much higher in women (46.6%) than in men (20.9%),
and is markedly high in non-Hispanic black women
(69.5%). Between 1976-80 and 1989, mean self-re-
ported BMI increased in persons with NIDDM, par-
ticularly in non-Hispanic white women (26.9 to 28.6,
a 6.3% increase). Central obesity is also more evident
in persons with NIDDM and IGT compared with per-
sons with normal glucose tolerance.

In general, mean blood pressure is as high in persons
with undiagnosed NIDDM and IGT as in persons with
a medical history of NIDDM, but lower in persons
with normal glucose tolerance. Based on NHANES II
data, the prevalence of hypertension (≥160/95 mmHg
or antihypertensive medication) in persons age 65-74
years is ~ 60% in NIDDM, 50.7% in IGT, and 38.3% in
persons with normal glucose tolerance. Based on 1989
NHIS data, the prevalence of self-reported physician-
diagnosed hypertension in persons age 45-64 years is
63.7% in NIDDM and 25.4% in nondiabetic persons.
The prevalence of self-reported hypertension in per-
sons with previously diagnosed NIDDM was similar
in 1976-80 and 1989. Among persons with NIDDM
and self-reported physician-diagnosed hypertension,
76.3% said they were taking antihypertensive medica-
tion, 86.7% were restricting salt intake, 57.8% were
engaging in physical exercise, and 70.2% were losing
or controlling their weight.

SUMMARY
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This chapter describes the physical and metabolic
characteristics of persons with diabetes and is based
primarily on three data sources. The first source is the
1989 NHIS, which is described in detail in Chapter 6.
The second data source is the 1976-80 NHANES II1,
which included a sample of the general U.S. popula-
tion age 20-74 years (n=15,357) that was repre-
sentative of the United States by age, sex, race, geo-
graphic region, and level of income. Data from the
NHANES II have provided national estimates of the
prevalence of diabetes and IGT2,3. Household inter-
views were conducted to obtain demographic and
medical history information, including whether sub-
jects had a medical history of physician-diagnosed
diabetes. Seventy-seven percent of the interviewed
sample participated in a physical examination that
included certain clinical and laboratory tests. Data on
examined participants are similar to those from the
1976 NHIS (for which the 96% response rate approxi-
mates true population values) on >70 health-related
variables2,4. Examined persons are also similar in dis-
tribution to the total U.S. population according to age,
sex, race, income, and geographic region2. A repre-
sentative half-sample of examined participants (ex-
cluding persons with previously diagnosed diabetes)
were eligible for an OGTT. This test was administered
according to recommendations of the National Diabe-
tes Data Group (NDDG)5. Subjects fasted overnight
for 10-16 hours; a fasting venous blood sample was
taken; 75 g of glucose (Glucola, Miles/Ames) was
ingested; and a venous blood sample was taken 2
hours later. Plasma glucose was measured using a
microadaptation of the national glucose oxidase refer-
ence method6. The OGTT was completed by 66% of
eligible subjects. Persons who received the OGTT

differed little or not at all from the total NHANES II
interviewed sample without a medical history of dia-
betes with respect to age, sex, race, income, obesity,
family history of diabetes, and a number of other
demographic, clinical, and medical history factors2,3,7.

Using World Health Organization (WHO) criteria8,
individuals who received the OGTT were classified by
their plasma glucose values as having undiagnosed
diabetes (fasting plasma glucose ≥140 mg/dl and/or
2-hour glucose ≥200 mg/dl; n=192), IGT (fasting
plasma glucose <140 mg/dl and 2-hour glucose 140-
199 mg/dl; n=532), or normal glucose tolerance (fast-
ing plasma glucose <140 mg/dl and 2-hour plasma
glucose <140 mg/dl; n=2,990). Of 756 examined par-
ticipants who reported a medical history of diabetes,
18 appeared to have IDDM based on age at diagnosis
<30 years, continuous use of insulin since diagnosis,
and BMI (weight in kg divided by height in m
squared) <27 for men and <25 for women. These
subjects were excluded from analysis. The remaining
738 subjects and all persons with diabetes detected by
OGTT during the survey were considered to have
NIDDM. Of the 738 subjects with a medical history of
NIDDM, 544 subjects were examined. To provide es-
timates that are representative of the U.S. population,
data were weighted by the inverse of the participation
rate of study subjects according to age, sex, race,
income, and region.

The third major data source is the HHANES, con-
ducted in 1982-849. In this survey, people in three
Hispanic groups were studied: Mexican Americans in
the southwestern United States (California, Arizona,
Colorado, New Mexico, and Texas; n=3,928), Puerto
Ricans in the New York City area (New York, New
Jersey, and Connecticut; n=1,519), and Cuban Ameri-
cans in the Miami, FL area (Dade County; n=1,134).
The HHANES used methods virtually identical to the

Compared with nondiabetic persons, persons with
NIDDM have higher mean total cholesterol, low-den-
sity lipoprotein (LDL) cholesterol, and triglycerides,
and lower mean high-density lipoprotein (HDL) cho-
lesterol. A high proportion of NIDDM patients have
abnormal concentrations of lipoproteins. Among per-
sons with NIDDM, the prevalence of total cholesterol
≥240 mg/dl is 37.4% in men and 43.7% in women; the
respective rates in NIDDM men and women are 30.9%
and 43.8% for LDL cholesterol ≥160 mg/dl, 27.6% and
11.4% for HDL cholesterol <35 mg/dl, and 13.9% and
22.2% for fasting triglycerides ≥250 mg/dl. 

Parity is greater in persons with NIDDM than in non-

diabetic persons. Among women age ≥50 years, 39.6% of
NIDDM and 29.7% of nondiabetic persons have ≥4
children. The frequency of babies ≥9 lbs. at birth is
also higher in women with NIDDM. Except at young-
est ages, a slightly higher percent of nondiabetic per-
sons smoke (26.1%) than do diabetic persons
(20.1%). Likewise, the percent drinking any alcohol is
higher in nondiabetic (67.2%) than in diabetic per-
sons (46.6%). Excellent or very good health status
was reported in 64.9% of nondiabetic persons age ≥18
years, but only in 19.5% of persons with NIDDM. The
participation rate in leisure-time physical activity is
lower in diabetic than in nondiabetic persons.

• • • • • • •

INTRODUCTION
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NHANES II, including a standard 75-g 2-hour OGTT
given after an overnight 10-16 hour fast, according to
NDDG recommendations. WHO criteria were used to
classify persons as having undiagnosed diabetes (for
all ethnic groups combined, n=70), IGT (n=192), or
normal glucose tolerance (n=1,042). A medical his-
tory of diabetes was reported in an additional 423
individuals, of whom one person had probable IDDM;
of the remaining 422 persons with a medical history
of NIDDM, 356 persons were examined. Sampling
weights were also applied to these data to provide
estimates representative of the total Hispanic group of
each region.

In addition to these national surveys, this chapter
includes information provided by principal investiga-
tors of several community-based diabetes investiga-
tions. These include studies of diabetes in whites in
Rancho Bernardo, CA10; Japanese Americans in Seat-
tle, WA11; Hispanics and non-Hispanic whites in San
Luis Valley, CO12 and San Antonio, TX13; and Native
Americans in Oklahoma, Arizona, North Dakota, and
South Dakota14. (See Chapters 32, 33, and 34 for more
detailed discussions of diabetes in these ethnic
groups.)

Data on fasting and 2-hour post-challenge plasma
glucose were not obtained for persons with diagnosed
diabetes in the national surveys. However, this infor-
mation was collected in several community-based
studies on diabetes. Figures 7.1 and 7.2 show mean
fasting and 2-hour post-challenge plasma glucose by
race/ethnicity for women with previously diagnosed
diabetes in community-based studies10-14. Mean fast-
ing glucose is highest in Native American groups
(212-242 mg/dl), followed by Hispanic groups in San
Luis Valley, CO and San Antonio, TX (188-198 mg/dl).
Mean fasting glucose is lowest in white women in
Rancho Bernardo, CA (140 mg/dl). For mean 2-hour
plasma glucose in women, levels are highest in Pima
Indians (356 mg/dl), followed by Japanese Americans
in Seattle, WA (336 mg/dl), and Hispanics in San Luis
Valley, CO and San Antonio, TX (332-334 mg/dl).
Similar to fasting values, 2-hour glucose is lowest in
whites in Rancho Bernardo (219 mg/dl). Data in men
and data on plasma glucose levels in newly discovered
diabetes in these community studies are presented
below in the section titled "Comparison of National
and Community-Based Study Data."

Fasting plasma glucose values are shown by age in
Figure 7.3 for persons age 20-74 years in the 1976-80

NHANES II, excluding those with diagnosed diabetes
for whom glucose values were not determined. At
each age, mean plasma glucose and the values corre-
sponding to the 10th, 50th (median), and 90th per-
centile of the entire distribution are shown. Mean
fasting glucose for age 20-74 years combined is 90
mg/dl. Fasting glucose rises slightly with increasing
age and is somewhat higher for those in the 90th
percentile (100 mg/dl at age 20-44 years versus 112
mg/dl at age 65-74 years). Two-hour post-challenge
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Figure 7.1
Mean Fasting Plasma Glucose in Women with 
Previously Diagnosed NIDDM in Community-Based
Studies

See Appendices 7.46-7.48 for further details.

Source: References 10-14
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Mean 2-Hour Plasma Glucose in Women with 
Previously Diagnosed NIDDM in Community-Based
Studies

See Appendices 7.46-7.48 for further details.

Source: References 10-14
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plasma glucose values are shown in Figure 7.4. For
age 20-74 years combined, mean 2-hour glucose is
109 mg/dl. Two-hour glucose rises slightly with age,
particularly for persons in the 90th percentile of the
distribution (132 mg/dl at age 20-44 years versus 199
mg/dl at age 65-74 years). Detailed tables of plasma
glucose values by race, sex, and age are found in
Appendices 7.1 and 7.2. There are no striking trends
by sex or race: fasting values are slightly higher in
men than in women, but 2-hour values are slightly

higher in women; Cuban Americans have somewhat
higher values than the other race/ethnic groups.

Mean fasting plasma glucose is compared by diabetes
status in Figure 7.5. By definition, persons with
NIDDM have much higher fasting glucose levels than
the other groups (overall mean in undiagnosed
NIDDM=132 mg/dl), whereas levels in persons with
IGT (mean=98 mg/dl) and normal glucose tolerance
(mean=91 mg/dl) are similar. There is little difference
by age. Trends by diabetes status for mean 2-hour
plasma glucose (Figure 7.6) are similar to those for
fasting values except that 2-hour glucose is more in-
termediate in persons with IGT (e.g., overall mean of
262, 161, and 97 mg/dl in undiagnosed NIDDM, IGT,
and normal glucose tolerance, respectively). Mean
fasting and 2-hour glucose values are shown by diabe-
tes status in further detail by sex and race in Appendix
7.3. There are few differences by sex. The most sub-
stantial difference by race is found among persons
with undiagnosed NIDDM, where levels are highest in
Cuban Americans (141 and 280 mg/dl for fasting and
2-hour values) and lowest in non-Hispanic blacks
(128 and 253 mg/dl for fasting and 2-hour values).

In the 1989 NHIS, diabetic persons age ≥18 years were
queried as to the frequency of urine glucose and high
blood glucose during the previous 6 months. These
data are shown in Figure 7.7. Both urine glucose and
high blood glucose were reported less frequently in
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Figure 7.3
Means and Percentiles of Fasting Plasma Glucose in
Persons Without a Medical History of Diabetes,
U.S., 1976-80

Individuals with a medical history of diabetes were not asked to fast and thus
their plasma glucose could not be determined. Plasma glucose was measured
in the morning after an overnight 10-16 hour fast. See Appendix 7.1 for further
details.

Source: 1976-80 Second National Health and Nutrition Examination Survey

Figure 7.5
Mean Fasting Plasma Glucose, by Diabetes Status,
U.S., 1976-80

IGT, impaired glucose tolerance. Individuals with a medical history of diabetes
were not asked to fast and thus their plasma glucose could not be determined.
Plasma glucose was measured in the morning after an overnight 10-16 hour
fast. Diabetes status was determined by results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria8. See Appendix 7.3 for
further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Figure 7.4
Means and Percentiles of 2-Hour Plasma Glucose in
Persons Without a Medical History of Diabetes,
U.S., 1976-80

Individuals with a medical history of diabetes were not asked to fast and thus
their plasma glucose could not be determined. Plasma glucose was measured
at 2 hours after a 75-g oral glucose challenge given in the morning after an
overnight 10-16 hour fast. See Appendix 7.2 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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persons with IDDM than with NIDDM (15.6% versus
22.1% for high blood glucose). The frequency de-
creased with older age. Fully 27% of persons with
NIDDM age 18-44 years reported urine glucose or
high blood glucose always or most of the time. Appen-
dices 7.4 and 7.5 present these data in further detail. 

Data from the 1989 NHIS on the presence of urine
ketones in the past 6 months are shown in Appendix
7.6. The majority of persons stated that they were not

tested (48.5% of IDDM and 54.1% of NIDDM) or did
not know if they were tested (8.1% of IDDM and
27.8% of NIDDM) for urine ketones.

A history of diabetes in parents and siblings was ascer-
tained in the 1976-80 NHANES II. Family history of
diabetes is reported much more frequently in persons
with a medical history of NIDDM than in all other
groups (Figure 7.8). For example, at age 20-54 years,
46.6% of those with a medical history of diabetes
report that they have a parent with diabetes, compared
with 24.7% of those with undiagnosed NIDDM. The
lower frequency in the latter group may contribute to
the delay in diagnosis of NIDDM. Persons with IGT
have a higher frequency of a family history of diabetes
(e.g., 30.1% at age 20-54 years have a diabetic parent)
than persons with normal glucose tolerance (17.6%).
Among those age 20-54 years with undiagnosed
NIDDM, women report a parent having diabetes more
frequently than men (36.0% versus 8.8%), while men
report a sibling having diabetes more frequently than
women (22.3% versus 9.9%) (Appendix 7.7). Clear
patterns by race are not evident. A maternal history of
diabetes generally was reported more frequently than
a paternal history among persons with NIDDM (e.g.,
21.4% versus 4.5% for undiagnosed NIDDM age ≥55
years) and IGT (15.4% versus 3.3% at age ≥55 years).

Parental history of diabetes was also ascertained in the
1989 NHIS. The proportion reporting a parental his-
tory of diabetes was of a similar order of magnitude for

Figure 7.7
Percent of Diabetic Persons Who Reported Having Urine Glucose or High Blood Glucose Always or Most of the
Time During the Past 6 Months, U.S., 1989

Data are self-reported and based on self-testing or testing by physicians or others. See Appendices 7.4 and 7.5 for further details.

Source: 1989 National Health Interview Survey
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Figure 7.6
Mean 2-Hour Plasma Glucose, by Diabetes Status,
U.S., 1976-80

IGT, impaired glucose tolerance. Individuals with a medical history of diabetes
were not asked to fast and thus their plasma glucose could not be determined.
Plasma glucose was measured at 2 hours after a 75-g oral glucose challenge
given in the morning after a 10-16 hour fast. Diabetes status was based on
World Health Organization criteria8. See Appendix 7.3 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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persons with IDDM (16.4% overall) and nondiabetic
persons (17.3%), and was much lower than the per-
cent of NIDDM with a parental history (45.4%) (Fig-
ure 7.9). Among those with NIDDM, a parental his-
tory of diabetes decreased slightly with age (52.4% at
age 18-44 years versus 40.9% at age ≥65 years). Per-
sons with IDDM reported a paternal history of diabe-

tes more frequently than a maternal history (9.1%
versus 3.5%), whereas persons with NIDDM more
frequently reported a maternal history (24.7% versus
10.0%) (Appendix 7.8). There were minimal differ-
ences by sex or race. Parental history of diabetes in
persons with NIDDM is compared in community-
based studies in the section below titled "Comparison
of National and Community-Based Study Data."

Figure 7.10 shows mean BMI calculated from meas-
ured height and weight for men and women based on
the 1976-80 NHANES II. In both sexes, BMI is higher
in persons with NIDDM than in persons with normal
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Figure 7.10
Mean Body Mass Index in Men and Women, by 
Diabetes Status, U.S., 1976-80

IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. See Appendix 7.9 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey

Figure 7.9
Percent of Persons Age ≥18 Years Who Have a 
Diabetic Parent, by Age and Diabetes Status, U.S.,
1989

See Appendix 7.8 for further details.

Source: 1989 National Health Interview Survey
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IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. See Appendix 7.7 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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glucose tolerance and generally higher than that in
persons with IGT. BMI is also higher in persons with
IGT than in persons with normal glucose tolerance.
For age 20-74 years, BMI is 28.1 in persons with a
medical history of NIDDM, 29.5 in undiagnosed
NIDDM, 27.4 in IGT, and 24.8 in persons with normal
glucose tolerance. In most groups, BMI is higher in
women than in men. Figure 7.11 shows mean meas-
ured BMI for persons with NIDDM according to race,
based on the NHANES II and HHANES. Among those
with a medical history of NIDDM, a higher BMI is
found in non-Hispanic blacks (29.8), Mexican Ameri-
cans (30.2), and Puerto Ricans (29.3) than in non-
Hispanic whites (27.8) and Cuban Americans (26.4).
Among persons with undiagnosed NIDDM, blacks
have the highest mean BMI (31.9 versus 27.9-29.0).
More detailed estimates of BMI are given in Appendix
7.9. Data on mean BMI in persons with NIDDM in
community-based studies are presented in the section
below titled "Comparison of National and Commu-
nity-Based Study Data."

Figure 7.12 shows mean BMI according to sex and
duration of diabetes in non-Hispanic whites. Except
for men with undiagnosed diabetes, in whom BMI is
low, BMI decreases with increasing duration of diabe-
tes. The decline is not apparent in other racial/ethnic
groups (Appendix 7.10).

The percent of persons with NIDDM who are obese,

defined as having a BMI ≥30, is shown in Figure 7.13
by race and sex. The frequency of obesity is much
higher in women (overall, 46.6%) than in men
(20.9%) and is markedly high in non-Hispanic black
women (69.5%) and lowest in Cuban-American
women (29.6%). Among NIDDM men, the percent
obese is highest in Mexican Americans (29.6%) and
Cuban Americans (28.3%), and lowest in Puerto Ri-
cans (11.0%). Appendix 7.11 shows more detailed
estimates of obesity. In non-Hispanic whites, the per-
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Figure 7.12
Mean Body Mass Index in Non-Hispanic Whites
with NIDDM Age 20-74 Years, by Duration of 
Diabetes, U.S., 1976-80

Diabetes status was determined by medical history and results of a 75-g 2-hour
oral glucose tolerance test using World Health Organization criteria. See
Appendix 7.10 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Mean Body Mass Index in Persons Age 45-64 Years,
by Race and Diabetes Status, U.S., 1976-80 and
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Diabetes status was determined by medical history and results of a 75-g 2-hour
oral glucose tolerance test using World Health Organization criteria. See
Appendix 7.9 for further details. NH, non-Hispanic.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Percent of Persons with NIDDM Age 45-64 Years
with Body Mass Index ≥30, by Sex and Race, U.S.,
1976-80 and 1982-84

See Appendix 7.11 for further details. NH, non-Hispanic.
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cent with BMI ≥25 increases slightly with age; how-
ever, the percent with BMI ≥30 and ≥35 decreases
dramatically with age. In other race/ethnic groups, a
pattern is less clear. Data on obesity in persons with
NIDDM in community-based studies are presented in
the section below titled "Comparison of National and
Community-Based Study Data."

Mean measured and self-reported BMI are shown for
persons with a medical history of NIDDM in Appen-
dix 7.12 based on data from the 1976-80 NHANES II
and the 1982-84 HHANES. Almost without exception,
measured BMI is higher than self-reported BMI. At age
20-74 years, mean measured BMI is 28.1, 4.1% higher
than the self-reported BMI of 27.0. Women underre-
port BMI more than men (27.2 versus 26.6 in men and
28.7 versus 27.2 in women). Mexican Americans and
Cuban Americans underreport BMI less than other
race/ethnic groups, whereas non-Hispanic blacks un-
derreport the most. Patterns by age are not particu-
larly evident.

Self-reported BMI in persons with a medical history of
NIDDM increased between 1976-80 and 1989 from
27.0 to 28.3, an increase of 4.8%. The increase was
found in non-Hispanic whites (26.7 to 28.1) and non-
Hispanic black women (28.9 to 30.0), but not in
non-Hispanic black men or Mexican Americans in
whom there was a decrease (Appendix 7.12). An in-
crease in BMI was particularly evident in non-His-
panic white women (26.9 to 28.6, a 6.3% increase).
The increase in mean self-reported BMI in persons
with NIDDM is similar to the increase in mean meas-
ured BMI for the general population age 20-74 years
between 1976-80 (mean BMI=25.3) and 1988-91
(mean BMI=26.3), a 4% increase15. Overweight preva-
lence (defined as having a BMI of ≥27.8 in men and
≥27.3 in women) in the general population increased
8% during this period15.

Subscapular-to-triceps skinfold ratio was available in
the 1976-80 NHANES II and the 1982-84 HHANES as
a measure of central obesity. This is shown according
to sex, age, and diabetes status in Figure 7.14. A more
central obesity is evident in persons with NIDDM and
IGT, compared with persons with normal glucose tol-
erance. Appendix 7.13 provides more detailed esti-
mates. For all adults, the ratio is substantially higher
in men (1.47-1.70) than in women (0.82-1.02). A
pattern by age is not apparent. Data on central obesity
including waist-to-hip ratios in persons with NIDDM
in community-based studies are presented in the sec-

tion below titled "Comparison of National and Com-
munity-Based Study Data."

In all age groups, for both systolic and diastolic blood
pressures, mean blood pressure is higher in persons
with NIDDM (both medical history and undiagnosed)
and IGT than in persons with normal glucose toler-
ance (Figure 7.15). In general, mean blood pressure is
as high in persons with undiagnosed NIDDM and IGT
as in persons with a medical history of NIDDM. For

Figure 7.14
Mean Subscapular-to-Triceps Skinfold Ratio in Men
and Women, by Diabetes Status, U.S., 1976-80

IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. See Appendix 7.13 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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example, at age 45-64 years, mean systolic blood pres-
sure is 135 mmHg in persons with undiagnosed
NIDDM, 136 mmHg in IGT, and 140 mmHg in per-
sons with a medical history of NIDDM. Systolic blood
pressure increases with age (e.g., 126 to 150 mmHg in
medical history NIDDM age 20-44 years versus ≥65
years). A difference by sex is most evident among
persons with normal glucose tolerance, with women
having lower blood pressure than men (e.g., systolic,
119 versus 126 mmHg; diastolic, 76 versus 81 mmHg)
(Appendix 7.14). Both in persons with a medical his-
tory of NIDDM and undiagnosed NIDDM, mean
blood pressure is highest in non-Hispanic blacks, fol-
lowed by whites, compared with other race/ethnic
groups (Figure 7.16); systolic blood pressure is 143
mmHg, 141 mmHg, and 129-132 mmHg in these

groups, respectively. Data on mean blood pressures in
persons with NIDDM in community-based studies are
presented in the section below titled "Comparison of
National and Community-Based Study Data."

Based on data from the NHANES II, trends by diabetes
status in the prevalence of hypertension (defined us-
ing WHO criteria of ≥160/95 mmHg or use of antihy-
pertensive medication) are similar to trends for mean
blood pressure. For example, among persons age 65-
74 years, prevalence of hypertension is 59.2%-60.0%
in persons with NIDDM, 50.7% in persons with IGT,
and 38.3% in persons with normal glucose tolerance
(Figure 7.17). Prevalence increases with age in all

Figure 7.16
Mean Systolic and Diastolic Blood Pressure in Men
and Women with NIDDM Age 20-74 Years, by Race,
U.S., 1976-80 and 1982-84

Diabetes status was determined by medical history and results of a 75-g 2-hour
oral glucose tolerance test using World Health Organization criteria. See
Appendix 7.14 for further details. NH, non-Hispanic.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Mean Systolic and Diastolic Blood Pressure, by 
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IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. See Appendix 7.14 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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groups (e.g., among persons with a medical history of
NIDDM, 27.3% at age 20-44 years versus 60.0% at age
65-74 years). Prevalence by race/ethnicity for persons
with NIDDM is shown in Figure 7.18. Rates are higher
in non-Hispanic whites and blacks than the three
Hispanic groups, but Puerto Ricans at age 65-74 years
have rates of hypertension as high as those in whites

and blacks (Appendix 7.15). Appendix 7.16 provides
further details by race, sex, and age. Prevalence of
hypertension is higher in women than in men with
NIDDM, but lower in women than in men with IGT
and those with normal glucose tolerance. Prevalence
is highest in non-Hispanic blacks, followed by whites,
among persons with NIDDM and normal glucose tol-
erance, and similarly high in these groups among
persons with IGT. Data on the prevalence of hyperten-
sion in persons with NIDDM in community-based
studies are presented in the section below titled
"Comparison of National and Community-Based
Study Data."

Self-reported prevalence of physician-diagnosed hy-
pertension was obtained in the 1989 NHIS. As in the
HANES, prevalence is substantially higher in persons
with NIDDM than in nondiabetic persons (Figure
7.19). In those age 45-64 years, prevalence is 63.7% in
NIDDM and 25.4% in nondiabetic persons. Hyperten-
sion prevalence rises with age (e.g., in NIDDM, 43.6%
at age 18-44 years versus 63.4% at age ≥65 years) and
is slightly higher in women (e.g., in NIDDM, 65.7%
versus 55.2%). Among persons with NIDDM, preva-
lence is highest in non-Hispanic blacks (71.3%) and
lowest in Mexican Americans (37.5%). The preva-
lence of hypertension in persons with IDDM is much
lower than in persons with NIDDM (overall, 19.4%
versus 61.3%); among persons with IDDM, it increases
with age but does not differ by sex (Appendix 7.17).
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Figure 7.19
Percent with Self-Reported Physician-Diagnosed 
Hypertension in Persons Age ≥18 Years, by Diabetes
Status, U.S., 1989

NHW, non-Hispanic white; NHB, non-Hispanic black; MA, Mexican American.
Data were obtained by self-response to questions about diabetes, self-response
to a question about physician-diagnosed hypertension for persons with diabe-
tes, and by self- or proxy response in a subsample of nondiabetic persons. See
Appendix 7.17 for further details.

Source: 1989 National Health Interview Survey

0

10

20

30

40

50

60

70
NH
whites

NH
blacks

Mexican 
Americans

Cuban
Americans

Puerto
Ricans

Figure 7.18
Percent with Hypertension in Persons with NIDDM
Age 20-74 Years, by Race, U.S., 1976-80 and 1982-84

Hypertension is based on World Health Organization criteria, defined as a
blood pressure of ≥160/95 mmHg or use of antihypertensive medication. See
Appendix 7.16 for further details. NH, non-Hispanic.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Percent with Hypertension, by Diabetes Status,
U.S., 1976-80

IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. Hypertension is based on World Health Organi-
zation criteria, defined as a blood pressure of ≥160/95 mmHg or use of
antihypertensive medication. See Appendix 7.16 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Measured and self-reported prevalence of hyperten-
sion in 1976-80 and 1989 is shown in Appendix 7.18
for persons with previously diagnosed NIDDM. The
prevalence of measured hypertension is lower than self-
reported hypertension in 1976-80. Prevalence of self-re-
ported hypertension was similar in 1976-80 and 1989.

Figure 7.20 classifies persons with NIDDM based on
NHANES II and HHANES data in 1976-80 according
to whether they report a history of physician-diag-
nosed hypertension and whether their blood pressure
meets the WHO criteria for hypertension (≥160/95
mmHg) or the criteria for hypertension recommended
by the Joint National Committee on Detection, Evalu-
ation, and Treatment of High Blood Pressure (≥140/90
mmHg)16. Using the WHO criteria, 63% of persons
with NIDDM have hypertension, about half (45%) of
which is uncontrolled. Using the Joint Committee
criteria, 74% have hypertension, and about two-thirds
of these are uncontrolled. Appendix 7.19 provides
details on hypertension status by race and age.

In the 1989 NHIS, among persons with NIDDM age
≥18 years who reported having physician-diagnosed
hypertension, 76.3% said they were taking prescribed
antihypertensive medication (Figure 7.21). In addi-
tion, 86.7% reported they were restricting salt intake,
57.8% said they were engaging in physical activity or
exercise, and 70.2% reported they were losing weight
or controlling their weight. Only 3.4% were doing
none of these antihypertensive measures. Details are
provided in Appendix 7.20. Use of antihypertensive
medications increased with age (51.0% at age 18-44

years versus 80.9% at age ≥75 years), restriction of salt
increased slightly in persons age ≥45 years (about
87%) compared with younger ages (76.3%), whereas
physical activity and weight loss or maintenance as an
antihypertensive measure decreased with age (physi-
cal activity—57.0% versus 48.2%, weight loss—68.5%
versus 54.7% in ages 18-44 years versus ≥75 years,
respectively). Differences by sex were not evident.
Mexican Americans were least likely to be using anti-
hypertensive medications (63.8%) and reportedly
were most likely to be losing or maintaining their
weight (81.4%), compared with other race groups;
non-Hispanic blacks were somewhat more likely to be
restricting salt intake (91.1%).

Mean values from NHANES II and HHANES for total
cholesterol, LDL cholesterol, HDL cholesterol, and
fasting triglycerides are presented in Appendices 7.21-
7.28. At age 20-74 years, mean total cholesterol con-
centration is higher in persons with NIDDM (232
mg/dl) and IGT (228 mg/dl), compared with persons
with normal glucose tolerance (208 mg/dl); the differ-
ence is most striking in persons age 20-44 years (Ap-
pendices 7.21 and 7.25). Mean total cholesterol is
higher in persons age 45-74 years (231-238 mg/dl)
than in younger ages (195-213 mg/dl) regardless of
diabetes status, is higher in women with NIDDM (238
mg/dl) than in men with NIDDM (223 mg/dl), and is
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Figure 7.21
Percent of Persons with NIDDM Age ≥18 Years with
Self-Reported Physician-Diagnosed Hypertension
Who Use Antihypertensive Treatment, U.S., 1989

Physician-diagnosed hypertension and antihypertensive treatment were ob-
tained by self-response.

Source: 1989 National Health Interview Survey
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See Appendix 7.19 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey

127



highest in non-Hispanic whites (236 mg/dl) and
Puerto Ricans (227 mg/dl) with NIDDM compared
with other race/ethnic groups (214-220 mg/dl). 

Mean LDL cholesterol concentrations show similar
trends as total cholesterol by diabetes status and age
(Appendices 7.22 and 7.26). At age 20-74 years, mean
LDL cholesterol is 151 mg/dl in NIDDM and 135
mg/dl in persons with normal glucose tolerance. Mean
LDL cholesterol is also higher in women with NIDDM
(158 mg/dl) than in men with NIDDM (141 mg/dl)
but is somewhat higher in men (139 mg/dl) than
women (131 mg/dl) with normal glucose tolerance.
Non-Hispanic whites and Puerto Ricans with NIDDM
have higher mean LDL cholesterol (157-161 mg/dl)
compared with other race/ethnic groups (125-140
mg/dl). 

Mean HDL cholesterol concentration is somewhat
lower in persons with NIDDM (46 mg/dl), intermedi-
ate in persons with IGT (48 mg/dl), and highest in
persons with normal glucose tolerance (50 mg/dl),
regardless of age, sex, or race/ethnicity (Appendices
7.23 and 7.27). Mean HDL cholesterol increases
slightly with age, is substantially higher in women
(49-55 mg/dl) than in men (42-45 mg/dl), and is
higher in non-Hispanic blacks (48-55 mg/dl) com-
pared with other race/ethnic groups (41-50 mg/dl).

Mean fasting triglyceride concentration is highest in
persons with NIDDM (180 mg/dl), intermediate in
persons with IGT (156 mg/dl), and lowest in persons
with normal glucose tolerance (116 mg/dl) (Appendi-
ces 7.24 and 7.28). Mean triglycerides tend to increase
with age and are lower in non-Hispanic blacks than in
other race/ethnic groups. Data on mean lipid concen-
trations in persons with NIDDM in community-based
studies are presented in the section below titled
"Comparison of National and Community-Based
Study Data."

The prevalence of abnormal lipid concentrations for
men and women age 20-74 years with NIDDM, based
on the NHANES II, is shown in Figure 7.22. Abnormal
concentrations are defined according to the National
Cholesterol Education Program (NCEP)18. Prevalence
of total cholesterol ≥240 mg/dl is 37.4% for men with
NIDDM and 43.7% for women; for the other three
lipids, the respective rates in diabetic men and women
are 30.9% and 43.8% for LDL cholesterol ≥160 mg/dl,
27.6% and 11.4% for HDL cholesterol <35 mg/dl, and
13.9% and 22.2% for fasting triglycerides ≥250 mg/dl.
Detailed data on dyslipidemia by age, sex, race/ethnic-
ity, and diabetes status are shown in Appendices 7.29-
7.37. Data on abnormal concentrations of lipids in
persons with NIDDM in community-based studies are

presented in the section below titled "Comparison of
National and Community-Based Study Data."

Parity is contrasted by age, sex, and diabetes status in
Figure 7.23 based on the 1989 NHIS. Persons with
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Figure 7.22
Percent with Abnormal Lipid Concentrations
(mg/dl) in Persons with NIDDM Age 20-74 Years,
U.S., 1976-80

LDL cholesterol is estimated by: total cholesterol – HDL cholesterol – fasting
triglycerides/5 for subjects whose triglycerides were <400 mg/dl17. Individuals
with a medical history of NIDDM were not asked to fast; thus their fasting
triglyceride and LDL cholesterol levels could not be determined. See Appendi-
ces 7.33 and 7.35-37 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Percent of Persons with ≥4 Children, by Age
(Years), Sex, and Diabetes Status, U.S., 1989

Diabetes status was determined by self-response. See Appendix 7.39 for further
details.

Source: 1989 National Health Interview Survey
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NIDDM report a higher frequency of ≥4 children than
nondiabetic persons in every age and sex group. For
example, in women age ≥50 years, 39.6% of NIDDM
and 29.7% of nondiabetic persons have ≥4 children.
Women with NIDDM report a higher frequency of ≥4
children than men (36.6% versus 17.9% at age ≥18
years). In both men and women with NIDDM, a
higher percent of Mexican Americans report having ≥4
children (50.0%-67.8%), followed by non-Hispanic
blacks (43.3%-49.1%) and whites (28.9%-34.3%)
(Appendix 7.38). Further detail is given in Appendix
7.39.

Appendix 7.40 presents data on parity among women
from the 1976-80 NHANES II. In these data, parity
was also higher in women with NIDDM than in non-
diabetic women, the mean number of children being
3.3 in women with a medical history of NIDDM, 3.6
in undiagnosed NIDDM, and 2.2 in women with nor-
mal glucose tolerance. Among non-Hispanic whites,
the mean number of children was higher in women
with IGT (2.8) than in women with normal glucose
tolerance (2.2). The mean number of children was the
same in 1976-80 and 1989 (Appendices 7.39-7.40) in
women with a medical history of NIDDM (3.3) but
decreased slightly in 1989 in nondiabetic women (2.2
to 2.0). Women with a medical history of NIDDM
reported a higher mean number of babies ≥9 pounds
at birth (0.8), followed by women with undiagnosed
NIDDM (0.5), and by women with normal glucose
tolerance (0.3). Among non-Hispanic whites, the
mean number of babies ≥9 lbs. at birth was higher in
IGT (0.4) than in women with normal glucose toler-
ance (0.3).

Except at age 18-44 years, a slightly higher percent of
nondiabetic persons currently smoke than do diabetic
persons (overall, 20.1% versus 26.1%) (Figure 7.24).
The percent who smoke decreases with age (e.g., in
persons with diabetes, 32.1% at age 18-44 years versus
12.3% at age ≥65 years) and is higher in men than in
women (e.g., in diabetic persons, 23.6% versus
17.6%). Detailed data by age, sex, and race are pre-
sented in Appendix 7.41. The higher rate in men than
in women is particularly prominent among non-His-
panic blacks with diabetes (34.5% versus 15.4%).
Prevalence of smoking is similar by race. Among per-
sons age 18-49 years, the prevalence of smoking is
higher in NIDDM than IDDM, particularly among
men (38.4% versus 29.2%) (Appendix 7.42).

Self-reported information on alcohol intake was ob-
tained in the 1976-80 NHANES II and 1982-84
HHANES. The percent drinking any alcohol was
higher in nondiabetic (67.2% overall) than diabetic
persons (46.6%), regardless of age, sex, or race (Ap-
pendix 7.43). The percent drinking alcohol decreased
with age, particularly in nondiabetic persons (e.g.,
72.3% at age 20-44 years versus 52.0% at age 65-74
years), was higher in men than in women (e.g., in
diabetic persons, 63.8% versus 34.7%), and was some-
what lower in Mexican Americans compared with
non-Hispanic whites and blacks (e.g., in diabetic per-
sons, 36.0% versus 46.2% versus 38.9%, respectively).

Participants in the 1989 NHIS provided a self-assess-
ment regarding overall health status when queried by
interview; these data are shown in Figure 7.25 and
Appendix 7.44 according to diabetes status. A sub-
stantially lower percent of persons with NIDDM re-
ported excellent or very good health status compared
with nondiabetic persons. At age ≥18 years, whereas
64.9% of nondiabetic persons reported excellent or
very good health status, only 19.5% of persons with
NIDDM reported this. Among persons with IDDM,
38.7% considered themselves in excellent or very
good health. Excellent or very good health status
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Diabetes status was determined by self-response. See Appendix 7.41 for further
details.

Source: 1989 National Health Interview Survey
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declined with age (e.g., in NIDDM, 29.4% at age 18-44
years versus 18.2% at age ≥65 years), was higher in
men than in women (e.g., in NIDDM, 23.3% versus
16.7%), and was higher in non-Hispanic whites
(21.3% in NIDDM) than in blacks (15.0% in NIDDM)
and Mexican Americans (12.6% in NIDDM).

A special questionnaire on Health Promotion and Dis-
ease Prevention was administered to participants of
the 1990 NHIS. The questionnaire was used to obtain
information on self-reported leisure-time physical ac-
tivity patterns in a representative sample of the U.S.
population19. Persons with diabetes were less likely to
have participated in physical activity than nondiabetic
persons, particularly in regular exercise (Appendix
7.45). For example, the participation rate in regular
exercise was significantly lower in diabetic than in
nondiabetic persons at age ≥45 years (28.8 versus 35.5
at age 45-64 years, 26.1 versus 33.1 at age ≥65 years),
among women (28.1 versus 38.2), and among whites
(35.2 versus 41.8).

Various physical and metabolic characteristics of per-
sons with NIDDM in national and community-based
data are compared in Appendices 7.46-7.48. Mean
fasting and 2-hour plasma glucose in persons with
previously diagnosed diabetes have been described in
the section titled "Blood Glucose." Among previously
diagnosed persons with diabetes, mean fasting insulin
is highest in white men in Rancho Bernardo, CA (35
µu/ml) and lowest in Japanese-American men in Seat-
tle, WA (15.0 µu/ml). Except for whites in Rancho
Bernardo, mean 2-hour insulin levels in persons with
previously diagnosed diabetes are consistently higher
in women (73.6-116.7 µu/ml) than in men (49.2-87.6
µu/ml). Duration of diabetes is longest in Native
Americans in Arizona (13-14 years). 

Among persons newly discovered to have diabetes by
an OGTT, no trends by race/ethnicity or sex in mean
fasting and 2-hour plasma glucose are evident. Mean
fasting insulin tends to be highest in Native American
groups. Mean 2-hour insulin data were unavailable for
Native Americans but were highest in Japanese Ameri-
cans compared with the other race/ethnic groups.

A parental history of diabetes in persons with NIDDM
is reported much more frequently in Japanese Ameri-
cans (57.1%-81.8%), Arizona Native Americans
(62.3%-63.1%), and Oklahoma Native American
women (61.7%), compared with other race/ethnic
groups (20.2%-52.2%). Data on family history were
unavailable in Mexican Americans in the HHANES
and in San Antonio, TX.

Except among Japanese Americans and whites in Ran-
cho Bernardo, CA, mean BMI among persons with
NIDDM is higher in women (30.4-33.7) than in men
(26.9-32.7), and is highest in Native Americans (30.7-
33.7) compared with other race/ethnic groups (24.8-
32.1). Figure 7.26, which shows the percent of
women with NIDDM who have BMI ≥30, concurs with
the trends by race/ethnicity and sex: fully 60%-71% of
Native American groups have this level of obesity. In
addition, 65.4% of black women have this level of
obesity. Among women, the percent obese is lowest in
Japanese Americans (18.2%) and whites in Rancho
Bernardo (19.0%). Except among whites in Rancho
Bernardo, the percent with BMI ≥30 is higher in
women than in men. Based on subscapular-to-triceps
skinfold and waist-to-hip ratios, a more central obe-
sity is evident in men than in women except in Native
American groups (Appendices 7.46-7.48).

COMPARISON OF NATIONAL AND 
COMMUNITY-BASED STUDY DATA

PHYSICAL ACTIVITY
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Figure 7.25
Percent of Persons Age ≥18 Years Who Report 
Excellent or Very Good Health, by Diabetes Status,
U.S., 1989

Diabetes status was determined by self-response. NHW, non-Hispanic white;
NHB, non-Hispanic black; MA, Mexican American. See Appendix 7.44 for
further details.

Source: 1989 National Health Interview Survey
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Mean blood pressure tends to be higher in men than
in women with NIDDM, especially diastolic blood
pressure (Appendices 7.46-7.48). Mean systolic blood
pressure is highest in whites in Rancho Bernardo, CA
(142-146 mmHg) and lowest in Dakota Indians
(122.8-127.5 mmHg), whereas diastolic blood pres-
sure is highest in blacks (88.9-89.0 mmHg) and low-
est in Mexican Americans and Anglos in San Antonio,
TX (71.9-77.6 mmHg). The prevalence of hyperten-
sion in NIDDM, defined as blood pressure ≥160/95
mmHg or use of antihypertensive medication, is high-
est in black women (71.2%) and Anglo women in San
Luis Valley, CO (71.4%) (Figure 7.27). Prevalence is
lowest in black men (29.5%), in Mexican Americans
in HHANES (22.8%-25.0%) and San Antonio (22.3%-
25.8%), and in the Dakota Indians (24.2%-25.6%).

Mean total cholesterol concentrations are higher in
women with NIDDM (184.1-246.9 mg/dl) than in
men (181.1-226.9 mg/dl) (Appendices 7.46-7.48).
Mean total cholesterol is highest in white women in
NHANES II (246.9 mg/dl), in Rancho Bernardo, CA
(235 mg/dl), and in Hispanic women in San Luis
Valley, CO (244.3 mg/dl); it is lowest in Arizona
(181.1-184.1 mg/dl) and Oklahoma (190.7-197.2
mg/dl) Native Americans. A trend by sex in mean LDL
cholesterol concentration is not evident. Mean LDL
cholesterol is highest in white women in the 1976-80
NHANES II (162.4 mg/dl) and lowest in Native
Americans (100.4-118.7 mg/dl), particularly in Ari-
zona (100.4-105.6 mg/dl). Women with NIDDM have
higher mean HDL cholesterol concentrations (43.6-

63 mg/dl) than do men (37.8-55.4 mg/dl). Mean HDL
cholesterol is particularly high in Japanese-American
women (60.6 mg/dl) and in white women in Rancho
Bernardo (63 mg/dl); mean concentrations are much
more similar in all other race/ethnicity and sex
groups. Mean fasting triglyceride concentrations are
highest in Hispanic women in San Luis Valley (268.9
mg/dl) and in Anglo men in San Antonio, TX (276.6
mg/dl) and lowest in Japanese-American women
(125.1 mg/dl) and black men (131 mg/dl); no trend by
sex is evident.

Appendices 7.46-7.48 also provide information on the
percent of persons with NIDDM having abnormal se-
rum lipoprotein concentrations based on NCEP crite-
ria18. These data for women are illustrated in Figure
7.28 and Appendices 7.49-7.51. The percent with to-
tal cholesterol ≥240 mg/dl and LDL cholesterol ≥160
mg/dl is higher in women than men (total: 10.7%-
51.2% versus 5.4%-44.3%; LDL: 5.9%-49.9% versus
2.8%-34.3%), whereas the percent with HDL choles-
terol <35 mg/dl is higher in men than women (16%-
53.1% versus 0%-25.7%); the percent with fasting
triglycerides ≥250 mg/dl is not consistently different
by sex. Among women with NIDDM, the percent with
abnormal concentrations of total cholesterol (Figure
7.28) is highest both in whites in NHANES II (51.2%)
and in Rancho Bernardo, CA (45%) and lowest in
Native American groups (5.4%-16.9%). The percent
of women with abnormal concentrations of LDL cho-
lesterol (Appendix 7.49) is also different by race/eth-
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Figure 7.27
Percent with Hypertension in Women with NIDDM
in U.S. and Community-Based Studies

Hypertension is based on World Health Organization criteria, defined as a
blood pressure of ≥160/95 mmHg or use of antihypertensive medication. See
Appendices 7.46-7.48 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey,
1982-84 Hispanic Health and Nutrition Examination Survey, and Ref-
erences 10-14
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Percent with BMI ≥30 in Women with NIDDM in
U.S. and Community-Based Studies

BMI, body mass index. See Appendices 7.46-7.48 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey,
1982-84 Hispanic Health and Nutrition Examination Survey, and Ref-
erences 10-14
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nicity, being highest in NHANES II whites (49.9%)
and lowest in Native Americans (2.8%-9.6%). Among
women, Anglos in San Luis Valley, CO are most likely
to have abnormal HDL cholesterol concentrations
(25.7%) (Appendix 7.50). However, this is not repli-
cated in whites in other studies; indeed, the percent of
women with abnormal HDL concentration is lowest
among whites in Rancho Bernardo (1%) and among
Japanese Americans (0%). The percent of women with
abnormal triglyceride concentrations (Appendix
7.51) is highest in Anglos in San Luis Valley (37.1%)
and lowest in Japanese Americans (4.5%) and Mexi-
can Americans in HHANES (6.7%). Similar trends by
race/ethnicity in abnormal lipid concentrations are
found for men (Appendices 7.46-7.48).

Dr. Catherine C. Cowie is Senior Epidemiologist, Social and
Scientific Systems, Bethesda, MD, and Dr. Maureen I. Harris is
Director, National Diabetes Data Group, National Institute of
Diabetes and Digestive and Kidney Diseases, National Institutes
of Health, Bethesda, MD.
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Figure 7.28
Percent with Total Cholesterol ≥240 mg/dl in Women
with NIDDM in U.S. and Community-Based Studies

See Appendices 7.46-7.48 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey,
1982-84 Hispanic Health and Nutrition Examination Survey, and Ref-
erences 10-14
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APPENDICES

Appendix 7.1
Means and Percentiles of Fasting Plasma Glucose (mg/dl) in Persons Age 20-74 Years Without a Medical History of 
Diabetes, U.S., 1976-80 and 1982-84

Percentiles

Race, sex, and age (years) Mean 5th 10th 25th 50th 75th 90th 95th

All ages 93 78 81 85 91 97 105 112
20-44 90 77 80 84 88 95 100 105
45-64 97 81 84 89 94 101 110 119
65-74 98 82 85 90 94 102 112 125

Men 95 81 84 88 93 99 106 112
20-44 92 80 83 87 91 97 102 106
45-64 98 82 85 90 95 103 112 117
65-74 100 84 87 91 96 103 116 129

Women 91 77 79 83 89 95 103 111
20-44 87 76 78 82 86 91 97 102
45-64 96 81 83 87 93 99 108 120
65-74 97 81 84 88 94 101 112 122

Non-Hispanic whites 93 79 81 85 91 97 105 112
20-44 89 78 80 84 88 94 100 104
45-64 97 81 84 88 94 101 110 118
65-74 98 82 84 90 94 102 112 123

Non-Hispanic white men 95 81 84 88 93 98 106 113
20-44 92 80 83 87 91 96 102 105
45-64 98 83 85 90 95 103 112 119
65-74 100 83 88 91 96 103 115 125

Non-Hispanic white women 91 77 80 84 89 95 104 111
20-44 87 76 78 82 86 92 97 101
45-64 96 80 83 87 93 99 108 118
65-74 97 81 83 88 94 101 111 121

Non-Hispanic blacks 93 77 79 84 90 98 107 117
20-44 90 76 78 83 88 95 105 110
45-64 97 81 82 89 94 102 109 128
65-74 98 84 87 88 95 103 112 127

Non-Hispanic black men 95 78 82 88 93 100 108 111
20-44 94 78 79 87 92 99 108 117
45-64 96 77 82 89 96 102 108 109
65-74 98 85 86 90 96 101 104 153

Non-Hispanic black women 91 74 78 83 88 95 105 127
20-44 87 69 76 81 84 90 97 102
45-64 99 81 82 89 94 102 128 137
65-74 97 77 87 88 91 105 118 126

Mexican Americans 93 78 81 86 91 97 105 113
20-44 91 78 80 85 90 95 101 104
45-64 100 82 85 90 96 105 118 136
65-74 98 80 84 92 97 100 118 122

Mexican-American men 96 82 84 88 93 99 107 115
20-44 93 82 83 88 92 96 102 107
45-64 104 83 86 93 99 109 125 140
65-74 98 84 88 92 96 100 109 126

Mexican-American women 90 77 79 84 89 95 102 108
20-44 88 76 78 83 87 92 98 102
45-64 97 82 84 88 93 102 113 123
65-74 98 80 84 93 98 100 118 122

Appendix 7.1—Continued next page
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Appendix 7.1—Continued

Percentiles

Race, sex, and age (years) Mean 5th 10th 25th 50th 75th 90th 95th

Cuban Americans 98 83 86 90 95 102 110 122
20-44 93 82 85 87 93 99 103 106
45-64 103 85 88 92 97 105 122 137
65-74 107 91 92 94 103 106 137 157

Cuban-American men 103 85 88 92 98 105 122 137
20-44 95 85 86 90 93 100 103 110
45-64 111 90 91 96 102 114 137 169
65-74 

Cuban-American women 94 82 85 88 93 98 104 108
20-44 92 81 83 86 92 96 102 105
45-64 95 83 85 90 94 98 104 115
65-74 98 88 91 92 98 104 108 114

Puerto Ricans 95 79 81 88 94 100 108 115
20-44 92 79 80 85 92 97 103 107
45-64 102 84 88 92 99 108 118 130
65-74 100 83 84 91 97 104 109 133

Puerto Rican men 98 80 82 92 97 104 113 115
20-44 95 80 82 89 96 102 105 112
45-64 108 90 94 98 107 114 130 157
65-74

Puerto Rican women 92 79 80 85 91 97 104 114
20-44 90 78 79 84 90 95 101 105
45-64 98 82 84 90 96 104 115 119
65-74

In cells with no entry, the value is unreliable due to small sample size. Values are measured in the morning after an overnight 10-16 hour fast.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.2
Means and Percentiles of 2-Hour Plasma Glucose (mg/dl) in Persons Age 20-74 Years Without a Medical History of 
Diabetes, U.S., 1976-80 and 1982-84

Percentiles

Race, sex, and age (years) Mean 5th 10th 25th 50th 75th 90th 95th

All ages 109 64 72 85 101 122 154 178
20-44 100 63 70 81 96 113 132 151
45-64 119 66 75 90 108 134 169 208
65-74 134 72 80 97 122 154 199 239

Men 107 62 69 84 99 120 149 172
20-44 97 60 67 81 94 111 125 144
45-64 116 62 71 88 107 132 165 191
65-74 134 72 79 96 120 153 206 242

Women 112 68 74 86 103 125 158 184
20-44 102 66 72 82 98 115 136 155
45-64 122 70 79 91 109 135 177 222
65-74 133 72 80 99 124 154 196 231

Non-Hispanic whites 108 63 71 84 100 120 153 177
20-44 98 63 69 81 95 110 127 146
45-64 118 65 74 89 107 132 169 206
65-74 132 70 79 95 120 152 195 232

Non-Hispanic white men 106 62 68 82 99 119 148 170
20-44 96 60 67 79 94 108 123 139
45-64 115 62 69 87 106 131 165 188
65-74 133 70 78 94 117 151 195 256

Appendix 7.2—Continued next page
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Appendix 7.2—Continued

Percentiles

Race, sex, and age (years) Mean 5th 10th 25th 50th 75th 90th 95th

Non-Hispanic white women 111 68 73 86 102 122 158 185
20-44 100 65 71 82 96 112 132 151
45-64 120 69 76 91 107 134 174 222
65-74 132 71 80 97 122 153 194 230

Non-Hispanic blacks 112 68 74 87 105 128 155 178
20-44 102 59 71 82 94 116 147 155
45-64 126 74 81 95 115 149 178 214
65-74 138 76 96 106 123 148 239 243

Non-Hispanic black men 108 59 71 84 101 123 151 175
20-44 95 54 68 83 91 108 127 141
45-64 123 74 78 99 116 149 166 213
65-74 140 76 98 106 127 155 242 242

Non-Hispanic black women 116 73 76 87 107 131 160 178
20-44 108 67 74 82 98 128 155 155
45-64 129 79 83 95 115 147 178 230
65-74 136 85 94 106 114 139 234 257

Mexican Americans 114 66 74 88 106 127 157 182
20-44 107 65 73 86 102 120 143 160
45-64 132 71 80 96 121 152 199 256
65-74 138 75 80 109 128 157 209 236

Mexican-American men 110 60 69 83 102 123 153 182
20-44 104 60 67 82 100 114 142 162
45-64 132 64 77 94 121 152 196 272
65-74 124 75 76 94 117 142 182 192

Mexican-American women 117 73 80 93 110 130 160 184
20-44 111 73 79 91 107 124 144 160
45-64 132 73 85 97 119 156 199 237
65-74 150 93 104 120 141 177 236 236

Cuban Americans 118 65 74 92 108 129 160 214
20-44 103 61 69 86 106 118 131 144
45-64 129 71 78 99 114 136 191 272
65-74 156 85 85 93 111 212 256 400

Cuban-American men 120 53 65 79 104 130 212 272
20-44 96 50 53 71 101 112 136 144
45-64 137 64 68 81 109 150 272 368
65-74 

Cuban-American women 116 76 84 99 111 129 150 169
20-44 108 74 78 94 107 118 129 150
45-64 122 86 96 102 119 132 160 178
65-74 134 84 94 100 111 155 171 256

Puerto Ricans 114 70 78 90 105 124 160 187
20-44 106 70 78 88 103 117 133 165
45-64 138 64 83 100 122 160 222 256
65-74 139 74 91 104 132 151 194 304

Puerto Rican men 118 60 71 93 108 125 168 218
20-44 108 60 71 93 108 117 139 168
45-64 148 57 61 95 124 172 256 336
65-74 

Puerto Rican women 112 76 81 90 104 122 159 172
20-44 105 74 80 88 102 114 127 159
45-64 132 83 91 101 120 158 173 217
65-74

In cells with no entry, the value is unreliable due to small sample size. Values are measured at 2 hours after a 75-g oral glucose challenge in the morning after an overnight
10-16 hour fast.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.3
Mean Fasting and 2-Hour Plasma Glucose in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and 1982-84

Fasting plasma glucose (mg/dl) 2-hour plasma glucose (mg/dl)
Race, sex, and 
age (years)

Undiagnosed
NIDDM IGT Normal

Undiagnosed
NIDDM IGT Normal

All ages 132 98 91 262 161 97
20-44 139 93 89 268 157 94
45-64 133 101 93 263 162 100
65-74 126 99 93 256 163 103

Men 131 100 93 261 160 95
Women 133 96 88 262 161 98

Non-Hispanic whites 133 99 91 264 162 96
Non-Hispanic blacks 128 93 91 253 157 97
Mexican Americans 136 98 90 260 159 99
Cuban Americans 141 105 94 280 158 100
Puerto Ricans 127 98 92 258 163 101

IGT, impaired glucose tolerance. Fasting values are measured in the morning after an overnight 10-16 hour fast. Values at 2 hours are measured after a 75-g oral glucose
challenge. Diabetes status is based on World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.4
Percent of Diabetic Persons Age ≥18 Years Who Report Having Urine Glucose in Past 6 Months, U.S., 1989

Race, sex, age (years),
and type of diabetes Always/most of the time Sometimes Rarely/never Not tested/don’t know

IDDM 14.2 26.3 13.7 45.9
18-39 17.4 24.1 12.9 45.6

≥40 3.6 33.5 16.3 46.6

Men 14.0 26.7 11.8 47.6
Women 14.4 26.0 15.9 43.7

NIDDM 17.7 19.7 26.4 36.2
18-44 27.1 18.5 22.2 32.3
45-64 20.3 18.1 25.6 36.0

≥65 13.3 21.4 28.1 37.2

Men 19.5 19.7 25.9 34.9
Women 16.5 19.7 26.8 37.0

Non-Hispanic whites 16.8 17.0 26.2 39.9
Non-Hispanic blacks 17.7 26.3 31.0 25.0
Mexican Americans 23.5 20.9 22.1 33.5

Data are self-reported and based on self-testing and testing by physicians or others. Not tested/don’t know includes persons who were not tested, persons who did not know
whether they were tested, and persons who were tested but did not know the test results.

Source: 1989 National Health Interview Survey
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Appendix 7.5
Percent of Diabetic Persons Age ≥18 Years Who Report Having High Blood Glucose in Past 6 Months, U.S., 1989

Race, sex, age (years),
and type of diabetes Always/most of the time Sometimes Rarely/never Not tested/don’t know

IDDM 15.6 44.8 29.4 10.1
18-39 15.6 47.9 29.9 6.6

≥40 15.8 36.3 28.1 19.9

Men 14.2 41.0 31.1 13.7
Women 17.2 49.0 27.7 6.2

NIDDM 22.1 28.4 33.9 15.6
18-44 27.3 35.5 23.5 13.8
45-64 24.0 28.0 34.0 14.1

≥65 19.1 26.9 36.5 17.5

Men 20.4 28.4 34.9 16.3
Women 23.3 28.4 33.2 15.2

Non-Hispanic whites 22.6 27.3 34.9 15.3
Non-Hispanic blacks 17.4 29.4 35.7 17.5
Mexican Americans 22.0 30.2 28.3 19.4

Data are self-reported and based on self-testing and testing by physicians or others. Not tested/don’t know includes persons who were not tested, persons who did not know
whether they were tested, and persons who were tested but did not know the test results.

Source: 1989 National Health Interview Survey

Appendix 7.6
Percent of Diabetic Persons Age ≥18 Years Who Report Having Urine Ketones in Past 6 Months, U.S., 1989

Race, sex, age (years),
and type of diabetes Positive ketones Negative ketones 

Tested but don’t
know results Urine not tested

Don’t know
if tested

IDDM 11.4 29.0 3.1 48.5 8.1
18-39 11.2 32.2 1.9 49.7 5.0

≥40 11.9 19.2 6.7 44.9 17.4

Men 9.7 29.6 4.0 48.7 8.0
Women 13.3 28.3 2.0 48.3 8.1

NIDDM 4.9 9.9 3.4 54.1 27.8
18-44 13.6 17.3 1.7 52.3 15.2
45-64 5.7 11.3 3.4 52.8 26.8

≥65 2.1 6.8 3.8 55.6 31.7

Men 4.4 10.0 3.1 54.4 28.2
Women 5.3 9.8 3.6 53.8 27.5

Non-Hispanic whites 4.8 11.3 4.1 54.5 25.3
Non-Hispanic blacks 6.1 6.1 1.7 51.2 34.9
Mexican Americans 4.3 4.7 1.9 56.7 32.4

Data are self-reported and based on self-testing and testing by physicians or others.

Source: 1989 National Health Interview Survey
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Appendix 7.7
Percent of Persons Age 20-74 Years with a Family History of Diabetes, by Diabetes Status, U.S., 1976-80

Race, sex, age (years),
and diabetes status Father only Mother only Both parents Either parent Neither parent Any sibling

All persons 7.4 10.5 0.7 18.9 81.1 9.5
Age 20-54 8.2 9.9 0.8 19.2 80.8 6.5

Medical history of NIDDM 20.0 21.8 2.5 46.6 53.5 35.8
Undiagnosed NIDDM 13.7 11.0 0.0 24.7 75.4 15.0
IGT 6.1 22.0 1.5 30.1 69.9 10.1
Normal glucose tolerance 8.1 8.5 0.6 17.6 82.4 5.5

Age 55-74 5.0 12.3 0.5 18.0 82.0 17.7
Medical history of NIDDM 8.5 18.8 2.8 31.1 68.9 39.2
Undiagnosed NIDDM 4.5 21.4 0.4 26.3 73.7 26.1
IGT 3.3 15.4 0.9 19.6 80.4 17.9
Normal glucose tolerance 5.2 9.6 0.1 15.2 84.8 14.3

Men 7.2 9.5 0.7 17.5 82.5 8.9
Age 20-54 7.8 8.6 0.7 17.2 82.9 5.8

Medical history of NIDDM 15.8 21.4 2.5 41.2 58.8 36.7
Undiagnosed NIDDM 4.2 4.7 0.0 8.8 91.2 22.3
IGT 7.8 20.1 1.2 29.1 70.9 6.2
Normal glucose tolerance 7.7 7.6 0.7 16.0 84.0 5.1

Age 55-74 5.4 12.3 0.6 18.6 81.5 18.0
Medical history of NIDDM 8.4 13.9 3.7 26.9 73.1 35.4
Undiagnosed NIDDM 6.3 17.4 0.9 24.5 75.5 24.7
IGT 5.1 16.5 0.9 22.5 77.5 18.6
Normal glucose tolerance 5.1 10.4 0.2 16.0 84.0 15.5

Women 7.6 11.4 0.7 20.2 79.8 10.0
Age 20-54 8.6 11.1 0.8 21.2 78.8 7.2

Medical history of NIDDM 22.9 22.1 2.6 50.2 49.8 35.3
Undiagnosed NIDDM 20.6 15.5 0.0 36.0 64.0 9.9
IGT 5.1 23.3 1.8 30.7 69.3 12.5
Normal glucose tolerance 8.5 9.4 0.6 19.2 80.8 5.8

Age 55-74 4.8 12.3 0.4 17.6 82.4 17.5
Medical history of NIDDM 8.6 22.4 2.2 34.1 65.9 42.0
Undiagnosed NIDDM 3.4 24.0 0.0 27.4 72.6 26.9
IGT 1.7 14.5 0.9 17.0 83.0 17.3
Normal glucose tolerance 5.3 9.0 0.1 14.5 85.5 13.2

Non-Hispanic whites 7.4 10.3 0.6 18.6 81.4 8.9
Age 20-54 8.1 9.4 0.7 18.5 81.5 5.7

Medical history of NIDDM 23.6 23.4 0.0 49.1 50.9 32.1
Undiagnosed NIDDM 19.4 6.5 0.0 25.9 74.1 5.7
IGT 6.3 22.0 2.2 30.9 69.1 8.9
Normal glucose tolerance 7.9 8.2 0.6 16.9 83.1 5.0

Age 55-74 5.5 12.7 0.5 18.9 81.1 17.2
Medical history of NIDDM 7.5 19.9 3.1 31.4 68.6 38.3
Undiagnosed NIDDM 5.5 22.7 0.0 28.2 71.8 27.7
IGT 4.1 17.0 1.1 22.2 77.8 17.4
Normal glucose tolerance 5.7 9.8 0.2 15.8 84.2 13.8

Non-Hispanic blacks 5.1 10.6 1.4 18.6 81.4 12.6
Age 20-54 6.2 10.0 1.7 19.6 80.4 10.6

Medical history of NIDDM 3.1 13.2 8.1 24.4 75.6 53.9
Undiagnosed NIDDM 0.0 29.6 0.0 29.6 70.4 45.1
IGT 0.0 18.7 0.0 18.7 81.3 13.8
Normal glucose tolerance 7.5 7.9 1.8 19.3 80.7 7.7

Age 55-74 1.8 12.4 0.6 15.2 84.8 19.1
Medical history of NIDDM 10.0 16.7 2.5 31.4 68.6 43.1
Undiagnosed NIDDM 0.0 9.5 3.0 12.5 87.5 20.7
IGT 0.0 16.2 0.0 16.2 83.8 18.6
Normal glucose tolerance 1.1 11.0 0.0 12.1 87.9 13.7

IGT, impaired glucose tolerance. Diabetes status was determined from medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health
Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Appendix 7.8
Percent of Persons Age ≥18 Years with a Parental History of Diabetes, by Diabetes Status, U.S., 1989

Race, sex, age (years),
and diabetes status Father only Mother only Both parents Either parent Neither parent Don’t know

All IDDM 9.1 3.5 1.7 16.4 83.6 2.1
18-39 7.3 4.7 2.3 16.3 83.7 1.9

≥40 14.1 0.0 0.0 16.7 83.3 2.7

Men 8.5 3.9 3.3 17.0 83.0 1.4
Women 9.6 3.1 0.0 15.7 84.3 2.9

All NIDDM 10.0 24.7 5.3 45.4 54.6 5.4
18-44 17.5 24.0 9.2 52.4 47.6 1.7
45-64 11.0 28.0 5.5 48.6 51.4 4.1

≥65 7.4 22.0 4.2 40.9 59.1 7.4

Men 8.1 23.5 4.2 41.5 58.5 5.7
Women 11.5 25.6 6.1 48.3 51.7 5.1

Non-Hispanic whites 10.8 24.2 5.1 44.7 55.3 4.6
Non-Hispanic blacks 8.1 27.2 5.2 47.9 52.1 7.4
Mexican Americans 7.4 23.9 6.7 42.5 57.5 4.6

All nondiabetic 5.9 8.2 1.0 17.3 82.7 2.1
18-44 6.0 6.8 0.9 15.5 84.5 1.7
45-64 7.1 11.3 1.6 22.2 77.8 2.3

≥65 3.7 8.4 0.4 16.1 83.9 3.6

Men 5.8 7.5 0.9 16.5 83.5 2.3
Women 6.1 8.8 1.1 18.0 82.0 2.0

Non-Hispanic whites 6.0 7.9 0.9 16.7 83.3 1.9
Non-Hispanic blacks 5.3 10.4 1.1 19.5 80.5 2.8
Mexican Americans 7.6 9.8 2.2 22.5 77.5 2.9

Source: 1989 National Health Interview Survey
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Appendix 7.9
Mean Body Mass Index in Persons Age 20-74 Years,
by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex,
and age
(years)

Medical  
history of  
NIDDM  

Undiagnosed
NIDDM IGT Normal

All ages 28.1 29.5 27.4 24.8
20-44 28.7 33.2 27.0 24.4
45-64 28.1 29.3 28.1 25.5
65-74 27.6 28.0 26.7 25.5

Men 27.2 26.9 27.3 25.2
20-44 31.1 26.4 25.1
45-64 26.7 26.8 28.6 25.6
65-74 26.9 26.9 25.5 25.1

Women 28.7 31.3 27.6 24.4
20-44 27.8 27.4 23.7
45-64 29.2 30.6 27.7 25.5
65-74 28.2 29.1 27.7 25.9

Non-Hispanic
 whites 27.6 29.5 27.4 24.7

20-44 26.8 27.1 24.3
45-64 27.8 29.0 27.9 25.3
65-74 27.6 28.0 26.9 25.5

Non-Hispanic
 white men 26.9 26.7 27.4 25.2

20-44 26.7 25.1
45-64 26.6 26.9 28.6 25.5
65-74 27.1 26.6 25.7 25.2

Non-Hispanic
 white women 28.2 31.3 27.4 24.2

20-44 26.5 27.3 23.5
45-64 29.0 30.0 27.2 25.1
65-74 27.9 29.3 27.8 25.8

Non-Hispanic
 blacks 30.4 30.0 28.9 25.7

20-44 34.9 27.5 24.8
45-64 29.8 31.9 31.2 27.8
65-74 27.8 28.3 26.3 26.4

Non-Hispanic
 black men 29.4 27.5 25.3

20-44 24.7
45-64 28.3 29.3 27.0
65-74 27.3 22.8 24.7

Non-Hispanic
 black women 31.0 31.4 29.7 26.0

20-44 27.5 24.8
45-64 30.4 32.9 28.6
65-74 28.5 27.4

Mexican
 Americans 29.8 29.9 28.4 25.7

20-44 31.3 31.9 28.7 25.4
45-64 30.2 29.0 28.3 27.2
65-74 26.9 26.5 26.1

Mexican-
American men 28.7 29.7 28.0 25.6

20-44 31.5 28.3 25.4
45-64 28.0 28.0 27.7 26.8
65-74 27.1 24.4

Appendix 7.9—Continued next column

Appendix 7.9—Continued

Race, sex,
and age
(years)

Medical  
history of  
NIDDM  

Undiagnosed
NIDDM IGT Normal

Mexican-
 American women 30.6 30.1 28.7 25.8

20-44 31.1 29.1 25.4
45-64 31.6 30.0 28.9 27.5
65-74 26.7 28.2

Cuban  Americans 26.6 29.2 29.9 25.6
20-44 25.0
45-64 26.4 30.8 26.4
65-74 26.6 25.5

Cuban-
 American men 27.1 29.2 25.2

20-44 25.1
45-64 25.6
65-74 23.8

Cuban-
 American women 26.4 31.7 25.9

20-44 25.0
45-64 25.8 33.1 27.0
65-74 26.0 26.8

Puerto Ricans 29.7 27.6 29.4 25.4
20-44 29.9 25.3
45-64 29.3 27.9 28.7 26.1
65-74 30.6

Puerto Rican
 men 27.1 27.8 26.1

20-44 26.1
45-64 27.5 25.8
65-74 

Puerto Rican
 women 30.7 30.3 25.0

20-44 30.8 24.8
45-64 30.3 29.5 26.4
65-74 31.5

IGT, impaired glucose tolerance. In cells with no entry, the value is unreliable
due to small sample size. Diabetes status was determined from medical history
and results of a 75-g 2-hour oral glucose tolerance test using World Health
Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.10
Mean Body Mass Index According to Duration of Diabetes in Persons with NIDDM Age 20-74 Years, U.S., 1976-80
and 1982-84

Undiagnosed
NIDDM

Duration of diabetes (years)
Race, sex and age (years) <2 2-4 5-14 ≥15

All persons 29.5 30.2 28.6 27.7 26.1

Men 26.9 31.1 27.3 26.5 25.4
20-54 26.1 27.9 25.3
55-74 27.4 28.8 27.0 27.3 25.9

Women 31.3 29.4 29.2 28.6 26.6
20-54 33.9 28.9 29.3 28.5
55-74 29.8 29.9 29.0 28.6 26.6

Non-Hispanic whites 29.5 29.0 28.2 27.5 25.7
20-54 31.3 28.6 29.0 26.8
55-74 28.6 29.3 27.7 28.0 26.1

Non-Hispanic white men 26.7 29.4 27.0 26.6 25.6
20-54 25.5
55-74 27.2 29.0 26.8 27.4 26.2

Non-Hispanic white women 31.3 28.7 28.9 28.3 25.8
20-54 34.4 29.7 28.2
55-74 29.6 29.5 28.3 28.4 26.1

Non-Hispanic blacks 30.0 33.8 31.7 28.6 30.0
20-54 27.6
55-74 31.1 29.5 29.3 28.9

Non-Hispanic black men 30.5 27.4
20-54
55-74 27.7

Non-Hispanic black women 31.4 32.3 29.4 30.1
20-54
55-74 31.8 31.4

Mexican Americans 29.9 30.3 30.8 28.9 29.7
20-54 30.6 31.7 32.7 30.4 29.9
55-74 29.0 28.3 28.8 27.9 29.5

Mexican-American men 29.7 29.6 30.5 27.3
20-54 30.3 32.3 28.1
55-74 28.5 28.8 26.6

Mexican-American women 30.1 30.9 31.2 30.2 30.4
20-54 32.4 33.1 32.0 29.8
55-74 29.4 28.0 28.9 28.9

Cuban Americans 29.2 27.6 26.1

Puerto Ricans 27.6 30.8 28.4 29.8 29.5
20-54 29.3 28.9 31.9
55-74 27.9 27.5

In cells with no entry, the value is unreliable due to small sample size. Diabetes status was determined from medical history and results of a 75-g 2-hour oral glucose tolerance
test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.11—Continued

Race, sex, and
age (years)

Body Mass Index
≥25 ≥30 ≥35 

Mexican-American
 women 89.2 44.5 18.8

20-44 93.4 50.1 32.2
45-64 92.7 48.9 17.3
65-74 75.3 27.0 6.5

Cuban Americans 76.8 29.1 1.4
20-44
45-64 72.3 28.5 0.0
65-74 83.5 22.0 0.0

Cuban-American
 men 83.3 25.0 0.0

20-44
45-64 75.5 28.3 0.0
65-74

Cuban-American
 women 64.0 37.2 4.3

20-44
45-64 58.6 29.6 0.0
65-74 58.8 20.7 0.0

Puerto Ricans 76.9 33.7 10.8
20-44 84.1 31.7 18.2
45-64 74.6 32.7 8.9
65-74 76.6 42.0 8.5

Puerto Rican men 69.4 9.6 1.0
20-44
45-64 70.2 11.0 1.1
65-74

Puerto Rican women 81.8 49.6 17.3
20-44 85.6 37.5 21.6
45-64 79.6 56.9 17.7
65-74 81.9 48.6 9.9

In cells with no entry, the percent is unreliable due to small sample size.
NIDDM includes both diagnosed and undiagnosed diabetes. Diabetes status
was determined from medical history and results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.11
Percent of Persons with NIDDM Age 20-74 Years
with Obesity, U.S., 1976-80 and 1982-84

Race, sex, and
age (years)

Body Mass Index
≥25 ≥30 ≥35 

All ages 70.5 36.1 15.5
20-44 64.1 46.8 27.9
45-64 71.1 38.4 16.0
65-74 72.7 26.7 8.6

Men 63.3 20.9 7.4
20-44 51.3 40.9 23.3
45-64 62.0 16.9 6.3
65-74 70.0 18.9 2.7

Women 75.5 46.6 21.2
20-44 71.4 50.1 30.5
45-64 76.9 52.0 22.2
65-74 75.1 33.6 13.8

Non-Hispanic whites 69.9 35.2 15.6
20-44 67.2 46.5 29.8
45-64 69.1 37.2 16.6
65-74 72.3 27.6 8.7

Non-Hispanic white
 men 64.9 20.5 4.3

20-44
45-64 63.4 16.7 5.5
65-74 70.2 20.8 2.5

Non-Hispanic white
 women 73.4 45.2 23.3

20-44 73.4 47.2 39.4
45-64 73.0 51.1 24.1
65-74 74.0 33.4 14.0

Non-Hispanic blacks 76.3 46.0 19.1
20-44 74.6 47.4 33.9
45-64 78.2 54.0 19.8
65-74 73.8 29.0 8.0

Non-Hispanic
 black men 65.1 26.4 16.8

20-44
45-64 49.9 24.8 14.8
65-74 75.9 19.7 5.7

Non-Hispanic
 black women 83.7 58.8 20.6

20-44
45-64 93.2 69.5 22.4
65-74 71.8 38.2 10.2

Mexican Americans 86.7 41.4 16.0
20-44 90.7 55.2 32.1
45-64 88.2 40.2 10.7
65-74 75.5 21.1 4.2

Mexican-American
 men 83.8 37.7 12.8

20-44 88.4 59.4 32.1
45-64 82.6 29.6 2.6
65-74 75.7 10.4 0.0

Appendix 7.11—Continued next column
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Appendix 7.12—Continued

Race, sex, and
age (years)

Measured BMI
1976-80
1982-84

Self-reported BMI
1976-80
1982-84 1989

Mexican Americans 29.8 29.1 28.1
20-44 31.3 30.9 27.7
45-64 30.2 29.1 28.8
65-74 26.9 26.8 26.5

≥75

Mexican-American
 men 28.7 28.3 26.9

20-44 31.5 31.1
45-64 28.0 27.8 26.3
65-74 27.1 26.3 27.6

≥75

Mexican-American
 women 30.6 29.9 28.9

20-44 31.1 30.8
45-64 31.6 30.2 30.5
65-74 26.7 27.5 25.7

≥75

Cuban Americans 26.6 26.1
20-44
45-64 26.4 25.4
65-74 26.6 26.7

Cuban-American
 men 27.1 26.1

Cuban-American
 women 26.4 26.2

Puerto Ricans 29.7 28.3
20-44 29.9 28.5
45-64 29.3 28.0
65-74 30.6 28.9

Puerto Rican men 27.1 26.5

Puerto Rican women 30.7 29.1

BMI, body mass index. In cells with no entry, the value is unreliable due to
small sample size. Sample from the 1976-80 Second National Health and
Nutrition Examination Survey and the 1982-84 Hispanic Health and Nutrition
Examination Survey includes persons age 20-74 years; sample from the 1989
National Health Interview Survey includes persons age ≥20 years. Measured
BMI was calculated from measured height and weight; self-reported BMI was
calculated from self-reported height and weight.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.12
Mean Measured and Self-Reported BMI in Persons
with a Medical History of NIDDM, U.S., 1976-80,
1982-84, and 1989

Race, sex, and
age (years)

Measured BMI
1976-80
1982-84

Self-reported BMI
1976-80
1982-84 1989

All ages 28.1 27.0 28.3
20-44 28.7 27.5 29.6
45-64 28.1 27.3 29.3
65-74 27.6 26.1 27.7

≥75 25.9

Men 27.2 26.6 27.6
20-44 31.1 29.3 28.4
45-64 26.7 26.8 28.3
65-74 26.9 25.7 27.1

≥75 25.5

Women 28.7 27.2 28.9
20-44 27.8 26.9 30.4
45-64 29.2 27.7 30.3
65-74 28.2 26.5 28.2

≥75 26.1

Non-Hispanic whites 27.6 26.7 28.1
20-44 26.8 25.8 29.7
45-64 27.8 27.2 29.2
65-74 27.6 26.1 27.6

≥75 25.8

Non-Hispanic white
 men 26.9 26.4 27.4

20-44 27.9
45-64 26.6 26.7 28.4
65-74 27.1 25.8 26.9

≥75 25.2

Non-Hispanic white
 women 28.2 26.9 28.6

20-44 26.5 25.6 30.8
45-64 29.0 27.6 30.0
65-74 27.9 26.4 28.1

≥75 26.1

Non-Hispanic blacks 30.4 28.8 29.3
20-44 34.9 32.5 29.9
45-64 29.8 28.2 30.1
65-74 27.8 26.5 28.6

≥75 26.9

Non-Hispanic
 black men 29.4 28.6 28.1

20-44 29.4
45-64 28.3 28.4 28.0
65-74 27.3 26.5 27.7

≥75 27.1

Non-Hispanic
 black women 31.0 28.9 30.0

20-44 30.5
45-64 30.4 28.1 31.4
65-74 28.5 26.4 29.0

≥75 26.8

Appendix 7.12—Continued next column
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Appendix 7.13
Mean Subscapular-to-Triceps Skinfold Ratio in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and
1982-84

Race, sex, and age (years)
Medical history of

NIDDM
Undiagnosed

NIDDM IGT Normal

Men 1.70 1.71 1.55 1.47
20-44 1.42 1.53 1.44
45-64 1.72 1.79 1.54 1.53
65-74 1.73 1.69 1.61 1.50

Women 1.02 0.97 0.97 0.82
20-44 0.91 0.99 0.83
45-64 1.07 1.00 0.93 0.82
65-74 0.99 0.99 0.98 0.81

Non-Hispanic white men 1.72 1.68 1.53 1.44
20-44 1.52 1.39
45-64 1.75 1.83 1.55 1.53
65-74 1.70 1.66 1.51 1.49

Non-Hispanic white women 0.95 0.96 0.93 0.79
20-44 0.85 0.93 0.78
45-64 0.98 0.99 0.90 0.80
65-74 0.95 0.98 0.98 0.81

Non-Hispanic black men 1.65 1.75 1.58
20-44 1.62
45-64 1.71 1.54 1.48
65-74 1.72 2.50 1.64

Non-Hispanic black women 1.20 0.91 1.10 0.98
20-44 1.13 1.00
45-64 1.24 1.06 0.96
65-74 1.24 0.87

Mexican-American men 1.76 1.87 1.89 1.62
20-44 1.64 1.82 1.60
45-64 1.82 1.98 2.09 1.76
65-74 1.79 1.54

Mexican-American women 1.13 1.04 0.99 0.94
20-44 1.46 1.01 0.94
45-64 1.03 1.04 0.99 0.97
65-74 0.97 0.83

Cuban-American men 1.63 1.72 1.55

Cuban-American women 1.01 1.15 1.04

Puerto Rican men 1.97 1.50 1.52

Puerto Rican women 1.10 1.10 0.95

IGT, impaired glucose tolerance. In cells with no entry, the value is unreliable due to small sample size. Diabetes status was determined from medical history and results of
a 75-g 2-hour oral glucose tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic National Health and Nutrition Examination Survey
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Appendix 7.14
Mean Systolic and Diastolic Blood Pressure in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and
1982-84

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg) 

Race, sex, and
age (years)

Medical
history of
NIDDM

Undiagnosed
NIDDM

All
NIDDM IGT Normal

Medical
history of
NIDDM

Undiagnosed
NIDDM

All
NIDDM IGT Normal

All ages 141 139 140 134 122 85 85 85 84 78
20-44 126 127 127 125 118 82 87 85 82 76
45-64 140 135 138 136 128 87 84 85 86 81
65-74 150 151 150 144 137 82 84 83 83 80

Men 142 139 140 139 126 86 85 86 87 81
Women 140 139 140 131 119 83 84 84 81 76

Non-Hispanic
 whites 141 138 139 135 122 84 84 84 84 78
Non-Hispanic
 blacks 143 141 142 130 124 89 87 88 83 79
Mexican
 Americans 132 133 115 125 114 78 80 72 78 72
Cuban Americans 131 130 117 125 116 78 75 73 78 72
Puerto Ricans 129 121 113 121 112 79 79 69 72 69

IGT, impaired glucose tolerance. Diabetes status was determined from medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health
Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.15
Percent with Hypertension in Persons with NIDDM,
by Age and Race, U.S., 1976-80 and 1982-84

Hypertension is based on World Health Organization criteria, defined as a
blood pressure of ≥160/95 mmHg or use of antihypertensive medication. See
Appendix 7.16 for further details. NH, non-Hispanic.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.16
Percent with Hypertension in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex, and age (years)
Medical history of

NIDDM
Undiagnosed

NIDDM
All

NIDDM IGT Normal

All ages 50.1 46.2 48.2 37.6 14.8
20-44 27.3 27.9 18.1 7.7
45-64 50.1 41.6 45.7 44.8 23.1
65-74 60.0 59.2 59.6 50.7 38.3

Men 48.0 37.3 42.9 47.1 14.3
20-44 45.1 31.5 9.9
45-64 47.7 30.9 40.3 54.5 20.0
65-74 46.1 46.0 46.0 48.8 29.2

Women 51.6 52.1 51.9 30.3 15.3
20-44 16.5 18.7 10.6 5.4
45-64 52.0 47.1 49.3 35.7 26.0
65-74 71.8 70.7 71.2 52.3 45.1

Non-Hispanic whites 46.5 47.4 46.9 37.7 13.8
20-44 22.0 21.7 16.6 7.2
45-64 43.8 44.2 44.0 44.5 20.6
65-74 59.8 59.4 59.6 49.9 36.6

Non-Hispanic white men 48.0 40.2 44.2 48.4 13.9
20-44 28.9 10.0
45-64 46.8 34.0 41.3 59.2 18.3
65-74 47.9 46.5 47.1 47.8 28.9

Non-Hispanic white women 45.3 52.0 48.8 28.9 13.6
20-44 11.2 7.5 8.4 4.4
45-64 41.0 49.3 45.8 30.8 22.8
65-74 69.5 70.9 70.2 51.4 42.4

Non-Hispanic blacks 66.9 39.7 54.6 37.4 24.1
20-44 41.0 45.8 23.8 11.2
45-64 79.8 26.1 55.1 46.5 48.7
65-74 60.8 57.7 59.3 62.6 56.3

Non-Hispanic black men 48.4 35.5 36.8 18.3
20-44 9.3
45-64 54.1 34.1 21.5 38.4
65-74 37.4 39.5 57.2 32.7

Non-Hispanic black women 78.4 52.6 66.9 37.7 29.1
20-44 16.9 12.9
45-64 91.6 66.3 68.5 57.9
65-74 89.4 78.3 69.4

Mexican Americans 32.9 17.7 26.4 18.6 5.4
20-44 14.0 14.3 14.1 0.0 2.1
45-64 35.2 19.1 28.3 35.9 18.2
65-74 48.4 40.3 56.4 22.0

Mexican-American men 27.7 26.9 27.3 21.5 5.4
20-44 16.4 15.9 0.0 2.5
45-64 26.3 36.4 31.3 44.3 17.7
65-74 40.5 40.5 20.2

Mexican-American women 36.9 8.4 25.6 15.6 5.3
20-44 12.3 12.1 0.0 1.7
45-64 41.3 0.0 25.8 27.0 18.6
65-74 56.7 40.1 24.1

Cuban Americans 33.1 18.7 24.2 17.5 10.8
20-44 1.1
45-64 30.2 9.3 28.7 20.6
65-74 52.1 35.9 45.3

Cuban-American men 17.7 11.5 12.8 14.1
20-44 0.0
45-64 6.8 29.5
65-74

Appendix 7.16—Continued next page
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Appendix 7.17
Percent with Self-Reported Physician-Diagnosed 
Hypertension in Persons Age ≥18 Years, by Diabetes
Status, U.S., 1989

Race, sex, age (years),
and diabetic status Percent

All IDDM 19.4
18-39 16.1

≥40 29.4

Men 18.5
Women 20.5

All NIDDM 61.3
18-44 43.6
45-64 63.7

≥65 63.4

Men 55.2
Women 65.7

Non-Hispanic white 60.4
Non-Hispanic black 71.3
Mexican American 37.5

All nondiabetic 14.4
18-44 4.7
45-64 25.4

≥65 36.1

Men 12.4
Women 16.2

Non-Hispanic white 14.8
Non-Hispanic black 16.4
Mexican American 10.8

Diagnosed hypertension was obtained by self-response for persons with diabe-
tes and by self or proxy response in a subsample of nondiabetic persons.

Source: 1989 National Health Interview Survey

Appendix 7.16—Continued

Race, sex, and age (years)
Medical history of

NIDDM
Undiagnosed

NIDDM
All

NIDDM IGT Normal

Cuban-American women 42.7 46.9 11.9 8.2
20-44 2.1
45-64 19.6 19.6 14.0
65-74 89.8 61.9

Puerto Ricans 30.3 30.9 30.6 15.4 6.1
20-44 12.2 8.8 3.5
45-64 30.7 30.9 30.8 22.7 17.4
65-74 55.4 64.4

Puerto Rican men 22.2 23.4 14.5 7.8
20-44 7.4
45-64 23.3 24.0 10.0
65-74

Puerto Rican women 33.5 35.3 15.9 5.0
20-44 15.6 10.4 1.2
45-64 34.9 38.5 24.1 22.8
65-74 54.3 64.6

IGT, impaired glucose tolerance. In cells with no entry, the data are unreliable due to small sample size. Hypertension is based on World Health Organization criteria, defined
as a blood pressure of ≥160/95 mmHg or use of antihypertensive medication. Diabetes status was determined from medical history and results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.18
Percent with Measured and Self-Reported Physician-
Diagnosed Hypertension in Persons with Previously
Diagnosed NIDDM, U.S., 1976-80 and 1989

Measured hypertension is based on World Health Organization criteria, defined
as a blood pressure of ≥160/95 mmHg or use of antihypertensive medication.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1989 National Health Interview Survey
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Appendix 7.19
Percent Distribution of NIDDM and Nondiabetic Populations Age ≥18 Years According to Whether a Doctor 
Previously Diagnosed Hypertension and Hypertensive Blood Pressure Level, U.S., 1976-80 and 1982-84

NIDDM Nondiabetic

Race, age (years), and previously
diagnosed hypertension status

≥160 systolic
and/or ≥95 diastolic

≥140 systolic
and/or ≥90 diastolic

≥160 systolic
and/or ≥95 diastolic

≥140 systolic
and/or ≥90 diastolic

All races
Not told hypertensive, exceed level 7.6 18.8 4.8 13.4
Told hypertensive, exceed level 20.5 33.1 6.3 11.1
Told hypertensive, do not exceed level 34.9 22.2 15.5 10.7
Not told hypertensive, do not exceed level 37.0 25.9 73.4 64.8

Non-Hispanic whites 
Not told hypertensive, exceed level 6.2 16.6 5.0 13.8
Told hypertensive, exceed level 19.4 30.8 5.5 10.1
Told hypertensive, do not exceed level 36.4 24.9 15.7 11.2
Not told hypertensive, do not exceed level 38.1 27.7 73.8 65.0

Non-Hispanic whites, age 20-54 
Not told hypertensive, exceed level 7.2 13.3 4.2 11.7
Told hypertensive, exceed level 11.0 18.1 4.0 6.5
Told hypertensive, do not exceed level 37.3 30.2 12.6 10.1
Not told hypertensive, do not exceed level 44.5 38.4 79.3 71.7

Non-Hispanic whites, age 55-74 
Not told hypertensive, exceed level 5.7 18.4 7.5 19.7
Told hypertensive, exceed level 23.8 37.5 10.1 20.6
Told hypertensive, do not exceed level 35.9 22.1 24.9 14.4
Not told hypertensive, do not exceed level 34.7 22.0 57.5 45.3

Non-Hispanic blacks 
Not told hypertensive, exceed level 6.1 16.7 2.9 10.3
Told hypertensive, exceed level 24.2 44.5 14.2 20.9
Told hypertensive, do not exceed level 41.0 20.8 19.3 12.6
Not told hypertensive, do not exceed level 28.7 18.1 63.6 56.2

Non-Hispanic blacks, age 20-54 
Not told hypertensive, exceed level 12.0 22.8 1.6 8.6
Told hypertensive, exceed level 19.4 31.1 10.8 16.7
Told hypertensive, do not exceed level 41.0 29.2 18.2 12.3
Not told hypertensive, do not exceed level 27.7 16.9 69.4 62.4

Non-Hispanic blacks, age 55-74 
Not told hypertensive, exceed level 1.4 11.8 7.9 17.3
Told hypertensive, exceed level 28.1 55.0 27.9 38.2
Told hypertensive, do not exceed level 41.0 14.1 24.1 13.9
Not told hypertensive, do not exceed level 29.5 19.1 40.1 30.7

Mexican Americans 
Not told hypertensive, exceed level 4.0 16.0 1.0 5.3
Told hypertensive, exceed level 7.7 19.6 1.1 5.2
Told hypertensive, do not exceed level 34.7 22.8 17.7 13.6
Not told hypertensive, do not exceed level 53.7 41.7 80.2 75.9

Mexican Americans, age 20-54 
Not told hypertensive, exceed level 1.6 8.6 0.7 3.8
Told hypertensive, exceed level 6.0 17.2 0.7 3.1
Told hypertensive, do not exceed level 31.6 20.3 15.1 12.7
Not told hypertensive, do not exceed level 60.8 53.8 83.5 80.3

Mexican Americans, age 55-74 
Not told hypertensive, exceed level 6.2 22.8 3.4 16.4
Told hypertensive, exceed level 9.2 21.8 4.0 22.1
Told hypertensive, do not exceed level 37.6 25.1 38.3 20.2
Not told hypertensive, do not exceed level 47.0 30.3 54.4 41.3

Diabetes status was determined from medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.20
Percent of Persons with NIDDM Age ≥18 Years with Self-Reported Physician-Diagnosed Hypertension Who Use 
Antihypertensive Treatment, U.S., 1989

Race, sex, and
age (years)

Using prescribed
medication

Restricting
salt intake

Physical activity
or exercise

Losing or
controlling weight

None
of these

All ages 76.3 86.7 57.8 70.2 3.4
18-44 51.0 76.3 57.0 68.5 10.1
45-64 75.7 87.9 62.5 75.4 2.5
65-74 80.9 87.5 56.1 70.8 2.2

≥75 80.9 87.0 48.2 54.7 4.8

Men 75.6 84.8 61.3 69.7 3.1
Women 76.7 87.8 55.6 70.5 3.5

Non-Hispanic whites 75.7 85.6 57.3 69.2 3.7
Non-Hispanic blacks 81.2 91.1 59.5 72.9 2.4
Mexican Americans 63.8 83.1 63.2 81.4 0.0

Physician-diagnosed hypertension and antihypertensive treatment were obtained by self-response.

Source: 1989 National Health Interview Survey

Appendix 7.21
Mean Total Cholesterol in Persons Age 20-74 Years,
by Age, Sex, Race, and Diabetes Status, U.S., 1976-80
and 1982-84

Appendix 7.22
Mean LDL Cholesterol in Persons Age 20-74 Years, 
by Age, Sex, Race, and Diabetes Status, U.S., 1976-80
and 1982-84

LDL, low-density lipoprotein; IGT, impaired glucose tolerance. Diabetes status
was determined by results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. LDL cholesterol is estimated by: total cholesterol –
HDL cholesterol – fasting triglycerides/5 for subjects whose triglycerides were
<400 mg/dl.17 Individuals with a medical history of NIDDM were not asked to fast;
thus their fasting triglyceride and LDL cholesterol levels could not be determined.
See Appendix 7.26 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World Health
Organization criteria. See Appendix 7.25 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.25
Mean Total Cholesterol (mg/dl) in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex, and
age (years)

Diagnosed
NIDDM

Undiagnosed
NIDDM

All
NIDDM IGT Normal

All ages 228 236 232 228 208
20-44 194 217 206 213 195
45-64 236 240 238 236 231
65-74 230 238 234 235 232

Men 224 222 223 227 209
Women 231 245 238 229 208

Non-Hispanic whites 230 242 236 230 209
Non-Hispanic blacks 227 212 220 224 203
Mexican Americans 221 215 218 218 198
Cuban Americans 218 212 214 229 203
Puerto Ricans 218 240 227 216 195

IGT, impaired glucose tolerance. Diabetes status was determined by medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health Organization
criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.24
Mean Fasting Triglycerides in Persons Age 20-74
Years, by Age, Sex, Race, and Diabetes Status, U.S.,
1976-80 and 1982-84

Appendix 7.23
Mean HDL Cholesterol in Persons Age 20-74 Years,
by Age, Sex, Race, and Diabetes Status, U.S., 1976-80
and 1982-84

HDL, high-density lipoprotein; IGT, impaired glucose tolerance. Diabetes status
was determined by medical history and results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria. See Appendix 7.27 for
further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Diabetes status was determined by results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria. Individuals with a
medical history of NIDDM were not asked to fast; thus their fasting triglyceride
levels could not be determined. See Appendix 7.28 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

20-44 45-64 65-74 Men Women
90

100
110
120
130
140
150
160
170
180
190
200
210

Undiagnosed NIDDM IGT Normal

Age (Years)

Non-
Hispanic
Whites

Non-
Hispanic

Blacks

Mexican
Americans

Cuban
Americans

Puerto
Ricans

90
100
110
120
130
140
150
160
170
180
190
200
210 Undiagnosed NIDDM IGT Normal

20-44 45-64 65-74 Men Women
40

45

50

55

60
NIDDM IGT Normal

Age (Years)

Non-
Hispanic
Whites

Non-
Hispanic

Blacks

Mexican
Americans

Cuban
Americans

Puerto
Ricans

40

45

50

55

60
NIDDM IGT Normal

151



Appendix 7.27
Mean HDL Cholesterol (mg/dl) in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex, and
age (years)

Diagnosed
NIDDM

Undiagnosed
NIDDM

All
NIDDM IGT Normal

All ages 45 47 46 48 50
20-44 44 44 44 46 49
45-64 46 49 47 50 52
65-74 45 47 46 48 52

Men 42 44 43 42 45
Women 48 50 49 52 55

Non-Hispanic whites 45 46 46 48 50
Non-Hispanic blacks 49 54 51 48 55
Mexican Americans 44 43 44 48 50
Cuban Americans 46 39 41 42 49
Puerto Ricans 44 40 42 45 47

IGT, impaired glucose tolerance; HDL, high-density lipoprotein. Diabetes status was determined by medical history and results of a 75-g 2-hour oral glucose tolerance test
using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.26
Mean LDL Cholesterol (mg/dl) in Persons Age 20-74 Years, by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex, and age (years) Undiagnosed NIDDM IGT Normal
All ages 151 147 135

20-44 136 135 124
45-64 153 150 153
65-74 157 154 155

Men 141 144 139
Women 158 149 131

Non-Hispanic whites 157 146 136
Non-Hispanic blacks 125 151 129
Mexican Americans 129 132 123
Cuban Americans 140 146 134
Puerto Ricans 161 140 125

IGT, impaired glucose tolerance; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Diabetes status was determined by results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria. LDL cholesterol is estimated by: total cholesterol – HDL cholesterol – fasting triglycerides/5 for subjects whose
triglycerides were <400 mg/dl17. Individuals with a medical history of NIDDM were not asked to fast; thus their fasting triglyceride and LDL cholesterol levels could not be
determined.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.28
Mean Fasting Triglycerides (mg/dl) in Persons Age
20-74 Years, by Diabetes Status, U.S., 1976-80 and
1982-84

Race, sex, and
age (years)

Undiagnosed
NIDDM IGT Normal

All ages 180 156 116
20-44 171 142 109
45-64 193 165 130
65-74 162 161 129

Men 175 167 126
Women 182 149 108

Non-Hispanic whites 184 163 119
Non-Hispanic blacks 147 129 97
Mexican Americans 191 171 121
Cuban Americans 164 202 102
Puerto Ricans 179 143 109

IGT, impaired glucose tolerance. Diabetes status was determined by results of
a 75-g 2-hour oral glucose tolerance test using World Health Organization
criteria. Individuals with a medical history of NIDDM were not asked to fast,
and thus their fasting triglyceride levels could not be determined.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Survey
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Appendix 7.29
Percent of Persons Age 20-74 Years with Total 
Cholesterol ≥240 mg/dl, by Age, Sex, Race, and 
Diabetes Status, U.S., 1976-80 and 1982-84

IGT, impaired glucose tolerance. Diabetes status was determined by medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria. See Appendix 7.33 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.30
Percent of Persons Age 20-74 Years with LDL 
Cholesterol ≥160 mg/dl, by Age, Sex, Race, and 
Diabetes Status, U.S., 1976-80 and 1982-84

IGT, impaired glucose tolerance. LDL, low-density lipoprotein; HDL, high-density
lipoprotein. Diabetes status was determined by results of a 75-g 2-hour oral
glucose tolerance test using World Health Organization criteria. LDL cholesterol
is estimated by: total cholesterol – HDL cholesterol – fasting triglycerides/5 for
subjects whose triglycerides were <400 mg/dl.17 Individuals with a medical history
of NIDDM were not asked to fast; thus their fasting triglyceride and LDL choles-
terol levels could not be determined. See Appendix 7.35 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.33
Percent of Persons Age 20-74 Years with Total Cholesterol ≥240 mg/dl, by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex, and
age (years)

Diagnosed
NIDDM

Undiagnosed
NIDDM

All
NIDDM IGT Normal

All ages 36.1 46.1 41.1 36.3 24.0
20-44 11.5 26.3 19.1 25.0 14.4
45-64 43.0 51.3 47.2 41.2 39.9
65-74 36.3 47.0 41.7 43.4 41.7

Men 38.2 36.6 37.4 35.8 24.3
Women 34.6 52.5 43.7 36.8 23.7

Non-Hispanic whites 39.4 51.6 45.7 37.3 24.9
Non-Hispanic blacks 33.4 18.8 26.8 32.6 17.0
Mexican Americans 29.4 20.8 25.7 27.9 13.0
Cuban Americans 31.4 19.8 24.2 34.5 13.1
Puerto Ricans 26.5 41.7 33.2 24.3 14.3

IGT, impaired glucose tolerance. Diabetes status was determined by medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health Organization
criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.32
Percent of Persons Age 20-74 Years with Fasting
Triglycerides ≥250 mg/dl, by Age, Sex, Race, and 
Diabetes Status, U.S., 1976-80 and 1982-84

IGT, impaired glucose tolerance. Diabetes status was determined by results of
a 75-g 2-hour oral glucose tolerance test using World Health Organization
criteria. Individuals with a medical history of NIDDM were not asked to fast;
thus their fasting triglyceride levels could not be determined. See Appendix
7.37 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.31
Percent of Persons Age 20-74 Years with HDL 
Cholesterol <35 mg/dl, by Age, Sex, Race, and 
Diabetes Status, U.S., 1976-80 and 1982-84

HDL, high-density lipoprotein; IGT, impaired glucose tolerance. Diabetes status
was determined by medical history and results of a 75-g 2-hour oral glucose
tolerance test using World Health Organization criteria. See Appendix 7.36 for
further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.35
Percent of Persons Age 20-74 Years with LDL
Cholesterol ≥160 mg/dl, by Diabetes Status, U.S.,
1976-80 and 1982-84

Race, sex, and
age (years)

Undiagnosed
NIDDM IGT Normal

All ages 38.5 33.4 25.3
20-44 21.2 27.6 16.7
45-64 43.8 33.6 39.7
65-74 39.4 40.0 42.5

Men 30.9 31.6 27.6
Women 43.8 34.6 23.0

Non-Hispanic whites 45.1 32.3 25.9
Non-Hispanic blacks 13.3 42.4 21.2
Mexican Americans 19.1 16.5 13.7
Cuban Americans 30.9 38.3 21.1
Puerto Ricans 27.0 25.5 16.6

IGT, impaired glucose tolerance; LDL, low-density lipoprotein; HDL, high-
density lipoprotein. Diabetes status was determined by results of a 75-g 2-hour
oral glucose tolerance test using World Health Organization criteria. LDL
cholesterol is estimated by: total cholesterol – HDL cholesterol – fasting
triglycerides/5 for subjects whose triglycerides were <400 mg/dl.17 Individuals
with a medical history of NIDDM were not asked to fast; thus their fasting
triglyceride and LDL cholesterol levels could not be determined.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.34
Percent of Persons Age 20-74 Years with Total Cholesterol ≥200 mg/dl, by Diabetes Status, U.S., 1976-80 and 1982-84

Race, sex, and
age (years)

Diagnosed
NIDDM

Undiagnosed
NIDDM

All
NIDDM IGT Normal

All ages 70.6 76.4 73.5 70.9 52.5
20-44 45.2 43.8 44.5 58.8 39.2
45-64 77.3 81.5 79.4 77.6 75.1
65-74 71.6 84.0 77.9 75.5 75.0

Men 68.2 64.4 66.3 69.1 53.0
Women 72.3 84.6 78.6 72.3 52.0

Non-Hispanic whites 72.8 83.3 78.2 73.3 54.1
Non-Hispanic blacks 68.3 55.5 62.5 69.0 45.2
Mexican Americans 63.4 62.6 63.1 68.1 47.9
Cuban Americans 53.7 65.0 60.6 78.9 49.2
Puerto Ricans 61.7 52.4 57.6 62.8 41.5

IGT, impaired glucose tolerance. Diabetes status was determined by medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health Organization
criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey and 1982-84 Hispanic Health and Nutrition Examination Survey

Appendix 7.36
Percent of Persons Age 20-74 Years with HDL 
Cholesterol <35 mg/dl, by Diabetes Status, U.S.,
1976-80 and 1982-84

Race, sex,
and age
(years)

Diagnosed
NIDDM

Un-
diagnosed
NIDDM

All
NIDDM IGT Normal

All ages 17.0 18.8 18.0 17.5 9.8
20-44 13.2 28.0 21.6 23.6 10.7
45-64 16.8 18.5 17.7 14.8 8.7
65-74 19.5 14.0 16.5 14.6 7.0

Men 24.6 30.1 27.6 27.9 14.6
Women 12.2 10.6 11.4 10.4 5.3

Non-
 Hispanic
 whites 17.2 16.9 17.0 18.4 10.4

Non-
 Hispanic
 blacks 14.4 17.2 15.8 16.6 5.2

Mexican
 Americans 16.6 27.4 21.2 10.7 7.5

Cuban
 Americans 6.9 25.3 18.5 29.3 7.4

Puerto Ricans 31.8 31.0 31.5 17.2 16.7

IGT, impaired glucose tolerance; HDL, high-density lipoprotein. Diabetes
status was determined by medical history and results of a 75-g 2-hour oral
glucose tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 7.38
Percent of Persons with NIDDM Age ≥50 Years 
Having ≥4 Children, by Sex and Race, U.S., 1989

See Appendix 7.39 for further details.

Source: 1989 National Health Interview Survey

Appendix 7.39
Parity of NIDDM and Nondiabetic Persons Age ≥18 Years, U.S., 1989

Percent distribution by number of children Mean no. of
childrenRace, sex, and age (years) 0 1 2 3 4 ≥5

All races
NIDDM 13.5 13.4 21.7 17.6 11.1 22.8 3.1

Men 15.6 13.9 23.2 17.3 9.9 20.1 2.8
18-29
30-49 19.8 20.7 30.3 11.3 6.5 11.4 2.0

≥50 14.6 12.1 22.2 18.2 10.7 22.1 3.0

Women 12.0 13.0 20.6 17.9 11.9 24.7 3.3
18-29 37.8 17.9 17.5 16.1 7.6 3.1 1.5
30-49 15.2 14.2 27.2 19.5 13.0 11.0 2.5

≥50 10.8 12.7 19.4 17.6 11.8 27.8 3.5

Nondiabetic 30.5 16.3 23.6 14.5 7.5 7.7 1.9
Men 35.0 15.7 21.8 13.5 7.2 6.9 1.7

18-29 73.2 15.0 8.3 2.5 0.8 0.2 0.4
30-49 24.7 18.8 29.7 15.4 6.8 4.6 1.8

≥50 15.0 12.3 23.1 20.6 13.3 15.7 2.7

Women 26.5 16.8 25.2 15.4 7.8 8.4 2.0
18-29 57.1 20.1 15.7 5.6 1.3 0.3 0.8
30-49 17.4 16.9 33.0 18.7 7.6 6.4 2.1

≥50 14.0 14.1 23.3 18.9 12.9 16.8 2.8

Non-Hispanic whites
NIDDM 13.8 13.9 24.4 18.4 12.1

Men 15.4 14.1 26.2 17.8 10.7
18-29
30-49 22.5 21.4 34.6 6.7 7.3

≥50 14.1 12.4 25.0 19.7 11.4

Appendix 7.39—Continued next page

Appendix 7.37
Percent of Persons Age 20-74 Years with Fasting
Triglycerides ≥250 mg/dl, by Diabetes Status, U.S.,
1976-80 and 1982-84

Race, sex, and
age (years)

Undiagnosed
NIDDM IGT Normal

All ages 18.9 13.3 3.9
20-44 6.4 9.1 3.0
45-64 27.0 17.3 6.2
65-74 12.0 11.7 3.2

Men 13.9 16.8 5.6
Women 22.2 10.8 2.4

Non-Hispanic whites 20.9 15.2 4.2
Non-Hispanic blacks 7.8 4.3 1.6
Mexican Americans 14.5 15.8 3.3
Cuban Americans 13.3 31.6 1.2
Puerto Ricans 8.4 9.8 2.2

IGT, impaired glucose tolerance. Diabetes status was determined by results of
a 75-g 2-hour oral glucose tolerance test using World Health Organization
criteria. Individuals with a medical history of NIDDM were not asked to fast;
thus their fasting triglyceride levels could not be determined.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Survey
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Appendix 7.39—Continued

Percent distribution by number of children Mean no. of
childrenRace, sex, and age (years) 0 1 2 3 4 ≥5

Women 12.5 13.8 23.1 18.9 13.2 18.4 2.9
18-29 49.3 14.9 15.7 13.3 6.8 0.0 1.1
30-49 20.5 16.3 26.7 17.5 12.8 6.2 2.1

≥50 10.4 13.4 22.7 19.3 13.4 20.9 3.1

Nondiabetic 30.2 16.2 24.9 14.9 7.4 6.5 1.8
Men 34.1 16.1 23.1 13.9 7.0 5.9 1.7

18-29 74.0 15.3 8.0 1.9 0.6 0.2 0.4
30-49 24.9 19.2 31.9 15.7 5.3 3.0 1.7

≥50 15.0 12.7 23.8 20.9 13.8 13.8 2.6

Women 26.7 16.3 26.4 15.7 7.9 7.0 1.9
18-29 60.3 18.7 15.4 4.8 0.7 0.1 0.7
30-49 18.4 16.8 35.0 18.4 6.9 4.5 2.0

≥50 13.8 14.2 24.8 19.9 13.5 14.0 2.6

Non-Hispanic blacks 
NIDDM 14.8 14.3 16.1 12.3 8.2 34.4 3.8

Men 19.2 16.3 14.4 12.0 7.3 30.9 3.4
18-29
30-49 18.9 23.2 12.1 20.0 7.7 18.1 2.4

≥50 18.8 14.0 15.7 8.2 7.4 35.9 3.8

Women 12.0 13.1 17.1 12.5 8.7 36.6 4.0
18-29
30-49 6.9 7.7 33.1 22.6 17.2 12.6 2.9

≥50 13.4 13.9 13.5 10.1 6.8 42.3 4.2

Nondiabetic 30.3 19.1 17.1 12.6 8.2 12.7 2.1
Men 37.2 15.7 16.3 11.6 8.5 10.7 1.9

18-29 68.6 15.3 9.8 4.5 1.1 0.8 0.6
30-49 23.3 19.0 19.8 13.9 14.3 9.8 2.1

≥50 17.6 11.4 19.6 17.3 9.1 25.1 3.4

Women 24.8 21.9 17.8 13.4 8.0 14.2 2.3
18-29 46.6 27.0 12.9 8.8 3.5 1.3 1.0
30-49 13.0 20.9 25.3 17.8 10.6 12.5 2.4

≥50 16.7 17.3 12.3 12.0 9.3 32.3 3.6

Mexican Americans 
NIDDM 9.1 6.7 14.2 17.3 7.8 45.1 4.7

Men 8.3 6.2 17.7 22.5 9.6 35.7 4.1
18-29
30-49

≥50 7.3 8.2 7.8 26.7 12.6 37.4 4.5

Women 9.6 7.0 11.6 13.6 6.5 51.7 5.2
18-29
30-49 7.5 22.9 31.3 16.0 7.5 14.8 2.9

≥50 10.1 2.8 6.4 12.9 6.2 61.6 5.8

Nondiabetic 27.4 11.0 19.4 16.7 8.1 17.3 2.5
Men 32.5 9.5 14.9 16.5 9.7 16.8 2.5

18-29 62.6 17.9 8.7 7.8 3.1 0.0 0.7
30-49 18.9 4.8 19.5 21.6 14.8 20.5 3.2

≥50 6.9 4.7 16.1 21.3 10.6 40.3 4.3

Women 22.3 12.4 23.9 17.0 6.6 17.8 2.5
18-2 40.2 17.7 29.5 9.4 2.2 0.9 1.2
30-4 12.2 10.2 22.3 24.2 10.0 21.2 3.1

≥50 5.1 5.2 13.6 15.6 8.1 52.3 4.6

In cells with no entry, the percent is unreliable due to small sample size. Diabetes status was determined by self-response.
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Appendix 7.41
Percent of Diabetic (IDDM and NIDDM) and
Nondiabetic Persons Age ≥18 Years Who 
Currently Smoke, U.S., 1989

Race, sex, and
age (years) Diabetic Nondiabetic

All ages 20.1 26.1
18-44 32.1 28.8
45-64 24.3 26.9

≥65 12.3 14.0

Men 23.6 27.9
18-44 40.7 30.0
45-64 27.0 28.7

≥65 13.2 16.8

Women 17.6 24.4
18-44 25.3 27.6
45-64 22.0 25.4

≥65 11.8 12.0

Non-Hispanic whites 19.4 26.1
18-44 32.0 29.4
45-64 22.9 26.9

≥65 12.7 13.8

Non-Hispanic white men 20.6 27.6
18-44 38.6 30.1
45-64 22.5 28.4

≥65 12.4 16.1

Non-Hispanic white women 18.4 24.8
18-44 26.8 28.8
45-64 23.2 25.5

≥65 12.9 12.1

Non-Hispanic blacks 22.7 29.4
18-44 34.8 30.6
45-64 30.5 33.0

≥65 9.5 15.4

Non-Hispanic black men 34.5 34.6
18-44 44.4 34.8
45-64 45.4 39.3

≥65 14.9 23.1

Non-Hispanic black women 15.4 25.2
18-44 24.8 27.0
45-64 21.3 27.9

≥65 6.7 10.0

Mexican Americans 22.4 24.9
18-44 40.8 25.5
45-64 19.0 26.8

≥65 17.0 9.9 

Mexican-American men 31.3 27.5
18-44 48.7 28.7
45-64 27.8 26.6

≥65 26.0 15.1

Mexican-American women 16.3 22.4
18-44 34.9 22.5
45-64 13.2 27.1

≥65 11.0 3.5 

Source: 1989 National Health Interview Survey

Appendix 7.40
Parity and Number of Babies ≥9 lbs. Among Women
with NIDDM, IGT, and Normal Glucose Tolerance
Age 20-74 Years, U.S., 1976-80

Race, age (years),
and diabetes status

Mean no. of
children

Mean no. of
babies ≥9 lbs.

All races
Medical history of NIDDM 3.3 0.8

20-49 2.9 0.7
50-74 3.5 0.8

Undiagnosed NIDDM 3.6 0.5
20-49 4.0 0.4
50-74 3.5 0.6

IGT 2.9 0.4
20-49 2.8 0.1
50-74 2.9 0.6

Normal 2.2 0.3
20-49 2.0 0.2
50-74 2.8 0.5

Non-Hispanic whites 
Medical history of NIDDM 3.1 0.6

20-49 2.7 0.7
50-74 3.2 0.6

Undiagnosed NIDDM 3.2 0.5
20-49 3.2 0.4
50-74 3.2 0.5

IGT 2.8 0.4
20-49 2.9 0.1
50-74 2.7 0.6

Normal 2.2 0.3
20-49 1.9 0.2
50-74 2.6 0.4

Non-Hispanic blacks 
Medical history of NIDDM 3.6 1.0

20-49 2.9 0.3
50-74 4.0 1.5

Undiagnosed NIDDM 5.0 0.6
20-49 6.8 0.4
50-74 4.0 0.7

IGT 1.8 0.1
20-49 1.7 0.1
50-74 2.2 0.0

Normal 2.6 0.5
20-49 2.3 0.3
50-74 3.6 0.8

IGT, impaired glucose tolerance. Diabetes status was determined from medical
history and results of a 75-g 2-hour oral glucose tolerance test using World
Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Appendix 7.43
Percent of Diabetic (IDDM and NIDDM) and 
Nondiabetic Populations Age 20-74 Years Who
Drink Any Alcohol, U.S., 1976-80

Race, sex, and
age (years) Diabetic Nondiabetic

All ages 46.6 67.2
20-44 46.8 72.3
45-64 50.3 62.0
65-74 39.9 52.0

Men 63.8 76.6
20-44 74.6 82.2
45-64 69.4 70.0
65-74 51.3 61.1

Women 34.7 58.5
20-44 31.9 63.0
45-64 38.1 54.3
65-74 29.5 45.0

Non-Hispanic whites 46.2 68.4
20-44 40.7 73.4
45-64 49.0 64.2
65-74 43.6 53.2

Non-Hispanic white men 65.4 77.5
20-44 82.2 82.7
45-64 70.1 72.5
65-74 54.3 62.0

Non-Hispanic white women 33.4 59.7
20-44 25.1 64.2
45-64 35.2 56.4
65-74 34.5 46.4

Non-Hispanic blacks 38.9 65.8
20-44 31.4 74.9
45-64 53.6 51.4
65-74 16.6 42.7

Non-Hispanic black men 46.1 79.2
20-44 85.6
45-64 55.8 71.3
65-74 24.5 56.4

Non-Hispanic black women 33.8 55.0
20-44 66.5
45-64 52.2 33.8
65-74 8.5 32.5

Mexican Americans 36.0 53.1
20-44 48.5 55.1
45-64 35.1 48.0
65-74 15.6 39.2

Mexican-American men 56.8 72.4
20-44 65.2 73.6
45-64 60.2 74.5
65-74 15.0 38.2

Mexican-American women 17.5 33.1
20-44 28.5 35.1
45-64 12.7 24.5
65-74 15.8 40.3

Diabetes status was determined from medical history and results of a 75-g
2-hour oral glucose tolerance test using World Health Organization criteria.
Alcohol intake was obtained by self-response to a question regarding average
alcohol intake in the previous 3 months.

Source: 1976-80 Second National Health and Nutrition Examination Survey

Appendix 7.42
Percent of Persons with IDDM and NIDDM Age 
18-49 Years Who Currently Smoke, U.S., 1989

IDDM NIDDM

Men 29.2 38.4
Women 23.7 26.8

Source: 1989 National Health Interview Survey
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Appendix 7.45
Participation Rates in Physical Activity for Diabetic
and Nondiabetic Adults Age ≥18 Years, U.S., 1990

Physical activity,
race, and sex

Diabetic
(%)

Nondiabetic
(%)

Any exercise in preceding 2 weeks
Age (years)

18-44 77.7 76.3
45-64 61.8 69.8

≥65 52.1 61.5

Men 73.9 75.4
Women 65.0 69.5

White 69.1 73.0
Black 65.8 66.3

Regular exercise
Age (years)

18-44 39.6 45.7
45-64 28.8 35.5

≥65 26.1 33.1

Men 42.3 43.9
Women 28.1 38.2

White 35.2 41.8
Black 32.0 33.5

Source: 1990 National Health Interview Survey, Reference 19

Appendix 7.44
Percent Distribution of IDDM, NIDDM, and 
Nondiabetic Persons Age ≥18 Years According to
Self-Assessed Health Status, U.S., 1989

Race, sex, and 
age (years)

Excellent or
very good Good

Fair or
poor

IDDM 38.7 40.6 20.8
18-39 42.0 37.1 20.9

≥40 28.6 50.9 20.5

Men 47.3 36.2 16.6
Women 28.8 45.6 25.6

NIDDM 19.5 30.5 50.0
18-44 29.4 27.1 43.5
45-64 18.3 31.9 49.9

≥65 18.2 30.1 51.7

Men 23.3 29.5 47.2
Women 16.7 31.3 52.0

Non-Hispanic whites 21.3 32.1 46.6
Non-Hispanic blacks 15.0 26.0 59.1
Mexican Americans 12.6 26.4 61.0

Nondiabetic 64.9 24.3 10.8
18-44 74.3 20.1 5.6
45-64 57.5 28.0 14.6

≥65 40.7 34.5 24.9

Men 68.6 21.7 9.6
Women 61.5 26.6 11.9

Non-Hispanic whites 67.0 23.2 9.8
Non-Hispanic blacks 54.7 27.6 17.7
Mexican Americans 55.4 31.2 13.5

Source: 1989 National Health Interview Survey

160



Appendix 7.46
Values for Metabolic Variables in White, Black, and Japanese-American Subjects with NIDDM in U.S. Population
Samples and in Community-Based Studies

Age 40-64 years
NHANES II

Age 40-64 years
NHANES II

Age 40-64 years
Seattle, WA

Age 50-74 years
Rancho Bernardo, CA

White
men

White
women

Black
men

Black
women

Japanese-
American

men

Japanese-
American
women

White
men

White
women

Previously diagnosed diabetes
Mean fasting plasma glucose (mg/dl) 196.0 162.1 141 140
Mean 2-hour plasma glucose (mg/dl) 360.5 335.9 251 219
Mean fasting insulin (µu/ml) 15.0 22.6 35 20
Mean 2-hour insulin (µu/ml) 49.2 103.8 106 86
Mean number of years since
 diagnosis of diabetes 7.5 7.2 6.8 7.1 7.1 6.6 12 8

Newly discovered diabetes
Mean fasting plasma glucose (mg/dl) 144.8 137.4 110.7 146.6 122.3 128.8 123 119
Mean 2-hour plasma glucose (mg/dl) 283.8 264.6 213.1 289.9 234.7 271.9 233 246
Mean fasting insulin (µu/ml) 19.5 20.6 18 14
Mean 2-hour insulin (µu/ml) 153.3 140.4 103 109

All diabetic subjects combined
Percent with self-reported history of
 diabetes in mother and/or father 30.8 42.9 20.2 36.1 57.1 81.8 30 28
Mean BMI 26.9 30.8 27.8 32.0 25.9 24.8 27.2 26.0
Percent with BMI ≥25 64.4 73.8 56.7 85.7 55.1 63.6 75 53
Percent with BMI ≥30 21.0 53.2 21.4 65.4 6.1 18.2 19 19
Percent with BMI ≥35 5.6 27.9 12.8 23.4 0 18.2 3 6
Mean subscapular-to-triceps skinfold ratio 1.74 0.99 1.66 1.09 2.6 1.3
Mean waist-to-hip ratio 0.87 0.93 0.82
Mean CT thoracic fat (cm2) 100.8 180.2
Mean CT subcutaneous abdominal fat (cm2) 132.9 206.6
Mean CT intra-abdominal fat (cm2) 130.0 125.0
Mean systolic blood pressure (mmHg) 136.8 136.0 138.9 139.0 141.7 137.9 146 142
Mean diastolic blood pressure (mmHg) 86.6 83.9 89.0 88.9 81.7 79.6 81 77
Percent with hypertension 44.6 44.9 29.5 71.2 57.1 36.4 56 45
Mean total cholesterol (mg/dl) 226.9 246.9 207.1 233.7 226.7 229.3 209 235
Mean LDL cholesterol (mg/dl) 138.4 162.4 121.0 140.0 135.9 143.6 125 141
Mean HDL cholesterol (mg/dl) 42.1 48.7 55.4 49.2 44.5 60.6 49 63
Mean fasting triglycerides (mg/dl) 200.9 187.5 131.0 154.9 221.8 125.1 189 156
Percent with total cholesterol ≥240 mg/dl 44.3 51.2 16.1 33.5 36.7 40.9 21 45
Percent with LDL cholesterol ≥160 mg/dl 34.3 49.9 8.7 23.9 24.5 36.4 13 33
Percent with HDL cholesterol <35 mg/dl 25.0 10.3 20.5 18.1 26.5 0 16 1
Percent with triglycerides ≥250 mg/dl 21.5 25.3 0.0 14.1 24.5 4.5 22 15

NHANES II, 1976-80 Second National Health and Nutrition Examination Survey; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CT,
computed tomography. Hypertension defined as systolic blood pressure ≥160 mmHg or diastolic blood pressure ≥95 mmHg or using antihypertensive medication; values
for blood pressure includes values for subjects using antihypertensive medications; blanks indicate that data were not available. NHANES II subjects exclude Hispanics.

Source: 1976-80 Second National Health and Nutrition Examination Survey unpublished data; References 10 and 11
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Appendix 7.47
Values for Metabolic Variables in Hispanic and Non-Hispanic Subjects with NIDDM in U.S. Population Samples
and in Community-Based Studies

Age 40-64 years
HHANES

Age 40-64 years
San Luis Valley, 

CO

Age 40-64 years
San Luis Valley, 

CO

Age 40-64 years
San Antonio, 

TX

Age 40-64 years
San Antonio, 

TX

Mexican-
American

men

Mexican-
American
women

Hispanic
men

Hispanic
women

Anglo
men

Anglo
women

Mexican-
American

men

Mexican-
American
women

Anglo
men

Anglo
women

Previously diagnosed diabetes
Mean fasting plasma glucose (mg/dl) 191.8 197.8 184.0 171.5 181.9 188.2 162.8 167.7
Mean 2-hour plasma glucose (mg/dl) 309.8 331.6 299.5 287.0 326.8 333.5 308.0 288.5
Mean fasting insulin (µu/ml) 21.8 24.5 22.7 26.2 24.6 29.8 25.7 26.6
Mean 2-hour insulin (µu/ml) 87.6 98.7 79.3 116.7 57.6 78.5 52.2 73.6
Mean number of years since
 diagnosis of diabetes 6.8 8.0 7.6 7.7 6.0 9.1 6.6 10.1 8.8 9.9

Newly discovered diabetes
Mean fasting plasma glucose (mg/dl) 141.6 125.2 164.6 143.4 125.5 165.3 155.2 151.6 161.8 120.5
Mean 2-hour plasma glucose (mg/dl) 268.1 260.1 269.2 267.0 244.3 280.2 295.0 289.6 298.4 235.3
Mean fasting insulin (µu/ml) 19.2 23.6 25.2 22.7 22.2 28.0 19.8 23.8
Mean 2-hour insulin (µu/ml) 101.4 108.2 105.3 84.4 98.9 139.4 84.1 151.3

All diabetic subjects combined
Percent with self-reported history
 of diabetes in mother and/or father 43.5 46.9 37.3 37.5
Mean BMI 28.0 31.4 27.6 30.4 29.0 31.1 29.7 32.1 28.6 31.3
Percent with BMI ≥25 83.0 94.0 74.0 84.9 83.0 82.9 83.1 87.4 81.3 79.4
Percent with BMI ≥30 27.4 52.2 31.5 47.2 35.8 48.6 41.9 58.7 25.0 52.9
Percent with BMI ≥35 3.2 22.8 2.7 17.9 9.4 31.4 14.5 26.7 9.4 23.5
Mean subscapular-to-triceps skinfold ratio 1.89 1.15 1.74 1.19 1.77 1.02 1.93 1.32 1.72 1.33
Mean waist-to-hip ratio 1.00 0.91 0.99 0.91 0.98 1.00 0.98 1.16
Mean systolic blood pressure (mmHg) 134.5 131.0 134.1 136.8 134.5 134.8 132.0 129.4 132.2 129.6
Mean diastolic blood pressure (mmHg) 83.6 77.1 82.5 79.8 81.1 77.7 75.9 73.4 77.6 71.9
Percent with hypertension 25.0 22.8 45.2 52.8 49.1 71.4 25.8 22.3 31.3 47.1
Mean total cholesterol (mg/dl) 220.3 224.5 206.6 244.3 207.2 220.8 215.7 218.8 216.2 221.4 
Mean LDL cholesterol (mg/dl) 132.5 127.5 126.3 148.2 132.6 123.3 138.0 137.7 137.9 138.0
Mean HDL cholesterol (mg/dl) 43.2 46.6 41.2 47.1 40.1 43.7 38.0 43.9 39.6 44.4
Mean fasting triglycerides (mg/dl) 197.9 185.0 212.4 268.9 186.1 246.0 262.4 198.5 276.6 212.6
Percent with total cholesterol ≥240 mg/dl 27.9 28.0 22.2 45.7 15.1 31.4 20.2 25.7 18.8 26.5
Percent with LDL cholesterol ≥160 mg/dl 18.1 20.8 16.7 33.0 18.8 18.8 23.4 25.7 21.9 29.4
Percent with HDL cholesterol <35mg/dl 20.6 16.6 27.8 15.2 40.4 25.7 48.4 22.3 53.1 20.6
Percent with triglycerides ≥250 mg/dl 12.9 6.7 27.8 35.2 17.0 37.1 33.9 22.3 31.3 20.6

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HHANES, 1982-84 Hispanic Health and Nutrition Examination Survey. Hypertension
defined as systolic blood pressure ≥160 mmHg or diastolic blood pressure ≥95 mmHg or using antihypertensive medication; values for blood pressure includes values for
subjects using antihypertensive medications; blanks indicate that data were not available.

Source: 1982-84 Hispanic Health and Nutrition Examination Survey unpublished data; References 12 and 13
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Appendix 7.48
Values for Metabolic Variables in Native American Diabetic Subjects in the Strong Heart Study, Age 45-64 Years

Arizona Oklahoma South Dakota/North Dakota
Men Women Men Women Men Women

Previously diagnosed diabetes
Mean fasting plasma glucose (mg/dl) 221.1 242.6 197.4 211.9 210.9 225.4
Mean 2-hour plasma glucose (mg/dl) 341.9 356.1 298.6 247.4 297.1 275.8
Mean fasting insulin (µu/ml) 23.5 29.7 24.1 29.4 21.6 26.5
Mean number of years since
 diagnosis of diabetes

13.0 14.0 9.0 10.8 7.9 9.0

Newly discovered diabetes
Mean fasting plasma glucose (mg/dl) 154.0 164.7 168.5 156.2 149.7 149.5
Mean 2-hour plasma glucose (mg/dl) 257.1 287.8 254.9 256.2 256.0 262.5
Mean fasting insulin (µu/ml) 30.0 32.3 29.0 29.6 26.5 27.2

All diabetic subjects combined
Percent with self-reported history
 of diabetes in mother and/or father

62.3 63.1 47.0 61.7 52.2 48.9

Mean BMI 31.2 33.4 32.7 33.7 30.7 31.9
Percent with BMI ≥25 85.2 89.1 93.4 94.5 90.0 90.6
Percent with BMI ≥30 48.4 66.1 64.7 71.0 56.3 60.6
Percent with BMI ≥35 20.1 35.8 28.7 40.3 12.5 26.0
Mean waist-to-hip ratio 0.97 0.96 0.98 0.94 1.01 0.96
Mean systolic blood pressure (mmHg) 131.2 131.0 134.8 130.0 127.5 122.8
Mean diastolic blood pressure (mmHg) 81.6 76.6 83.3 76.9 80.3 74.8
Percent with hypertension 39.4 32.4 41.9 41.2 25.6 24.2
Mean total cholesterol (mg/dl) 181.1 184.1 190.7 197.2 203.9 203.9
Mean LDL cholesterol (mg/dl) 100.4 105.6 115.5 115.5 118.2 118.7
Mean HDL cholesterol (mg/dl) 43.0 43.7 38.9 44.4 37.8 43.6
Mean fasting triglycerides (mg/dl) 190.5 173.5 179.9 179.4 224.7 197.6
Percent with total cholesterol ≥240 mg/dl 6.7 10.7 5.4 12.2 16.9 15.0
Percent with LDL cholesterol ≥160 mg/dl 2.8 5.9 9.6 7.1 8.1 9.1
Percent with HDL cholesterol <35 mg/dl 29.3 20.7 39.5 16.4 34.4 21.7
Percent with triglycerides ≥250 mg/dl 16.6 15.7 18.0 16.8 23.1 21.5

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Hypertension defined as systolic blood pressure ≥160 mmHg or diastolic blood pressure
≥95 mmHg or using antihypertensive medication; values for blood pressure includes values for subjects using antihypertensive medications. American Indian tribes are:
Arizona—Pima, Maricopa; Oklahoma—The Seven Tribes (Apache, Caddo, Comanche, Delaware, Fort Sill Apache, Kiowa, Wichita); North Dakota/South Dakota—Oglala
Sioux, Cheyenne River Sioux, Devil’s Lake Sioux.

Source: Reference 14
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Appendix 7.50
Percent with HDL Cholesterol <35 mg/dl in Women
with NIDDM in U.S. and Community-Based Studies

HDL, high-density lipoprotein. See Appendices 7.46-7.48 for further details.
Rate in Japanese American women in Seattle, WA was 0%.

Source: 1976-80 Second National Health and Nutrition Examination Survey,
1982-84 Hispanic Health and Nutrition Examination Survey, and Ref-
erences 10-14
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Appendix 7.49
Percent with LDL Cholesterol ≥160 mg/dl in
Women with NIDDM in U.S. and Community-Based
Studies

LDL, low-density lipoprotein. See Appendices 7.46-7.48 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey,
1982-84 Hispanic Health and Nutrition Examination Survey, and Ref-
erences 10-14
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Appendix 7.51
Percent with Serum Triglycerides ≥250 mg/dl in
Women with NIDDM in U.S. and Community-Based
Studies

See Appendices 7.46-7.48 for further details.

Source: 1976-80 Second National Health and Nutrition Examination Survey,
1982-84 Hispanic Health and Nutrition Examination Survey, and Ref-
erences 10-14
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RACE AND ETHNICITY

IDDM is one of the most common chronic disorders
of childhood (see Chapter 3). Standardized descrip-
tive studies of the epidemiology of IDDM are being
conducted around the world, providing much needed
information regarding the frequency and potential
risk factors for IDDM in developed and developing
countries. In many areas, these investigations are be-
ing facilitated through the World Health Organization
Multinational Project for Childhood Diabetes, known
as Diabete Mondiale or the DiaMond Project1, and the
EURODIAB ACE Study in Europe2. They have pro-
vided clear evidence that racial and ethnic back-
ground represents one of the most important risk
factors for IDDM. As illustrated in Figure 8.1, IDDM
incidence is highest (>20 per 100,000 per year) in
children in the Scandinavian countries3-6 and Sardinia,

Italy7, and is intermediate (3-19 per 100,000 per year)
in the United States, Spain8, and Israel9. Asian10-11 and
Native American12 populations, as well as people in

Chapter 8

Risk Factors for Insulin-
Dependent Diabetes
Janice S. Dorman, PhD; Bridget J. McCarthy, MS; Leslie A. O’Leary, PhD; and Anita N. Koehler, MPH, RD

SUMMARY

Insulin-dependent diabetes mellitus (IDDM) is
one of the most common chronic diseases in
children; its incidence is increasing in the Ameri-
cas and around the world. However, the etiology

of this disorder remains unclear. Epidemiologic pat-
terns, including the higher IDDM incidence rates in
Caucasians compared with African Americans or His-
panics, the increase in risk at puberty, and the more
frequent occurrence of the disease during the winter
months, suggest that viruses, nutrition, and socioeco-
nomic factors may be involved. These environmental
risk factors have been investigated in numerous popu-
lations but have yielded conflicting results. This has
been due, in part, to a failure to account for host
susceptibility in most studies. The genes that confer
susceptibility to IDDM are located in the HLA region
of chromosome 6. Individuals who carry alleles con-

taining DNA sequences coding for arginine in posi-
tion 52 of the DQ α chain (DQA1*Arg-52) and an
amino acid other than aspartic acid in position 57 of
the DQ β chain (DQB1*non-Asp-57) are known to be
at high risk for IDDM. Genetically susceptible indi-
viduals who also have autoantibodies to islet cell an-
tigens or to glutamic acid decarboxylase are at greatest
risk for developing IDDM. Despite our ability to iden-
tify several important risk factors, we are currently
unable to prevent the occurrence of IDDM, even in
those who are genetically susceptible and immu-
nologically compromised. Future epidemiological
studies of potential etiologic determinants, focusing
on host and environmental risk factors and their inter-
actions, are likely to provide important information
regarding the causes of IDDM and lead to approaches
for disease prevention.

• • • • • • •

POPULATION STUDIES OF IDDM

High rates:
Finland
Sweden

Sardinia, Italy
Intermediate rates:

U.S. whites
New Zealand

Spain
Low rates:

Chile
Japan

Tanzania

0 10 20 30 40

IDDM Incidence Per 100,000 Children Per Year

Figure 8.1
Incidence Rates for IDDM in Some International
Populations

Source: Reference 3
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Latin American countries, such as Chile13 and Mex-
ico14, have some of the lowest incidence in the world,
with rates of <3 per 100,000 per year.

Differences in IDDM incidence within countries have
also been observed. More than a sixfold variation in
risk exists in Italy15, where rates range from ~6-7 per
100,000 per year in the northern and central parts of
the country16,17 to 30 per 100,000 per year on the
island of Sardinia7. Studies in the United States have
focused on Caucasians, African Americans, and His-
panics (Figure 8.2). In Allegheny County, PA, the
incidence of IDDM in children is higher in Caucasians
(18.0 per 100,000 per year) than African Americans
(15.3 per 100,000 per year)18. An even larger racial
difference has been found in Jefferson County, AL
(15.6 per 100,000 per year in Caucasians versus 7.0

per 100,000 per year in African Americans)19. Among
Hispanics in Colorado, the incidence of IDDM is
lower than for non-Hispanics (9.5 per 100,000 per
year versus 15.3 per 100,000 per year, respectively)20.

GENDER AND AGE

Gender does not appear to be a significant determi-
nant of IDDM, since incidence rates are generally
similar for males and females. The distribution of age
at onset for IDDM is also relatively consistent across
populations, with a small peak occurring at ~5 years
of age in males (Figure 8.3) and a larger peak observed
for both sexes occurring near puberty21-24. This age
pattern may reflect exposure to infectious agents dur-
ing childhood21, growth spurts25,  or hormonal
changes that occur during adolescence. Interestingly,
diabetic children diagnosed before puberty have been
reported to be taller at IDDM onset than nondiabetic
siblings or control children of the same age25-27. Al-
though a decreased growth velocity during the predi-
abetic period was reported by a recent twin study28,
most published data suggest that immunologic or me-
tabolic factors related to accelerated growth, which is
most significant during puberty, contribute to the eti-
ology of IDDM. Thus, the risk of IDDM increases with
age during childhood and adolescence. However,
there is a decline in incidence of IDDM during adult
years.

SEASONAL VARIATION

Seasonal variation in the onset of IDDM has been
observed worldwide, suggesting that infectious agents
are potential risk factors. Data from the Allegheny

Cauca-
sian

Black Cauca-
sian

Black Anglo Hispanic
0

5

10

15

20

Pennsylvania Alabama Colorado

Figure 8.2
Incidence Rates for IDDM in the U.S. According to
Race/Ethnicity

Source: References 18-20

Figure 8.3
Incidence Rates for IDDM by Age and Race for Males and Females, Allegheny County, PA, 1965-80
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County, PA IDDM registry are shown in Figure 8.424.
Most studies from both the northern and southern
hemispheres have found a reduction in the number of
cases occurring during the warm summer
months19,23,24,29,30 . These epidemiologic patterns indi-
cate that environmental factors such as viruses, which
vary dramatically across populations, contribute to
the etiology of IDDM. However, genetic differences
also exist across racial groups and countries and ap-

pear to be a major determinant of the worldwide
patterns of IDDM31. 

RISK OF IDDM IN RELATIVES

More than 80% of cases of IDDM occur in individuals
with no family history of the disease. However, in the
remaining 20%, IDDM aggregates in families32. The
overall risk before age 30 years for North American
Caucasian siblings, parents, and offspring of individu-
als with IDDM ranges from 1% to 15% (Table 8.1)33-43,
compared with rates of <1% for individuals without
IDDM relatives. Most data on risk of IDDM in family
members are from Caucasian populations that have
similar incidence rates. There is a paucity of informa-
tion for other racial groups in the Americas, including
African Americans and Hispanics32. In Allegheny
County, PA, there was a lower risk for developing
IDDM in siblings of African-American IDDM patients,
compared with Caucasians (2.8% versus 6.5%
through age 30 years)42. Although the sample size was
small for the African-American population, these
findings parallel the racial difference in IDDM risk for
the general population. There also appears to be an

Table 8.1
Risk of IDDM in First-Degree Relatives of IDDM Cases: Studies from the U.S. and Canada

Ref. Population Prevalence in parents
Risk to siblings 

before age 30 years
Risk to offspring of IDDM fathers
and mothers before age 30 years

33 Montreal, Canada 3.2% 4.1% prevalence 
34 Boston, MA 5.7% 4.6% prevalence
35 Pittsburgh, PA 2.6% 3.3% prevalence

1.4% mothers
3.7% fathers

36 Minnesota 3.0% 5.5% prevalence
37 Boston, MA 3.1% (either parent)

1.3% (mother)
6.1% (father)

38 Boston, MA 2.1% (mother)
39 Pittsburgh, PA 2.0%

1.0% mothers
3.0% fathers

40 Pittsburgh, PA 3.0% (either parent)
1.4% (mother)
4.3% (father)

41 Wisconsin 6.4% 15.4% prevalence
2.9% mothers
3.5% fathers 

42 Pittsburgh, PA 6.3% incidence
6.5% whites
2.8% blacks

43 Boston, MA 4.8% (either parent)
3.4% (mother)
8.9% (father)

Source: References are listed within the table
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increased risk of IDDM in relatives of subjects with
non-insulin-dependent diabetes mellitus (NIDDM)44.
This may be related to specific HLA haplotypes that
confer susceptibility to both IDDM and  NIDDM45. 

For children with IDDM who have an IDDM parent,
the father is more likely to have the disease than the
mother35,39,41. The prevalence of paternal compared
with maternal IDDM was 6.2% versus 2.3% in Swe-
den46 and 5.7% versus 2.6% in Finland4. Prospective
studies that ascertained IDDM in the offspring of par-
ents with IDDM have also revealed a higher risk of
IDDM in children of affected fathers than mothers
(~6% and 2%, respectively; Table 8.1)37,40,43,47 . Several
possible explanations have been proposed for this
intriguing finding, including an increase in spontane-
ous abortion by IDDM mothers of fetuses that might
develop IDDM37, maternal environmental factors that
allow the fetus to remain tolerant to autoantigens38, an
increase in the paternal transmission of HLA suscep-
tibility genes for IDDM48, and differential expression
of the disease depending on the sex of the parent
transmitting the susceptibility allele39. 

HLA ANTIGENS: SEROLOGICAL AND 
MOLECULAR STUDIES

The HLA region of chromosome 6 contains genes that
encode class I (HLA-A, B, C), class II (HLA-DR, DQ,
DP), and class III antigens, as well as numerous other
genes that control immune response49. Associations
between HLA and IDDM began to be documented in
the mid-1970s when it was observed that individuals
with IDDM were significantly more likely to have
genes for HLA-B8 and B15 than nondiabetic individu-
als50,51. It was thought that the genes coding for these
antigens may be linked to "true" IDDM susceptibility
genes, located in adjacent regions of the chromosome.
With the discovery of class II antigens, associations
between DR locus antigens and IDDM became appar-
ent. These studies revealed that the relationship be-
tween IDDM and DR3 and/or DR4 was stronger than
between IDDM and B8 and B1552,53. Approximately
95% of IDDM patients in most populations had DR3
and/or DR4, and individuals with both DR3 and DR4
were particularly susceptible to IDDM. However, ra-
cial differences in the HLA-IDDM associations were
also observed. DR7 in African Americans54, DR5 in
Hispanics55, and DR9 in Chinese56 and Japanese53 also
appeared to contribute to IDDM susceptibility.

With advances in molecular biology, HLA studies of
IDDM are being conducted at the DNA level in popu-
lations across the world. Molecular techniques have
simplified procedures required for specimen collec-

tion from large population-based cohorts. They have
also provided researchers with more precise markers
of IDDM susceptibility than those afforded by conven-
tional serological techniques. Analyses in a variety of
racial and ethnic groups have revealed that DNA se-
quences in the DQB1 gene coding for the presence of
an amino acid other than aspartic acid in the 57th
position (non-Asp-57) is highly associated with de-
veloping IDDM, whereas sequences coding for aspar-
tic acid appear to confer resistance to IDDM55,57-64.
This association is much stronger than the association
between IDDM and HLA-DR3 and DR458 and reflects
the results of older HLA-DQ serological studies,
which revealed an increase in DQ2 in African Ameri-
cans with IDDM65. The consistency of the results of
molecular studies of the DQB1 gene in most popula-
tions confirm its importance as a locus determining
IDDM susceptibility.

An exception was found for the Japanese and the
DR4-DQ4 susceptibility haplotype, which contains
DQA1*0301 and DQB1*0401. The latter codes for
aspartic acid in position 57 (Asp-57), but the DQA1
gene contains DNA sequences that code for arginine
in position 5262,66,67. DQA1*0301 is also found in Afri-
can American but not Caucasian DR7 haplotypes,
both of which contain DQB1*0201 (non-Asp-57).
Caucasian DR7 haplotypes carry the DQA1*0201 al-
lele (non-Arg-52) and appear to be less diabetogenic.
DQA1*Arg-52 genes are associated with IDDM in a
variety of racial and ethnic groups and represent con-
sistent independent markers of IDDM susceptibil-
ity60,63,64,66,67 . For example, in Hispanics and non-His-
panics in Colorado, there was an increase in
DQA1*0301 (Arg-52), as well as DQB1*0201 and
DQB1*0302 (non-Asp-57) in individuals with IDDM
compared with nondiabetic individuals55.

The combination of DQA1*Arg-52 and DQB1*non-
Asp-57 alleles seem to be particularly diabetogenic.
The associations between these molecular polymor-
phisms and IDDM may have a biological basis. The
presence of aspartic acid in position 57 of the DQ β
chain and arginine in position 52 of the DQ α chain
affects the peptide binding ability of the HLA mole-
cule, which influences the recognition of the HLA-
peptide complex by particular T cell clones49. Struc-
tural modifications such as these may explain the
importance of specific amino acid sequences in deter-
mining susceptibility or resistance to IDDM, suggest-
ing that the molecules are directly involved in IDDM
etiology.

Immunogenetic studies have been conducted in popu-
lations in which the incidence of IDDM has been
established from a registry31, including China11; Nor-
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way68; Sardinia, Italy; and African Americans and Cau-
casians in Allegheny County, PA. The prevalence of
the DQB1*non-Asp-57 genotypes varies significantly
in people with IDDM from these five populations
(from 6% in China to 100% in Sardinia), as well as in
nondiabetic individuals (from 0% in China to 38% in
Sardinia), with an increase in non-Asp-57 homozy-
gosity in areas with a high incidence of IDDM59. In
each of the five populations, the risk of IDDM in
non-Asp-57 homozygotes compared with Asp-57 ho-
mozygotes was significantly increased, ranging from
14 to 111. For Allegheny County Caucasians, the
incidence rate for IDDM was highest for non-Asp-57
homozygotes (47.6 per 100,000 per year), intermedi-
ate for heterozygous individuals (13.0 per 100,000 per
year), and lowest for Asp-57 homozygotes (0.45 per
100,000 per year), suggesting a dose-response rela-
tionship between susceptibility and IDDM risk.

If the geographic differences in risk of IDDM are due
to variation in genetic susceptibility to the disease,
then incidence rates for IDDM should be similar in
persons with the same genotype across populations59.
Because the statistical properties of these estimates are
currently under investigation, this issue was ad-
dressed indirectly by applying the genotype-specific
incidence rates for Allegheny County Caucasians to
the other four populations to predict the overall
IDDM incidence rate for each area. Each of the pre-
dicted rates fell within the 95% confidence intervals
for the rates established through IDDM registries
(Figure 8.5).

Both the DQA1 and DQB1 genes are important in
determining susceptibility to IDDM64. The risk of de-

veloping the disease appears to be markedly increased
for individuals who are homozygous for both
DQB1*non-Asp-57 and DQA1*Arg-52 alleles. More-
over, at least two-thirds of the incidence of IDDM
(attributable risk of ≥62%) can be explained by the
contribution of these high-risk genes in most popula-
tions. In contrast, individuals who are heterozygous at
one of the two genetic loci have a risk for IDDM that
is similar to that for the general population. These
studies emphasize the importance of the complete DQ
molecule (composed of an α and a β chain) in the
etiology of IDDM.

In the future, it will be important to directly evaluate
the geographic variation in IDDM incidence in geneti-
cally homogeneous subgroups and to accurately
quantify the contribution of host susceptibility to the
global patterns of IDDM. Knowledge of the propor-
tion of susceptible individuals in a population and the
magnitude of their risk will provide extremely impor-
tant information for implementation of prevention
strategies and health planning initiatives. The devel-
opment of the field of molecular IDDM epidemiology
will, therefore, test unique hypotheses and achieve a
great deal in terms of scientific advancement and pub-
lic health31. 

ISLET CELL ANTIBODIES, INSULIN
AUTOANTIBODIES, AND GAD

Islet cell cytoplasmic antibodies (ICA)69, as well as
antibodies to insulin70, the 64kD islet cell antigen71,
and the enzyme glutamic acid decarboxylase (GAD)72,
are highly prevalent in persons with IDDM. However,
it is unclear whether they play a direct role in the
disease process or serve as markers of tissue damage
initiated by other etiologic agents. Despite differences
in the types of ICAs and variation in laboratory meth-
odology used to detect these molecules, most studies
have reported a very high prevalence of ICA (65%-
100%) in patients with newly diagnosed IDDM73. This
high prevalence contrasts with rates of 2%-5% in first-
degree relatives (parents, offspring, and siblings) of
patients with IDDM, and rates of 0.5% or less in
nondiabetic persons74. In the United States, preva-
lence rates for ICA of 0.4%-0.8% have been re-
ported75,76. ICAs are potent risk factors for IDDM, and
first-degree relatives of patients with IDDM have a
risk of developing IDDM that is 50-500 times that of
people without ICA73. However, most individuals with
ICA will never develop the disease. Thus, the predic-
tive value for ICA in identifying which individuals
will eventually go on to develop IDDM is low, and has
been estimated at ~20%77.
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Several studies have examined the relationship be-
tween HLA and ICA. An investigation of German
schoolchildren revealed that non-Asp-57 homozygos-
ity was increased in children who were ICA positive,
compared with children who were ICA negative78. A
study of French schoolchildren found a similar distri-
bution of DQB1*non-Asp-57 alleles in ICA positive
and negative individuals79. These findings are consis-
tent with molecular studies of ICA positive and nega-
tive Caucasian family members from Allegheny
County, PA80. Although the proportions of first-degree
relatives who were homozygous for both DQB1*non-
Asp-57 and DQA1*Arg-52 were similar in those with
(19%) and without (15%) ICA, the subsequent devel-
opment of IDDM was restricted to individuals who
were both ICA positive and genetically susceptible.

Insulin autoantibodies (IAA) are another immune
marker for IDDM. However, methodologic variabili-
ties and the ability to detect IAA in only ~50% of those
who later develop IDDM limits their utility in identi-
fying individuals at high risk for IDDM81,82.

The most promising of the immune markers for IDDM
are antibodies to GAD, originally identified as a
64,000-M islet cell antigen72,83. Several studies have
examined the prevalence of GAD in IDDM and nondi-
abetic subjects. In U.S. Caucasians, 84% of newly
diagnosed IDDM patients and 82% of ICA-positive
first-degree relatives had GAD antibodies84. These an-
tibodies were not detected in any nondiabetic subjects
and in only one of the ICA-negative first-degree rela-
tives. GAD may also help discriminate between
NIDDM and IDDM. In one study, 69% of patients with
a short duration of IDDM were positive for GAD
antibodies, while only 5% of individuals with NIDDM
and none of the nondiabetic subjects were GAD posi-
tive85. Accordingly, GAD potentially has the best abil-
ity to predict the development of IDDM84. However,
prospective investigations and studies of the general
population are required to determine the accuracy of
this marker in identifying individuals who will sub-
sequently develop IDDM. By evaluating the presence
or absence of high-risk IDDM susceptibility genes and
organ-specific autoantibodies, future population-
based family and case-control studies will assess both
the relative and absolute risks associated with these
potential determinants of the disease.

Twin studies have shown that genetic susceptibility to
IDDM appears to be necessary, but is not sufficient to
cause the development of the disease, because concor-

dance for IDDM occurs in only ~36% of monozygous
twin pairs86. Thus, there must be a role for environ-
mental factors in the etiology of IDDM. Nutrition and
viruses have been suggested as potential determinants
of the disease.

NUTRITION

Various nutrients and nutritional practices have been
associated with the development of IDDM. Animal
studies have consistently shown that diets containing
intact protein, in contrast to diets with protein hydro-
lysates or an amino acid mixture, contribute to high
rates of diabetes in susceptible animals87,88. Studies in
humans have revealed less dramatic effects. However,
a positive association between ingestion of
smoked/cured mutton by Icelandic women at concep-
tion and subsequent development of IDDM in their
offspring was reported89. In addition, the intake of
foods containing high amounts of nitrosamines ap-
pears to be related to the etiology of the disease90.
Moreover, an ecologic relationship between nitrate
level in potable water supplies and IDDM incidence
has been reported91.

Studies have also examined the effect of nicotinamide,
a water-soluble vitamin, on maintaining insulin secre-
tion in newly diagnosed IDDM cases92-94, but results
have been inconsistent. Individuals with high ICA
titres and low first-phase insulin response were sig-
nificantly less likely to develop IDDM if they received
daily doses of nicotinamide95. However, longer fol-
lowup of individuals in well-controlled clinical trials
is needed before the efficacy of nicotinamide for pre-
venting IDDM can be advocated.

The most widely studied nutritional risk factor for
IDDM is breast-feeding and exposure to cow’s milk
protein96-101 (Table 8.2). In the early 1980s, an inverse
relationship between breast-feeding and IDDM inci-
dence was observed, suggesting that breast-feeding
was a protective factor102. The incidence of IDDM is
highly correlated with the amount of cow’s milk con-
sumed in various countries103. Also, a positive correla-
tion has been found between IDDM incidence and
intake of unfermented cow’s milk, and a negative cor-
relation with the prevalence of breast-feeding through
at least age 3 months104. Studies in Canada, the United
States, and other countries have corroborated these
findings96-99,105,106 , showing a decreased IDDM risk in
individuals who had a longer duration of breast-feed-
ing, particularly those who were exclusively breast-fed.

A study of African Americans and Caucasians in Al-
legheny County, PA revealed that Caucasian children

ENVIRONMENTAL RISK FACTORS
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with IDDM were 50% less likely to have been breast-
fed than those without IDDM99. Although duration of
breast-feeding did not differ by diabetes status for
Caucasians or African Americans, African Americans
with IDDM were more likely to have received breast
milk substitutes at an earlier age than those without
IDDM (5.1 weeks versus 11.9 weeks, p=0.02). This
association, however, was not significant for Cauca-
sians (5.5 weeks versus 7.1 weeks, p=0.18), which
may indicate a larger genetic influence in Caucasians
or the contribution of other environmental factors to
the etiology of IDDM.

Meta-analysis of selected studies on breast-feeding or
early exposure to cow’s milk and the development of
IDDM revealed that patients with IDDM were 43%
more likely to have been breast-fed <3 months and
63% more likely to have been exposed to cow’s milk
before age 3-4 months101. Thus, early exposure to
cow’s milk may be an important risk factor for IDDM
and appears to increase the risk ~50%.

The relationship between exposure to cow’s milk and
IDDM has been investigated in genetically high- and
low-risk Caucasian IDDM cases in Colorado100. Expo-
sure to cow’s milk at age <3 months was 11-fold higher
in persons with IDDM, compared with nondiabetic
persons among high-risk cases,  defined as
DQB1*non-Asp-57 homozygotes. This association
was not found in low-risk individuals. These data
suggest that there is an interaction between the genet-
ics of the individual (DQB1*non-Asp-57) and an en-
vironmental factor (cow’s milk) in the development of
IDDM. However, additional studies are needed to con-
firm these findings in other ethnic groups in the

Americas.

Lactoglobulin (casein), the major portion of protein
in cow’s milk, was significantly associated with an
increased risk of IDDM in Sweden107. A Finnish study
also found significantly higher levels of antibodies to
both cow’s milk and to lactoglobulin in IDDM chil-
dren, compared with nondiabetic siblings and unre-
lated nondiabetic individuals108. Antibody levels were
especially high in IDDM children age <3 years, sug-
gesting that cow’s milk proteins may have a particu-
larly significant effect on the development of IDDM in
young children.

The whey protein, bovine serum albumin (BSA), is the
suspected milk protein trigger of an autoimmune re-
sponse in genetically susceptible individuals. Anti-
bodies to a 17-amino acid section of the BSA molecule
(ABBOS), which react with a β-cell surface protein109,
have been found in children with IDDM. Since infants
have an immature digestive system, exposure to large
proteins such as BSA may allow these molecules to
pass directly into the bloodstream. It has been pro-
posed that genetically susceptible children who have
been exposed to cow’s milk at age 3-12 months (prior
to gut closure) may develop antibodies to ABBOS. On
exposure to viral infections at a later time, the sensi-
tized immune system may mistake the β-cell protein
for ABBOS and contribute to the β-cell destruction
that occurs in IDDM109. Similar studies in Caucasians,
African Americans, and Hispanics living in the Ameri-
cas are needed to fully evaluate the nutritional etiol-
ogy of IDDM.

Table 8.2
IDDM and Infant Nutrition: Studies from the U.S. and Canada

Ref. Population           Exposure       Odds Ratio (95% CI)

96 IDDM patients from New York diabetic clinic; No breast-feeding vs. some breast-feeding 1.00 (0.45-2.24)
nondiabetic individuals were friends.

97 IDDM patients from Colorado registry; nondiabetic Breast-feeding <3 months vs. ≥3 months 1.47 (0.85-2.56)
individuals from office practices and an unrelated study.

98 IDDM patients from Montreal, Canada, registry; No breast-feeding vs. some breast-feeding 1.30 (0.70-2.50)
nondiabetic individuals were friends and relatives.

99 IDDM patients from Allegheny County, PA and Children’s No breast-feeding vs. some breast-feeding
Hospital registries; nondiabetic individuals were siblings. Caucasians: 2.00 (1.11- 3.33)

African Americans: 2.00 (0.71-5.00)

100 IDDM patients from Colorado registry; nondiabetic No breast-feeding vs. some breast-feeding 1.09 (0.68-1.76)
individuals from licensed drivers. Cow’s milk before age 3 months vs. after 

age 3 months 4.50 (0.90-21.40)

101 Meta-analysis Breast-fed <3 months vs. ≥3 months 1.43 (1.15-1.77)

CI, confidence interval

Source: References are listed within the table
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VIRUSES

Strong arguments have been made for the role of
recent exposure to the Coxsackie B virus in IDDM
etiology. Coxsackie viruses B2, B3, B4, and B5 have all
been isolated from the sera of persons with newly
diagnosed IDDM110,111. The Coxsackie B4 virus has
most often been associated with the disease, but the
findings are not consistent112. Although it is unknown
whether the virus may initiate or accelerate β-cell
destruction, it is hypothesized that variants of the
Coxsackie B virus have different potential in causing
diabetes. However, the majority of IDDM cases show
no evidence of recent viral infection at diagnosis of
IDDM113. Interestingly, Coxsackie B virus infections
were more prevalent in IDDM patients in Wisconsin
who were DR3 positive, compared with those who
were DR3 negative, thus suggesting a potential host-
environment interaction contributing to the develop-
ment of IDDM114.

Attention has recently focused on persistent viral in-
fections as possible triggers of autoimmune disease115.
The incorporation of human cytomegalovirus (CMV)
gene segments into genomic DNA has been signifi-
cantly associated with IDDM in newly diagnosed pa-
tients116, and a relationship between CMV genome
positivity and islet cell antibodies has also been re-
ported116,117. Persistent CMV infection may lead to the
expression of viral or host antigens on the β-cells of
the pancreas, resulting in the production of ICA. Al-
ternatively, molecular mimicry may contribute to the
production of antibodies that recognize both viral and
host antigens. Aberrant β-cell expression of HLA class
II molecules may also contribute to the beginning of
an autoimmune response, particularly in the presence
of DQB1*non-Asp-57 and DQA1*Arg-52. These is-
sues need to be further explored in etiologic research.

Congenital rubella syndrome (CRS), which results
from maternal exposure to the virus causing measles
during pregnancy, has been associated with the devel-
opment of IDDM. Approximately 20% of CRS patients
in the United States also have IDDM118. The highest
frequency of IDDM occurred in CRS cases with HLA-
DR3 and/or DR4119,120. In addition, islet cell surface
antibodies occurred in 20% of individuals with CRS,
which is consistent with the frequency of these anti-
bodies in patients with IDDM. It has therefore been
hypothesized that exposure to rubella infection in
utero triggers an autoimmune mechanism in geneti-
cally susceptible individuals, subsequently resulting
in IDDM.

Several case reports have described a temporal rela-
tionship between mumps virus infection and the de-

velopment of IDDM121,122. Epidemiological studies
validating this observation have met with limited suc-
cess. The incidence of IDDM parallels that of mumps,
after allowing for a 4-year lag period in Erie County,
NY, and ~50% of children with IDDM in this popula-
tion had mumps or exposure to mumps ~4 years prior
to IDDM onset123. However, no evidence of antecedent
mumps infection and subsequent onset of IDDM was
found in residents of Montreal, Canada124. As with
Coxsackie B virus, it has been suggested that a par-
ticular variant of the mumps virus in combination
with genetic susceptibility is necessary for develop-
ment of IDDM. If mumps is a cause of IDDM, it is
likely to be so in only a small proportion of cases.

OTHER POTENTIAL RISK FACTORS

In addition to nutrition and viruses, other potential
IDDM risk factors include stress, maternal age, birth
order, and socioeconomic status. Several investigators
noted that life events such as accidents, pregnancy,
and personal problems frequently occurred during the
year prior to IDDM onset125. These observations were
supported by a family study that revealed an increase
in the reporting of at least one serious life event
during the 6 months prior to disease onset in IDDM
compared with nondiabetic siblings126. Although in-
vestigations of stress and IDDM have, in general, re-
ported positive associations, most studies have been
retrospective and suffered from methodological diffi-
culties in assessing stress and measuring its frequency,
intensity, and duration127,128. Thus, prospective evalu-
ations of the interaction among stress, the immune
system, and the occurrence of autoimmune diseases
are warranted.

Characteristics such as older maternal age at birth and
higher birth order have also been associated with
increased IDDM risk. Several Caucasian studies have
reported a higher prevalence of IDDM in children
born to older mothers and in children with a higher
birth order107,129,130 . These investigations concluded
that of the two related potential determinants of
IDDM risk, advanced maternal age (i.e., age ≥35 years
at the child’s birth) was the more significant risk
factor. Reasons for this association are unclear, but it
has been suggested that it may be related to the intrau-
terine environment. Interestingly, a study from south-
ern India failed to corroborate these findings and, in
fact, reported opposite results, with an increased
IDDM risk for children with lower birth order and
children born to younger mothers131. Additional in-
vestigations in other ethnic groups, such as African
Americans, Asians, and Hispanics, are needed to de-
termine the etiologic significance of these potential
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risk factors.

Studies of deprivational differences in IDDM risk em-
phasize the importance of socioeconomic factors in
the etiology of IDDM. In northern England, IDDM
incidence rates were highest in the most deprived
areas and lowest in the least deprived areas132. The
deprivation index employed for this study assessed
levels of unemployment, car ownership, home owner-
ship, and overcrowding. However, a study from Scot-
land reported conflicting results, with higher IDDM
incidence rates in affluent areas133. The authors, there-
fore, concluded that deprivation appeared to confer
significant protection from developing IDDM. These
studies reflect earlier conflicting reports indicating
that either high134 or low135 socioeconomic status was
related to IDDM incidence. Such discrepancies may be
related to methodologic differences, including differ-
ent assessments of socioeconomic status or depriva-
tion, which may reflect the influence of different en-
vironmental agents in different populations.

Dr. Kelly West, the founder of diabetes epidemiology,
said in his landmark book, Epidemiology of Diabetes
and Its Vascular Lesions, "It has become evident that
many factors contribute in an important way in in-

creasing or decreasing susceptibility to diabetes, and
that systematic epidemiologic study has great poten-
tial for elucidating mechanisms by which both diabe-
tes and its specific manifestations are caused or pre-
vented"136. Since that time, much has been learned
about the epidemiologic patterns of IDDM in racial
and ethnic groups around the world. In the Americas
and other continents, new data are emerging for Cau-
casians, African Americans, and Hispanics regarding
potential risk factors for IDDM. These studies are also
employing molecular technology to study both ge-
netic and environmental determinants of the disease
and will provide critically important information re-
garding IDDM etiology during the next decade. It is
hoped this will lead to the prevention of the disease
through risk factor modification in individuals who
are genetically susceptible. With the continued efforts
of scientists and clinicians in the United States, and
the rapid progression of the field of diabetes
epidemiology, Dr. Kelly West’s vision will be achieved.
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This review of the risk factors for NIDDM summarizes
findings related to the epidemiology and natural his-
tory of the disease. Risk factors influence the risk of
disease occurrence but, in most cases, are not the
causal factors. For instance, prosperity and abun-
dance of food do not directly cause obesity but may
increase its incidence by making the causal exposure
(food intake) more likely. A narrower definition of
risk factor assumes that modification of the factor is
possible and that such modification will change dis-
ease occurrence. In this sense, demographic charac-
teristics such as age, gender, and ethnicity are not risk
factors.

NIDDM is a heterogeneous disease caused by several
pathomechanisms. Each of these pathomechanisms
probably consists of a few components, and some
components may play a role in two or more
pathomechanisms. For instance, a high-fat diet may
interact with two distinct genes involved in two dis-
tinct causal mechanisms, while each gene is unique to
one mechanism. In fact, most components of the proc-
esses leading to NIDDM are currently unknown.

In this chapter, findings concerning genetic, metabo-
lic, and behavioral risk factors for NIDDM are re-

viewed and integrated into a comprehensive model of
causation. In the two final sections of this chapter we
suggest preventive approaches. Although these pro-
posals may be modified or rejected, they may facilitate
the synthesis of a large body of information into sim-
pler concepts.

Several lines of evidence indicate that heterogeneity
exists within the NIDDM phenotype: 1) the majority
of NIDDM cases are believed to result from a combi-
nation of insulin resistance and β-cell failure that is
not related to autoimmunity, and these two compo-
nents are themselves highly heterogeneous, 2) β-cell
autoimmunity, characteristic of insulin-dependent
diabetes mellitus (IDDM), is present in up to 10%-
33% of subjects diagnosed clinically with NIDDM, 3)
heterogeneity is evident even in infrequent subtypes
of NIDDM, such as maturity-onset diabetes of the
young (MODY), and 4) >60 rare genetic syndromes,
involving both nuclear and mitochondrial genes, are
associated with glucose intolerance. Evaluation of
risk factors requires careful attention to the heteroge-
neity of NIDDM in families and populations.

Chapter 9

Risk Factors for Non-Insulin-
Dependent Diabetes
Marian Rewers, MD, PhD, and Richard F. Hamman, MD, DrPH

SUMMARY

There is no single cause of non-insulin-de-
pendent diabetes mellitus (NIDDM). More
than 60 specific diseases have been associ-
ated with the NIDDM phenotype, but these

account for <1% of all cases. The main form of
NIDDM, associated with insulin resistance and secon-
dary β-cell failure, may also comprise several etiologic
entities. This chapter reviews the descriptive, analyti-
cal, and human experimental data concerning risk

factors for NIDDM. Both genetic and nongenetic fac-
tors are presented as well as models for their interac-
tions. Only some components of the pathomechan-
isms leading to NIDDM are known. It remains un-
known whether interventions focused on these com-
ponents, e.g., weight loss and increased physical
activity, can prevent diabetes in at-risk persons or
reverse the pathology in those already diagnosed with
diabetes.

• • • • • • •

INTRODUCTION

HETEROGENEITY OF NIDDM
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THE MAIN TYPE OF NIDDM

The focus of this chapter is on what is believed to be
the main type of NIDDM, estimated traditionally to
account for ~90% of all adult diabetes and charac-
terized by initial insulin resistance and hyperin-
sulinemia with secondary β-cell failure. The very ex-
istence of a distinct and homogeneous "main type of
NIDDM" is questionable. Both insulin resistance and
β-cell failure have multiple genetic and nongenetic
causes1,2. In addition, some newer data suggest that
β-cell defect may not be secondary to insulin resis-
tance but rather is concurrent with or even precedes
development of insulin resistance.

Similar to most infectious and chronic diseases, clini-
cal NIDDM appears to be only part of a broad spec-
trum of pathology. As many as 20%-60% of people in
the general population may be genetically susceptible
to NIDDM. However, relatively few develop impaired
glucose tolerance (IGT) and even fewer progress to
diabetes. About half of adults who fulfill World Health
Organization (WHO) criteria for diabetes do not have
symptoms sufficient to make a clinical diagnosis. The
vast majority of IGT cases remains undiagnosed, and
evidence has accumulated that IGT may remit without
progressing to diabetes. It is very likely that the
pathologic process specific to the main form of
NIDDM affects a large proportion of the general popu-
lation. In most cases, however, the number of suscep-
tibility genes, their penetrance, and the environ-
mental and lifestyle/behavioral exposures may be in-
sufficient to produce clinical diabetes within an indi-
vidual’s life span.

NIDDM ASSOCIATED WITH β-CELL
AUTOIMMUNITY

It has been traditionally accepted that IDDM repre-
sents <10% of adult diabetes. This belief may change
soon. In Caucasian populations, β-cell autoantibodies
are found in 10%-33% of adult-onset diabetic patients
not treated with insulin3-7. The presence of autoanti-
bodies predicts a more rapid decline in β-cell function7

and subsequent insulin dependency4. The older,
qualitative islet cell antibody (ICA) assays are being
replaced by more reproducible antigen-specific as-
says8. Large representative samples of NIDDM pa-
tients from different ethnic groups need to be
screened using these assays to investigate the gener-
alizability of these findings and establish precise esti-
mates of the proportion of NIDDM cases that are
actually latent IDDM. It is plausible that after β-cell
autoimmunity is triggered in early childhood, those
persons in whom the disease process is slow will

present with IDDM as adults, develop diabetes that
does not require insulin treatment, or even fail to
develop diabetes altogether9.

MATURITY-ONSET DIABETES OF 
THE YOUNG

MODY, an infrequent autosomal dominant syndrome
of early-onset nonketosis-prone diabetes10, has long
been used as evidence of the heterogeneity of NIDDM.
At least three genes have been linked to the apparently
homogeneous MODY phenotype. These discoveries
offer a preview of the complexities likely underlying
the genetics of the main form of NIDDM. 

A systematic screening identified close linkage be-
tween markers on chromosome 20q and MODY11 in
the RW pedigree in Michigan10. Even within this well-
studied pedigree, evidence of heterogeneity of diabe-
tes existed. Although linkage to chromosome 20q
markers was demonstrated in all three branches of
this pedigree, two branches appeared to have later
onset of diabetes than typical MODY11, suggesting
that other genes and/or nongenetic factors may mod-
ify the age at onset of diabetes in this pedigree. Mem-
bers of the RW family with MODY are insulin sensi-
tive and display insulin secretion defect11,12. This is in
contrast to Pima Indians, who develop diabetes early
in life but are insulin resistant and hyperinsulinemic.
No evidence of linkage to the 20q markers was found
in Pima Indians13. No linkage to the 20q markers
could be demonstrated in other U.S., Danish, and
British MODY pedigrees and all but one French pedi-
gree14-16. The likely MODY locus on chromosome 20q
is close to the adenosine deaminase gene (ADA)17.
However, the responsible gene is unlikely to be ADA
itself, since diabetes is not a characteristic of ADA
deficiency in humans or animal models. Linkage with
the phospholipase C gene on chromosome 20 (in
proximity to the ADA locus) has been shown18. This
is a plausible candidate because of its involvement in
glucose-stimulated insulin secretion. 

The glucokinase (GCK) gene polymorphism in exon
7 was linked to MODY in 25%-45% of French MODY
families studied16,19,20 and in one U.K. family21 where
no linkage to ADA was seen15. In the French MODY
families where linkage with GCK could not be de-
tected, the age of diabetes onset was later than in
those with the linkage. An uncommon nonsense mu-
tation in exon 7 (one of at least 17 different mutations
identified in the GCK gene) is associated with lower
levels of the enzyme and an alteration of the setpoint
for glucose-induced insulin secretion22,23. Low insulin
response due to mutant GCK as the glucose sensor
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may be the cause of MODY24 in some families. The
heterogeneity of genetic associations seen among
MODY families suggests that several genes, and possi-
bly nongenetic factors, are involved25.

OTHER FORMS OF NIDDM

Approximately 50% of first-degree relatives of
NIDDM patients diagnosed before age 35-40 years
have diabetes or IGT, twice as many as among first-de-
gree relatives of late-onset probands26-28  (see Appen-
dix 9.3). This may indicate a distinct type of diabetes
with greater penetrance and/or earlier age of onset.
The relatives with only mild IGT have β-cell dysfunc-
tion, which on its own may not lead to NIDDM.
However, in the face of factors such as obesity or lack
of exercise, this β-cell dysfunction could lead to the
diabetic phenotype. 

Some adult African Americans initially presenting
with diabetic ketoacidosis and HLA genes associated
with IDDM, but without autoimmunity, have a sub-
sequent clinical course characteristic of NIDDM29-31.
This group of diabetic persons may represent a dis-
tinct form of NIDDM.

A large number of rare genetic syndromes are associ-
ated with glucose intolerance, but together these ac-
count for a very small percentage (<1%) of NIDDM in
the population32,33 (see Chapter 5 for a detailed discus-
sion).

The demographic characteristics of people with
NIDDM are described in Chapter 6. This section pre-
sents information on the association of these factors
with risk of NIDDM.

AGE

In most populations, NIDDM incidence is low before
age 30 years but increases rapidly with older age. The
prevalence of diabetes in Pima Indians age 25-29 years
(13%) is, however, as high as that for U.S. non-His-
panic whites age 60-64 years34 (Figure 9.1). In high-
risk populations, susceptible persons develop NIDDM
at earlier ages. Limited incidence data suggest that the
relative risk of NIDDM in U.S. minority groups, com-
pared with non-Hispanic whites, is highest at age <40
years and decreases thereafter.

ETHNICITY

Worldwide interpopulation differences in NIDDM
prevalence are truly dramatic34 (Figure 9.2). There are
virtually no NIDDM cases in traditional societies such
as Mapuche Indians in Chile and Bantu in Tanzania,
compared with nearly half of the adult population
affected among Pima Indians and Nauruans. In the
United States, NIDDM is approximately twice as com-
mon in blacks and Hispanics as in non-Hispanic
whites. These geographic and ethnic differences can,
in large part, be explained by underlying differences
in the prevalence of obesity and other behavioral risk

DEMOGRAPHIC RISK FACTORS

Figure 9.1
Prevalence of Diabetes in Men and Women in Four Ethnic Groups in the United States

NHW, non-Hispanic whites.

Source: Reference 34
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factors. However, even meticulous adjustment for
known demographic and behavioral risk factors
leaves a significant part of the ethnic differences un-
explained, pointing to the existence of important ge-
netic or unknown nongenetic NIDDM risk factors
that differ by ethnicity. For example, in the San Luis
Valley Diabetes Study in Colorado, Hispanics were
twice as likely as non-Hispanic whites to have
NIDDM, after adjusting for age, gender, obesity, fam-
ily history of diabetes, education, and income35. A
similar 2.7-fold excess of NIDDM in Hispanics com-
pared with non-Hispanic whites, adjusting for age,
gender, body mass index (BMI), and education, was
found in the prospective followup of the San Antonio
Heart Study population36  in Texas. In the 1976-80
Second National Health and Nutrition Examination
Survey (NHANES II), the excess of NIDDM in blacks
compared with whites could not be explained by dif-
ferences in age, gender, obesity, fat distribution, fam-
ily history of diabetes, or education and was greatest

at higher levels of obesity37. It is conceivable that more
accurate measurement of risk factors (e.g., deuterium
dilution study rather than BMI, intra-abdominal fat by
computerized tomography (CT) rather than waist-to-
hip ratio, genotype rather than family history of dia-
betes, and accurate dietary and activity assessment in
place of income and education) would better account
for the ethnic differences. However, accurate meas-
ures of NIDDM risk factors are either not available
(e.g., specific genotypes) or prohibitively expensive
for use in population studies.

GENDER

There is little evidence that NIDDM risk differs be-
tween men and women when other factors are ac-
counted for. Previously reported gender differences
have been small and inconsistent34. Figure 9.3 pre-
sents age-standardized (age 30-64 years) gender ratios
for the prevalence of diabetes in U.S. adults of differ-
ent ethnic backgrounds. Of the 14 comparisons made,
only one (female excess in non-Hispanic whites from
the 1976-80 NHANES II) was significant at p<0.05,
which could be expected to occur by chance.

The general observation that NIDDM has a genetic
component is undisputed32,38-46. The simplest evidence
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is that NIDDM is more frequent in certain ethnic
groups and in certain families. This ethnic and famil-
ial clustering is likely to result from both shared genes
and shared behavioral and environmental risk factors.

RACIAL ADMIXTURE

Studies of populations that derive from ethnic groups
differing in NIDDM risk provide indirect evidence for
the genetic factors in NIDDM. For instance, Hispanics
in the southwestern United States share genes of Na-
tive Americans, who have one of the highest diabetes
rates in the world47,48, and genes of Caucasians, who
are at a much lower risk. Studies of admixture are
pertinent to NIDDM in American populations49-53.
When these ecologic studies are plotted across an
admixture gradient, a nearly linear association is evi-
dent. Similar findings were seen in South Pacific
populations54,55 and in Australian Aborigines with
Caucasian-Aboriginal admixture56. At the population
level, these studies provide support for the hypothesis
that genes present in high-risk populations are associ-
ated with NIDDM risk. However, attempts to deter-
mine individual rather than group admixture have
been less successful. Because of difficulties in calcu-
lating individual admixture percentages that show
reasonable dispersion, these studies have shown
either no association with NIDDM57 or a weak and
inconsistent association58. This may be due, at least in
part, to a lack of linkage of putative NIDDM genes
with the specific markers used to make these esti-
mates of individual admixture as well as to methodo-
logical problems arising from a limited number of loci
available for the calculations. 

FAMILY HISTORY

Presence of NIDDM in a family member is an estab-
lished risk factor for NIDDM. Pima Indians59 and
Caucasians60,61 with at least one diabetic parent have a
much higher incidence of NIDDM than those who are
equally obese but do not have a diabetic parent. Infor-
mation on family history of diabetes in subjects with
and without diabetes in national surveys is provided
in Appendices 9.1-9.4. Rates of NIDDM according to
family history of diabetes in national surveys are
shown in Appendices 9.5-9.8. Numerous family stud-
ies were reviewed in the first edition of Diabetes in
America62 with the conclusion that they were limited
in value for differentiating the genetic and environ-
mental factors shared by family members. This chap-
ter emphasizes studies that more directly define the
genes involved in NIDDM.

TWIN STUDIES

Studies of twins are shown in Table 9.163-70. These
studies suggest that NIDDM is highly concordant
among monozygous (MZ) twins and less so among
dizygous (DZ) twins. A twins study of U.S. veterans68,
with potentially little ascertainment bias, reported
concordance rates of 58% for MZ twins and 17% for
DZ twins. In addition, 65% of the discordant nondia-
betic MZ twin brothers had elevated (although not
diagnostic) 1-hour postchallenge glucose levels. Simi-
lar rates were observed in a Danish study64. Much
lower rates were reported from the Finnish Twin Reg-
ister70, probably due to omission of some undiagnosed
diabetes cases; nevertheless, the MZ concordance was
approximately twofold higher than for DZ twins.

Table 9.1
Summary of Twin Studies and NIDDM

Ref.
Type of
twins

No. of
pairs

Concordance
(%) Comments

63 MZ 35 100 Ascertainment uncertain, criteria for diabetes diagnosis not current

64 MZ 47 55 Ascertainment from the Danish twin register; diabetes defined as "maturity onset"

65 MZ 10 70 Diabetes diagnosed at age >40 years in one twin; ascertainment possibly biased

63, 66, 67 MZ 113 69 Ascertainment biased by referral of one twin with NIDDM

68 MZ
DZ

34
42

58
17

Ascertained unbiased, from Veterans Twin Study after two examinations; diabetes defined with
 50-g glucose load and 1 hour glucose ≥250 mg/dl; discordant MZ twins had higher glucose
 levels than controls. Maximum proband concordance rate for MZ twins = 65%

69 MZ
DZ

46
10

80
40

Ascertainment biased by referral of one or more twins with diabetes; diagnosis using WHO
 criteria

70 MZ
DZ

140
303

34
16

Ascertainment unbiased, from the Finnish Twin Registry; diabetes diagnosed only from hospital
 discharge registry, drug registry, and death certificates; likely to underestimate prevalence

MZ, monozygotic; DZ, dizygotic; WHO, World Health Organization.

Source: References are listed within the table
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These twin studies indicate that genetic factors play a
major role in the etiology of NIDDM. These studies
also support a role for nongenetic factors, since the
concordance is much less than 100%. In addition, the
estimates of concordance include some unknown
component due to shared environments.

ASSOCIATION AND LINKAGE STUDIES

Specific assumptions about the mode of inheritance
and other limitations need to be considered when
interpreting genetic studies of various designs71,72.
Most association studies compare the prevalence of a
genetic marker in an unrelated series of persons with
NIDDM with the prevalence in controls. Limitations
of this approach include the limited length of the
genome explored and the inclusion of diabetic per-
sons who may have varying genetic defects, which
diminish the power to discern true associations39. On
the other hand, association studies do not require any
assumption concerning the mode of inheritance.
Population association studies relevant to NIDDM are
summarized in Table 9.225,39,54,73-120 . Although there
are isolated positive findings, most of these were not
replicated on repeated analysis in other or larger
populations. It appears unlikely that the genes for
insulin, insulin receptor, glucose transporters, or islet
amyloid polypeptide are associated with a substantial
proportion of NIDDM in the general population. Ex-
ceptions to these negative results include findings of
an association of NIDDM with the GCK gene in
Mauritian Creoles120 and U.S. blacks119 and with the
glycogen synthase gene in Finns116.

A large number of studies using other markers that
could be in linkage disequilibrium with diabetes
gene(s) have been conducted. These include ABO and
Rh blood groups, HLA serologies, and serum pro-
teins32,39. Some results may simply reflect racial ad-
mixture, where the putative marker is associated with
ancestry in a population at high risk for NIDDM. It is
possible that this is the case for HLA-Bw22 reported
in Micronesians39, for haptoglobin in Mexican Ameri-
cans121 (which was not confirmed in another study122),
and for Gm type in Pima Indians52. Since substantial
progress has been made in studying candidate genes
more closely related to carbohydrate and lipid meta-
bolism, association studies appear useful now only as
indicators of particular chromosomal loci. When
weak associations are found in populations with pos-
sible racial heterogeneity, these studies should be fol-
lowed by pedigree analysis or at least by analysis of
another highly polymorphic locus to show that the
association is not due simply to mismatching39,123.

Table 9.2
Summary of Association Studies for Candidate
Genes and NIDDM

Candidate gene
and ref. no. Population                 Resultsa

Insulin
73 U.S. white +
74 U.S. white + 
75 British white -
76 Welsh white -
77 Danish white -
78 U.S. Pima Indian -
73 U.S. black +
79 U.S. black -
80 U.S. Chinese -
81 Japanese; no family history -

Family history +
82 Japanese -
83 Japanese -
84 Japanese -
85 Japanese -
54 Nauruan (Micronesian) -
75 Punjabi Sikh -

Insulin receptor
86 U.S. white +
87 U.S. white -
88, 89 Scandinavian white -
90 British white - b

75 British white -
76 Welsh white - c

91 German white +
86 U.S. Hispanic +
92 U.S. Mexican American +
80 U.S. Chinese + d

93 Micronesian -
94 Japanese -
95 Japanese -
96 U.S. white MODY families -
97 U.S. white, black,

 Pima Indian - e

75 Punjabi Sikh -
98 Gestational diabetes

U.S. black +
U.S. white +
U.S. Hispanic -

Glucose transporter 1
 (restriction enzyme)

99 (XbaI) British white +
Italian white +

100 (StuI) British white -
101 (XbaI) British white -
102 (BglII, XbaI) U.S. white -
103 (XbaI) Italian white +
103 (StuI) Italian white -
102 (BglII, XbaI) U.S. Hispanic +
102 (BglII, XbaI) U.S. black +
104 (XbaI TaqI PstI BglII) U.S. black -
99 (XbaI) Japanese +
102 (BglII, XbaI) U.S. Japanese -
80 U.S. Chinese -
39 (BglII, XbaI) Micronesian -
100 (StuI) West Indian -

Table 9.2—Continued next page
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Linkage studies are particularly helpful in identifying
major gene effects with high penetrance. However, the
results of these studies strongly depend on the cor-

rectness of the assumptions about the mode of inheri-
tance. Failure to find linkage does not rule out the
possibility that a candidate gene plays some role in the
disease, especially if small families are studied. On the
other hand, it is difficult to ascertain large informative
pedigrees for linkage analysis of NIDDM, since par-
ents of the probands are usually deceased. Affected
sib-pair analysis does not require assumptions about
the mode of inheritance but, similar to linkage analy-
sis, is limited when parents are not available for the
analysis. Etiological heterogeneity is less likely within
pedigrees than in association studies, and associations
across a longer portion of the genome can be identi-
fied. However, linkage and sib-pair analyses must be
paired with association studies to understand the pro-
portion of NIDDM that may be due to a specific gene
defect. Linkage and sib-pair studies of candidate
NIDDM genes are reviewed in Table 9.325,93,108,113,124-135 .
Candidate genes evaluated using this method have
included, among many others, the insulin gene, insu-
lin receptor gene, HepG2/erythrocyte glucose trans-
porter 1 (GLUT1) and GLUT4 genes, and the islet
amyloid polypeptide gene. In none of these studies
was any evidence found for linkage of NIDDM and
these gene loci in several racial and ethnic subgroups.
Studies of linkage with the glucokinase gene are dis-
cussed below.

CANDIDATE GENES

Increased understanding of pathophysiology and mo-
lecular biology has led to identification of a number of
candidate genes involved in glucose and lipid homeo-
stasis. A list of these genes and their chromosomal
localization is shown in Table 9.4. The field is evolv-
ing extremely rapidly and will encompass many more
loci, making most of this review soon obsolete. A few
candidate genes are discussed in more detail to illus-
trate some of the methodological problems, rather
than to suggest that defects in these genes may be
responsible for a majority of NIDDM cases. 

Glucokinase gene

GCK, an enzyme that catalyzes the formation of glu-
cose-6-phosphate from glucose, is the major rate lim-
iting step in glycolysis and acts as a primary part of the
glucose sensor in the β-cell22. Its gene spans a region
of >12 kb on chromosome 7 made up of 12 exons24, 10
of which are shared by both the β-cell and the liver
forms of the enzyme. Following initial reports of link-
age of the GCK gene with MODY19,21, several groups
evaluated the potential contribution of this gene to
development of late-onset NIDDM. At least 17 differ-
ent mutations have been identified in the GCK gene,

Table 9.2—Continued

Candidate gene
and ref. no. Population                 Resultsa

Glucose transporter 2
105 British white + f

106 (EcoRI-1 TaqI BclI) British white -
107 (BglI TaqI) British white -
108 (TaqI) Italian white -
107 (BglI TaqI) West Indian -
109 (EcoRI HaeIII) U.S. black -

Glucose transporter 4
103 (KpnI) Italian white -
101 (KpnI) British white -
110 (SSCP) Welsh white -
111 (ASO Sty11) Welsh white -
109 (KpnI) U.S. black -
112 (SSCP) European white -

Amylin
113 (PvuII) British white -

Lipoprotein lipase
114 U.S. Hispanic, white -

Apolipoprotein APOA1
80 U.S. Chinese -

Apolipoprotein APOA2
80 U.S. Chinese -

Apolipoprotein APOB
80 U.S. Chinese +

Apolipoprotein APOD
115 Finnish -
115 Nauruan +
115 South Indian +

Glycogen synthase
112 (SSCP) Danish white - g

116 (XbaI) Finnish white +

Glucokinase
117 British white -
25 U.S. white -
25 Welsh white -
118 Pima Indian -
119 U.S. black +
120 Mauritius Creole +

SSCP, single-stranded conformational polymorphisms; ASO, allele-specific oli-
gonucleotide hybridization; MODY, maturity-onset diabetes of the young.
a Code for results: +, association found at the p<0.05 level; -, no association at
the p<0.05 level. b The only association was for NIDDM subjects with a positive
family history of diabetes compared with NIDDM subjects without a family
history. c The only positive association was with RFLP haplotype combinations
(B+R-X+) in NIDDM; such persons had higher insulin responses to a meal
tolerance test. d Allele combinations Xba1(A) allele 2, Rsa1 allele 2, and Kpn1
allele 2 were less frequent in subjects with NIDDM, suggesting protection from
NIDDM. e Sample sizes were only 10-15 in each group. f Significant only in
persons with NIDDM and a positive family history of diabetes. g No polymor-
phisms identified.

Source: References are listed within the table
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including a nonsense mutation in exon 7 identified
only in MODY families124 and a missense mutation in
exon 8 described in both MODY and later-onset fami-
lies135. A missense mutation is a point mutation that
causes one amino acid to be replaced by another,
whereas a nonsense mutation causes premature termi-
nation of protein synthesis. 

The exon 7 GCK gene polymorphism was investigated
in a population association study of late-onset
NIDDM in U.S. blacks119. In subjects with the Z+4
allele, the odds of NIDDM were 2.9, adjusted for age,

sex, and BMI. In addition, the age at onset was shifted
to ~10 years younger among Z+4 subjects. In Mauri-
tius Creoles, who share African heritage with U.S.
blacks, the odds of NIDDM were 2.9 in those with the
Z+2 allele, adjusted for age, sex, BMI, and waist-to-hip
ratio. However, no association or linkage with this
polymorphism or other GCK mutations was found in
Pima Indians or in U.S.119,136, U.K.117, and French20,137

Caucasians. No structural mutations in the GCK gene
were detected in black subjects25,119, unlike that seen
in French MODY subjects23.

Table 9.3
Summary of Linkage and Sib Pair Studies Between Candidate Gene Loci and NIDDM

Genetic locus
and ref. no. Genetic model    Gene frequency Population parameters Results    

Insulin
124 AD, AR, IBD Constrained on

 prevalence of 3.6%
23 Utah white Mormon pedigrees; age-dependent
 prevalence with sporadics

No linkage

125 AD, AR, sib pair 0.015-0.35 20 black pedigrees; age- and sex-dependent
 penetrance

No linkage

126 White gestational diabetic proband and offspring
 for insulin sensitivity and beta-cell function; no
 penetrance or sporadic functions

No linkage

Insulin receptor
127 AD 0.10 3 British families with NIDDM, 1 with MODY;

 age-dependent penetrance
No linkage

126 Gestational diabetic proband and offspring for
 insulin sensitivity and beta-cell function; no
 penetrance or sporadic functions

No linkage

125 AD, AR, sib pair 0.015-0.35 20 black pedigrees; age- and sex-dependent
 penetrance

No linkage

128,129 AD, AR, IBD, sib pair 0.05 (AD), 0.25 (AR) 18 Utah white pedigrees; age-dependent
 prevalence with sporadics

No linkage

93 AD, AR 8 Nauruan families; complete penetrance (AD)
 or 90% penetrance (AR)

No linkage

Islet amyloid
polypeptide (amylin)

113 AD 0.10 British whites; age-dependent penetrance No linkage

Glucose transporter 1
130 (XbaI) AD 0.01, 0.001 British white pedigree; age-dependent penetrance No linkage
131 (Xba1 Msp1) Sib pair 55 Italian and British white sib sets No association
132 (Xba1, Stu1) AD, AR Multiple 18 Utah white pedigrees No linkage

Glucose transporter 2
108 (Taq1) 22 Italian diabetic pedigrees; affected pedigree

 members method
No linkage

132 (EcoR1) AD, AR Multiple 18 Utah white pedigrees No linkage

Adenosine deaminase
133 (Alu VpA) Sib pair 21 Italian white and 29 British white pedigrees No association

Glucokinase
134 AD, AR 0.05 (AD), 0.25 (AR) 12 British white NIDDM pedigrees; age-related

 penetrance, exon 7 mutation
No linkage

25 AD, AR U.S. white NIDDM pedigrees, exon 7 mutation No linkage
135 AD 0.10 British white NIDDM pedigree (AX), exon 8

 mutation
Linkage

AR, autosomal recessive; AD, autosomal dominant; IBD, identical by descent; MODY, maturity-onset diabetes of the young.

Source: References are listed within the table
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Using the exon 8 missense mutation described in a
MODY pedigree, 50 "classical" NIDDM patients from
the United Kingdom and 50 controls were screened135.
The mutation was found in one person with NIDDM
and in none of the controls. The pedigree of the
person was investigated and 10 diabetic relatives had
the same mutation, with age at diagnosis ranging from
31 to 70 years. Five diabetic relatives did not carry the
mutation, indicating further heterogeneity. 

The GCK mutations are associated with MODY, diabe-
tes in families with younger onset, and persons who
are relatively hypoinsulinemic. The GCK gene muta-
tions appear to be an unlikely cause of typical NIDDM
in Caucasians, Pima Indians, or U.S. Hispanics138, but
they may be relevant in black subjects. 

The GCK findings also suggest analytic strategies for
investigating other candidate genes in high-risk popu-
lations. Stratification of study populations by age of
onset, presence of a family history, and insulin levels

may be necessary to adequately explore the role of
other loci, but it will significantly increase sample size
requirements. In addition to the presence or absence
of a functional polymorphism, regulation of gene ex-
pression controlled by a number of additional factors
needs to be investigated. For instance, several muta-
tions were identified in the promoter and 3’-untrans-
lated regions of the GCK gene, but only one appears
to cosegregate with diabetes in one family137. It will be
critical to determine the population frequency of the
candidate markers and the population attributable
fraction for proposed etiological pathways. Finally,
interactions of such candidate genes with behavioral
risk factors, such as diet and physical activity, must be
characterized so preventive measures may be ex-
plored.

Glucose transporter system

The glucose transporter system139,140 has also been
considered a place to explore candidate gene defects
that may be responsible for hyperinsulinemia. The
most likely members of this family include the
liver/pancreas form (GLUT2) and the insulin-sensi-
tive glucose transporter in adipocytes and muscle
(GLUT4). Only one positive association has been re-
ported between GLUT2 and NIDDM104 among several
association105-108 and linkage studies108,132. One study
in Pima Indians141 found a weak linkage between
GLUT2 and acute insulin response but not NIDDM.
Levels of GLUT4 mRNA in muscle are related to
whole body glucose disposal in subjects with normal
glucose tolerance but not in subjects with diabetes91.
In insulin-resistant relatives of NIDDM patients, the
expression of GLUT4 and its protein were normal,
suggesting that this gene is not responsible for the in-
sulin resistance. These and other data110,111,142,143  make
it unlikely that GLUT2 or GLUT4 abnormalities ac-
count for any large proportion of NIDDM. 

Glycogen synthase

Glycogen synthase, a key enzyme in carbohydrate
storage112,144,145 , is a plausible candidate gene. Studies
of Pima Indians146 suggested that impaired nonoxida-
tive glucose storage may be the site of a genetic defect
in NIDDM. Early attempts to explore polymorphisms
in this enzyme were unsuccessful112,147. A Finnish
group reported that relatives of persons with NIDDM
had impaired activation of this enzyme148 and were 4.5
times (95% confidence interval (CI) 2.4-8.7) more
likely than controls to carry an A2 allele defined by an
intron polymorphism of the glycogen synthase
gene116. In addition, hypertension and reported family
history of diabetes were more common among both
diabetic subjects and controls with the A2 allele.

Table 9.4
Chromosome Locations of Selected Candidate
Genes for NIDDM

Candidate gene
Chromosome          

location         

Insulin/insulin-like growth factor cluster 11p15.5
LIM/homeodomain Isl-1 5q
Insulin receptor 19p13.3-13.2
Insulin receptor substrate-1 2q35-36.1
Glucagon receptor 17q25
Glucagon-like-peptide-1 receptor 6p
Glucokinase 7p13
Hexokinase II 2p13.1
Glucokinase regulatory protein ?
Adenosine deaminase 20q
Phospholipase C 20q12-13.1
Islet amyloid polypeptide (amylin) 12p
Glucose transporters 

GLUT1 (HepG2) erythrocyte 1p35-31.3
GLUT2 liver, pancreas 3q26.1-26.3
GLUT3 brain 12p13.3
GLUT4 skeletal muscle, fat 17p13
GLUT5 small intestine/kidney 1p

Glycogen synthase 19
Type-1 protein phosphatase (PP-1) ?
Lipoprotein lipase 8p22
Apolipoprotein A-I, C-III, A-IV cluster 11q23
Apolipoprotein A-II 1q21-23
Apolipoprotein B 2p24-23
Apolipoprotein D 3q
Lipoprotein(a) (Lpa) 6
Haptoglobin (Hp) 16
Gc 4
Rhesus 1p36-34
t-RNA(Leu) mitochondrial DNA
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Whole body glucose disposal and glycogen synthesis,
but not oxidative glucose metabolism, were signifi-
cantly decreased in NIDDM persons with at least one
A2 allele. There were no differences in either diabetic
subjects or controls in levels of fasting insulin by
allele markers. To date, these findings have not been
confirmed in other populations149-151. 

Insulin signal transduction pathway
genes

The Rad gene, a member of the Ras-guanosine
triphosphatase gene superfamily, is selectively overex-
pressed in skeletal muscle of NIDDM patients, com-
pared with muscle of nondiabetic or IDDM subjects152.
The molecular basis and significance of Rad overex-
pression in NIDDM is unclear; however, it points to
the post-receptor action of insulin in the pathophysi-
ology of NIDDM as being important. Two groups re-
ported an association between a subset of NIDDM and
a polymorphism in the gene for the insulin receptor
substrate-1 (IRS-1), another downstream element re-
sponsible for insulin action153,154. This association
could not be confirmed in a sib-pair study in Mexican
Americans155 or in an association study in Pima Indi-
ans156.

Phosphoenol pyruvate carboxykinase

Phosphoenol pyruvate carboxykinase (PEPCK) is the
rate-limiting enzyme in gluconeogenesis, entirely
regulated at the level of gene expression. Insulin nega-
tively regulates the PEPCK gene through insulin re-
sponse sequences in the gene promoter. Faulty regu-
lation of PEPCK is a strong candidate mechanism for
insulin resistance and NIDDM45.

GENETIC FACTORS ASSOCIATED 
WITH INSULIN RESISTANCE AND 
HYPERINSULINEMIA

Familial aggregation of hyperinsulinemia and/or insu-
lin resistance was demonstrated in several popula-
tions157-160 and in clinical studies161-164. In Mexican
Americans in San Antonio, TX, fasting insulin levels
were highest in the offspring of two parents with
NIDDM, intermediate in offspring with one diabetic
parent, and lowest in persons with no diabetic par-
ents160. Nondiabetic siblings of diabetic subjects also
had higher insulin levels than persons without a dia-
betic sibling. In 105 families examined at the Joslin
Clinic in Boston, MA using the minimal model165,
significant familial clustering of insulin sensitivity
was present even after adjustment for obesity, age, and
fasting insulin162. A subset of families with the lowest

insulin sensitivity had a wider range of insulin sensi-
tivity, suggesting an autosomal dominant mode of
inheritance in these families.

In 16 U.S. white pedigrees with at least two NIDDM
siblings, a major gene appeared to determine insulin
levels, with the best fit being an autosomal recessive
inheritance of fasting levels and codominant inheri-
tance of 1-hour stimulated insulin levels158. Of the
variance in fasting insulin levels, 33% was due to the
major gene effect, 11% to polygenic effects, and 56%
to unmeasured environmental effects. Importantly,
the major gene effect was not evident without adjust-
ment for obesity. These data, suggesting a mixture of
two distributions, differ from the trimodal insulin and
insulin sensitivity distribution in Pima Indians157.
Population differences, such as less obesity and lower
insulin levels in the Utah population compared with
Pima Indians, and small sample size may be reasons
for these discrepancies. These results in populations
as varied as Mexican Americans160, Chinese163,
whites158, and Pima Indians159 clearly indicate that
insulin levels have familial clustering independent of
obesity and may well have a major gene determining
them. In addition, it is likely that heterogeneity exists
across families162.

The search for candidate genes that may be related to
insulin resistance has taken two approaches: 1) study-
ing rare syndromes in which insulin resistance is a
major component (polycystic ovary syndrome, acan-
thosis nigricans, Type A insulin resistance)1,166-168 , and
2) examining clinical and population subsets for asso-
ciation with either hyperinsulinemia or insulin resis-
tance78,126. Excellent reviews on rare insulin resistance
syndromes are available1,166,168,169 . These studies pro-
vide strong support that insulin resistance can be
caused by multiple specific mutations, especially mu-
tations of the insulin and insulin receptor genes. Lim-
ited numbers of studies in more typical NIDDM sub-
jects have found no association between insulin or
insulin receptor genes and insulin levels or insulin
sensitivity78,87-89,91,126,169  . In Pima Indians170 and in six
white NIDDM subjects171, the insulin receptor gene
sequence was normal, making it unlikely that this
gene is responsible for NIDDM in most subjects.

In nondiabetic Hispanic and non-Hispanic white sub-
jects in San Luis Valley, CO, insulin resistance syn-
drome (upper tertile of triglycerides and fasting insu-
lin and lower tertile of high-density lipoprotein
(HDL) cholesterol) was significantly associated with a
polymorphism in the lipoprotein lipase gene (odds
ratio 4.1, 95% CI 1.0-18.3)114. A sib-pair analysis sug-
gested a linkage between 2-hour post-load insulin
levels and a chromosome 1p36-34 locus close to the
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Rhesus blood group gene in Mexican Americans172,
consistent with earlier population association find-
ings121.

Siblings of diabetic Pima Indians from 45 families
were examined using the euglycemic-hyperin-
sulinemic clamp159. After adjusting for age, sex, and
obesity, significant family aggregation of insulin sen-
sitivity in siblings explained ~34% of the variance in
insulin action. A genetic component was supported by
the finding that insulin sensitivity was distributed in
this population as a mixture of three normal distribu-
tions157. Such a mixture of distributions is consistent
with a single gene codominant mode of inheritance,
although it might be due to nongenetic factors as well.
A sib-pair linkage analysis of 46 nuclear Pima families
has linked a locus involved in regulation of insulin
sensitivity in Pima Indians to the region near the fatty
acid-binding protein 2 (FABP2) gene on chromosome
4q173. However, the study did not report any linkage
between the FABP2 locus and NIDDM. A sib-pair
analysis in Mexican-American families confirmed the
linkage174, but association studies in Finnish and U.K.
populations175 did not detect any convincing associa-
tion between polymorphism in this region and
NIDDM, insulin levels, or insulin sensitivity. Further
studies of candidate genes with quantitative markers
of hyperinsulinemia, probably in population subsets
stratified by obesity, family history, and perhaps age of
onset of NIDDM, are needed.

MODE OF INHERITANCE

Several problems have plagued studies of the genetics
of NIDDM. These include, among others, genotypic
and phenotypic heterogeneity, ascertainment bias,
misclassification of type of diabetes, premature mor-
tality, late age at onset, age-dependent penetrance of
the NIDDM phenotype, and multiple polymorphisms

not all in linkage disequilibrium. As a consequence of
these limitations, the mode of inheritance of NIDDM
remains uncertain38,46. Studies in high-risk popula-
tions, shown in Table 9.539,50,158,176-178 , all found evi-
dence of a major gene influencing the distribution of
NIDDM-associated traits, but the mode of inheritance
varied from autosomal dominant to autosomal reces-
sive to co-dominant on a polygenic background. A
single major locus does not explain the inheritance of
NIDDM. In addition, there appears to be significant
polygenic and environmental components42. This is
consistent with the common perception that multiple
modes of inheritance may exist for the heterogenous
NIDDM phenotype.

Numerous ecological data and observational studies
reviewed below support the role of environ-
mental/lifestyle factors in NIDDM etiology. Nonethe-
less, some have questioned that a role for environ-
mental factors has been established because of the
paucity of controlled experimental studies in this
area. The human experimental studies are reviewed in
the section "Implications for Prevention."

There are substantial methodological problems in
measuring exposure to behavioral factors such as
physical inactivity and diet179-181. Most studies have
used a single recording of activity or diet as a measure
of exposure. While it is assumed that such point esti-
mates are correlated with habitual exercise or intake,
it is uncertain what period of time is necessary to
obtain the most valid estimates181. In retrospective
studies, recall may be too imprecise or biased by diag-
nosis of diabetes and by symptoms. For adequate diet
assessments, numerous repeat 24-hour diet recalls ap-

Table 9.5
Results of Genetic Modeling of NIDDM Phenotypes

Ref. Characteristic        Population                Genetic model Mode of inheritance Gene frequency

50 Fasting serum glucose Seminole Indians
   Oklahoma
   Florida

Major gene
Major gene

AD=AR
AD=AR

0.41 (AR)
0.09 (AD)

176 Family history of NIDDM Hispanics, Mexico City, Mexico Major gene AR

177 2-hour glucose ≥200 mg/dl Pima Indians Major gene Co-dominant alleles

39 Glucose score Micronesians, Nauru Major gene AD or co-dominant 0.14

178 NIDDM by OGTT Dravidian South Indians Major gene Polygenic > co-dominant 0.20

158 Fasting insulin levels Mixed Caucasian, Utah Major gene AR 0.25

AD, autosomal dominant; AR, autosomal recessive; OGTT, oral glucose tolerance test.

Source: References are listed within the table

BEHAVIORAL AND LIFESTYLE
RISK FACTORS
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pear to be required to capture the variability of diet180,
but this is rarely feasible and may induce unintended
change in this risk factor. Such measurement prob-
lems have likely led to some underestimation of the
effect of behavioral factors on NIDDM risk. Improve-
ment of the validity and precision of behavioral expo-
sure assessment is essential for etiologic studies of
NIDDM. 

DIET

Diet has been considered a possible cause of diabetes
for centuries182. Total caloric intake as well as several
components of diet have been considered, including
carbohydrates and fats. Studies of severe food short-
ages during wars183-185 provide ecological evidence
that diabetes mortality and morbidity declined
abruptly with decreased caloric intake. 

Dietary carbohydrate and fiber

Studies of dietary carbohydrate intake have given ex-
tremely variable results184. Older studies used rather
crude assessment methods, were often ecologic in
design186, or compared persons with established dia-
betes. An ecologic study in Mexico City, Mexico and
San Antonio, TX suggested that dietary carbohydrate
intake alone was unlikely to explain the interpopula-
tion differences in NIDDM prevalence187. In a small
sample of Pima Indian women, higher total and com-
plex carbohydrate intake were associated with higher
NIDDM incidence, but comparisons were not ad-
justed for higher total calorie intake, weight gain,
obesity, and other factors188. A 12-year prospective
study of diet and NIDDM in 1,247 women in Gothen-
berg, Sweden found no relationships to any dietary
variables, including the main sources of carbohy-
drates and fiber189. No relationships with dietary fac-
tors were seen in three other prospective studies of
NIDDM: the Israeli Heart Disease Study190-192, the Zut-
phen Study193, and the Nurses’ Health Study194 (Table
9.6). These prospective studies were weakened by
having only a single measurement of diet, up to 25
years prior to NIDDM onset193. A 4-year followup of
elderly subjects195 did find a positive association be-
tween development of glucose intolerance and carbo-
hydrate intake, adjusted for obesity and other poten-
tial confounding factors. Thus, prospective studies
have reported mixed results concerning dietary carbo-
hydrate or fiber and the risk of NIDDM. In San Luis
Valley, CO, a retrospective population-based study
showed no association between dietary intake of vari-
ous fiber fractions and NIDDM, although a higher
fiber intake was associated with lower fasting insulin
levels196.

Dietary fat

Studies exploring the role of high-fat/low-carbohy-
drate intake are summarized in Table 9.6183,187-

189,193,194,197-205. High-fat diets have been associated with
obesity206 and altered fat distribution207. A higher die-
tary fat intake was associated with previously undiag-
nosed NIDDM and IGT in a random sample of Hispan-
ics and non-Hispanic whites screened for glucose in-
tolerance202. This effect was present only among sed-
entary persons. Among 134 persons with IGT
followed for 2 years, a 40 g per day higher dietary fat
intake increased diabetes risk sevenfold (95% CI 1.3-
39), after adjusting for age, sex, ethnicity, obesity, fat
patterning, and fasting insulin levels205. Consistent
results were reported from a study of Japanese Ameri-
cans204.

Omega-3 fatty acids appear to reduce serum lipids and

Table 9.6
Summary of Selected Studies of High-Fat, 
Low-Carbohydrate Diet and Occurrence of NIDDM

Ref. Population             Result

Ecologic studies

183 Diabetes mortality over time, including periods
 of war and rationing in Europe

+

197 Prevalence of diabetes in nine populations +

198 Japanese in Hiroshima, Japan, compared with
 migrants in Hawaii, U.S.

+

199 Urban vs. rural Fiji Islanders +

187 Urban low-income subjects in Mexico City,
 Mexico and San Antonio, TX

+

Retrospective and cross-sectional studies

200 Recently diagnosed diabetic and control
 subjects

+

201 Previously undiagnosed diabetic and
 nondiabetic Japanese Americans

+

202 Previously undiagnosed IGT and NIDDM
 Hispanic and non-Hispanic whites in Colorado

+

Prospective studies

203 Israeli Ischemic Heart Disease Study, 5-year
 followup of 10,000 men

0

188 5-year followup of 187 Pima Indian women -

189 12-year followup of 1,462 women in
 Gothenburg, Sweden

0

193 25-year followup of men in Zutphen,
 Netherlands

0

204 5-year followup of 66 Japanese Americans with
 IGT in Seattle, WA

+

205 2-year followup of 134 Hispanic and
 non-Hispanic whites with IGT in Colorado

+

194 6-year followup of 84,360 U.S. white female
 nurses

0

IGT, impaired glucose tolerance; +, positive association; –, negative associa-
tion; 0, no association.

Source: References are listed within the table
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lipoproteins, platelet aggregation, blood pressure, and
insulin resistance208-211. Such properties and prelimi-
nary human data212 suggest that higher intake of
omega-3 fatty acids might protect people from devel-
oping NIDDM. 

Alcohol

Alcohol consumption has been suggested as a possible
independent NIDDM risk factor, either because of its
effects on the liver and pancreas, or simply because
additional calories result in increased weight213,214 and
abdominal adipose tissue215. Diabetic French men
have a 7- to 13-fold excess mortality due to alcohol
and cirrhosis216, and a proportion of glucose intoler-
ance may be due to alcohol intake and liver disease217.
California men who reported high use of alcohol
(≥176 g per week) had twice the incidence of NIDDM,
compared with men who drank less alcohol, although
the latter had lower rates of NIDDM than men who
reported drinking no alcohol218. Among women, non-
drinkers had the highest rates of NIDDM, and no
gradient with alcohol intake was seen. An inverse
association of alcohol and NIDDM, consistent with
findings from the California study, was seen in the
Nurses’ Health Study cohort219. In the Kaiser-Perma-
nente study of female twins220, alcohol intake signifi-
cantly predicted fasting glucose levels. It would be
premature to conclude that the association between
alcohol and NIDDM differs by gender. This area re-
quires further investigation, since alcohol consump-
tion would constitute a reversible risk factor for dia-
betes.

PHYSICAL INACTIVITY

Observational studies that have explored the relation-
ship of NIDDM to physical activity are summarized in
Table 9.7187,221-239. Ecologic studies187,221-223 suggest that
NIDDM prevalence is consistently lower in popula-
tions with higher levels of habitual physical activity.
Lower prevalence of NIDDM at higher levels of physi-
cal activity has also been consistently found in cross-
sectional and retrospective studies. In the HANES
studies236, physical activity was related to NIDDM
only in Mexican Americans and not in U.S. whites or
blacks. However, data from the 1971-75 NHANES I229

were consistent with other studies.

In the above studies, lower physical activity was re-
ported after diagnosis of NIDDM, and this could have
been the result of the diabetes rather than its cause. In
contrast, three prospective studies measured physical
activity levels prior to NIDDM onset. In the Nurses’
Health Study237, women who reported at least weekly

physical activity had, over the next 8 years, a relative
risk of self-reported NIDDM of 0.8 (95% CI 0.7-0.9),
compared with those with less activity. There was no
dose-response relationship beyond weekly exercise.
Five-year followup of a large cohort of male physi-
cians239 yielded a similar estimate of the protective
effect of at least weekly activity (RR = 0.7). In these
men, there was evidence of dose-response, and the
greatest effect was seen in men who were more over-
weight. The results of a 15-year followup of male
college alumni238 are consistent with these results. In
this group, each 500 kcal of increased energy expen-
diture in leisure-time activity per week lowered the
risk of NIDDM by 10%. This effect was also greatest
in more obese men.

It has been postulated that this protective effect of
physical activity on development of NIDDM is due to
the prevention of insulin resistance. While this ap-
pears to be generally true240,241, some studies of the
acute effects of physical training suggest a more com-
plex picture. Subjects who start an exercise program
with high insulin levels respond with a drop in insulin
levels242,243. However, persons who have lower base-
line insulin levels increase their insulin levels with
exercise. In addition, in some subjects undergoing
physical training, there were no changes in insulin
levels, but C-peptide levels (insulin secretion) and
insulin sensitivity decreased242. Among subjects with
glucose intolerance, both positive and negative results
were seen in subjects placed on similar activity regi-
mens241. Thus, training has variable effects depending
on the endpoint and the degree of glucose tolerance.
For normoglycemic persons of similar physical activ-
ity and weight, those with a family history of diabetes
have lower maximal oxygen uptake than those with-
out a family history of diabetes244. This is consistent
with the speculation that low spontaneous physical
activity is a familial trait associated with obesity and
NIDDM due to genetic differences in muscle struc-
ture245. The exact type of structural defect in muscle is
controversial, however, with studies suggesting that
both decreased246,247 and increased248 skeletal muscle
capillary density are associated with insulin resis-
tance, hypertension, and progression from IGT to
NIDDM.

Whereas numerous small short-term clinical studies
show that increases in physical activity result in in-
creases in insulin sensitivity, population studies are
few. The heterogeneity of responses in insulin sensi-
tivity with physical activity, suggested by the clinical
studies, has not been explored in a larger population.
In 931 nondiabetic subjects from San Luis Valley, CO,
those with higher levels of habitual activity had lower
fasting insulin levels (a marker for insulin sensitiv-
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Table 9.7
Summary of Studies of Physical Activity and NIDDM

Ref. Population Results* Comments

Ecologic Studies
221 Western Samoa +; rural males had lower NIDDM prevalence

  than urban males
Adjusted for age and obesity; physical activity higher in rural areas

222-
224

Funafuti, Tuvalu,
 Polynesia

+; males had lower NIDDM prevalence
  and higher physical activity than females

No direct measures of physical activity used; women said to be
 completely sedentary; adjustment for obesity did not remove
 female excess NIDDM prevalence

187 Mexico City, Mexico, and
 San Antonio, TX

+; greater physical activity in Mexico City,
  with lower NIDDM prevalence, than in
  San Antonio

Similar levels of Native American admixture; obesity adjustment
 removed 50% of NIDDM excess in San Antonio; obesity may be
 related to both greater physical activity and lower caloric intake
 (in women); physical activity not analyzed directly in models
 across populations

Cross-Sectional/Retrospective Studies
225 579 Polynesian Wallis

 Islanders
+;NIDDM prevalence ratio 0.37 in males, 0.45
  in women with heavy physical activity vs.
  sedentary-moderate, not statistically significant

Four-level physical activity scale used; adjusted only for age; no
 multivariate analyses

226 1,235 Fiji Island male
 Melanesians and Indians

+; NIDDM prevalence ratio ~ 0.4-0.5 for
  those doing moderate or heavy exercise; no
  effect in females

Four-level physical activity scale used; prevalence adjusted for age,
 triceps skinfold thickness, and urban/rural residence

227 5,519 Melanesian and
 Indian Fiji Islanders;
 Micronesians on Kiribati

+/-; NIDDM prevalence lower in active
  Melanesians, Indian males, and Micronesian
  females compared with inactive persons

Four-level physical activity scale used; results not consistent in all
 gender/ethnic groups

228 133 newly diagnosed
 NIDDM subjects in
 Finland, 144 controls

+; male NIDDM: OR=0.4 (0.2-0.8) for work
  activity, 0.7 (0.4-1.4) for leisure-time activity
  compared with sedentary; female NIDDM:
  OR=1.2 (0.6-2.4) for work activity, 0.5 (0.3- 
  0.9) for leisure-time activity

Results not adjusted for confounding of age and obesity since these
 were not included in multivariate analyses; data presented only in
 text

229 8,305 subjects in U.S.
 NHANES I

+; OR=0.33 (0.26-0.42) for active vs. not
  active subjects with NIDDM and controls
  adjusted for obesity

Prevalent cases of NIDDM with current activity by questionnaire
 after onset of NIDDM, no separation into work or leisure-time;
 not analyzed using weighting to reflect sampling; results differ
 from NHANES II analysis in Reference 236

230 5,398 female college
 alumnae: 2,622 college
 athletes, 2,776 nonathletes

+; athletes had RR = 0.29 (0.11-0.75) vs.
  non-athletes for reported lifetime NIDDM
  prevalence

Female athletes had longer precollege history of athletics and were
 more likely to be currently exercising regularly; a higher percent
 of athletes were also restricting diet and had lower estimated
 percent body fat; no multiple adjustment used

231 2,000 Rancho Bernardo,
 CA whites; prevalent
 cases of NIDDM at
 1984-87 examination

+; exercise as only means of weight control
  associated with RR=0.5

Retrospective study of reported exercise to control weight as adult;
 no current measures of activity

232 157 Japanese-American
 men in Seattle, WA

+; rural vs. urban birthplace OR=0.5; more
  active-lean as youth OR=0.6 (p<0.02)

Recall of early life variables; no control for current levels of
 physical activity

233 807 Swedish middle-aged
 males and females

+; OR=0.45 (p=n.s.) for high vs. low
  leisure-time activity for persons with IGT

Effect weaker when family history of diabetes was positive

234 5,080 Mauritius Islanders:
 Indian, Chinese,
 and Creole

+, high vs. low physical activity had OR=0.23
  (female), 0.59 (male) for NIDDM

Recall assessment of work and leisure-time activity in past 1 year;
 decreased OR for high physical activity similar for IGT and newly
 diagnosed NIDDM; also for high vs. moderate physical activity;
 effect not seen in Chinese subjects

235 1,147 Hindu Indian
 migrants to Tanzania

+; higher levels of physical activity associated
  with less NIDDM, prevalence ratio 0.35
  for males, 0.20 for females

Independent of age and obesity

236 6,581 U.S. Hispanics
 (HHANES), 15,364 blacks
 and whites (NHANES II) in
 cross-sectional U.S. surveys

+/-; higher level of work activity associated
  with lower NIDDM prevalence in Mexican
  Americans, not in blacks or whites; no
  association with leisure-time physical activity

NIDDM included both previously diagnosed and those detected by
 2-hour OGTT; results controlled for age and obesity

Prospective Studies
237 87,253 U.S. white women

 nurses; 8 years followup
+; adjusted RR=0.83 (0.74-0.93) for at least
  weekly physical activity vs. less than weekly

Effect stronger within first 2 years of followup for symptomatic
 NIDDM as outcome; no dose-response seen with increasing
 exercise; no modifying effect of family history of diabetes, alcohol
 intake, or obesity

238 5,990 U.S. male university
 alumni; 15 years followup

+; age-adjusted RR=0.94 (0.90-0.98) for
  each 500 kcal increase in leisure-time
  activity per week

Association weaker when obesity included; dose response seen
 with increasing activity in middle age; greatest effect seen in most
 obese men, not in low-risk, nonobese, nonhypertensive men

239 21,271 U.S. male physicians;
 5 years followup

+; adjusted RR=0.7 for at least weekly
  physical activity vs. less than weekly

Effect greatest among men who were more overweight; significant
 trend of greater effect with increasing amount of exercise

IGT, impaired glucose tolerance; RR, relative risk; OR, odds ratio; HHANES, 1982-84 Hispanic Health and Nutrition Examination Survey; NHANES II, 1976-80 Second
National Health and Nutrition Examination Survey. *Code for Results: +, less NIDDM with more physical activity; +/–, inconsistent results for the population under study;
–, no relationship between physical activity and NIDDM.

Source: References are listed within the table
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ity), adjusted for BMI, age, and ethnicity249. 

Age-related decline in insulin sensitivity is likely
caused, in part, by declining physical activity250.
Since, at any age, higher levels of physical activity are
associated with higher insulin sensitivity, it appears
plausible that physical activity plays a major role in
the interpopulation differences in insulin sensitiv-
ity251. Taken together, there is substantial consistency
in the published information on physical activity and
NIDDM, and it seems reasonable to conclude that
increased levels of physical activity decrease the risk
of NIDDM. 

OBESITY 

Total body adiposity has been recognized as being
associated with diabetes for a very long time47. None-
theless, there is substantial controversy about the
meaning of the relationship, since nonobese persons
develop NIDDM and many obese persons never de-
velop NIDDM. Several explanations are possible: 1)
obesity is the etiologic pathway of a distinct subtype
of NIDDM, 2) a similar genetic predisposition leads
independently to both obesity and NIDDM, and 3) a
similar genetic defect predisposes to both, but differ-
ent additional genetic and/or environmental factors
complete the sufficient causes for NIDDM and obesity.

Obesity itself is unlikely to completely explain inter-
population differences in NIDDM frequency35,37,198,252.
For example, Hispanics in San Luis Valley, CO have a
twofold higher NIDDM prevalence35 and incidence253,
compared with non-Hispanic whites after adjustment
for obesity, fat patterning, age, sex, and family history
of diabetes. A higher prevalence of NIDDM was also
found in U.S. blacks compared with whites after ad-
justment for obesity and other risk factors37. This
racial disparity was present particularly at higher lev-
els of obesity and the adverse effect of obesity was
greatest in black women. Numerous cross-sectional
and retrospective studies show that obesity is associ-
ated with NIDDM prevalence182. Also, more rigorous
prospective studies show consistently higher inci-
dence of NIDDM in obese persons than in thinner
persons in diverse populations, such as U.S. non-His-
panic254 and Hispanic whites255,256,  Israelis257,
Swedes258, Nauruans259, and Pima Indians59. 

Information on the prevalence of diagnosed and undi-
agnosed NIDDM in national surveys, according to
obesity level, is shown in Appendices 9.9-9.11. Time
trends in the prevalence of overweight in the U.S.
population are shown in Appendices 9.12 and 9.13.

Duration of obesity

In addition to the level of obesity, duration is also an
important NIDDM risk factor. Maximum lifetime BMI
was associated cross-sectionally with NIDDM, inde-
pendent of current BMI260. In Pima Indians who at-
tained a BMI ≥30, the risk of NIDDM increased from
24.8 per 1,000 person-years in those who were obese
for <5 years, to 35.2 per 1,000 for obesity of 5-10
years, to 59.8 per 1,000 for >10 years of obesity,
adjusted for age, sex, and current BMI261. Unexpect-
edly, in the majority of normoglycemic subjects in that
study, longer obesity duration was associated with
lower fasting and post-load insulin concentrations.
This could have occurred if decreased insulin secre-
tion followed prolonged obesity. It could also be due
to a "survivor" effect, since persons who converted to
IGT or NIDDM were excluded from these analyses.

Body fat distribution

The location of body fat is a strong risk factor for
NIDDM, independent of the presence of obesity182,262.
Upper body (central, abdominal) obesity, measured as
waist-to-hip ratio or subscapular-triceps ratio, in-
creased the risk of diabetes in both cross-sec-
tional37,263,264 and prospective studies255,265.  Even
stronger associations were demonstrated with better
measures of intra-abdominal fat, such as CT scans266-

268. Longitudinal studies have shown that, as persons
age, both weight gain and increased waist circumfer-
ence occur; even in older persons who lose weight,
waist circumference continues to increase269. Such
trends may partially account for the increased inci-
dence of NIDDM with aging.

Shared genetic background between 
obesity and NIDDM

Obesity appears to interact with family history of
diabetes in promoting NIDDM risk. Nondiabetic
Mexican Americans with a family history of diabetes
had more total and abdominal obesity (and other
cardiovascular risk factors) compared with those
without a family history270. Adjustment for serum in-
sulin levels removed the relationships with obesity,
suggesting that the association was mediated through
hyperinsulinemia. In contrast, in Japanese Ameri-
cans215 and Swedes with IGT233, the relationship be-
tween NIDDM and obesity was most apparent in sub-
jects without a family history of diabetes. The odds of
NIDDM among physically inactive and obese Swedes
(compared with physically active and lean Swedes)
were higher for those without than for those with a
first-degree diabetic relative (9.6 versus 3.1). This
does not necessarily mean that obesity is less of a risk
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factor in persons with a genetic susceptibility to
NIDDM; it may merely reflect a lower prevalence of
obesity in subjects without a family history of diabetes
in lower-risk populations.

Risk factors for obesity

There is evidence that obesity has a strong genetic
component, based on familial studies271-273, twins
raised apart274, and adoption studies275. A single major
recessive gene accounting for 20%-35% of the total
variance of obesity may exist276. Several factors have
been proposed as the link between obesity and
NIDDM, among which is the tumor necrosis factor
α277. Behavioral factors, such as increased calories or
decreased caloric expenditure, obviously increase the
risk of obesity182,262,272,278,279 . No effect of physical ac-
tivity or dietary factors on the incidence of obesity
was seen in Mexican Americans in San Antonio, TX280.
This was not the case in a Finnish study, which found
that decreased physical activity was associated with
greater weight gain in both men and women214. While
it is clear that obesity has both genetic and behavioral
components, the interaction between these factors
remains unclear. 

Parity and pregnancy effects

It has been suggested that increasing parity increases
the risk of NIDDM in women. Retrospective studies
have found both positive182,281 and no222,282 associa-
tions. It has been argued that the effect of pregnancy
operates through weight gain that accompanies preg-
nancy and that the number of births have no inde-
pendent effect themselves. As expected, parity pre-
dicts weight gain214. A positive association between
increased parity and NIDDM, adjusted for current
BMI, was found in Rancho Bernardo, CA283, suggest-
ing that parity may have an effect beyond that of
obesity. In contrast, a prospective study of 113,606
U.S. female nurses is consistent with the view that
increased risk of NIDDM is secondary to obesity284. In
this study, there was a relative risk of 1.6 (95% CI
1.3-1.9) for women with ≥6 births compared with
nulliparous women; however, adjustment for age and
BMI completely removed any effect of parity. Thus, it
appears from this very large prospective study that
parity has no independent effect beyond its effect on
weight gain.

Studies of Pima Indians found an association of mater-
nal diabetes during pregnancy with childhood obe-
sity285 and later NIDDM286 in the offspring. It was
hypothesized that the maternal intrauterine environ-
ment may affect the incidence of obesity and diabetes.
A higher rate of maternal than paternal history of

diabetes was reported by persons with NIDDM in a
family study287. If confirmed, these results have im-
portant public health implications for the prevention
of obesity and NIDDM, since higher rates of obesity
and diabetes in women of reproductive age may result
in a vicious cycle of obesity and diabetes in the off-
spring.

THINNESS AT BIRTH

It has been proposed that persons who are thin at
birth or at age 1 year are at an increased lifetime risk
of NIDDM288. This association was extended to IGT289

and to insulin resistance with normal glucose toler-
ance290. These associations appeared to be quite strong
and independent of gestational age, gender, adult
BMI, waist-to-hip ratio, and social class at birth and in
adulthood. Associations between low birth weight
and traits related to insulin resistance were also re-
ported for Mexican Americans in San Antonio, TX291.
However, the initial interpretation that poor fetal nu-
trition leads to poor development of β-cells and their
dysfunction later in life288-290 is not widely accepted.
The main argument to the contrary comes from the
observations that children in high-NIDDM-risk popu-
lations, such as Pima Indians292 or Nauruans293, are
generally hyperinsulinemic and that higher baseline
insulin levels (not compatible with β-cell dysfunc-
tion) are predictive in these293 and low-risk popula-
tions197. An alternative explanation is that low birth
weight and low ponderal index at birth reflect an
intrauterine infection affecting pancreatic β-cells. It is
plausible that the increased incidence of IGT and
NIDDM in persons with low birth weight reflects a
latent β-cell defect (see below). It remains to be eluci-
dated, however, how a latent β-cell defect could lead
to insulin resistance or hyperinsulinemia.

SOCIOECONOMIC STATUS

In early studies, populations with greater affluence,
education, and social standing (and usually greater
access to food) had higher diabetes prevalence47. Some
of this may have been an artifact of access to medical
care. More recent studies have found that lower in-
come, education, and social class are associated with
increased prevalence of NIDDM294. In the 1976-80
NHANES II, college education (≥1 year) was associ-
ated with a 30% reduction in risk of NIDDM com-
pared with less than a high school education, adjusted
for the effects of obesity, family history of diabetes,
and other factors related to NIDDM37. In rural San
Luis Valley, CO, there was an interaction between the
effects of education and ethnicity: Hispanics with less
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than a high school education had 3.6 times the diabe-
tes prevalence of non-Hispanic whites, whereas His-
panics with a high school education or greater had no
excess risk compared with non-Hispanic whites,
when adjusted for obesity and other relevant risk
factors35.

URBANIZATION

Urban residents have NIDDM rates higher than rural
dwellers182. A number of lifestyle factors implicated in
the etiology of NIDDM (e.g., sedentary lifestyle, obe-
sity, and greater level of stress) are associated with
urban life. The role of stress as a possible NIDDM risk
factor has some support in studies of the neuroendo-
crine system, especially the sympathetic nervous sys-
tem295,296. An effect of stress might be mediated
through abdominal obesity262 or directly on glucose
and/or insulin levels296. However, little epidemiologic
evidence bears directly on this hypothesis. 

ACCULTURATION

A lower prevalence of NIDDM was found in Mexican
Americans in San Antonio, TX who were more accul-
turated to non-Hispanic white culture, even after con-
trolling for social class297,298. An exploration of social
and dietary factors thought to represent more west-
ernized lifestyles yielded inconsistent results, but
some evidence, especially in women298, supported the
association with social class. It has been postulated297

that as persons from a very traditional society become
westernized, NIDDM risk increases, as seen in data
from a poor area of Mexico City, Mexico, compared
with San Antonio, TX187. However, with further cul-
tural assimilation, increased leisure-time physical ac-
tivity and less dietary fat intake begin to be adopted,
leading to inversion of the relationship between west-
ernization and NIDDM.

An alternative hypothesis is that acculturation occurs
more easily among persons with less admixture (e.g.,
in the United States, those with lighter skin) and that
genetic factors are responsible for the relationship
with NIDDM. The most acculturated San Antonio, TX
Hispanics also have the lowest Native American ad-
mixture51,297 and the lowest NIDDM risk. The least-ac-
culturated San Antonio barrio Hispanic men (but not
women) have Native American admixture similar to
the residents of Mexico City, Mexico but a 36% higher
NIDDM prevalence187. Without precise individual es-
timates of genetic admixture, it is virtually impossible
to disentangle the likely confounding between the
effects of acculturation and genetic admixture. This

controversy needs greater emphasis in future studies,
since elucidation of the interaction between ethnicity,
acculturation, and genetic susceptibility may be criti-
cal for designing optimal NIDDM prevention in mi-
nority populations.

One of the major epidemiologic arguments for the role
of environmental factors in the etiology of NIDDM
has been the rapid increase in prevalence and inci-
dence of NIDDM in populations undergoing rapid
westernization48,299,300 . Table 9.8 summarizes informa-
tion on the prevalence of diabetes and IGT in migrant
Chinese and Asian Indian groups (age 30-64 years)34.
Although genetic comparability cannot be ensured for
these comparisons, the consistently high relative
prevalence for the migrant populations suggest pow-
erful environmental influences of the migrant set-
tings. Such changes were also documented in Native
Americans301, including Eskimoes302, who were once
thought to be largely immune to NIDDM47. The west-
ernization transition is usually accompanied by in-
creases in obesity, decreases in physical activity, and
alterations in dietary intake toward more calories and
fat and less complex carbohydrates. Studies of persons
who have migrated from Japan to Hawaii198 and from
Yemen to Israel303 found excess diabetes in the mi-
grants compared with persons of the same genetic
stock in the homeland. 

Table 9.8
Relative Prevalence of Abnormal Glucose Tolerance
in Migrant Populations, Age 30-64 Years 

Diabetes IGT

Population Men Women Men Women

Chinese

China* 1.0 1.0 1.0 1.0

Singapore 4.3 4.9 0.9 0.4

Mauritius 10.0 6.4 18.3 27.1

Asian Indians

Rural India* 1.0 1.0 1.0 1.0

Urban India 3.2 6.6 1.3 1.2

South Africa 3.9 12.2 1.4 1.0

Tanzania (Hindu) 3.2 5.8 2.1 2.9

Tanzania (Muslim) 2.6 5.8 2.7 4.5

Mauritius (Hindu) 4.8 7.8 1.7 3.1

Mauritius (Muslim) 4.9 9.8 1.1 2.7

Singapore 6.1 6.1 0.6 0.3

Rural Fiji 6.2 9.4 1.3 2.3

Urban Fiji 6.4 11.9 1.3 2.3

*Reference population; data for other groups are the ratios of their prevalence
relative to prevalence in China or rural India;  IGT, impaired glucose tolerance.

Source: Reference 34
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GENETIC-ENVIRONMENTAL 
INTERACTIONS

While it has been postulated for some time that diet,
physical activity, and other environmental factors op-
erate on a susceptible genotype, few studies have ex-
plored this arena directly. The limiting factors include
the paucity of candidate genetic markers, inaccurate
family histories of diabetes, and the need for large
samples to adequately stratify or model interactions.
Nonetheless, it appears that such approaches should
be taken whenever sufficient data are available. Some
studies that have examined such interactions are sum-
marized below.

Diet and physical activity are the two major risk fac-
tors for both obesity and insulin resistance272,304, which
also have genetic component(s)271,274,275,305,306 . Stratifica-
tion of analyses by the presence of family history of
diabetes did not reveal any differences in the effect of
physical activity on the incidence of NIDDM between
subjects with and without a family history237. Possible
interactions of a high-fat diet with family history of
diabetes were explored in the San Luis Valley Diabetes
Study in Colorado202, but no difference was found in
the effect of fat intake among persons with and with-
out a family history of diabetes. In a large cross-sec-
tional study of 32,662 white women, obesity and fam-
ily history of diabetes had a positive synergistic (mul-
tiplicative) effect307.

Twin studies have explored an interaction between
dietary or alcohol intake and familial factors. In male
twins discordant for NIDDM, no differences were
found in diet composition or alcohol intake68. In a
similar study of female twins, alcohol intake was sig-
nificantly associated with fasting plasma glucose in
both matched and unmatched analyses, suggesting it
was unlikely to have a genetic component220. 

Given the heterogeneity in NIDDM that is increas-
ingly evident, studies of candidate gene markers
should be done in the context of environmental data.
While it can be postulated that obesity, physical inac-
tivity, and diet act in the same way in hypoinsulinemic
and hyperinsulinemic NIDDM, there are as yet no
data to confirm or refute such a hypothesis. Definition
of the interface between genetic susceptibility for
NIDDM and the environment should be of highest
priority for epidemiologists using molecular tools in
the next few years. With the increasing body of infor-
mation concerning genetic factors in NIDDM and
their interactions with nongenetic factors, more so-
phisticated modeling of the pathogenesis of the
NIDDM phenotype will become feasible308-310.

METABOLIC FACTORS PROMOTING 
PROGRESSION TO DIABETES

Insulin resistance and hyperinsulinemia

The central role of insulin resistance in the patho-
genesis of the main form of NIDDM is widely ac-
cepted311-315. Insulin resistance is defined as the sub-
normal biologic response to a given concentration of
insulin316. Given the pleiotropic actions of insulin on
glucose, lipid, and protein metabolism, multiple de-
fects could result in hyperinsulinemia or insulin resis-
tance. Insulinemia, especially levels of fasting insulin,
correlate surprisingly well (at the level of 0.6-0.8)
with more sophisticated measures of insulin resis-
tance such as the euglycemic clamp157 or the minimal
model165,317, at least among persons with relative
euglycemia.

Studies of Pima Indians318,319, Hispanics320, and non-
Hispanic whites320,321  who developed IGT from nor-
mal glucose tolerance demonstrated that insulin resis-
tance precedes a defect in insulin secretion. Such
studies strongly argue for a two-step process318, the
first being insulin resistance and the second being
β-cell failure. Loss of pulsatile insulin secretion has
also been suggested as the first lesion leading to
NIDDM322. However, this observation was made in
glucose-intolerant subjects and not in subjects with
normal glucose tolerance, making the primacy of this
defect uncertain. Suppression of hepatic glucose out-
put was normal in insulin-resistant relatives of
NIDDM subjects, suggesting that the liver is not the
primary site of the defect323.

Hyperglycemia

Numerous epidemiologic studies have examined the
role of elevated glucose levels as a risk factor for the
development of NIDDM62,311. In vitro and animal stud-
ies suggest that chronic hyperglycemia is detrimental
to insulin secretion and may also induce insulin resis-
tance324. This gluco-toxicity may perpetuate the dia-
betic state and eventually lead to a permanent loss of
β-cell function. 

FACTORS PROMOTING ATHEROSCLEROSIS
BUT PROBABLY NOT PROGRESSION TO
DIABETES 

NIDDM, atherosclerosis, and hypertension share sev-
eral critical risk factors, including dietary fat, physical

METABOLIC FACTORS ASSOCIATED WITH
NIDDM RISK
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inactivity, and upper body obesity. Dietary and meta-
bolic factors related to this so-called "syndrome X"325

are probably linked by insulin resistance and possibly
by a common genetic defect. Therefore, it is not unex-
pected that decreased HDL cholesterol and increased
triglyceride concentrations, elevated blood pressure
levels, and albuminuria all precede and, to some de-
gree, predict the onset of NIDDM326. However, there is
little evidence that these metabolic abnormalities may
independently accelerate progression from normal
glucose tolerance or IGT to NIDDM. In the most
informative prospective study of syndrome X to
date327, elevated insulin levels preceded other compo-
nents of the syndrome.

Dyslipidemia

Increased triglycerides and decreased HDL levels have
been consistently associated with NIDDM, IGT, and
syndrome X. Increased triglyceride levels might possi-
bly induce insulin resistance through interference
with peripheral insulin binding and action328,329 or
through increased availability and oxidation of free
fatty acids330. Reduction of elevated triglyceride levels,
however, does not normalize insulin levels or insulin
sensitivity in subjects with syndrome X331, suggesting
that increases in triglyceride levels are the result of
insulin resistance rather than its cause.

Very low-density lipoprotein concentration was an
independent predictor of glucose intolerance in a 14-
year followup of the Framingham Study in Massachu-
setts332; however, insulin levels were not measured.
The Paris Prospective Study found no association be-
tween triglyceride levels and the incidence of
NIDDM333. A 10-year followup of subjects with famil-
ial hypertriglyceridemia demonstrated that the base-
line triglyceride level was a significant predictor of
NIDDM and IGT incidence, independent of insulin
levels331. This independence was not, however, inter-
preted as evidence for the primary role of an increase
in triglyceride concentration in the origin of syn-
drome X and progression to NIDDM.

Hyperdynamic circulation

Elevated blood pressure levels197,334 and heart rate335

precede the development of NIDDM in many patients.
Hyperdynamic circulation (pulse pressure and heart
rate in the upper quartile of the population distribu-
tion) was associated with a fourfold increased risk of
NIDDM in an 8-year follow-up study335. As with the
association between triglycerides and NIDDM, the
chronology of changes is not totally clear. However,
there is more evidence for a primary role of insulin
levels and insulin sensitivity in the etiology of

NIDDM than for hyperdynamic circulation.

Albuminuria

Elevated urinary albumin excretion occurs early in
the course of NIDDM, in persons with IGT, and in
nondiabetic offspring of NIDDM subjects334. In 891
Finnish nondiabetic subjects followed for 3.5 years,
albuminuria predicted the development of NIDDM
independently of blood pressure levels, but not after
adjustment for plasma glucose and insulin levels. This
observation highlights albuminuria as a plausible
component of syndrome X. However, more data are
needed to determine the chronology of events and the
importance of this phenomenon in the etiology of
NIDDM.

Sex hormones

Levels of some sex hormones and low levels of sex
hormone binding globulin predict the development of
NIDDM in women but not in men336. Although sex
hormones do not appear to play a primary role in the
etiology of NIDDM, they may be related to factors
such as central adiposity and insulin action, warrant-
ing further studies.

METABOLIC EPIPHENOMENA

Proinsulin

The association between hyperinsulinemia and
NIDDM risk may theoretically be secondary to an
association with proinsulin. Insulin cross-reacts with
proinsulin in conventional assays. Several studies
have reported disproportionately elevated proinsulin
levels in subjects with NIDDM337. In nondiabetic sub-
jects, proinsulin levels appear to be more strongly
related to increased triglycerides than insulin, despite
its weaker relationship to obesity338. Even studies with
proinsulin measured using highly specific assays may
be inconclusive, given the collinearity of insulin and
proinsulin levels. The current evidence is insufficient
to include proinsulin levels among the primary risk
factors for NIDDM.

Islet associated polypeptide (amylin)

A high proportion of NIDDM patients have pancreatic
amyloid deposits made up of islet amyloid polypep-
tide (IAPP)339, also called amylin340. IAPP was identi-
fied at autopsy in the pancreata of 77% of diabetic
Pima Indians but in only 7% of controls341, compara-
ble to other ethnic groups. The sequences of IAPP
predicted from cDNA probes appear to be the same in
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diabetic and nondiabetic subjects342 and the precursor
DNA sequence is normal343. Thus, it is unlikely that a
mutation is responsible for the accumulation seen in
the pancreas. 

IAPP has attracted substantial attention as a possible
cause of insulin resistance and NIDDM. The protein is
co-secreted with insulin344. It has been proposed340

that IAPP can act in concert with insulin to switch the
site of carbohydrate disposal from skeletal muscle to
adipose tissue. This could occur if IAPP made periph-
eral skeletal muscle insulin resistant, while maintain-
ing relative adipose sensitivity to insulin-mediated
glucose disposal. Although substantial evidence for
such a mechanism exists339, 345, it has been obtained
only at pharmacologic levels of IAPP infusion, calling
its relevance into question. IAPP levels do not differ
among persons with varying degrees of glucose intol-
erance346, nor do they differ between first-degree rela-
tives of persons with NIDDM and controls, unless the
relatives were also glucose intolerant347. In insulin-re-
sistant Pima Indians with IGT or obesity but without
NIDDM, no deposits of IAPP were found340. No ge-
netic linkage or association was detected between the
IAPP gene and NIDDM in Caucasians113. Although
formation of IAPP deposits may occur concurrently
with progression from IGT to NIDDM, it is unlikely
that IAPP could be a precursor of insulin resistance.

INTERMEDIATE RISK CATEGORIES

Impaired glucose tolerance

IGT is defined as a glycemic response to the standard
75-g oral glucose challenge that is intermediate be-
tween normal and diabetic, i.e., venous plasma or
capillary whole blood glucose concentration 140-199
mg/dl at 2 hours after a glucose load. The incidence of
IGT was reported to be 17.6 per 1,000 person-years in
non-Hispanic whites and 32.6 per 1,000 person-years
in Hispanics348. The importance of IGT as a prognostic
category for development of NIDDM is generally ac-
cepted, but some aspects remain controversial349-351. In
Colorado, Hispanics with IGT have nine times higher
risk of developing NIDDM than Hispanics with nor-
mal glucose tolerance, whereas in non-Hispanic
whites, IGT increases the risk of NIDDM 23 times348.
The average annual incidence of NIDDM among per-
sons with IGT in the San Luis Valley Diabetes Study in
Colorado was 8.7% for Hispanics and 5.3% for non-

Hispanic whites. Studies in other populations have
reported a wide range of diabetes incidence for per-
sons with IGT followed for 2-17 years, from 1.5% to
14% per year350. More stringent estimates, derived
from studies using the WHO classification, range
from 2.1% to 12.6% per year (Table 9.9)348,352-357. Be-
tween 20% and 45% of subjects studied remained IGT
at the end of these intervals, and another 30%-50%
showed normal glucose tolerance on subsequent oral
glucose tolerance tests (OGTTs)350,355,358-361 . IGT is
obviously a heterogeneous category including many
persons who will never develop NIDDM. On the other
hand, up to 30% of persons developing NIDDM may
not exhibit IGT at all or only for a short time (<4
years), and this phenomenon is relatively more fre-
quent in high-risk populations318,348. This has impor-
tant implications for screening and prevention pro-
grams. It has been suggested that rapid progression
from normal to diabetic glucose tolerance is associ-
ated primarily with β-cell defect rather than insulin
resistance351.

Gestational diabetes 

Glucose intolerance first detected during pregnancy is
a risk factor for later development of both
NIDDM291,362 and IDDM363. Results of followup of pa-
tients with gestational diabetes for development of
diabetes have been summarized364. Comparison of the
reported rates is complicated by variable diagnostic
and exclusion criteria, variable diabetes ascertain-

Table 9.9
Incidence of Diabetes in Persons with Impaired 
Glucose Tolerance

Ref. Population

Mean
age

(years)
No. of

subjects

Duration
of

followup
(years)

Average
annual

incidence
(%)

352 Nauruans 38 51 6.2 4.0

353 Pima Indians 32 384 3.3 6.1

354 Maltese 35-74 75 6.0 5.1

355 French 44-55 486 2.5 2.1

348 Colorado
   Hispanics
   Non-Hispanic
    whites

20-74

20-74

4.0

4.0

8.7

5.3

356 South African 
 Indians 49 128 4.0 12.6

357 San Antonio, TX
 Hispanics and
 non-Hispanic
 whites 25-64 211 8.0 2.7

Source: References are listed within the table

INTEGRATION OF GENETIC, BEHAVIORAL,
AND METABOLIC FACTORS IN A MODEL

OF NIDDM CAUSATION
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ment bias, and lack of a standardized life-table analy-
sis. The reported cumulative diabetes incidence rates
range from 6% to >60%. Pregnancy induces insulin
resistance, which may precipitate overt hyperglycemia
in persons with subclinical NIDDM or IDDM. How-
ever, it is unknown in what proportion of gestational
diabetes the disease is truly acquired during preg-
nancy, rather than merely uncovered due to increased
testing. The prevalence of undiagnosed diabetes meet-
ing WHO criteria in U.S. women of childbearing age
is similar to the prevalence of gestational diabetes,
suggesting that gestational diabetes is simply the dis-
covery of preexisting NIDDM365. No study of gesta-
tional diabetes has reported glucose tolerance status
of the participants prior to the pregnancy. Further
research is needed to determine the role of gestational
diabetes in the natural history of NIDDM.

RISK ASSESSMENT

Categorization

Categorization of glucose tolerance into normal or
impaired, based on glucose values at 2 hours after a
75-g oral glucose load, is frequently used for predic-
tion of future diabetes. While the concept of IGT has
been challenged as too variable or too broad a cate-
gory349,350,366 , the relative simplicity of the OGTT is an
appealing argument for use of IGT as a screening
criterion for subjects with pre-NIDDM.

Risk prediction based on multiple 
regression equations

It has been proposed367 that the risk of NIDDM can be
predicted from multivariate regression equations that
include risk factors such as BMI, fat centrality, family
history of diabetes, and fasting blood glucose, as well
as triglyceride and HDL concentrations, blood pres-
sure, and heart rate. One of the objectives of this
approach was to base the prediction on variables com-
monly measured in ordinary clinical practice, which
usually do not include an OGTT. The gender- and
ethnicity-specific predictive models performed at
least as well as the IGT/normal categorization in pre-
dicting NIDDM over 8 years367. This promising ap-
proach should be further explored in other populations.

THE TWO-STEP MODEL: INSULIN 
RESISTANCE FOLLOWED BY β-CELL 
FAILURE

Figure 9.4 summarizes a two-step model for NIDDM
etiology182,318,348 . The first step from normoglycemia

to IGT is largely due to insulin resistance, while the
second step from IGT to NIDDM is due to a β-cell
defect and declining insulin secretion. This model
assumes that normoglycemic persons have intact β-
cell structure and function prior to development of
severe insulin resistance. The proponents of this
model claim that the primary role of insulin resistance
versus an insulin secretion defect in the development
of NIDDM can be easily demonstrated in studies of
normoglycemic subjects progressing to IGT and
NIDDM157,323,353,368  . Inclusion of subjects who already
have hyperglycemia substantially confounds under-
standing of the defects, since hyperglycemia itself sig-
nificantly alters both insulin secretion and insulin
sensitivity323. However, a study of childhood obesity369

appears to counter these arguments. In that small
clinical study, abnormal patterns of insulin secretion
preceded hyperinsulinemia and insulin resistance in
obese children. The utility of the two-step model is
that it focuses investigations about possible etiologic
factors at easily measurable stages in the deterioration
of glucose tolerance. The evidence for the two-stage
model of the natural history of NIDDM is summarized
below.

Genetic susceptibility and behavioral
risk factors 

Genetic susceptibility to NIDDM is likely to include
separate but interrelated genes for insulin resistance,
obesity, abdominal fat patterning, and other specific
gene defects. Some of these have been identified, oth-

Genetic susceptibility
Insulin gene, insulin receptor gene,
 adenine deaminase gene, glucose
 transporters, Native American
 admixture, other genes,
 obesity, fat patterning

β-cell defect
? Glucokinase gene Fasting hyperglycemia

Insulin deficiency

Increasing hepatic
 glucose output

Insulin
Resistance

Increased postprandial
 hyperglycemia and
 hyperinsulinemia

Declining
 β-cell function

Environmental factors
Obesity, weight gain, diet (fat, calories, fiber), physical activity,
 acculturation/westernization, psychosocial,
 intrauterine environment, parity,
 other factors

Figure 9.4
The Two-Step Model of NIDDM Etiology

   

   Normoglycemia
       Impaired glucose

       tolerance NIDDM         

Source: Reference 348
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ers are still unknown. Major behavioral factors in-
clude dietary calories and fat, physical inactivity, and
weight gain. Cultural and psychosocial factors may
operate through diet, activity, and weight gain, and
may also operate independently. It appears that these
behavioral factors can operate not only to start the
cascade but also as promoters during decompensation
to NIDDM. 

Insulin resistance

Weight gain is the primary mechanism causing insu-
lin resistance. Evidence for this comes from a study of
192 Pima Indian volunteers who were examined
prospectively with yearly euglycemic-hyperin-
sulinemic clamps370. After ~3.5 years of followup, sub-
jects who were the least insulin resistant (most insulin
sensitive) gained the most weight. Conversely, more
insulin-resistant persons gained less weight. Insulin
resistance may be a feedback mechanism to prevent
further weight gain above that determined by some set
point371. Rapid weight gain was also shown to increase
insulin resistance in subjects with hyperandrogenism,
insulin resistance, and acanthosis nigricans372 and in
normal women who increased their insulin resistance
by 56% during pregnancy-induced weight gain373. On
the other hand, weight loss in severely obese subjects
appears to deter progression from IGT to NIDDM374.
However, development of IGT in normoglycemic
Pima Indians was not related to weight gain but rather
to baseline insulin levels375, suggesting that this feed-
back mechanism may be more relevant in very early
stages of the pathology leading to NIDDM.

Whether such a mechanism also operates in popula-
tions not so prone to excess obesity and diabetes as
Pima Indians is unclear. However, positive results
were obtained using insulin levels, rather than insulin
sensitivity, in a study of 789 normoglycemic Hispanics
and non-Hispanic whites376. Lower levels of fasting
insulin predicted greater weight gain over the next 4
years, adjusted for initial body weight, age, sex, and
current BMI. The results were not influenced by
smoking status, ethnicity, alcohol intake, or intentional
weight change. Thus, it appears that in both high- and
moderate-risk populations, insulin resistance develops
as a result of weight gain, perhaps as a mechanism to
prevent further obesity. It is of interest that obesity
accounts for only ~15% of the variability of insulin
sensitivity157. Much of the variability appears to be famil-
ial and may be due to genetic differences.

β-cell failure 

Numerous studies have shown that insulin responses
increase during the progression of glucose intolerance

from normal to impaired. However, there is a progres-
sive fall in insulin secretion as glucose levels rise,
either by unmasking a primary defect in insulin secre-
tion, from "pancreatic exhaustion," from glucose tox-
icity377, or from a combination of these defects312.
Prospective studies of persons with IGT have identi-
fied a decrease in insulin levels after a glucose chal-
lenge (consistent with a secretory defect) as a predic-
tor of the development of NIDDM in both high- and
moderate-risk populations256,318,321,378,379 .

This two-stage model has been proposed principally
for the hyperinsulinemic, insulin-resistant form of
NIDDM. It acknowledges that hypoinsulinemic varie-
ties of NIDDM exist, e.g., those associated with GCK
enzyme defects, where a person may bypass the insu-
lin-resistant phase of the transition and enter the
model via genetic β-cell defects. 

THE LATENT β-CELL DEFECT MODEL

Figure 9.5 presents an alternative model of the natural
history of NIDDM. This model assumes that early
β-cell injuries due to viral infections, chemical toxins,
or genetic defects lead to a significant reduction of
functional β-cell capacity in a large proportion of the
general population. In subjects carrying certain HLA
and non-HLA genes, such injury leads to β-cell
autoimmunity and, in some cases, to clinical IDDM.
However, in the majority of these cases, autoimmu-
nity does not develop or is short-lived and β-cell
destruction is not progressive. The same genetic and
behavioral factors that cause insulin resistance in the
two-step model in Figure 9.4 naturally operate in

Figure 9.5
The Latent β-Cell Defect Model of NIDDM Etiology

NIDDM promoters
insulin resistance
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individuals with existing subclinical β-cell loss and
may provide the final event precipitating diabetes in a
majority of the NIDDM cases. However, an estimated
20% of individuals with subclinical β-cell loss develop
hypoinsulinemic diabetes without ever being insulin
resistant. The major conceptual difference between
this model and the two-step model is the emphasis on
environmental insults to the β-cells prior to develop-
ment of insulin resistance. The evidence for this latent
β-cell defect model of the natural history of NIDDM is
summarized below.

Aborted β-cell autoimmunity 

Studies of schoolchildren with no family history of
IDDM380-383 reported the prevalence of β-cell autoim-
munity to be as high as 0.7%-4.1%. Over 1-2 years,
autoimmunity remitted in up to 78% of these children
without the occurence of diabetes or measurable im-
pairment of β-cell function384-386. The cumulative risk
of β-cell autoimmunity by age 20 years is likely to be
~5%-15%, given the high remission rate and the fact
that the assays used (ICA by immunofluorescence)
were less sensitive than antigen-specific assays now
available8. What causes β-cell autoimmunity is cur-
rently unclear; however, a large body of evidence
points to viral and early childhood dietary factors387.
This process is sustained in only ~10%-30% of chil-
dren who develop β-cell autoimmunity, resulting in
IDDM after a variable preclinical period. Thus, ~5%-
15% of the general population of children is likely left
with a subclinical loss of β-cells due to a short bout of
β-cell autoimmunity.

Genetic defects leading to normo- or 
hypoinsulinemic NIDDM

As reviewed above, in families with MODY25 and in a
subset of families with later-onset NIDDM135, a pri-
mary GCK defect without hyperinsulinemia may be
sufficient to cause hyperglycemia. It is likely that
other genetic defects in glucose metabolism exist that
are associated with normo- or hypoinsulinemic
NIDDM. 

ALTERNATIVE MODELS 

In an alternative sequence, hypersecretion of the β-
cells is the primary genetic defect, and hyperin-
sulinemia subsequently leads to development of pe-
ripheral insulin resistance. Little evidence is available
to support this alternative hypothesis. A further
speculation is that the multiple defects in glucose and
lipid metabolism might be explained by gene defects
in insulin’s ability to phosphorylate proteins323. Such

a hypothesis would focus genetic studies toward a
different set of candidate genes than have been ex-
plored to date.

MODIFICATION OF GENETIC FACTORS

The gene(s) involved in the etiology of NIDDM are
likely to be identified soon. If widespread screening
for such gene(s) is practical, high-risk subjects who
are identified may become prime targets for the inter-
ventions detailed below. Counseling will likely focus
on avoiding behavioral risk factors and preventing
diabetes in the carriers, rather than on preventing
NIDDM in the offspring.

MODIFICATION OF BEHAVIORAL 
FACTORS

Most previous NIDDM prevention studies have in-
volved altering lifestyle to reduce body weight388,389.
There is currently no evidence from randomized inter-
ventions that any manipulation of specific dietary
components prevents progression from IGT to
NIDDM. In a randomized study of newly diagnosed
NIDDM patients, a low-carbohydrate diet was com-
pared with a modified-fat diet390. Some of the 93 sub-
jects would now be classified as IGT under WHO
criteria. Weight decreased slightly more on the low-fat
diet, but at 1 year there were no differences in fasting
glucose and insulin levels. In a study of eight Pima
Indians and two Caucasians with new-onset NIDDM
and 10 nondiabetic controls, subjects were placed on
a 500 kcal diet for at least 4 weeks to induce an
average 15% loss of body weight391. Despite significant
lowering in blood glucose levels, none of the patients
achieved normality. Weight reduction can reverse in-
sulin resistance and, theoretically, should prevent pro-
gression to NIDDM in at-risk persons. However, long-
term maintenance of a reduced body weight is diffi-
cult, and most patients regain the lost body weight
within 3 years.

A few studies have demonstrated the benefits of add-
ing exercise programs to dietary interventions for en-
hancing long-term weight loss in nondiabetic obese
individuals392,393. In one study, obese NIDDM subjects
assigned to a 10-week diet and exercise intervention
achieved significantly greater weight loss at 1 year
followup than did subjects assigned to a diet interven-
tion only394. While the majority of intervention stud-
ies in NIDDM patients demonstrated improvements

IMPLICATIONS FOR PREVENTION
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in blood glucose control in addition to weight loss,
there are no data demonstrating the effectiveness of
exercise-induced weight loss in preventing NIDDM in
at-risk persons395.

Multifactorial interventions in persons with IGT, in-
cluding diet modifications, exercise, weight loss, and
oral hypoglycemic agents showed no discernible ef-
fect on the incidence of NIDDM396,397. In one inconclu-
sive study, subjects receiving tolbutamide in addition
to a diet intervention showed somewhat lower inci-
dence of NIDDM398. There was no difference in all-
cause mortality between the tolbutamide and diet-
only groups, but lower vascular mortality occurred for
those treated with tolbutamide399. To date, only one
long-term study has successfully attempted to prevent
NIDDM using lifestyle modifications in persons with
IGT388. In this Swedish study, 217 middle-aged men
with IGT were nonrandomly assigned to a diet and
exercise intervention or to a control (no intervention)
group. Over a 6-year follow-up period, half as many of
the treated men as the controls had developed diabe-
tes. This study demonstrated the feasibility of a long-
term intervention program in some persons with IGT
and suggested that a combined behavioral interven-
tion may reduce or delay the development of NIDDM.
However, other studies were less successful400. Begin-
ning in 1995, a large multicenter trial in the United
States will test the effectiveness of dietary and physi-
cal activity modifications in preventing the develop-
ment of NIDDM in subjects with IGT.

MODIFICATION OF METABOLIC FACTORS

NIDDM is associated with all of the metabolic compo-
nents of syndrome X325, including insulin resistance,
hyperinsulinemia, hyperglycemia, decreased HDL
cholesterol, increased triglyceride concentrations, ele-
vated blood pressure levels, and albuminuria. Inter-
vening on each of these factors separately may or may
not reduce the risk of NIDDM, depending on whether
the effect of such intervention is on the causal path-
way leading to NIDDM, as opposed to the pathways
leading to atherosclerosis or hypertension. For exam-
ple, lowering blood pressure with thiazides or beta-
blockers may actually worsen insulin resistance and
dyslipidemia. Although hypertension may be pre-
vented, the risk of NIDDM197 and atherosclerosis may
be increased. 

Thiozolodinediones are a new class of drugs that po-
tentiate hepatic and peripheral insulin action401. Lim-
ited human experience suggests improved insulin
sensit ivity with amelioration of hyperin-

sulinemia401,402, some weight gain403, and no signifi-
cant incidence of hypoglycemia404. A member of this
class, troglitazone, appears to prevent NIDDM among
persons with IGT405. More data are needed to establish
the effectiveness of these agents in preventing NIDDM
in the population at large.

EFFECTIVENESS OF INTERVENTION 

It has been argued that, to avoid major health burden
from a disease such as NIDDM that develops in mid-
dle-aged and elderly persons, it may be sufficient to
delay the onset of severe hyperglycemia rather than
prevent the disease altogether. This approach, focus-
ing on preventing hyperglycemia and microvascular
complications, may be insufficient to reduce the pri-
mary mortality and morbidity in NIDDM patients—
that caused by cardiovascular disease406. On the other
hand, interventions that reduce insulin resistance and
the associated cardiovascular risk factors are those
most likely to have a significant impact on all-cause
mortality and life quality in populations at risk for
NIDDM.

NIDDM is a heterogeneous condition caused by ge-
netic and behavioral factors. Some genes involved in
NIDDM have been identified but apparently not those
responsible for the main form of NIDDM, associated
with obesity, hyperinsulinemia, and insulin resis-
tance. Identification of additional genes appears im-
minent and may greatly help to focus future preven-
tion programs on persons at highest risk.

The role of physical inactivity, dietary fat, and weight
gain in the etiology of NIDDM is established. What
remains to be elucidated is how these behavioral fac-
tors interact with the candidate genetic factors to
produce diabetes on the individual and population
levels. Better understanding of the genetic-environ-
mental interactions and of the heterogeneity of
NIDDM would assist in designing optimal measures
to prevent the disease. It is still uncertain, as it was 10
years ago62, whether intervention on the few estab-
lished behavioral risk factors can prevent or delay
development of NIDDM.

Dr. Marian Rewers is Associate Professor and Dr. Richard F.
Hamman is Professor, Department of Preventive Medicine and
Biometrics, School of Medicine, University of Colorado
Health Science Center, Denver, CO.
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Appendix 9.1
Percent of Persons with a Medical History of
NIDDM and Normal Glucose Tolerance Who 
Report a Sibling or Parental History of Diabetes,
U.S., 1976-80

Appendix 9.2
Percent of Persons with a Medical History of
NIDDM and Percent of Nondiabetic Persons Who
Report a Parental History of Diabetes, U.S., 1989

NIDDM defined by excluding all subjects who appear to have IDDM from the
group of persons with self-reported history of physician-diagnosed diabetes
(IDDM defined by age at onset <30 years, percent desirable weight <120, and
continuous insulin use since diabetes diagnosis); nondiabetic defined by oral
glucose tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey

NIDDM defined by excluding all subjects who appear to have IDDM from the
group of persons with self-reported history of physician-diagnosed diabetes
(IDDM defined by age at onset <30 years, percent desirable weight <120, and
continuous insulin use since diabetes diagnosis); nondiabetic defined as all
other persons.

Source: 1989 National Health Interview Survey

215



Appendix 9.3
Percent of Persons Age 20-74 Years with a Family History of Diabetes by Diabetes Status, U.S., 1976-80

Race, sex, age (years),
and diabetes status Father only Mother only Both parents Either parent Neither parent Any sibling

All persons 7.4 10.5 0.7 18.9 81.1 9.5
Age 20-54 8.2 9.9 0.8 19.2 80.8 6.5

Medical history of NIDDM 20.0 21.8 2.5 46.6 53.5 35.8
Undiagnosed NIDDM 13.7 11.0 0.0 24.7 75.4 15.0
IGT 6.1 22.0 1.5 30.1 69.9 10.1
Normal glucose tolerance 8.1 8.5 0.6 17.6 82.4 5.5

Age 55-74 5.0 12.3 0.5 18.0 82.0 17.7
Medical history of NIDDM 8.5 18.8 2.8 31.1 68.9 39.2
Undiagnosed NIDDM 4.5 21.4 0.4 26.3 73.7 26.1
IGT 3.3 15.4 0.9 19.6 80.4 17.9
Normal glucose tolerance 5.2 9.6 0.1 15.2 84.8 14.3

Men 7.2 9.5 0.7 17.5 82.5 8.9
Age 20-54 7.8 8.6 0.7 17.2 82.9 5.8

Medical history of NIDDM 15.8 21.4 2.5 41.2 58.8 36.7
Undiagnosed NIDDM 4.2 4.7 0.0 8.8 91.2 22.3
IGT 7.8 20.1 1.2 29.1 70.9 6.2
Normal glucose tolerance 7.7 7.6 0.7 16.0 84.0 5.1

Age 55-74 5.4 12.3 0.6 18.6 81.5 18.0
Medical history of NIDDM 8.4 13.9 3.7 26.9 73.1 35.4
Undiagnosed NIDDM 6.3 17.4 0.9 24.5 75.5 24.7
IGT 5.1 16.5 0.9 22.5 77.5 18.6
Normal glucose tolerance 5.1 10.4 0.2 16.0 84.0 15.5

Women 7.6 11.4 0.7 20.2 79.8 10.0
Age 20-54 8.6 11.1 0.8 21.2 78.8 7.2

Medical history of NIDDM 22.9 22.1 2.6 50.2 49.8 35.3
Undiagnosed NIDDM 20.6 15.5 0.0 36.0 64.0 9.9
IGT 5.1 23.3 1.8 30.7 69.3 12.5
Normal glucose tolerance 8.5 9.4 0.6 19.2 80.8 5.8

Age 55-74 4.8 12.3 0.4 17.6 82.4 17.5
Medical history of NIDDM 8.6 22.4 2.2 34.1 65.9 42.0
Undiagnosed NIDDM 3.4 24.0 0.0 27.4 72.6 26.9
IGT 1.7 14.5 0.9 17.0 83.0 17.3
Normal glucose tolerance 5.3 9.0 0.1 14.5 85.5 13.2

Non-Hispanic whites 7.4 10.3 0.6 18.6 81.4 8.9
Age 20-54 8.1 9.4 0.7 18.5 81.5 5.7

Medical history of NIDDM 23.6 23.4 0.0 49.1 50.9 32.1
Undiagnosed NIDDM 19.4 6.5 0.0 25.9 74.1 5.7
IGT 6.3 22.0 2.2 30.9 69.1 8.9
Normal glucose tolerance 7.9 8.2 0.6 16.9 83.1 5.0

Age 55-74 5.5 12.7 0.5 18.9 81.1 17.2
Medical history of NIDDM 7.5 19.9 3.1 31.4 68.6 38.3
Undiagnosed NIDDM 5.5 22.7 0.0 28.2 71.8 27.7
IGT 4.1 17.0 1.1 22.2 77.8 17.4
Normal glucose tolerance 5.7 9.8 0.2 15.8 84.2 13.8

Non-Hispanic blacks 5.1 10.6 1.4 18.6 81.4 12.6
Age 20-54 6.2 10.0 1.7 19.6 80.4 10.6

Medical history of NIDDM 3.1 13.2 8.1 24.4 75.6 53.9
Undiagnosed NIDDM 0.0 29.6 0.0 29.6 70.4 45.1
IGT 0.0 18.7 0.0 18.7 81.3 13.8
Normal glucose tolerance 7.5 7.9 1.8 19.3 80.7 7.7

Age 55-74 1.8 12.4 0.6 15.2 84.8 19.1
Medical history of NIDDM 10.0 16.7 2.5 31.4 68.6 43.1
Undiagnosed NIDDM 0.0 9.5 3.0 12.5 87.5 20.7
IGT 0.0 16.2 0.0 16.2 83.8 18.6
Normal glucose tolerance 1.1 11.0 0.0 12.1 87.9 13.7

IGT, impaired glucose tolerance. Diabetes status was determined from medical history and results of a 75-g 2-hour oral glucose tolerance test using World Health
Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Appendix 9.4
Percent of Persons Age ≥18 Years with a Parental History of Diabetes by Diabetes Status, U.S., 1989

Race, sex, age (years),
and diabetes status Father only Mother only Both parents Either parent Neither parent Don’t know

All IDDM 9.1 3.5 1.7 16.4 83.6 2.1
18-39 7.3 4.7 2.3 16.3 83.7 1.9

≥40 14.1 0.0 0.0 16.7 83.3 2.7

Men 8.5 3.9 3.3 17.0 83.0 1.4
Women 9.6 3.1 0.0 15.7 84.3 2.9

All NIDDM 10.0 24.7 5.3 45.4 54.6 5.4
18-44 17.5 24.0 9.2 52.4 47.6 1.7
45-64 11.0 28.0 5.5 48.6 51.4 4.1

≥65 7.4 22.0 4.2 40.9 59.1 7.4

Men 8.1 23.5 4.2 41.5 58.5 5.7
Women 11.5 25.6 6.1 48.3 51.7 5.1

Non-Hispanic whites 10.8 24.2 5.1 44.7 55.3 4.6
Non-Hispanic blacks 8.1 27.2 5.2 47.9 52.1 7.4
Mexican Americans 7.4 23.9 6.7 42.5 57.5 4.6

All nondiabetic 5.9 8.2 1.0 17.3 82.7 2.1
18-44 6.0 6.8 0.9 15.5 84.5 1.7
45-64 7.1 11.3 1.6 22.2 77.8 2.3

≥65 3.7 8.4 0.4 16.1 83.9 3.6

Men 5.8 7.5 0.9 16.5 83.5 2.3
Women 6.1 8.8 1.1 18.0 82.0 2.0

Non-Hispanic whites 6.0 7.9 0.9 16.7 83.3 1.9
Non-Hispanic blacks 5.3 10.4 1.1 19.5 80.5 2.8
Mexican Americans 7.6 9.8 2.2 22.5 77.5 2.9

Source: 1989 National Health Interview Survey
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Appendix 9.6
Age-Standardized Prevalence of NIDDM for Whites
and Blacks Age 20-74 Years, by Family History of
Diabetes, U.S., 1976-80

Appendix 9.5
Percent of Persons Reporting a Parental History of
Diabetes Who Have NIDDM, Age 20-74 Years, U.S.,
1976-80 and 1989

NIDDM includes both diagnosed and undiagnosed NIDDM, defined by exclud-
ing all subjects who appear to have IDDM from the group of persons with
self-reported history of physician-diagnosed diabetes and by results of oral
glucose tolerance test using World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey

Diagnosed NIDDM defined by excluding all subjects who appear to have IDDM
from the group of persons with self-reported history of physician-diagnosed
diabetes (IDDM defined by age at onset <30 years, percent desirable weight
<120, and continuous insulin use since diabetes diagnosis); undiagnosed
NIDDM defined by oral glucose tolerance test using World Health Organiza-
tion criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1989 National Health Interview Survey
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Appendix 9.7
Percent of Persons in NIDDM Diagnostic Categories by Family History of Diabetes, Age 20-74 Years, U.S., 1976-80

Race, sex, age (years),
and diabetes status

Family history of diabetes
Mother only Father only Either parent Neither parent Any sibling

All persons, age 20-74
Medical history of NIDDM 5.8 5.3 6.1 2.4 12.6
Undiagnosed NIDDM 5.6 3.6 4.5 3.1 7.7
IGT 19.9 7.3 14.7 10.0 16.1
Normal glucose tolerance 68.8 83.8 74.7 84.5 63.6

All persons, age 20-54
Medical history of NIDDM 3.4 3.8 3.9 1.1 8.5
Undiagnosed NIDDM 1.9 2.9 2.2 1.6 4.0
IGT 18.5 6.2 13.0 7.2 13.4
Normal glucose tolerance 76.2 87.2 81.0 90.2 74.1

All persons, age 55-74
Medical history of NIDDM 11.1 12.3 12.7 6.2 16.7
Undiagnosed NIDDM 13.8 7.0 11.5 7.1 11.6
IGT 23.0 12.1 19.9 17.9 18.9
Normal glucose tolerance 52.1 68.6 55.9 68.8 52.8

Men, age 20-54
Medical history of NIDDM 3.3 2.7 3.3 1.0 7.5
Undiagnosed NIDDM 0.8 0.8 0.8 1.6 5.7
IGT 15.5 6.7 11.2 5.7 7.2
Normal glucose tolerance 80.4 89.8 84.8 91.8 79.6

Men, age 55-74
Medical history of NIDDM 7.7 10.6 10.0 6.2 13.8
Undiagnosed NIDDM 9.6 7.9 8.9 6.3 8.8
IGT 25.7 18.3 23.2 18.2 19.8
Normal glucose tolerance 57.0 63.3 57.9 69.4 57.7

Women, age 20-54
Medical history of NIDDM 3.5 4.7 4.4 1.2 9.3
Undiagnosed NIDDM 2.7 4.6 3.3 1.6 2.7
IGT 20.7 5.8 14.3 8.7 18.1
Normal glucose tolerance 73.1 85.0 78.1 88.6 69.9

Women, age 55-74
Medical history of NIDDM 3.5 4.0 3.8 0.9 7.8
Undiagnosed NIDDM 1.0 3.6 2.1 1.4 1.5
IGT 17.2 5.7 12.4 6.3 12.0
Normal glucose tolerance 78.3 86.7 81.7 91.5 78.7

Non-Hispanic whites, age 20-54
Medical history of NIDDM 13.9 14.0 15.0 6.2 19.2
Undiagnosed NIDDM 17.3 6.3 13.8 7.8 13.9
IGT 20.8 6.3 17.1 17.8 18.2
Normal glucose tolerance 48.0 73.5 54.1 68.3 48.7

Non-Hispanic whites, age 55-74
Medical history of NIDDM 10.5 9.1 11.2 5.7 15.2
Undiagnosed NIDDM 13.3 7.4 11.1 6.6 12.4
IGT 23.3 12.8 20.4 16.6 18.0
Normal glucose tolerance 52.9 70.7 57.4 71.1 54.4

Non-Hispanic blacks, age 20-54
Medical history of NIDDM 3.9 3.5 2.7 12.1
Undiagnosed NIDDM 7.5 3.7 2.2 11.2
IGT 24.3 12.0 12.8 17.7
Normal glucose tolerance 64.4 80.7 82.3 59.0

Non-Hispanic blacks, age 55-74
Medical history of NIDDM 15.5 24.5 9.6 29.8
Undiagnosed NIDDM 8.3 8.8 11.1 10.6
IGT 22.9 18.7 17.3 17.4
Normal glucose tolerance 53.3 47.9 62.0 42.2

IGT, impaired glucose tolerance. Undiagnosed diabetes, IGT, and nondiabetic determined by oral glucose tolerance test in persons without a medical history of diabetes
using World Health Organization criteria; table excludes persons who appear to have IDDM; in cells with no entry, data are unreliable because of small sample size.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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Appendix 9.8
Prevalence of NIDDM by Family History of 
Diabetes, Age 20-74 Years, U.S., 1989

Race, sex, and
age (years)

Mother
only

Father
only

Both
parents

Either
parent

Neither
parent

All persons
20-74 6.7 3.9 11.6 6.0 1.5
20-54 3.4 2.0 6.2 3.0 0.6
55-74 13.9 11.6 28.1 14.2 4.6

Men
20-74 6.3 3.0 9.4 5.2 1.5
20-54 3.2 1.2 6.1 2.6 0.6
55-74 13.7 10.0 13.0 4.7

Women
20-74 7.0 4.8 13.2 6.6 1.6
20-54 3.6 2.7 6.2 3.4 0.6
55-74 14.0 13.0 33.6 15.0 4.5

Non-Hispanic whites
20-74 5.9 3.6 10.9 5.3 1.3
20-54 2.9 1.7 5.9 2.5 0.5
55-74 11.2 10.3 21.9 11.7 3.8

Non-Hispanic blacks
20-74  10.8 7.0 17.4 10.2 3.0
20-54 5.7 4.7 11.3 5.9 1.1
55-74 34.2 23.0 33.2 10.1

Mexican Americans
20-74 6.6 3.0 5.5 2.3
20-54 2.8 1.5 2.5 0.8
55-74 38.8 19.8 10.8

NIDDM defined by excluding all subjects who appear to have IDDM from the
group of persons with self-reported history of physician-diagnosed diabetes
(IDDM defined by age at onset <30 years, percent desirable weight <120, and
continuous insulin use since diabetes diagnosis); in cells with no entry, data are
unreliable because of small sample size.

Source: 1989 National Health Interview Survey
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Appendix 9.9
Prevalence of NIDDM by Body Mass Index, Age 
20-74 Years, U.S., 1976-80

NIDDM includes both diagnosed and undiagnosed NIDDM, defined by exclud-
ing all subjects who appear to have IDDM from the group of persons with
self-reported history of physician-diagnosed diabetes and by results of oral
glucose tolerance test using World Health Organization criteria; body mass
index, weight (kg) divided by height-squared (m2).

Source: 1976-80 National Health and Nutrition Examination Survey
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Appendix 9.10
Age-Standardized Prevalence of NIDDM for U.S.
Populations, by Percent Desirable Weight, Age 
20-74 Years, 1976-80 and 1982-84

NIDDM includes both diagnosed and undiagnosed NIDDM, defined by exclud-
ing all subjects who appear to have IDDM from the group of persons with
self-reported history of physician-diagnosed diabetes and by results of oral
glucose tolerance test using World Health Organization criteria; NHANES was
a sample of the entire U.S. population; in HHANES, Mexican Americans were
sampled from the southwestern U.S., Cuban Americans from the Miami, FL
area, and Puerto Ricans from the New York City area.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 9.11
Prevalence of NIDDM by Obesity Level, Age 20-74
Years, U.S., 1976-80 and 1982-84

Body mass index

<22
22-

24.99
25-

29.99
30-

34.99 ≥35

Age 20-74 years
Medical history 2.0 2.0 3.3 6.9 8.9
Undiagnosed 1.6 1.6 3.6 6.8 13.2
Total 3.5 3.6 6.9 13.8 22.0

Age 20-54 years
Medical history 1.2 1.1 1.6 3.5 7.5
Undiagnosed 0.9 1.1 1.4 3.0 10.2
Total 2.1 2.2 3.0 6.5 17.7

Age 55-74 years
Medical history 5.3 4.7 7.4 13.7 11.6
Undiagnosed 4.5 3.2 9.0 14.2 19.3
Total 9.8 7.8 16.4 27.9 30.9

Men, age 20-74 years
Medical history 2.1 2.2 2.8 3.9 10.5
Undiagnosed 2.7 1.8 3.2 4.0 4.9
Total 4.8 4.0 5.9 7.9 15.4

Men, age 20-54 years
Medical history 1.2 1.1 1.4 1.0 7.5
Undiagnosed 2.4 1.3 1.0 1.4 4.1
Total 3.5 2.4 2.4 2.4 11.6

Men, age 55-74 years
Medical history 6.0 5.5 6.5 11.2 29.2
Undiagnosed 4.1 3.3 8.9 11.0 9.8
Total 10.1 8.8 15.3 22.3 39.0

Women, age 20-74 years
Medical history 1.9 1.8 4.1 9.6 8.3
Undiagnosed 1.0 1.4 4.2 9.3 16.4
Total 2.9 3.3 8.4 18.9 24.6

Women, age 20-54 years
Medical history 1.2 1.2 2.0 6.0 7.5
Undiagnosed 0.2 0.9 1.8 4.8 13.6
Total 1.5 2.0 3.8 10.8 21.1

Women, age 55-74 years
Medical history 5.0 3.8 8.5 15.2 9.3
Undiagnosed 4.7 3.0 9.1 16.2 20.5
Total 9.6 6.8 17.7 31.4 29.8

Total NIDDM, age 20-74 years
Non-Hispanic white men 5.0 3.1 5.5 9.1 9.2
Non-Hispanic white women 3.1 2.9 8.4 16.8 26.1
Non-Hispanic black men 3.2 8.1 8.8
Non-Hispanic black women 1.2 7.1 7.4 23.5 21.2
Mexican-American men 2.7 3.8 8.6 19.4
Mexican-American women 2.4 2.8 12.1 17.8 23.4
Cuban Americans 1.6 7.1 12.7 15.9
Puerto Ricans 2.1 7.4 9.8 19.5

Body mass index, weight (kg) divided by height-squared (m2); National Health
and Nutrition Examination Survey was a sample of the entire U.S. population;
in the Hispanic Health and Nutrition Examination Survey, Mexican Americans
were sampled from the southwestern United States, Cuban Americans from the
Miami, FL area, and Puerto Ricans from the New York City area; in cells with
no entry, data are unreliable because of small sample size.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey
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Appendix 9.12
Percent of Adults Who Are Overweight, Age 20-74
Years, U.S., 1960-91

Overweight defined as BMI [body mass index, weight (kg) divided by height-
squared (m2)] ≥27.8 for men and ≥27.3 for women, which are the sex-specific
85th percentile values of BMI for men and women age 20-29 years in the
1976-80 NHANES; these values represent ~124% of desirable weight for men
and ~120% of desirable weight for women.

Source: Reference 407, 1960-62 National Health Examination Survey and the
1971-75, 1976-80 and 1988-91 National Health and Nutrition Exami-
nation Surveys
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Appendix 9.13
Percent of Adolescents Who Are Overweight, Age
12-19 Years, U.S., 1976-80 and 1988-91

Overweight defined as BMI [body mass index, weight (kg) divided by height-
squared (m2)] ≥23.0 for males age 12-14 years, ≥24.3 for males age 15-17 years,
≥25.8 for males age 18-19 years, ≥23.4 for females age 12-14 years, ≥24.8 for
females age 15-17 years, and ≥25.7 for females age 18-19 years.

Source: Reference 408, 1976-80 and 1988-91 National Health and Nutrition
Examination Surveys
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Although many early studies included individuals
with IDDM, a number of these did not differentiate
between IDDM and non-insulin-dependent diabetes
mellitus (NIDDM). Of the studies that made the dif-
ferentiation, many were affected by various potential
biases, especially selection biases, as in the case of life

insurance enrollees1 or clinic attendees2,3. One early
study that attempted to avoid such bias was a popula-
tion-based study in Erie County, NY4. Despite these
limitations, these early reports provide useful data
relevant to the study of IDDM mortality. 

Mortality data were reported for individuals with
IDDM who attended the Joslin Clinic in Boston, MA
during 1897-19615. A dramatic change in death rates

Chapter 10

Mortality in 
Insulin-Dependent Diabetes

SUMMARY

Enrico Portuese, MPH, and Trevor Orchard, MD

Early studies demonstrated a dramatic change
in the pattern of mortality from insulin-de-
pendent diabetes mellitus (IDDM) after the
introduction of insulin therapy in the 1920s.

A major shift occurred as diabetic coma, which pre-
dominated as a cause of death in the pre-insulin era,
yielded to renal and heart disease after insulin became
available. The majority of deaths in people with IDDM
now occur in middle and late adulthood rather than
soon after diagnosis.

Mortality rates among IDDM patients remain high. For
childhood-onset cases, data suggest that >15% will die
by age 40 years, at which time the annual mortality will
be 20 times that seen in the general population. Na-
tional data suggest that a downward trend in mortality
for patients with IDDM occurred up to the early 1980s
but may now be leveling off.

There is marked variation in the cause of death with
increasing duration of IDDM. In the early years after
diagnosis of IDDM, acute coma is the leading cause of
death, while in the middle years renal disease pre-
dominates. After 30 years of IDDM, two-thirds of
IDDM deaths result from cardiovascular disease. A
strong link is seen between renal disease and cardio-
vascular death. Because death certificate data have
many limitations in the examination of cause-specific
mortality, more in-depth approaches have been devel-
oped to accurately classify cause of death in a stand-

ardized manner. These approaches also enable the role
of diabetes to be more clearly defined.

Examination of risk factors for IDDM mortality show
differences by sex, with female IDDM subjects having
a relatively greater increase in mortality, compared
with nondiabetic females, than is found for males. In
particular, a relatively greater increased risk for is-
chemic heart disease mortality has been reported for
women with IDDM. In IDDM, as in the general U.S.
population, African Americans have a higher mortal-
ity rate than whites. A familial effect has also been
described, wherein premature mortality in diabetic
and nondiabetic relatives clusters in families in which
there is a deceased IDDM patient. Smoking is an im-
portant predictor of all-cause mortality. Many other
traditional cardiovascular risk factors, particularly hy-
pertension, appear to be related to mortality in IDDM,
but no clear association has been documented be-
tween lipids and lipoproteins and cardiovascular mor-
tality. Onset of IDDM before puberty appears to be
associated with a lower mortality rate than peripuber-
tal onset.

Comparisons between U.S. populations and other
countries reveal considerable differences. For exam-
ple, a cohort of IDDM subjects from Allegheny County,
PA had more than twice the mortality rate of IDDM
subjects in Finland. Such findings raise potential con-
cerns with regard to health care in the United States.

• • • • • • •

STUDIES OF IDDM MORTALITY PRIOR TO 1980
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was observed immediately following the introduction
of insulin in 1922. For example, in individuals who
died at age ≤10 years during the earliest period (1897-
1914, called the Naunyn Era6), the death rate was 824
per 1,000 diabetic patients, compared with 386.2 per
1,000 in the next period (1914-22, called the Allen
Era6). During 1950-61, the rate had fallen to 1 per
1,0005. 

Investigators from Toronto, Canada, described clinical
data on a cohort of 123 IDDM patients with age at
onset of 1-14 years during 1922-31. Total mortality in
these patients followed for up to 25 years was 47%.
Coma was listed as the leading cause of death (64%)7.
Another clinic-based study showed a 38% mortality
rate for a group of 63 individuals diagnosed with
diabetes during 1920-28 and followed for ≥20 years8.
A group of St. Louis, MO patients diagnosed during
1922-43 also showed the beneficial effects of insulin
treatment9. In this study, the majority of deaths in the
earliest period (1922-33) were from acidosis, whereas
deaths from acidosis did not occur in the later study
period (1939-43). 

In a 1956 study at the Joslin Clinic of 96 insulin-
treated patients who survived diabetes for ≥35 years,
45 died during further followup10. Cardiovascular dis-
ease was the primary cause of death, and hypertension
was noted to be twice as high in women as in men.
Another study of Joslin patients focused on those
diagnosed at age <2 years. Of 118 (58 male) patients
diagnosed during 1922-56, 20 individuals had died at
the time of followup in 1956-57, with more than a
third dying at age <5 years11. Infections and coma
accounted for more than half of the deaths, but no
deaths from coma occurred after 1948. 

A later followup found that there was an overall de-
cline in mortality of the Joslin patients. Again, how-
ever, an increase in the proportion of deaths due to
vascular disease was noted. Whereas diabetic coma
accounted for one of every seven deaths in 1922-29,
at the time of a more recent followup (1956-62), it
was responsible for only 1%2.

Mortality was examined among purchasers of life in-
surance. For those with diabetes diagnosed during
1935-63 at age <30 years and who were treated with
insulin (and thus likely to have IDDM), mortality was
increased sixfold compared to that expected based on
the mortality experience of applicants issued standard
policies12. The presence of both heart disease and
cerebrovascular disease was extremely high in those
with diabetes.

A Cincinnati, OH study whose purpose was to ascertain
the effect of an unmeasured diet on the risk of vascular
disease in a cohort of patients diagnosed at age <17 years
compared cumulative mortality of groups from Boston,
MA and Stockholm, Sweden. No major geographic dif-
ferences were noted: at 25 years duration of diabetes, the
cumulative mortality was 19% in Boston, 20% in Cincin-
nati, and 22% in Stockholm13.

In 1972, the Joslin group reported that 76.6% of the
5,009 deaths that occurred in its clinical population
during 1960-68 were caused by cardiovascular-renal
disease14. Diabetic coma as a cause of death declined
significantly relative to earlier periods, as did infec-
tions other than tuberculosis. When comparing the
1960-68 time period with the pre-insulin period, a dra-
matic increase in the proportion of deaths from cardio-
vascular and renal diseases was noted (Figure 10.1).

Finally, data comparing the mortality of diabetic to non-
diabetic individuals who applied for life insurance at the
Equitable Life Assurance Society of the United States
during 1950-71 are available1,15. For the group with
diabetes diagnosed at age <15 years, the mortality ratio
was 11.3 (that is, the ratio of deaths in diabetic persons
to the expected deaths derived from the nondiabetic
population), giving an average life expectancy of only 32
years for individuals with childhood-onset diabetes.

In conclusion, these early studies show that the mor-
tality pattern changed from acute metabolic complica-
tions to chronic complications following the intro-
duction of insulin therapy. This raises the issue of how
great is the current risk of mortality in IDDM and how
does it compare with the general population.
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Figure 10.1
Proportional Mortality Due to Cardiovascular-Renal
Disease, Joslin Clinic Diabetes Patients, 1897-1968

Source: Reference 14
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JOSLIN CLINIC STUDIES 

Studies of patient mortality at the Joslin Clinic and
other groups show a marked difference between mor-
tality in the general U.S. population and the IDDM
population2,16. A comparison of mortality in Joslin
patients during 1931-59 was made using the age- and
sex-specific rates of the general population of Massa-
chusetts17. Excess mortality in diabetes was noted for
all age groups except the 0-9 year category for males.
For all males, the observed number of deaths was
3.75-fold higher than the expected number. Figure
10.2 provides a comparison of mortality in the Joslin
Clinic, Children’s Hospital of Pittsburgh, PA and Erie
County, NY. A fairly consistent pattern is seen, wherein
>15% of the childhood-onset diabetes cases have died by
25 years duration of IDDM or by age 40 years.

PITTSBURGH, PA STUDIES

A comparison of the mortality of IDDM patients with
that of the U.S. population is shown in Figure 10.318.
Mortality among diabetic males was 5.4 times higher,
and among females it was 11.5 times higher, when
compared with the mortality expected based on total
U.S. population mortality rates19. A 20-fold excess
annual mortality was found among diabetic subjects
age ≥25 years19. Figure 10.4 compares mortality of the

Allegheny County, PA cohort, as defined by the Diabetes
Epidemiology Research International (DERI) study,
with U.S. population mortality obtained from the Na-
tional Vital Statistics System of the National Center for
Health Statistics20. Although the declining trend in total
mortality over time partly reflects the different duration
of followup for the three IDDM cohorts, a dramatic
excess in mortality is evident for all groups.

ABSOLUTE AND RELATIVE MORTALITY
IN IDDM
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Survival in Childhood-Onset IDDM, by Duration of
Diabetes

Joslin Clinic, Boston, MA 1939-64, diagnosis <21 years; Children’s Hospital of
Pittsburgh, 1950-81, diagnosis <17 years; Erie County, NY, 1946-61, diagnosis
<15 years.

Source: References 4, 16, 19, and 23
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WISCONSIN STUDY

In the population-based Wisconsin Epidemiologic
Study of Diabetic Retinopathy (WESDR), age- and sex-
standardized mortality ratios were calculated21. Males
with diabetes diagnosed at age <30 years who were on
insulin therapy (and therefore likely to have IDDM) had
a 6.8-fold greater mortality risk compared with the gen-
eral Wisconsin population, and females had an 8.9-fold
increased risk. For ischemic heart disease, mortality
rates were 9.1 times higher in the diabetic males and
13.5 times higher in the diabetic females.

REDUCTION IN LIFE EXPECTANCY

Another approach to examining the relative impact of
diabetes on mortality is the calculation of life expec-
tancy. Panzram compiled an analysis of reduction of
life expectancy in diabetic persons from various
sources22. Figure 10.5 is an abridged version dealing
with IDDM only and presents data from the Joslin
Clinic5 and life insurance enrollees1. The data indicate
that, irrespective of age at diagnosis, life expectancy is
reduced by at least 15 years. The life expectancy of
diabetic subjects enrolled in life insurance is lower
than that of the Joslin IDDM patients, perhaps reflect-
ing different health care and selection factors. 

Difficulties arise when trends in mortality in IDDM
populations in the United States are examined. Limi-

tations of death certificate data, described later in this
chapter, hinder efforts to monitor national changes in
mortality trends of IDDM. Data from the Joslin Clinic
provide dramatic evidence of the decline in mortality
in IDDM since the introduction of insulin5,23 (Figure
10.6). Another analysis showed that 74% of deaths in
the pre-insulin era were due to ketoacidosis, whereas
cardiovascular disease became the main cause of
death in the post-insulin era24. Death rates in diabetic
patients, excluding deaths occurring within 1 week of
first observation or hospital discharge, fell by 96% in
those age <20 years between 1914-22 and 1926-295,23.
Using U.S. death certificates with diabetes coded as
the cause of death for young age groups as a proxy for
IDDM mortality25-27, the diabetes death rate per
100,000 population can be estimated. Figure 10.7
shows this death rate during 1950-88 for deaths at age
1-4 years, 5-14 years, and 15-24 years. As with the
Joslin Clinic data, there has been a marked downward
trend in IDDM mortality, which appears to have lev-
eled off during the 1980s. This may reflect improved
care for diabetes rather than decreased incidence of
IDDM.

Another approach to examining temporal trends is to
identify groups based on age and year of IDDM diag-
nosis from a well-defined cohort and to compare mor-
tality across diagnosis years. Mortality as of January 1,
1982, of the Pittsburgh Children’s Hospital cohort for
diagnosis years 1950-71 is shown in relation to year of
diagnosis and duration of diabetes in Figure 10.8.
There is a trend for a reduced mortality within 10
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Reduction of Life Expectancy, by Age at Diagnosis
of IDDM

Source: References 1, 22, and 53
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Death Rate of Patients with IDDM, Joslin Clinic,
1897-1961

Joslin Clinic, Boston, MA; deaths that occurred within 1 week of first observa-
tion or hospital discharge are excluded.

Source: References 5 and 23
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years of diagnosis for those diagnosed after 1966,
compared with those diagnosed earlier19. Using the
Allegheny County, PA population-based DERI co-
hort28, the 10-year mortality for those diagnosed dur-
ing 1965-79 has been determined. As shown in Figure
10.9, there is a decrease in overall mortality for those
diagnosed during 1975-79, compared with the earlier
diagnosis years.

CAUSE-SPECIFIC MORTALITY

In the population-based WESDR21, diabetes was the
underlying cause listed on death certificates for 44.1%
of deaths in individuals with diabetes diagnosed at age
<30 years, followed by heart disease (30.3%) and ac-
cidents (6.2%) (Figure 10.10).

The Pittsburgh Epidemiology of Diabetes Complica-
tions Study has identified the causes of death based on
death certificate data by duration of diabetes in a
childhood-onset cohort of IDDM subjects29. As the
cohort aged and experienced diabetes for a longer
period, changes in the cause of death occurred. Deaths
from acute IDDM complications predominated in the
shorter-duration group compared with renal disease
in the 10-19 year duration group and cardiovascular
disease in those with ≥20 years duration of IDDM
(Figure 10.11).

These findings are consistent with a report on the
Steno Memorial Hospital population in Denmark. All
individuals with IDDM diagnosed at age ≤30 years
prior to 1943 were followed until death or January 1,
1984; patients dying within 35 years of IDDM onset
were compared with those with ≥40 years of IDDM30.
The cause of death in 54% of those who died within 35
years of onset was renal failure due to diabetic neph-
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Figure 10.7
Death Rate for Deaths Coded to Diabetes on U.S.
Death Certificates, 1950-88

Denominator for death rate is the number of people in the U.S. in the specified
age group.

Source: References 25-27
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Children’s Hospital, Pittsburgh, PA as of January 1, 1982

For duration ≤5 years and ≤10 years, the difference across year of diagnosis
groups approached significance (p=0.06 and 0.07, respectively). For duration
≤20 years in 1958-65, mortality was calculated only for 1958-61 and excluded
all deaths within 1 year of onset of IDDM.

Source: Reference 19

14

15.8

6.3

1965-1969 1970-1974 1975-1979

Year of IDDM Diagnosis

0

2

4

6

8

10

12

14

16

18

20

14.0

Figure 10.9
Standardized Mortality Ratio, Allegheny County, PA
DERI Registry Patients, Compared with 1980 U.S.
Population

DERI, Diabetes Epidemiology Research International; diabetes deaths are for
IDDM patients with ≤10 years diabetes duration; mortality was determined as of
January 1, 1990.

Source: Reference 28

CAUSES OF DEATH IN IDDM

225



ropathy, compared with 5% of those who survived ≥40
years. Cardiovascular diseases accounted for 27% of
deaths within 35 years, compared with 67% of deaths
for patients that survived ≥40 years (Figure 10.12).

Another study targeting a specific subset of IDDM
patients, i.e., individuals who were waiting for renal
transplants, found a high prevalence of coronary ar-
tery disease (42.9%)31. These data support the close
link between renal disease and heart disease mortality

in the Steno Hospital data, wherein the excess coro-
nary heart disease mortality was largely limited to
those with renal disease32. Indeed, the cardiovascular
disease mortality was increased ninefold in those with
proteinuria compared with those without32. Data from
the Joslin clinic also support this link between renal
disease and coronary heart disease and suggest that, in
the absence of renal disease, coronary artery disease
mortality by age 55 years would be reduced by half33.

LIMITATIONS OF DEATH CERTIFICATE DATA

In Epidemiology of Diabetes and Its Vascular Lesions,
West illustrated problems with sensitivity and speci-
ficity in using death certificates not only in the United
States but worldwide26. Another estimate suggests
that only 25% of death certificates of people with
diabetes list diabetes as an underlying cause of
death34. A study based on the population of King
County, WA also found that diabetes was underre-
ported on certificates, with only 41% of certificates
mentioning diabetes for known diabetic persons dy-
ing from heart disease35. Thus, death certificates
clearly do not fully represent the total contribution of
diabetes to mortality. This underreporting is further
complicated by the variable degree to which diabetes
contributes to many causes of death and the variation
with which death certificates are completed and coded
to represent these influences.
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DERI MORTALITY CLASSIFICATION

To overcome the above problems with death certifi-
cate data, an ongoing international study involving
registries from four countries—Finland, Israel, Japan,
and the United States (Allegheny County, PA)—has
carefully reviewed deaths in IDDM patients in a stand-
ardized manner. In addition to death certificates, the
DERI researchers collected other records, including
autopsy reports, coroner and police reports, and hos-
pital records. A committee of physicians, after review-
ing all data, assigned underlying causes of death and
ranked other causes according to their contribution to
causing death. In this way, it is possible to systemati-
cally study the roles of secondary causes. The under-
lying causes of death for Allegheny County, PA are
shown in Figure 10.1328 .

The DERI group also established three separate levels
of contribution of diabetes to death: Level 1—diabetes
caused the death regardless of other conditions pre-
sent; Level 2—diabetes contributed significantly to
the death; and Level 3—diabetes contributed margin-
ally to the death, that is, diabetes played a role in the
death but was not essential for an explanation of the
death28. In this manner, a more clearly defined analy-
sis of death within an IDDM population was devel-
oped. The DERI study shows that an underestimation
of the proportion of deaths due to acute complications
and kidney disease would have occurred without the
review and classification system28. Cross-country dif-
ferences were found in the DERI study when cause-
specific mortality was examined. Individuals with
IDDM in Japan were more likely to die than those in

the other countries, with the elevated mortality result-
ing from acute diabetes-related complications and
kidney disease (Figure 10.14). More than 25% of the
deaths in each country were from acute diabetes-re-
lated complications28. Also, there was a high rate of
accidents and suicide in the Finnish IDDM popula-
tion28. In Japan, virtually all deaths (96%) were in
some way related to diabetes. In Allegheny County, PA
this proportion was 75%, while in Finland less than
two-thirds were related to diabetes. Thus, it seems
that where overall mortality is lowest (Finland), fewer
deaths are attributable to diabetes itself, while the
opposite pattern is seen where mortality is highest
(Japan). These data suggest a considerable potential
to reduce diabetes-related mortality in Japan and the
United States.

HYPOGLYCEMIA AS A CAUSE OF DEATH

With the increased focus on better glycemic control
and concern that human insulin may reduce aware-
ness of hypoglycemia, an important current concern
is whether hypoglycemia is an increasingly significant
cause of death in IDDM. Unfortunately, national data
based on underlying cause of death are inadequate to
address this question, because such deaths are coded
only as "diabetic coma" for lack of a specific subgroup
for hypoglycemia. However, based on investigation of
deaths from the Allegheny County, PA registry, no
deaths during the 23 years of followup were thought
to be primarily due to hypoglycemia, although many
were ascribed to acute diabetes complications36. When
comparing the Allegheny County data with other
countries participating in the DERI study, the fre-
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quency of hypoglycemia as a cause of death ranged
from 0 in Israel and Allegheny County to 0.81 per
1,000 person-years in Japan36.

NATURE AND EFFECTS OF RISK FACTORS

A number of risk factors have been examined and/or
identified in relation to mortality of individuals with
IDDM. The study methods used have varied from
case-control to prospective cohort studies. 

Sex

Based on a followup of 1,966 patients in the Pitts-
burgh Children’s Hospital registry, a similar age-ad-
justed total mortality rate for males and females (6.5
per 1,000 and 5.7 per 1,000, respectively) was
found19. However, females had higher mortality rates
than males in the younger age groups, whereas males
had a twofold excess mortality in the older age groups.
For the 1-4 year age group, females had a mortality
rate of 19.0 per 1,000 compared with 2.4 per 1,000 for
males; for the 30-34 year age group, males had a
mortality rate of 29.6 per 1,000 compared with 14.6
per 1,000 for females19. Relative to the nondiabetic
population, the rates are particularly high for females:
the mortality ratio is 11.5 for females and 5.4 for
males.

The WESDR found that the excess mortality for is-
chemic heart disease was significantly different between
females and males, with mortality ratios compared with
nondiabetic persons of 13.5 and 9.1, respectively21.
However, the excess mortality was higher in males than
females for other heart diseases (ratios of 7.3 and 4.5,
respectively). A difference was also found when examin-
ing deaths from accidents: females had a significantly
higher mortality ratio than males21.

Race

Although data on racial differences for IDDM mortal-
ity are scant, some studies have indicated that there
are differences. In the Children’s Hospital of Pitts-
burgh (PA) cohort, the overall age-adjusted mortality
rate was 12.3 per 1,000 person-years for African
Americans, compared with 6.1 per 1,000 person-years
for whites19. Mortality ratios were calculated compar-
ing the white IDDM population with the white U.S.
population and the African-American IDDM popula-
tion with the African-American U.S. population and
excluding deaths within 1 year of IDDM onset. The

relative excess mortality was higher in African-Ameri-
can than in white IDDM patients (mortality ratios of
9.7 and 7.1, respectively)19.

Familial Effect

Clustering of premature mortality was investigated in
1,761 IDDM individuals from Children’s Hospital of
Pittsburgh and their family members37. Life-table
analysis showed that fathers of individuals with diabe-
tes who died were more likely to die prematurely than
fathers of living individuals with diabetes, suggesting
a familial effect on mortality beyond that of diabetes
per se37. In addition, diabetic siblings of deceased
diabetic subjects were also more likely to die prema-
turely.

Smoking

A prospective study examining the relation between
mortality and cigarette smoking in the Children’s Hos-
pital of Pittsburgh cohort diagnosed during 1950-64
found that heavy smoking was a significant inde-
pendent predictor of all-cause mortality among fe-
males but not among males38. These data also showed
an excess mortality in females that was explained by
an excess risk of coronary heart disease mortality38.

Lipoproteins

Very little data exist relating lipoproteins to sub-
sequent mortality in IDDM. The significance of lipo-
proteins in diabetes and the relationship to cardiovas-
cular morbidity, however, have been described39 and
reviewed40. A lack of association between lipopro-
tein(a) and coronary heart disease in IDDM has been
reported, unlike the relationship seen in the general
population41. Two case-control analyses using the
Epidemiology of Diabetes Complications study have
also found no association between lipoprotein(a) and
mortality42 nor between lipoprotein(a) and coronary
heart disease43.

Blood Pressure

As part of the WESDR, mortality was examined 6
years after the baseline examination44. Those diag-
nosed with IDDM at age <30 years who had died
(9.5% of the 996 insulin-taking individuals) were
compared with those who survived; it was found that
higher blood pressure was associated with mortality.
This relationship had previously been reported for
Joslin Clinic IDDM patients16.

RISK FACTORS FOR MORTALITY
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Metabolic Regulation

A study of the Steno Memorial Hospital population in
Denmark to identify factors associated with long-term
survival showed that metabolic regulation was the
strongest predictor of survival45. A subset analysis of
individuals diagnosed at age <15 years found that
long-term survivors were younger at diagnosis, at-
tended out-patient clinics more often, and had better
metabolic regulation45.

Diuretics

Excess mortality has been associated with the use of
diuretics in individuals with IDDM. Among IDDM
patients in southern Wisconsin diagnosed at age <30
years, an approximate fourfold increase in mortality
was found in those who had used diuretics44. Another
cohort study found similar results, although the
population examined included some people with
NIDDM46.

Other Factors

The prevalence of physician-diagnosed hypertension,
retinopathy, blindness, laser therapy, and renal disease
were significantly higher among those who died com-
pared with a control population of survivors18. Physi-
cal activity levels have been shown to be inversely
related to mortality among males but not females in a
Pittsburgh, PA cohort study that examined mortality
through January 1, 198847.

A retrospective case-control analysis of mortality in
the Children’s Hospital of Pittsburgh IDDM registry
revealed a difference in risk between males and fe-
males18. A total of 48 males and 36 females who had
died as of January 1, 1982, were matched by age, sex,
age at onset, and race. For males, short relative height
at onset of IDDM, frequent diabetes-related hospitali-
zations, presence of diabetes complications (renal dis-
ease), alcohol consumption, premature familial mor-
tality, and no participation in school team sports were
associated with mortality. For females, shorter dura-
tion of diabetes clinic attendance and presence of
diabetes complications (renal disease) were associated
with mortality18.

EFFECT OF PREPUBERTAL YEARS ON
MORTALITY

The effect on mortality of a prepubertal (age <11 years
in girls and <12 years in boys) or peripubertal age at
IDDM onset was examined in the Children’s Hospital
of Pittsburgh cohort48. Using proportional hazard

models, individuals with a peripubertal onset of dia-
betes had a higher risk of mortality than those with a
prepubertal onset. This confirms earlier work suggest-
ing that the prepubertal years are relatively benign49.

The DERI study of four countries has shown that for
patients with a 20-year duration of IDDM, 5.5% of the
Allegheny County, PA cohort, 4.6% of the Israeli co-
hort, and 3.1% of the Finnish cohort died (Japan was
not included because of the method used to establish
the cohort)50 (Figure 10.15). Intercountry differences
are particularly striking for the groups with older age
at diagnosis (Figure 10.16). Age-adjusted death rates
for the four countries are presented in Figure 10.14.

For individuals age 25-37 years in the DERI mortality
study, the overall mortality rate in Allegheny County,
PA was more than twice the rate in Finland (812
deaths per 100,000 person-years versus 405 deaths
per 100,000 person-years, respectively)51. Figure
10.17 shows the distribution of primary causes of
death in Allegheny County and Finland28. By compar-
ing the Finnish mortality rate with that of the Allegh-
eny County cohort, it was suggested that ~50% of the
deaths in Allegheny County were theoretically pre-
ventable, and the possibility was raised that a discrep-
ancy in the availability of health care due to cost may
be responsible51.
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Life-Table Analysis of IDDM Mortality, by Duration
of Diabetes

Source: Reference 50
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Sex differences in the mortality of IDDM within the
four population groups were examined. In Finland,
males had a significantly greater premature death rate
compared with females, mainly due to accidents and
suicides, although the same sex-specific rate differ-
ences were not seen in the other countries52. Also,
there was little difference between absolute mortality
rates for females and males across all countries, which
confirms previous reports that IDDM largely elimi-
nates the mortality protection seen in women in the
general population52.

Mr. Enrico Portuese is Research Assistant, and Dr. Trevor
Orchard is Professor, Department of Epidemiology, Graduate
School of Public Health, University of Pittsburgh, Pittsburgh,
PA.

Figure 10.16
Life-Table Analysis of IDDM Mortality, by Age at Diagnosis

Source: Reference 50
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Chapter 11

Mortality in Non-Insulin-
Dependent Diabetes
Linda S. Geiss, MA; William H. Herman, MD, MPH; and Philip J. Smith, PhD

SUMMARY

Based on a followback survey of a sample of
U.S. deaths in 1986, it is estimated that
deaths of persons with non-insulin-depend-
ent diabetes mellitus (NIDDM) account for

17.2% of all deaths in the United States for those age
≥25 years. Age-specific death rates for people with
diabetes in 1986 were 1.0% for those age 25-44 years,
2.8% for age 45-64 years, 5.8% for age 65-74 years,
13.7% for age ≥75 years, and 5.4% for all diabetic
persons age ≥25 years.

As in the general population, mortality in persons
with NIDDM increases with age. However, overall
age-adjusted mortality in the NIDDM population is
approximately twice that of persons who do not have
diabetes. Although persons with diabetes possess
more and higher levels of risk factors for mortality,
this increased level of risk factors cannot fully explain
the excess risk of mortality in persons with diabetes
compared with persons without diabetes. In some
studies, the excess risk of mortality in NIDDM popu-
lations declines with increasing age and age at onset
of diabetes, indicating that those who develop
NIDDM at younger ages are at greater risk of excess
mortality, compared with nondiabetic persons. The
excess risk of mortality is also higher for those using
insulin, which may be an indicator of more severe
disease, and for women with diabetes. 

Among middle-aged populations with NIDDM, life
expectancy is reduced by 5-10 years. Reduction in life
expectancy is greater for diabetic women than men
and for those with complications, and decreases with
increasing age at diagnosis.

The four leading causes of death in persons with
NIDDM are diseases of the heart/cardiovascular dis-
ease, diabetes, malignant neoplasms, and cerebrovas-
cular disease. The majority of deaths are due to heart
disease, primarily ischemic heart disease which ac-
counts for ~40% of deaths of persons with diabetes.
The risk of heart disease and ischemic heart disease

mortality is ~2-4 times higher for diabetic than nondi-
abetic persons. Similar to the excess risk due to all-
cause mortality, the excess risk of mortality due to
heart disease and ischemic heart disease is greater in
those using insulin and in women and cannot be fully
explained by higher levels of risk factors in persons
with diabetes.

Research is needed on the impact of diabetes on mor-
tality in racial and ethnic minority groups. Most of
what is known about diabetes mortality in these
groups has been derived from U.S. death certificate
data, which have serious limitations and inaccuracies.
Overall, diabetes was listed as the underlying cause of
death in 9.6% of diabetic deaths in 1986 and as any
listed cause in 38.2%, with variation by age, sex, and
race. Death certificate data do not allow valid exami-
nation of the risk of mortality in persons with diabe-
tes, compared with those without diabetes; nor do
they allow examination of most risk factors for mor-
tality. However, they indicate that diabetes ranks
higher as a cause of death in racial and ethnic minority
populations than in whites and that rates of death
attributed to diabetes in these populations are higher
than rates in the general population of the United
States.

Although not all studies of persons with diabetes
identify the same risk factors for mortality, these risk
factors include age, age at onset of diabetes, sex, du-
ration of diabetes, and cardiovascular disease risk fac-
tors, including smoking, hypertension or elevated sys-
tolic blood pressure, abnormal lipid levels, and physi-
cal inactivity. Risk factors for mortality may also in-
clude central obesity, insulin use, and lack of glycemic
control. In addition, persons with NIDDM who have
clinical risk markers and complications (e.g., microal-
buminuria, retinopathy) appear to be at particularly
high risk for mortality, compared with those without.

Although there have been no long-term clinical trials
of the effect of risk factor reduction on the mortality
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There are a number of methodological problems in
assessing NIDDM mortality. These include limitations
of death certificate data and the wide variability in
design and methodology of cohort studies, which fol-
low persons with diabetes over time and which usu-
ally incorporate death certificate data in analyses of
mortality. Since cause-of-death information from
death certificates is the cornerstone of most diabetes
mortality analyses, it is important to understand how
these data are collected and the limitations of their use.

DEATH CERTIFICATE DATA

In the United States, mortality data are collected by a
cooperative effort between states and the federal gov-
ernment in accordance with World Health Organiza-
tion (WHO) regulations, as specified in the ninth
revision of the Manual of the International Statistical
Classification of Diseases, Injuries, and Causes of
Death (ICD-9)1. To achieve uniformity of the informa-
tion collected, a model or "standard" death certificate
is periodically developed and issued. The current U.S.
standard death certificate was revised in 1989 (Figure
11.1).

Both demographic and cause-of-death information are
recorded on the death certificate. Information on
cause of death in item 27 is divided into two parts.
Part I contains information on conditions leading di-
rectly to death; Part II contains information on condi-
tions that contribute to death but do not lead directly
to death. The conditions listed in Part I should follow
a causal sequence, beginning with the immediate
cause of death (the final condition resulting in the
death), then any intermediate causes (those interven-
ing between immediate and underlying cause), and
ending with the underlying cause of death (the dis-
ease or injury initiating the sequence of events leading
to death) as the final line in Part I. The 1989 Standard
Death Certificate contains, on the reverse of the cer-
tificate, instructions and examples for completing the
cause-of-death section.

The underlying cause of death is the cause most com-
monly reported in national and international cause-
of-death statistics. Determining the causal sequence
leading to death is the responsibility of the physi-
cian(s), medical examiner, coroner, or nosologist who
completes the cause-of-death sections of the death
certificate.

There are a number of problems related to the reliabil-
ity and validity of cause-of-death data on death certifi-
cates. These problems include improper completion
of death certificates2-4, inaccuracy of diagnoses5,6, phy-
sician variation in interpreting causal sequences and
conditions that may have contributed to death7-9,
changing perceptions of the causal role of diseases7,
variation in nosological coding10, and underreporting
of American Indian11 and other racial/ethnic heritage.
Further, selection of a single underlying cause of
death in decedents with multiple chronic diseases
may be difficult, because a single disease may not
adequately describe the cause of death and the etio-
logic sequence of the diseases may be unclear7-8,12. 

Several problems in using death certificate data are
more specific to analyses of diabetes mortality. First,
these data do not distinguish between insulin-de-
pendent diabetes mellitus (IDDM) and NIDDM. Sec-
ond, diabetes is under-reported on death certificates.
Among decedents known to have diabetes, diabetes is
not listed anywhere on the death certificate in ~60%
of deaths11,13,14 (see the sections later in this chapter on
diabetes as an underlying cause of death and as any
listed cause of death).  Thus, death certificate data
should not be used as the sole source of information
to examine mortality in persons with diabetes. Third,
decedents who do have diabetes recorded as a cause of
death do not represent all decedents known to have
diabetes13,14. Fourth, the causal role of diabetes in
mortality is often unrecognized15,16. It is often difficult
for physicians to decide whether diabetes was the
cause of the death process or even if it had a contrib-
uting role6.

METHODOLOGICAL PROBLEMS IN 
ASSESSING DIABETES MORTALITY

of populations with NIDDM, it is likely that NIDDM
mortality rates can be reduced. Modifying or prevent-
ing risk factors (primarily cardiovascular risk fac-
tors) through the promotion of healthy lifestyles,
including weight reduction/obesity prevention, gly-

cemic control, increased physical activity, hyperten-
sion control, smoking cessation/prevention, and cho-
lesterol-lowering therapy, could decrease NIDDM
mortality rates. 

• • • • • • •
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Figure 11.1
U.S. Standard Certificate of Death
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COHORT STUDIES OF DIABETES 
MORTALITY

Cohort studies, which follow people over time, have
several advantages over studies that rely exclusively
on death certificate data. These include the ability to:
1) describe the mortality experience of all persons
with diabetes who die (not just those who have diabe-
tes listed as a cause of death); 2) examine the risk of
mortality in diabetic versus nondiabetic persons; and
3) examine risk factors for mortality not available in
death certificate data, including duration of diabetes,
age at onset of diabetes, glycemic control, smoking
behavior, hypertension, cholesterol, and other vari-
ables.

Data from cohort studies also have limitations, how-
ever. Most cohort studies of diabetes mortality cited in
this chapter do not distinguish between IDDM and
NIDDM. The inclusion of IDDM deaths with NIDDM
deaths will overestimate death rates of those with
NIDDM and may result in inaccurate assessment of
risk factors for mortality. However, most of these stud-
ies examine mortality in persons with diabetes in
populations in which NIDDM is the predominant
form of diabetes, i.e., older populations, minorities,
and diabetic persons diagnosed at age ≥30 years. A
second limitation of cohort studies is that most con-
tain small numbers of persons with diabetes, thereby
limiting the degree to which the data can be examined
for factors that may influence mortality (e.g., type and
duration of diabetes, age, sex, race) and limiting the
detection of significant differences among subgroups.
A third limitation is that some studies have identified
diabetes status only at the beginning of the study, and
persons developing diabetes during followup have not
been classified as having diabetes. This misclassifica-
tion may result in underestimating the impact of dia-
betes on mortality.

Cohort studies may be either population-based (i.e.,
studies of people with diabetes in geographically de-
fined communities) or based on membership in a
group such as patient or employee groups. Data from
population-based studies are generally considered
more reliable than data from selected groups within
the population because the latter may not represent
the community with respect to factors such as age and
health status. However, even data from community-
based studies may not represent the experience of the
entire U.S. diabetic population because most are lim-
ited to people with diabetes residing in small geo-
graphic areas. 

The cohort studies cited in this chapter differ in meth-
odology, including study design, characteristics of the

studied population (e.g., age, race, sex), years in
which studies were conducted, definitions used (e.g.,
differences in definition of diabetes, type of diabetes,
and classification of causes of death), and length of
followup. Because of these differences among studies,
summary statements about the mortality experience
of persons with diabetes are sometimes difficult. Ad-
ditional discussion of these problems can be found in
other reviews18,19. 

Most studies of mortality in persons with diabetes
compare the death rates of diabetic and nondiabetic
persons, and age-specific mortality data for those with
diabetes are often not presented separately. A few
studies, however, have published data that can be
used to calculate the actual mortality experience of
persons with diabetes. The 1986 National Mortality
Followback Survey (NMFS) collected death certificate
information and information about decedents from
personal informants (including whether the decedent
had diabetes) for a national sample of U.S. decedents
age ≥25 years13,20. Based on the NMFS, the number of
deaths of persons with diabetes in 1986 was estimated
to be 342,020. The distribution of these deaths by age
is shown in Figure 11.2. These deaths accounted for
17.2% of all deaths of U.S. residents age ≥25 years. The
proportion varied from 6.7% at age 25-44 years to
20.5% at age 65-74 years (Figure 11.2).

Using NMFS data on the number of diabetic dece-
dents20 and U.S. diabetic population estimates for
198621, the death rate for persons with diabetes in the
United States in 1986 was estimated to be 1.0% for
those age 25-44 years, 2.8% for age 45-64 years, 5.8%
for age 65-74 years, 13.7% for age ≥75 years, and 5.4%
for all diabetic persons age ≥25 years (Figure 11.3). 

Mortality in persons with diabetes can also be calcu-
lated from published data22 on the mortality experi-
ence of a national sample of white men and women
age 40-77 years in 1971-75 whose mortality through
1982-84 was determined in the First National Health
and Nutrition Examination Survey (NHANES I)
Epidemiologic Followup Survey (NHEFS). Using data
on the number of deaths and person-years at risk for
death22, the average annual death rate for diabetic
white men and women age 40-77 years is estimated to
be 5.2% (Figure 11.3). Data on the mortality experi-
ence of a primarily white diabetic population in
southern Wisconsin during 1980-8823 yield an annual
death rate of 5.7% for persons with diabetes diagnosed
at age ≥30 years (Figure 11.3). The consistency of

MORTALITY OF PERSONS WITH NIDDM

236



findings across these three studies lends credence to
the estimate of an average annual death rate for
NIDDM of ~5.4%. 

In a 10-year followup of male Dupont employees age
17-64 years at study entry, the annual death rate for
men with diabetes was 2.5%24. In a 12-year follow-up
study of men age 35-57 years recruited from employee
groups and communities in 18 cities for the Multiple
Risk Factor Intervention Trial (MRFIT), an annual
death rate of 1.6% was found for men with diabetes25.
The lower death rate in these two studies compared
with the population-based data presented above is
likely due to the "healthy worker" effect (i.e., em-
ployed populations are younger and healthier than the

general population). 

Death rates for diabetes based on death certificates in
which diabetes is mentioned as a cause of death
greatly underestimate the actual mortality experience
of people with diabetes. The overall death rate of 5.5%
in U.S. diabetic persons age ≥25 years (Figure 11.3) is
2.3 times the death rate calculated using 1986 U.S.
death certificates with diabetes mentioned as any
cause and estimates of the number of people in the
United States who are known to have diabetes21. Simi-
larly, in Rochester, MN, the death rate during 1965-74
for persons with diabetes was 2.6 times the death rate
estimated from death certificate data with diabetes
mentioned as any cause of death14. 

In summary, deaths of persons with NIDDM account
for ~17.2% of all deaths in the United States. The
annual death rate for persons with NIDDM in the U.S.
population was ~5.4% in the mid-1980s. This rate is
2.3 times the rate derived from analyses that rely on
any mention of diabetes on death certificates to iden-
tify decedents with diabetes.

Table 11.1 contains the results of studies published
since 1970 that evaluate excess mortality, defined as
the risk of death in diabetic versus nondiabetic per-
sons13,19-53. When available, age-specific risks, age-ad-
justed risks, and risks adjusted for multiple risk fac-
tors for mortality are presented. Age-specific risks
allow comparison of the risk of death in defined age
groups, leading to conclusions about whether the risk
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Figure 11.3
Death Rates by Age for Persons with Diabetes in
U.S. Studies

NMFS, 1986 National Mortality Followback Survey; NHEFS, 1974-82 National
NHANES I Epidemiologic Followup Survey; data from southern Wisconsin
were for a sample of diabetic patients with diabetes diagnosed at age ≥30 years.

Source: References 13, 20-23

EXCESS MORTALITY IN PERSONS 
WITH NIDDM

Figure 11.2
Number of Decedents with Diabetes and Percent of All U.S. Deaths, 1986

Data are based on the 1986 National Mortality Followback Survey.

Source: References 13 and 20
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Table 11.1
Excess Risk of Mortality Among Persons with Diabetes Compared with Persons Without Diabetes

Risk of death among persons
with diabetes relative to
those without diabetes

Age at study Sex

Ref. Population   Race    entry* (years) Total Men Women Notes

Population-Based Studies: U.S.
22 U.S. White 40-77

40-64
2.2
2.8

2.1
2.3

RR, age-adjusted
Adjusted for age, SBP, cholesterol, BMI, 

65-69
70-77
40-77

1.9
2.6
2.3

1.6
2.5
2.0

and smoking

26 U.S. Total 25-74 1.8 RR, age-adjusted; calculated from mortality
25-39
40-49
50-59
60-69
70-74

2.9
2.5
2.1
1.6
1.6

data in Reference 26.

U.S. Total 25-44 6.3 5.7 8.1 RR, calculated from data presented by (20)
45-64
65-74

≥75
≥25

3.9
2.4
1.8
2.6

3.4
2.0
1.6
2.3

4.6
3.1
2.0
3.0

and unpublished data, CDC

RR, age-adjusted

White 25-64
65-74

≥75
≥25

6.6
2.5
1.9
3.2

6.2
2.1
1.6
2.8

7.2
3.1
2.2
3.5 RR, age-adjusted

Black 25-64
65-74

≥75
≥25

5.2
1.8
1.1
2.6

3.8
1.3
1.3
2.1

7.9
2.6
1.2
3.3 RR, age-adjusted

27 Gila River Indian Pima ≥15 1.6 1.4 2.1 RR, age-adjusted for each sex; total is age- 
Community, AZ Indians and sex-adjusted

28 Oahu, HI Japanese 45-68 2.0 RR, age-adjusted; calculated from presented
ancestry data

29 Tecumseh, MI Primarily ≥35 1.4 1.2 1.6 SMR, cases matched by age and sex
white

30 Rancho Bernardo, CA White 40-79 1.5 2.3 RR, age-adjusted

31 Framingham, MA Primarily 52-85 2.0 RR, adjusted for age, sex, and lens changes
white

23 11 counties in Primarily Age at diagnosis: 2.0 1.9 2.2 SMR 
southern Wisconsin white ≥30

32 Wadena, Marshall, and Primarily Total, age range 1.3 1.4 SMR
Grand Rapids, MN white not stated

Hospital, Clinic, and Worksite Studies: U.S.

25 Employees and commu- Total 35-57 3.0 RR, age-adjusted
nity residents of 18 cities 2.5 RR, adjusted for age, race, income, 

cholesterol, smoking

35 Employees of 84 White 25-64 1.8 RR, age-adjusted; persons with hyperglyce-
companies, Chicago, IL Black 1.5 mia included among persons with diabetes

33 Life insurance Not stated Age at diagnosis: SMR
applicants from 50 states <15

15-19
20-29
30-39
40-49
50-59
60-74
Total

11.3
9.3
4.4
3.4
3.0
2.1
2.3
3.4

Table 11.1—Continued next page
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Table 11.1 Continued

Risk of death among persons
with diabetes relative to
those without diabetes

Age at study Sex

Ref. Population Race entry* (years) Total Men Women Notes
24 Dupont employees Not stated Age at diagnosis:

17-45
45-54
55-64
17-64

6.7
2.7
2.0
2.6

SMR

24 Dupont employees Not stated Age at diagnosis:
25-34 3.4 SMR
35-44
45-54
55-64

4.4
2.8
1.7

34 Nurses from 11 states Primarily 30-55 3.0 RR, age-adjusted; free of CHD, stroke, and
white cancer at baseline

2.3 Model 1. Adjusted for age, smoking,
menopausal status, hormone use, parental
history of myocardial infarction at ≤60 years,
follow-up period

2.2 Model 2. Same as Model I plus BMI
1.9 Model 3. Same as Model 2 plus history of 

hypertension and high serum cholesterol

Population-Based Studies: International Populations

36 Finland Not stated 65-74 2.3 Odds ratio, adjusted for age, BMI, 
75-84
65-84

1.8
2.1

hypertension, smoking, total- and HDL
cholesterol and functional capacity

37 Finland Not stated 40-69 2.1
2.1

3.8
2.9

RR, age-adjusted; among previously diagnosed
RR, age-adjusted; among newly diagnosed

38 Finland Not stated ≥40 2.0
2.4

2.7
2.8

RR, adjusted for age and follow-up time
RR, adjusted for age, follow-up time, blood 
pressure, smoking, and cholesterol

39 Western Australia White Age at diagnosis:
(rural, nonaboriginal) <50

50-59
60-69

≥70
Total

1.7
1.3
1.5
1.4
1.4

3.0
2.9
1.8
0.9
1.8

SMR

40 Bedford, UK Not stated Not stated 2.5 5.6 Odds ratio, calulated from presented data; 
newly diagnosed in 1962; controls were age-
and sex-matched to persons with borderline
diabetes

41 Oxford, UK Primarily 28-89 1.5 1.2 1.9 SMR
white

42 Gothenburg, Sweden Not stated 38, 46, 50,
54, 60

7.1 RR, age-adjusted

43 Gothenburg, Sweden Not stated 51-59 3.5 Odds ratio, age-adjusted; among men with no 
history of myocardial infarction

3.2 Odds ratio, adjusted for age, cholesterol, SBP, 
smoking, BMI, occupation, family history of
myocardial infarction, physical activity, stress
score, marital status, and alcohol abuse

44 East Germany Total All ages 2.7
1.5

SMR; insulin-treated
SMR; non-insulin-treated

19 Erfurt district of Not stated Age at diagnosis:
East Germany 40-49

50-59
60-69
70-79

1.8
1.5
1.4
1.1

1.9
1.8
1.4
1.2

RR; diagnosed in 1966

Table 11.1—Continued next page
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associated with diabetes varies by age or by age at
onset of diabetes. Age-adjusted risks provide sum-
mary measures of risk that account for the differing
age distributions of diabetic and nondiabetic popula-
tions. This is important because diabetic populations
tend to be older; without age adjustment, any in-
creased risk could be a function of older age. Mortality
risks that have been adjusted for multiple risk factors
(e.g., age, sex, hypertension, smoking, lipid levels)
allow for examination of whether risk is a function of
diabetes or higher levels in diabetic subjects of other
risk factors for mortality. An excess risk in the popu-
lation with diabetes that persists after adjustment for
risk factors indicates that something other than these

risk factors increases mortality risk.

The studies in Table 11.1 are divided according to
whether they were conducted in or outside the United
States and whether they were population-based stud-
ies or studies of hospital, clinic, or employee popula-
tions. Population-based studies are generally more
reliable, because these studies examine whole popula-
tions or communities rather than a selected subset
that may not represent the entire community with
respect to factors such as age and health status. Al-
though most of the studies fail to distinguish between
IDDM and NIDDM deaths, they are likely to represent
NIDDM mortality because of the older age of the

Table 11.1 Continued

.

Risk of death among persons
with diabetes relative to
those without diabetes

Age at study Sex

Ref Population Race entry* (years) Total Men Women Notes
45 Warsaw, Poland Not stated Age at diagnosis:

30-49
50-68
30-68

2.1
1.2
1.3

1.6
1.2
1.3

SMR

Hospital, Clinic, and Worksite: International Populations

46 Members of British Not stated 15-44 3.1 5.3 SMR
Diabetic Association 45-64

≥65
Total

2.0
1.4
1.5

2.7
2.0
2.1

47 Patients, Osaka, Japan Japanese <45
45-54
55-64

≥65

6.7
3.1
2.3
0.7

15.0
2.8
2.7
0.5

SMR; newly diagnosed or duration ≤5 years

48 Patients, Tokyo, Japan Japanese ≤39
40-59

≥60

3.1
2.4
1.3

3.5
2.4
1.3

2.0
2.4
1.5

SMR

49 Patients, Aberdeen, UK Not stated 15-44
45-64
65-74

≥75
Total

2.6
3.0
1.6
0.9
1.2

1.3
2.8
1.2
0.8
1.0

5.7
3.0
2.2
0.9
1.2

SMR

50 Patients, Tayside, Not stated 15-44 5.5 RR
Scotland 45-64

65-74
≥75

2.3
1.7
1.3

51 Civil servants and Total ≥40 2.3 SMR, previously diagnosed diabetes
municipal employees,
Israel

1.4
2.0

SMR, newly diagnosed diabetes
SMR, both previously and newly diagnosed 
 diabetes

52 Civil servants, Not stated 40-64 2.1 RR, age-adjusted
London, UK

53 Civil servants, Not stated 44-55 2.0 RR, previously diagnosed diabetes
Paris, France 2.7

2.3
RR, newly diagnosed diabetes
RR, both previously and newly diagnosed
 diabetes

*In places indicated, age at diagnosis is shown. RR, relative risk; SBP, systolic blood pressure; BMI, body mass index; CDC, Centers for Disease Control; SMR, standardized
mortality ratio, which is the ratio of observed to expected deaths; CHD, coronary heart disease.

Source: References are listed within the table
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populations and the much greater prevalence of
NIDDM compared with IDDM in older age groups.
The studies vary greatly in methodology, including
study design, population characteristics, years in
which the studies were conducted, definitions used,
length of followup, and statistical methods used to
determine the relative risk of mortality. In cases where
the populations were followed for many years and the
results were published for successive follow-up peri-
ods, the results of the latest time period (i.e., longest
follow-up period) are presented. 

Despite differences in methodology, these studies il-
lustrate that persons with diabetes are at increased
risk of death compared with persons without diabetes.
Generally, even after adjusting for the older age of the
diabetic population, persons with diabetes were about
twice as likely to die during the study periods as
persons without diabetes (Figure 11.4). This excess
risk of mortality persisted despite adjustment for
other risk factors for death (e.g., hypertension, smok-
ing, cholesterol levels), suggesting that the greater
prevalence of these factors in persons with diabetes
cannot entirely explain their excess risk of death. Few
studies examined the excess risk of mortality due to
diabetes in racial and ethnic minority populations,
making similar conclusions for these populations ten-
tative.

Most of the studies (Table 11.1) suggest that the mag-
nitude of the excess risk of mortality in persons with

diabetes declines with increasing age and increasing
age at onset of diabetes. This means that persons who
develop diabetes very late in life or persons with
diabetes who survive to an old age have a similar or
only slightly increased mortality risk compared with
persons without diabetes; persons who develop diabe-
tes at a younger age have a much higher mortality
risk.

Several studies also suggest that the excess risk of
death in persons with diabetes compared with persons
without diabetes exists for those who are newly diag-
nosed19,34,51,54 , increases with duration of diabe-
tes22,27,33,34,55-57 ,  is  higher in those using insu-
lin22,24,33,39,45,47,55,57 , and may be greater in diabetic
women than in diabetic men (see Table 11.1 and the
sections below on life expectancy and risk factors for
mortality). 

In summary, after adjusting for age, people with
NIDDM have about twice the death rate as people
without diabetes. Adjustment for risk factors does not
substantially decrease this excess risk of mortality.
Excess mortality risk in persons with NIDDM is
higher for those using insulin (which may indicate
more severe disease), is present in those newly diag-
nosed with diabetes, is higher in women, and declines
with increasing age and increasing age at onset of
diabetes.

Table 11.2, reprinted from a review of NIDDM mortal-
ity and survival19, shows mean years of life lost by

2.2
2.1

1.8

2.7

1.6

1.5
2.3

2

1.9
2.2

NHEFS, age 40-77
White men

White women

NHEFS, age 25-74

NMFS, age       
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Rancho Bernardo, CA,

White men
White women

Framingham, MA,
whites age 52-85

Southern Wisconsin,
whites age       

Men
Women
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Relative Risk of Death
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Figure 11.4
Age-Adjusted Relative Risk of Mortality for Persons
with Diabetes Versus Persons Without Diabetes

NHEFS, 1974-82 National NHANES I Epidemiologic Followup Survey; NMFS,
1986 National Mortality Followback Survey; data for Pima Indians are age- and
sex-adjusted; Rancho Bernardo, CA, Framingham, MA, and southern Wiscon-
sin were predominantly white cohorts; diabetic patients in southern Wisconsin
were those with diabetes diagnosed at age ≥30 years.

Source: References 13, 22, 23, 26, 27, 30, and 31

LIFE EXPECTANCY OF PERSONS 
WITH NIDDM

Table 11.2 
Reduction in Life Expectancy (Mean Years) in 
Diabetic Versus Nondiabetic Subjects

Age (years)
Marks and

Krall Goodkin
Panzram and

Zabel-Langhennig 

10-14 17 27
15-19 16-17 23
20-29 12-14 16
30-39 10-11 11
40-49 8-9 10 7-8
50-59 6-7 6 5-6
60-69 4-5 5 3-4

≥70 3

Age was attained age in the Marks and Krall study and age at onset of diabetes
in the Goodkin and Panzram studies; in the Goodkin study, the youngest age
group was <15 years and the oldest age group was 60-70 years.

Source: Reference 19
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persons with diabetes in three studies that examined
life expectancy of persons with and without diabetes.
It was concluded in the review that the reduction in
life expectancy was greater for diabetic women, aver-
aged 5-10 years in middle-aged persons with NIDDM,
and decreased with increasing age at diagnosis, with
little or no reduction in years of life for those diag-
nosed at age ≥70 years. Appendix 11.1 shows life
expectancy for the general U.S. population.

Reduction in life expectancy according to age at onset
of diabetes and current age was examined in a popu-
lation-based study in western Australia39. For men
with NIDDM compared with the general population,
age at onset had no effect on excess mortality and
excess mortality declined with older current age (Ta-
ble 11.3). For women with NIDDM compared with
the general population, the effect of age at onset on
excess mortality varied by current age. For diabetic
persons of both sexes with age at onset ≥60 years, life
expectancy was reduced by 3-4 years. However, dia-
betic women with age at onset <60 years experienced
a much greater reduction in life expectancy than men.
While the overall reduction in life expectancy aver-

aged ~5 years for both sexes, a reduction in life expec-
tancy was greater for those with high glycosylated
hemoglobin values and several complications or risk
factors, particularly in women. 

In summary, NIDDM is associated with a life expec-
tancy that is reduced by ~5-10 years in middle-aged

Table 11.3 
Reduction in Life Expectancy (Years) for NIDDM
Subjects Compared with the General Population,
Western Australia, 1978-86

Sex and age at
onset (years)

Current age (years)
45 55 65 75

Female
45 11.4 10.1 8.3 6.1
55 7.4 6.2 4.6
65 3.8 2.9

Male
Any 3.5 3.1 2.5 1.9

Source: Reference 39

Table 11.4
Underlying Causes of Death on Death Certificates of Diabetic Decedents

Underlying
cause of death

Southern
Wisconsin,
onset ≥30

years
(23)

Rochester,
MN
(14)

U.S. sample of
persons with

diabetes
(22)

Wadena,
Marshall,

and Grand
Rapids, MN

(74)

1990 U.S. death 
certificates with

mention of 
diabetes, all ages

1990 U.S. death 
certificates with

mention of 
diabetes, age at
death ≥45 years

ICD-9 Codes* 1980-88 1965-74 1971-84 1979-82 1990 1990

Percent of deaths based on inclusion of diabetes in the percent distribution
Diseases of the
  heart

391-398, 402, 
 404-429 48.8 59.9 38.5 39.0

Ischemic
 heart disease 410-414 38.0 38.6 40.1 41.2 28.9 29.3

Diabetes 250 15.3 10.3 12.8 12.5 29.3 28.7
Malignant
  neoplasms 140-208 9.9 13.8 13.8 9.5 9.7
Cerebrovascular
  disease 430-438 9.5 3.7 16.2 6.8 6.9
Pneumonia and
  influenza 480-487 3.1 4.0 5.0 2.6 2.6

Percent of deaths based on exclusion of diabetes in the percent distribution
Diseases of the
  heart

391-398, 402, 
 404-429 57.6 68.7 54.5 54.7

Ischemic
 heart disease 410-414 44.7 42.9 46.0 43.4 40.9 41.1

Malignant
  neoplasms 250 11.7 15.4 14.5 13.4 13.6
Cerebrovascular
  disease 430-438 11.3 4.2 17.1 9.6 9.7
Pneumonia and
  influenza 480-487 3.7 4.4 5.3 3.7 3.7

* ICD-9 codes used to classify causes of death in U.S. mortality data and Reference 23; codes for Minnesota studies were not specified; diabetic decedents in Wisconsin and
the two Minnesota studies are predominantly white.

Source: References are listed within the table
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persons. The number of years of life lost, however,
varies by sex, the presence of complications and risk
factors, age at onset of NIDDM, and current age. Years
of life lost is probably greater in women with NIDDM
and in persons with complications of NIDDM, but
they decrease as age and age at onset increase.

Typically, data on cause of death are based on the
underlying cause of death listed on death certificates.
As discussed above, there are several problems in the
validity of these data. Some of the problems are par-
ticularly relevant to analyses of cause-of-death statis-
tics for persons with NIDDM, e.g., inability to distin-
guish between IDDM and NIDDM, multiple condi-
tions at death that make selection of the underlying
cause of death difficult, and underestimation of the
causal role of diabetes in death.

Based on the four cohort studies14,22,23,74 shown in
Table 11.4, the leading causes of death listed on death
certificates of persons with diabetes are diseases of the
heart/cardiovascular disease (primarily ischemic heart
disease), diabetes, malignant neoplasms, and cere-
brovascular disease. Despite varying techniques for
classifying the underlying cause of death and differ-
ences among studies (e.g., type of population,
age/sex/race differences, differences in follow-up
time), the proportion of persons with diabetes dying
from these causes is similar in the four studies. Also
shown in Table 11.4 are data based on U.S. death
certificates in 1990 in which diabetes was listed as a
cause of death (underlying or contributing). The per-

cent distribution of the underlying cause of death on
these certificates, when diabetes is excluded as a cause
of death, is similar to that of the four cohort studies.
Figure 11.5 shows the approximate percent of deaths
of diabetic decedents in the U.S. according to cause,
based on the studies in Table 11.4.

DISEASES OF THE HEART AND 
ISCHEMIC HEART DISEASE

In the United States and Western Europe, the majority
of deaths and the majority of excess deaths in persons
with diabetes are due to diseases of the heart or the
broader classification of cardiovascular disease14,22-

25,28,33,35,46,51,54,56,58-60. Most heart disease deaths are due
to ischemic heart disease (insufficient blood and oxy-
gen to the heart), which accounts for ~40% of all
deaths of persons with diabetes (Table 11.4 and Fig-
ure 11.5).

Table 11.5 contains the results of studies published
since 1970 that evaluate excess mortality due to heart
disease and ischemic heart disease in diabetic versus
nondiabetic persons22-25,27,28,34-39,41,43,45-50,52,53,58,61-69 .
Age-specific risks, age-adjusted risks, and risks ad-
justed for multiple risk factors are presented when
available, and the studies have been divided according
to whether they were conducted in or outside the
United States and whether they are population-based
or involve hospital, clinic, or employee populations.
The data in Table 11.5 suggest that the risk of heart
disease mortality and ischemic heart disease mortality
is ~2-4 times higher in persons with diabetes than in
persons without diabetes. This excess risk of dying
from heart disease and ischemic heart disease is
higher than the excess risk of mortality due to all
causes combined. Similar to the excess risk for all
causes of mortality, the excess risk of heart disease and
ischemic heart disease mortality persists despite ad-
justment for the different age structures of the dia-
betic and nondiabetic populations and despite adjust-
ment for known heart disease risk factors (e.g., hyper-
tension, smoking, cholesterol levels, physical inactiv-
ity). This suggests that something about diabetes
itself, or some unmeasured factors unique to persons
with diabetes other than these risk factors, increases
the risk of death. Also, similar to studies of excess
mortality due to all causes, most studies examining
age-specific excess risks of heart disease or ischemic
heart disease mortality suggest that the amount of the
increased risk of mortality in persons with diabetes
compared with persons without diabetes is greater in
the younger-age and younger-age-at-onset groups
than in the older-age and older-age-at-onset groups.
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Figure 11.5
Approximate Distribution of Causes of Death in 
Persons with Diabetes, Based on U.S. Studies

Source: Table 11.4
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Table 11.5
Excess Risk of Heart Disease and Ischemic Heart Mortality Among Persons with Diabetes Compared with Persons
Without Diabetes

Risk of death among persons with diabetes
relative to those without diabetes

Age at study

Heart disease or
cardiovascular 

disease

Ischemic heart
disease or coronary 

heart disease

Ref. Population Race      entry*(years) Total Men Women Total Men Women Notes

Population-Based Studies: U.S.
22 U.S. White 40-77 2.6 2.4 2.8 2.6 RR, adjusted for age

2.3 2.8 RR, adjusted for age; excluding those with 
prior heart attack

40-77 2.6 2.2 2.8 2.5 RR, adjusted for age, SBP, cholesterol, BMI, 
and smoking

2.4 2.6 RR, adjusted for age, SBP, cholesterol, BMI, 
and smoking; excluding those with prior
heart attack

40-64 3.6 2.4 2.7 1.2 RR, adjusted for age, SBP, cholesterol, BMI, 

65-69
70-77

2.2
2.8

2.0
2.6

2.0
2.7

2.6
3.0

and smoking
 "

"

62 U.S., 35 states Black Younger 6.2 Age-race specific odds ratios calculated 
White Younger 9.4 from data in Reference 62
Black Older 1.5
White Older 2.7

61 U.S., 35 states Total 25-44 18.0 Age-sex specific odds ratios calculated
Total 45-54 6.8 from data in Reference 61
Total Younger 9.0 8.0 12.4
Total Older 2.6 1.9 3.5

62 U.S., 35 states Black Younger 12.8 Odds ratio, adjusted for age, gender, 
White Younger 13.9 education, marital status, income, and

estimated for nonsmokers of "acceptable"
body mass and no history of hypertension 

61 U.S., 35 states Black Older 1.6 Odds ratio, adjusted for age, gender, marital 
White Older 2.5 status, income, education, smoking history,

history of hypertension, and BMI
Total Younger 8.5 16.1 Odds ratio, adjusted for age, gender, marital 
Total Older 2.3 2.1 status, income, education, smoking history,

history of hypertension, BMI, and state of
residence

27 Gila River Indian Pima ≥15 43.4 32.1 RR, age-adjusted for males; age- and sex-
Community, AZ Indian adjusted for total; risk could not be

computed for females since no deaths from
IHD occurred among nondiabetic females;
causes of death classified through use of
multiple data sources

28 Oahu, HI Japanese 45-68 2.6 3.4 RR, age-adjusted; calculated from 
ancestry presented data

63 Tecumseh, MI Primarily 40-54 6.5 7.8 RR; excludes those with CHD at baseline
white 55-69

≥70
Total

1.9
1.8
3.0

1.0
3.5
3.0 RR, age-adjusted

64 Rancho Bernado, 
CA

White 40-79 1.8
1.9

3.3
3.3

Relative hazard adjusted for age
Relative hazard adjusted for age, SBP, 
cholesterol, BMI, smoking

65 Framingham, MA Primarily 45-74 2.1 4.9 RR, age-adjusted
white 45-74 1.7 3.3 RR, adjusted for age, SBP, no. of cigarettes, 

cholesterol, ECG-LVH
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Table 11.5 Continued

Risk of death among persons with diabetes
relative to those without diabetes

Age at study

Heart disease or
cardiovascular 

disease

Ischemic heart
disease or coronary

 heart disease

Ref. Population Race entry*(years) Total Men Women Total Men Women Notes
58 Framingham, MA Primarily 30-62 1.7 7.3 SMR, by type of diabetes treatment: Insulin

white 30-62 2.1 1.8 Oral agents
30-62
30-62

2.7
2.0

2.9
4.6

Diet
Total

23 11 counties in Primarily  Age at diagnosis: 2.3 2.3 2.3 2.3 2.4 2.2 SMR
southern 
Wisconsin

white ≥30

32 Wadena, Marshall, Primarily Total, age range 1.5 1.5 1.4 2.0 SMR
Grand Rapids, MN white not stated

66 Evans County, GA White ≥40 2.1 1.3 1.0 2.8 SMR, adjusted for age, SBP, cholesterol, 
BMI, smoking, triglycerides; free of CHD, 
and stroke

Hospital, Clinic, and Worksite Studies: U.S.

24 Dupont employees Not stated 17-64 2.9 SMR

34 Nurses from 11 Primarily 30-55 6.3 6.9 RR, age-adjusted; free of CHD, stroke, and 
states white 4.7 cancer at baseline. Model 1. Adjusted for 

age, smoking, menopausal status, hormone
use, parental history of myocardial
infarction at ≤60 years, follow-up period

4.4 Model 2. Same as Model 1 plus BMI
3.0 Model 3. Same as Model 2 plus history of 

hypertension and high serum cholesterol

67 Employees of 84 White 35-64 4.0 5.9 RR, age-adjusted; persons with 
companies, 
Chicago, IL

hyperglycemia included among persons
with diabetes; persons without history of
myocardial infarction and hypertension
medications at baseline

3.8 4.7 RR, adjusted for age, cholesterol, SBP, no. 
of cigarettes, ECG abnormalities, education

35 Employees of 84 White 25-64 2.0 RR, age-adjusted; persons with hyperglyce-
companies, 
Chicago, IL

Black 25-64 1.4 mia included among persons with diabetes

25 Employees and All races 35-57 3.7 3.9 RR, age-adjusted; calulated from data 
community resi- White 35-57 3.8 presented
dents of 18 cities Black 35-57 2.7 "

Hispanic 35-57 3.3 "
Other 35-57 7.8 "

All races 35-39 4.9 RR, age-adjusted; calulated from data 
40-44 4.0 presented
45-49 3.3 "
50-54 3.8 "
55-57 3.5 "

All races 35-57 3.0 3.2 RR, adjusted for age, race, income, 
White 35-57 3.2 cholesterol, SBP, no. of cigarettes
Black 35-57 2.2 "
Hispanic 35-57 1.8 "
Other 35-57 4.1 "

All races 35-39 3.0 RR, adjusted for race, income, 
40-44 3.0 cholesterol, SBP, no. of cigarettes
45-49 2.4 "
50-54 3.3 "
55-57 3.0 "
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Table 11.5 Continued

Risk of death among persons with diabetes
relative to those without diabetes

Age at study

Heart disease or
cardiovascular 

disease

Ischemic heart
disease or coronary

 heart disease

Ref. Population Race entry*(years) Total Men Women Total Men Women Notes

Population-Based Studies: International Populations
68 Puerto Rico Not stated 45-64 4.0 RR, age-adjusted; free of CHD at 

baseline; diabetes includes those on
treatment or blood glucose ≥140mg/dl

36 Finland Not stated 65-74 2.4 Odds ratio, adjusted for age, BMI, 
75-84
65-84

1.2
1.6

hypertension, smoking, total- and HDL
cholesterol and functional capacity

38 Finland Not stated ≥40 2.5 2.9 RR, adjusted for age and follow-up time
2.7 3.1 RR, adjusted for age, follow-up time, 

blood pressure, smoking, and cholesterol

37 Finland Not stated 40-69 2.6
3.1

3.9
3.6

2.6
2.0

3.6
4.1

RR, age-adjusted, previously diagnosed
RR, age-adjusted, newly diagnosed

39 Western Australia White 2.1 1.9 SMR
(rural, nonaboriginal)

41 Oxford, UK Primarily 28-89 1.7 1.3 2.3 SMR
white

43 Gothenburg,   Not stated 51-59 4.6 4.1 Odds ratio, age-adjusted; among men 
Sweden with no history of myocardial infarction

4.1 3.4 Odds ratio, adjusted for age, cholesterol, 
SBP, smoking, BMI, occupation, family
history of myocardial infarction, physical
activity, stress score, marital status, and
alcohol abuse

45 Warsaw, Poland Not stated Age at diagnosis:
30-49 4.0 3.8 3.4 3.3 SMR
50-68
30-68

2.8
3.0

1.3
1.5

1.8
2.0

1.6
1.8

"
"

Hospital, Clinic, and Worksite Studies: International Populations

46 Members of British Not stated 15-44 4.6 6.3 5.0 11.5 SMR; expected based on population of
Diabetic Association 45-64

≥65
Total

2.1
1.5
1.6

3.2
1.9
2.0

3.8
1.7
1.9

4.3
2.6
2.7

England and Wales
 "
 "

47 Patients, Osaka, Japanese Total age range 1.4 2.3 SMR; newly diagnosed or duration ≤5  
Japan not given years

48 Patients, Tokyo, Japanese " 2.4 SMR
Japan

49 Patients, Not stated 15-44 7.4 3.2 SMR; SMR not calculated for women age
Aberdeen, UK 45-64

65-74
≥75

Total

4.5
2.2
1.1
1.6

3.8
1.6
1.0
1.4

5.4
3.2
1.1
1.6

15-44 years because there were no deaths
due to IHD among nondiabetic women
 "
 "

50 Patients, Tayside, Not stated 45-64 3.8 RR
Scotland 65-74

≥75
2.7
2.2

"
"

52 Civil servants, Not stated 40-64 2.7 RR, age-adjusted
69 London, UK 3.7 3.9 RR, age-adjusted; newly diagnosed

53 Civil servants, Not stated 44-55 2.3 RR, previously diagnosed diabetes
Paris, France 2.2 RR, newly diagnosed diabetes

*In places indicated, age at diagnosis is shown. RR, relative risk; SBP, systolic blood pressure; BMI, body mass index; IHD, ischemic heart disease; ECG-LVH,
electrocardiographically confirmed left ventricular hypertrophy; CHD, coronary heart disease; SMR, standardized mortality ratio, which is the ratio of observed to expected
deaths. Younger— females age <55 years, males age <45 years; Older— females age ≥55 years, males age ≥45 years.

Source: References are listed within the table
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Studies of excess heart disease and ischemic heart
disease mortality in diabetic persons compared with
nondiabetic persons also suggest that the increased
risk of death exists in those newly diagnosed with
diabetes19,34,37,51 increases with duration of diabetes
(although not necessarily in linear fashion)22,34, and is
higher in those using insulin22,45,58. There is also evi-
dence that the risk of heart disease/ischemic heart
disease mortality may be greater in women (see Table
11.5 and the section below on risk factors for mortal-
ity and excess mortality).

DIABETES 

Underlying Cause of Death

In the four cohort studies of persons with diabetes in
Table 11.4, diabetes was selected as the underlying
cause of death in 10%-15% of deaths.

Based on the 1986 NMFS13, the frequency of recording
diabetes as the underlying cause of death is slightly
higher for females than males and for blacks and
Hispanics compared with all whites, although these
differences were not statistically significant (Figure
11.6). In addition, decedents who develop diabetes at
age <30 years, who primarily have IDDM, are twice as
likely to have diabetes recorded as the underlying
cause of death as those who develop diabetes at an
older age (primarily NIDDM). The frequency of re-
cording declines sharply with increasing age, from
24.0% of those dying at age 25-44 years to 8.6% of
those dying at age ≥65 years (Figure 11.6). The fre-

quency increases with increasing duration of diabetes
in each age group (Figure 11.7).

In 1990, diabetes was listed on death certificates as
the underlying cause of 47,664 deaths, or 2.2% of all
deaths in the United States (Appendix 11.2). Only
~10% of diabetic decedents have diabetes listed as the
underlying cause of death13,14,22. Although diabetes is
thus infrequently recorded as the underlying cause of
death in diabetic decedents, diabetes ranks seventh
among the leading underlying causes of death in the
United States, a rank it has held since 1979.

Between 1987 and 1989, age-adjusted mortality at-
tributed to diabetes as the underlying cause of death
in the United States increased 18% (Appendix 11.2).
This increase was associated with use of the revised
1989 U.S. Standard Certificate of Death (Figure 11.1),
designed to improve cause-of-death recording. The
revision included increasing the number of lines on
which to report causes of death in Part I from three to
four lines and showing, on the reverse of the certifi-
cate, instructions and examples for completing the
cause-of-death sections, including using diabetes as
an example of a contributing cause of death.

Death rates based on diabetes listed as the underlying
cause of death on death certificates, adjusted to the
estimated prevalence of diabetes in the U.S. popula-
tion, increase with age (Figure 11.8). In 1990, the rate
for those age ≥75 years (2.07%) was ~10 times the rate
of those age <45 years (0.20%).
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Figure 11.6
Frequency of Listing Diabetes as the Underlying
Cause of Death on Death Certificates of U.S. 
Decedents with Diabetes, 1986

Data are from the 1986 National Mortality Followback Survey.

Source: Reference 13
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Figure 11.7
Frequency of Listing Diabetes as the Underlying
Cause of Death on Death Certificates of U.S. 
Decedents with Diabetes, by Duration of Diabetes,
1986

Data are from the 1986 National Mortality Followback Survey.

Source: Reference 13

247



Any Listed Cause of Death 

Among decedents with a medical history of diabetes,
<40% have diabetes listed as any cause of death on the
death certificate11,13,14. The frequency of recording dia-
betes as a cause of death is similar in each age group
(37%-46%) but increases with longer duration of dia-
betes, decreases with age for those with duration ≥15
years, and increases with age for those with duration
<5 years (Figure 11.9)13. Diabetes is more often listed
when co-morbidities related to diabetes (including
ischemic heart disease, hypertensive disease, cere-

brovascular disease, arterial disease, and renal dis-
ease) are also listed13. However, diabetes is less likely
to be listed as a cause of death on the death certificate
when the underlying cause of death is a condition
typically perceived to be unrelated to diabetes (e.g.,
cancer, accidents)13,46. In 1990, 162,567 deaths in the
United States (7.5% of all deaths) had diabetes listed
as a cause of death on the death certificate (Appendix
11.3). Adjusted to the estimated U.S. population with
diabetes, the death rates for diabetes as any listed
cause increase with age, with the highest rates in
those age ≥75 years (Figure 11.10). In 1990, the rate
for those age ≥75 years (7.46%) was ~20 times the rate
for those age <45 years (0.38%). 

CEREBROVASCULAR DISEASE

In population-based studies of NIDDM mortality, be-
tween 5.7% and 16.2% of diabetic deaths are attrib-
uted to cerebrovascular disease or stroke. The propor-
tion of deaths due to cerebrovascular disease in dia-
betic populations was 5.7% for Oklahoma Indians72;
6% for residents of Rochester, MN73; 7.5% for Pima
Indians27; 8.4% for Hawaiian men of Japanese ances-
try28; 9.5% for residents of 11 counties in southern
Wisconsin23; 10.4% for Mexican-American residents
of Starr County, TX56; and 16.2% for residents of three
cities in Minnesota74.

Although confidence intervals were large, two popu-
lation-based studies of primarily white populations in
the United States found the relative risk of cerebrovas-
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Figure 11.9
Frequency of Listing Diabetes as Any Cause of
Death on Death Certificates of U.S. Decedents with
Diabetes, by Duration of Diabetes, 1986

Data are from the 1986 National Mortality Followback Survey.

Source: Reference 13
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Death Rates Based on Diabetes as Any Listed Cause
of Death on Death Certificates, U.S., 1980-90

Data are shown on a log scale; data are based on the ~38% of deaths of diabetic
decedents who have diabetes listed on their death certificate (Reference 13).
Data are calculated from the number of U.S. death certificates that listed
diabetes in each year and the number of people with diabetes in the U.S. as
estimated from the U.S. National Health Interview Survey in each year.

Source: Reference 21
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Figure 11.8
Death Rates Based on Diabetes as the Underlying
Cause of Death on Death Certificates, U.S., 1980-90

Data are based on the ~10% of deaths of diabetic decedents who have diabetes
listed as the underlying cause of death, although this percent varies by age (see
Figure 11.6).  Data are calculated from the number of U.S. death certificates
that listed diabetes as the underlying cause in each year and the number of
people with diabetes in the U.S. as estimated from the U.S. National Health
Interview Survey in each year.

Source: Reference 21
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cular disease mortality for persons with diabetes com-
pared with persons without diabetes to be 1.8 and 1.7
for men and 2.2 and 2.6 for women23,75. This excess
risk of cerebrovascular disease mortality is typically
larger in studies of patients or employees. Age-ad-
justed excess risks of cerebrovascular disease mortal-
ity in people with diabetes compared with people
without diabetes were 5.0 for female nurses34 and 3.8
for men screened for participation in the MRFIT25. In
a case-control study of male Dupont employees24, an
excess risk of 2.8 (not statistically significant) was
found for diabetic men.

In summary, the risk of cerebrovascular mortality in
persons with diabetes appears to be about twice that
of persons without diabetes, and women may have a
slightly greater excess risk than men.

OTHER CAUSES

Although malignant neoplasms are a major cause of
death in people with diabetes (Table 11.4), people
with diabetes are not at increased risk of dying from
this disease, compared with people without diabe-
tes14,23,46,49,72-74,76 .

Due to the size of populations investigated, only a few
U.S. studies of mortality in people with diabetes have
been able to examine causes of death less frequent
than the four leading causes of death (diseases of the
heart, diabetes, cerebrovascular disease, and malig-
nant neoplasms). These studies found that 3%-6% of
all diabetic decedents have pneumonia and influenza
listed as the underlying cause of death14,23,72-74 . A
similar percentage is found in U.S. death certificate
data for deaths with diabetes as any listed cause (Table
11.4). One study examined the relative risk of pneu-
monia/influenza death in diabetic versus nondiabetic
persons. Among residents of southern Wisconsin,
persons with diabetes with onset at age >30 years were
1.7 times more likely to die from pneumonia or influ-
enza than the general population in southern Wiscon-
sin23. In a review of mortality data related to pneumo-
nia and influenza, it was concluded that death rates
for diabetic persons may increase 5%-15% during in-
fluenza epidemics and that mortality is particularly
high for persons with diabetes who have additional
risk factors, particularly cardiovascular disease and
age >65 years77.

In summary, the four leading causes of death in per-
sons with NIDDM are diseases of the heart (primarily
ischemic heart disease), diabetes, malignant neo-
plasms, and cerebrovascular disease. About half of
NIDDM deaths are due to heart disease, and most of

these deaths are due to ischemic heart disease. The
risk of heart disease and ischemic heart disease mor-
tality is ~2-4 times higher in persons with NIDDM
than in persons without diabetes. Similar to excess
mortality from all causes, the excess risk of mortality
due to heart disease and ischemic heart disease in
persons with NIDDM, compared with those without
diabetes is greater for those using insulin and for
women and cannot be fully explained by increased
levels of cardiovascular risk factors in persons with
NIDDM.

Mortality in blacks, Hispanics, Asian Americans, and
Native Americans with diabetes is discussed in Chap-
ters 31-34. Based on U.S. death certificates, the rank
of diabetes among leading underlying causes of death
varies by race/ethnicity, age, and sex (Table 11.6).
Diabetes ranks higher as an underlying cause of death
in women versus men at age ≥45 years. Its highest

Table 11.6
Rank of Diabetes Listed as the Underlying Cause of
Death on U.S. Death Certificates, 1990

Males Females

White
All ages 8 7

<45 11 11
45-64 8 6
65-74 6 5

≥75 7 6
Black

All ages 10 4
<45 11 11

45-64 7 4
65-74 5 4

≥75 6 5
American Indian

All ages 9 5
45-64 5 4
65-74 5 3

≥75 6 5
Hispanic

All ages 7 5
<45 11 11

45-64 6 3
65-74 4 3

≥75 5 6
Chinese 7 6
Filipino 9 6
Japanese 7 6
Hawaiian 5 5
Other Asian 11 7

Source: Centers for Disease Control

ETHNIC DIFFERENCES IN NIDDM
MORTALITY
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rank for all ages combined is among black women, for
whom diabetes is the fourth leading underlying cause
of death on death certificates. Diabetes is the third
leading underlying cause of death on death certifi-
cates of Hispanic women age 45-74 years and Ameri-
can Indian women age 65-74 years. In addition, dia-
betes is the third leading cause of death in Pima
Indians and the second leading cause in Pima Indian
women72.

In the general U.S. population, diabetes listed as the
underlying cause of death on death certificates ranks
higher in racial and ethnic minority populations than
in the white population. Mortality attributed to diabe-
tes on death certificates is higher in blacks than
whites11,70,78, higher in Hispanics than non-Hispan-
ics78, and higher in Native Americans than in either
whites11,72,79, blacks11, Hispanics78, or the general
population72,79. However, these higher rates are partly
due to the higher prevalence of diabetes in minority
populations. Black and white diabetes mortality rates
based on death certificates and adjusted to the esti-
mated prevalence of diabetes in the U.S. population
are more similar to each other than rates computed for
the general U.S. population without adjustment for
diabetes prevalence80. In addition, diabetes is more
often recorded as the underlying cause of death for
black decedents with diabetes than white decedents
(Figure 11.6). Based on the 1986 NMFS, diabetes was
selected as the underlying cause for 12.6% of diabetic
blacks, compared with 9.2% of diabetic whites (a 25%
differential, although the 95% confidence intervals
overlapped)13. Consequently, the age-adjusted death
rates for blacks and whites based on diabetes as the
underlying cause of death in Figure 11.11 should be
viewed with caution. 

There is also a differential between blacks and whites
in recording diabetes as any listed cause on death
certificates of decedents with diabetes. The 1986
NMFS data found that diabetes was recorded on
36.2% of death certificates for diabetic blacks and
38.6% for diabetic whites (a 7% differential)13. Figure
11.12 shows age-adjusted mortality for diabetes as
any listed cause on U.S. death certificates.

Most studies of mortality in persons with diabetes
have been conducted in white or primarily white
populations. Three studies examined the excess risk
of mortality in black and white persons with diabe-
tes25,35,62. In all three, the risk of mortality due to all
causes or cardiovascular disease was higher in blacks
with diabetes than in blacks without diabetes, but the
excess risk of mortality due to diabetes in blacks was
slightly lower than in whites (Table 11.5). Two of the
studies25,35 found that age-adjusted death rates due to

cardiovascular disease were similar in magnitude for
black and white men with diabetes. This suggests that,
while the excess risk conferred by diabetes may be less
in black men compared with white men, absolute
age-adjusted rates of cardiovascular mortality in dia-
betic men may not differ between the two races.

Research is needed on the impact of diabetes on mor-
tality among racial and ethnic minority groups. Most
of what is known about diabetes mortality in these
groups has been derived from U.S. vital statistics data,
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Figure 11.11
Age-Adjusted Death Rates Based on Diabetes Listed
as the Underlying Cause of Death on Death 
Certificates, U.S., 1980-90

Data are calculated from the number of U.S. death certificates in each year that
listed diabetes as the underlying cause of death (estimated in Reference 13 to
be 12.6% for black and 9.2% for white diabetic decedents) and the number of
people with diabetes in the U.S. as estimated from the U.S. National Health
Interview Survey in each year.

Source: Reference 21
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Figure 11.12
Death Rates Based on Diabetes as Any Listed Cause
on Death Certificates, U.S., 1980-90

Data are calculated from the number of U.S. death certificates in each year that
listed diabetes (~38% of deaths of diabetic decedents) and the number of
people with diabetes in the U.S. as estimated from the National Health Inter-
view Survey in each year.

Source: Centers for Disease Control, calculated from U.S. cause-of-death data
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which have serious limitations and inaccuracies.
These data do not allow valid examination of the risk
of mortality in diabetic persons compared with nondi-
abetic persons, nor do they allow examination of most
risk factors for mortality. 

Studies of risk factors for mortality from all causes and
from heart disease/ischemic heart disease in people
with diabetes are plagued by a number of analysis
problems, including sample sizes insufficient to detect
associations and differences in design and methodol-
ogy. It is not surprising that not all studies find the
same risk factors associated with mortality and that
the strength of these associations varies among stud-
ies.

In the following discussion of risk factors for mortal-
ity in persons with diabetes, an arbitrary distinction is
made between risk factors and risk markers. Risk
factors are presumed to influence the occurrence of
mortality, whereas a risk marker (e.g., measures of
renal function such as microalbuminuria) usually oc-
curs later in the causal pathway toward mortality and
may not be a causal factor.

RISK FACTORS

Although mortality of persons with diabetes (and also
those without diabetes) increases with age, most stud-
ies examining the effects of age in persons with diabe-
tes find that excess mortality risk declines with in-
creasing age and age at onset of diabetes (Tables 11.1
and 11.5; see also the previous section on life expec-
tancy). Most studies of excess mortality due to all
causes (Table 11.1) or to that caused by cardiovascu-
lar disease or ischemic heart disease (Table 11.5) also
find a greater excess risk associated with diabetes in
women than men. Although the relative risk is greater
for women, death rates from ischemic heart disease
are higher for diabetic men than diabetic women22.

Studies examining modifiable risk factors for all-cause
mortality and heart disease mortality have found that
the major risk factors are generally the same for per-
sons with and without diabetes26,37,53,61,65 . However,
risk factors are often more prevalent in persons with
diabetes25,28,29,35,58,65 and may be more prevalent in
women with diabetes than men with diabetes37,66,67,81 .
It has been suggested that cardiovascular risk factors
cluster within individuals (i.e., an individual with a

high level of one risk factor is also likely to have high
levels of other risk factors) and that this clustering of
risk factors is more common among persons with
diabetes, particularly women81.

The two risk factors for mortality most consistently
found in persons with diabetes are hypertension or
high blood pressure, particularly elevated systolic
blood pressure24-26,33,34,52,55,60-62,68,82,83 and smok-
ing26,30,34,43,52,55,61,62,84,85 . Although less consistently
identified as a risk factor, perhaps because the associa-
tion is not always linear, elevated cholesterol and
triglyceride levels have also been associated with mor-
tality in persons with diabetes25,26,34,37,43,56,85 . Physical
inactivity is a risk factor for premature mortality in
the general population, and two studies found that
non-leisure-time physical inactivity26 and lack of car-
diovascular fitness86 are associated with mortality in
persons with diabetes. Central or abdominal obesity
was a more important risk factor for mortality than
general obesity for persons with diabetes in one
study53. Higher 2-hour post-challenge glucose con-
centrations53 and higher glycosylated hemoglobin55,39

were associated with mortality in some studies, but
glycemic control was not a risk factor for mortality in
other studies55.

There are numerous reports on the impact of risk
factors on death rates in persons with
NIDDM24,26,33,34,39,40,46,47,53,55,61-63,65,85-87    . Several studies
suggest that mortality may be decreased by reducing
modifiable risk factors25,26,29,53,86 . Among men screened
for MRFIT, cardiovascular deaths increased with an
increasing number of CVD risk factors25 (Figure
11.13). It was estimated that 68% of cardiovascular
deaths in MRFIT men taking medication for diabetes

RISK FACTORS AND RISK MARKERS FOR
MORTALITY AND EXCESS MORTALITY
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could be prevented by eliminating smoking and de-
creasing serum cholesterol levels and systolic blood
pressure. Although this study and others suggest that
mortality may be decreased by reducing modifiable
risk factors, long-term clinical trials of the effect of
risk-factor reduction on the mortality of populations
with NIDDM have not been conducted. 

RISK MARKERS

Two major groups of risk markers for mortality in
persons with NIDDM are 1) clinical measures of renal
function including proteinuria, albuminuria, and mi-
croalbuminuria24,33,39,41,55,85,88,89 , and 2) eye disorders
including poor visual acuity, cataract, and reti-
nopathy31,39,41,55,56,90 . It is unclear whether the former
group comprise determinants of mortality or, like the
latter group of risk markers, comprise indicators of
more advanced or severe disease. However, these risk
markers identify persons with increased risk of mor-
tality who should be targeted for intensive interven-
tion.

In summary, risk factors for mortality in persons with
NIDDM include age, age at onset of diabetes, sex,

insulin use, duration of diabetes, metabolic control,
and typical cardiovascular risk factors (e.g., smoking,
hypertension or elevated blood pressure, elevated
cholesterol level, physical inactivity). In addition,
persons with NIDDM having clinical risk markers and
complications (e.g., microalbuminuria, retinopathy)
are at increased risk for mortality.

Although there have been no long-term clinical trials
of the effect of risk factor reduction on the mortality
of populations with NIDDM, it is possible that a sub-
stantial proportion of NIDDM mortality could be pre-
vented by reducing or preventing cardiovascular risk
factors through the promotion of healthy lifestyles,
including weight reduction/obesity prevention, in-
creased physical activity, hypertension control, smok-
ing cessation/prevention, and lipid-lowering therapy.

Linda S. Geiss is Statistician and Dr. William H. Herman is
Medical Epidemiologist, Division of Diabetes Translation,
National Center for Chronic Disease Prevention and Health
Promotion, and Dr. Philip J. Smith is Statistician, Division of
Tuberculosis, National Center for Prevention Services, Cen-
ters for Disease Control, Atlanta, GA.
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Appendix 11.2
Number of Deaths with Diabetes Listed as the Underlying Cause on Death Certificates and Death Rates per
100,000 U.S. Population, U.S., 1980-90

Year

Age 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

0-14 Number 53 46 63 51 36 44 36 41 40 53 35
Rate 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

15-24 Number 128 149 134 129 119 121 140 119 119 136 115
Rate 0.3 0.4 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.3

25-34 Number 572 554 533 584 578 537 634 618 656 687 674
Rate 1.5 1.4 1.4 1.5 1.4 1.3 1.5 1.4 1.5 1.6 1.6

35-44 Number 900 916 922 1,064 1,072 1,165 1,174 1,203 1,395 1,432 1,510
Rate 3.5 3.5 3.3 3.6 3.5 3.7 3.6 3.5 4.0 3.9 4.0

45-54 Number 2,188 2,167 2,060 2,078 2,005 1,991 2,158 2,258 2,502 2,784 2,834
Rate 9.6 9.6 9.2 9.3 9.0 8.9 9.5 9.8 10.5 11.3 11.3

55-64 Number 5,789 5,620 5,643 5,900 5,495 5,819 5,780 5,914 6,109 6,942 6,969
Rate 26.6 25.7 25.6 26.7 24.8 26.3 26.3 27.2 28.4 32.7 33.0

65-74 Number 10,111 9,841 9,711 10,185 9,934 10,159 10,269 10,789 11,092 13,168 13,280
Rate 64.6 62.0 60.2 62.1 59.8 60.3 60.0 61.9 62.9 73.7 73.6

75-84 Number 10,134 10,221 10,339 10,923 10,857 11,308 11,048 11,470 11,907 14,160 14,537
Rate 130.3 128.1 126.1 129.7 125.6 127.4 121.3 122.6 124.1 143.9 145.2

     ≥85 Number 4,971 5,120 5,170 5,328 5,690 5,817 5,939 6,118 6,548 7,470 7,706
Rate 219.0 218.5 212.6 212.2 219.9 218.6 217.1 217.4 227.5 252.6 255.0

Total Number 34,851 34,642 34,583 36,246 35,787 36,969 37,184 38,532 40,368 46,833 47,664
Rate 15.3 15.1 14.9 15.5 15.2 15.5 15.5 15.9 16.5 19.0 19.2

Age-adjusted rate 15.3 15.0 14.6 15.1 14.6 14.8 14.7 14.7 15.4 17.6 17.7

Source: Reference 21
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Appendix 11.3
Number of Deaths with Diabetes as Any Listed Cause on Death Certificates and Death Rates per 100,000 U.S.
Population, U.S., 1980-90

Year

Age 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

0-14 Number 69 75 93 82 61 59 57 53 60 74 48
Rate 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1

15-24 Number 209 231 180 208 201 206 217 209 195 196 185
Rate 0.5 0.5 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

25-34 Number 918 910 968 953 991 960 1,094 1,117 1,135 1,106 1,122
Rate 2.5 2.3 2.5 2.4 2.4 2.3 2.6 2.6 2.6 2.6 2.6

35-44 Number 2,038 2,046 2,042 2,282 2,426 2,525 2,652 2,738 2,903 2,973 3,045
Rate 7.9 7.8 7.3 7.8 8.0 8.0 8.0 8.0 8.3 8.2 8.1

45-54 Number 6,956 6,979 6,729 6,809 6,648 6,736 6,890 7,231 7,516 7,716 7,720
Rate 30.6 30.9 30.0 30.5 29.7 30.0 30.4 31.4 31.4 31.4 30.8

55-64 Number 21,873 21,926 21,759 22,513 22,383 22,803 22,809 22,647 22,646 22,798 22,412
Rate 100.5 100.1 98.8 101.8 101.0 103.0 103.7 104.1 105.2 107.3 106.2

65-74 Number 41,000 40,875 40,898 42,370 43,036 44,058 44,218 45,735 46,195 47,306 47,643
Rate 262.0 257.5 253.6 258.5 259.2 261.7 258.2 262.5 262.1 264.9 264.0

75-84 Number 42,938 42,661 43,340 45,539 46,462 4,7607 48,220 48,830 50,549 51,925 53,066
Rate 551.9 534.6 528.6 540.7 537.3 536.4 529.4 521.9 526.9 527.8 530.0

     ≥85 Number 19,919 20,223 20,724 21,787 22,332 23,309 23,945 24,700 26,057 26,747 27,310
Rate 877.7 863.0 852.4 867.7 863.0 876.0 875.3 877.8 905.4 904.4 903.9

Total Number 135,931 135,939 136,764 142,570 144,548 148,284 150,120 153,271 157,265 160,848 162,567
Rate 59.8 59.2 59.0 61.0 61.3 62.3 62.5 63.3 64.3 65.2 65.4

Age-adjusted rate 59.8 58.7 57.9 59.2 58.9 59.4 59.1 59.3 59.8 60.2 60.1

Source: Reference 21
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Disability is a major social, economic, public health,
and political issue confronting society today. Esti-
mates of the number of disabled persons in the United
States vary greatly, ranging from 27 million to 35

million to 49 million1-3. Disability is associated with
an increased likelihood for hospitalization, institu-
tionalization, and loss of economic self-sufficiency
and normal role behaviors4,5. In addition, some per-
sons with disabilities face barriers in the work envi-
ronment and difficulties in gaining access to public
facilities6. These circumstances, together, greatly di-

Chapter 12

Disability in Diabetes

Thomas J. Songer, PhD

SUMMARY

The public health impact of diabetes can be
evaluated from a number of perspectives,
one of which is the morbidity associated
with the disease. Disability is a broad-based

concept that often illustrates this morbidity. Disability
affects large numbers of persons with diabetes in the
United States, with estimates ranging from 20%-50%
of the diabetic population. Persons with diabetes, in
general, report rates of disability that are substantially
higher than those reported by the general U.S. popu-
lation. Reported activity limitations (non-insulin-de-
pendent diabetes mellitus (NIDDM) 50.2%, insulin-
dependent diabetes mellitus (IDDM) 42.3%, nondia-
betic, 16.1%) and restricted activity days (NIDDM,
22.4%; IDDM, 21.3%; nondiabetic, 10.3%) were two
to three times higher among persons with diabetes
surveyed in the 1989 National Health Interview Sur-
vey (NHIS). Persons with IDDM from the Children’s
Hospital of Pittsburgh (CHP) IDDM Registry were
seven times more likely to report work disability than
their nondiabetic siblings (32.4% versus 4.6%). More-
over, the largest impact of disability in the diabetic
population appears to be in the most severe forms of
disability, including being unable to work.

Disability in persons with diabetes is influenced by a
number of demographic and diabetes-related factors.
Impairments reported by diabetic persons increase
with age for both NIDDM (18-44 years, 45% report
activity limitations; 45-64 years, 55%; ≥65 years, 60%)
and IDDM persons (cumulative incidence of work
limitations at age 30 years, 10%; age 45 years, 48%).

Disability is more common in minority groups (black
females, 57.4% report activity limitations; black
males, 58.4%; white females, 51.6%; white males,
47.1%). Disability appears to affect persons with
NIDDM, particularly those using insulin (63.5% re-
port activity limitations), more than persons with
IDDM (42.9% report activity limitations). Presence of
the late complications of diabetes appears to be a
major determinant for disability.

The consequences of disability in the diabetes popula-
tion are extensive. Disabled IDDM subjects have
lower rates of employment than those not disabled
(49% not working versus 12%) and higher rates of
absenteeism (13.8 days per year versus 3.0 per year).
Reported income levels are also lower for IDDM sub-
jects developing disability. Disabled persons with dia-
betes use health care services more frequently than
those not limited in activity (32.4% were hospitalized
in the past year versus 13.2%). The average number of
physician visits among persons seeing a physician was
13.9 per year for persons limited in activity, compared
with 6.5 visits per year for those not limited. Limita-
tion in personal care activities of daily living (ADLs)
are more common among diabetic than nondiabetic
individuals (1989 NHIS, NIDDM: 4.9%, IDDM: 8.8%,
nondiabetic: 2.3%). Not surprisingly, disabled persons
rate their general health status at lower levels than
those not disabled. Diabetic persons reporting activity
limitations in the 1989 NHIS were 10 times more
likely to rate their health as poor (31.7% versus 3.6%)
than were persons not limited in activity.

• • • • • • •

INTRODUCTION
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minish the quality of life of those affected2,4.

Chronic diseases are a major determinant of disabil-
ity7. Diabetes is a chronic disease in which many
individuals can lead normal and productive lives.
Other persons, though, face impairments and limita-
tions related to their diabetes that influence their
meaningful participation in normal activities of every-
day life. A review of the prevalence of disability in the
diabetes population and the characteristics of these
people is the focus of this chapter.

DEFINITION OF DISABILITY

Unlike most clinical measures associated with diabe-
tes, the definition of disability as it applies to persons
with diabetes, as well as persons in the general popu-
lation, is multidimensional. Disability can be defined
quite narrowly or quite broadly. There is currently no
standard definition used in the literature. 

Very early on, disability was defined solely by the
presence of a physical disability, such as the loss of a
limb. The work of two individuals, though, moved the
discussion beyond physical disabilities and into a
broader domain. Both Saad Nagi and Philip Wood
described disability in terms of its impact on the indi-
vidual (physical, medical, anatomical, and emo-
tional), and its impact on lifestyles. These are, in turn,
mediated by the environment and family situation in
which the person lives.

In the late 1960s and early 1970s, Nagi outlined dis-
ability in terms of four closely related views: pathol-
ogy, impairment, functional limitation, and disability8-

10. The relationship among these views is shown in

Figure 12.1. Active pathology is defined by Nagi as
some type of interference in the normal processes of
the organism, such as the onset of disease. This pa-
thology may lead to an impairment (an anatomical,
physiological, mental, or emotional loss or abnormal-
ity). Impairments, though, may arise independent of
a pathology. Impairments may then exert their effects
in terms of functional limitations (a limitation in
functioning or performance at the individual level,
e.g., a problem in seeing, hearing, walking, or reach-
ing), or in terms of a disability (a limitation in per-
forming socially defined roles, e.g., self-care or work).

In 1980, Wood developed a framework for the World
Health Organization that identified disability as en-
compassing impairments, disabilities, and handi-
caps11. Impairment in this case denoted any loss or
abnormality in physiologic or anatomic structure or
function. Disability indicated any restriction or inabil-
ity (resulting from an impairment) to perform an
activity in the manner considered normal for that
individual. Handicap was defined as any disadvantage
(resulting from an impairment or disability) that lim-
its the fulfillment of normal role behavior for the
individual.

SPECTRUM OF DISABILITY

As outlined above, the spectrum of disability is wide.
Moreover, disability is often distinguished by the in-
teraction between individuals and their environment.
Not every impairment results in disability or handi-
cap. Individuals with similar conditions can differ in
the severity of their impairment and their ability to
meet normal role expectations due to the influence of
the environment12. Some will have family situations
that enable them to overcome social barriers. Others
will use equipment to overcome physical barriers. The
1990 Americans with Disabilities Act13 aspires to re-
duce some of the access and employment barriers that
disabled persons face. 

In summary, the impact or severity of disability is
variable. The influence may be permanent or tempo-
rary. It may affect the ability to work and the ability to
enjoy other life activities. It may affect the use of
health care services and the patterns of health insur-
ance coverage3. Persons may be limited in self-care
activities such as eating, bathing, and dressing, or
they may face difficulties in moving around, lifting
objects, and walking up and down stairs. Disability
may change the income levels of those affected, influ-
ence the use of social programs, or prejudice the
decisions of individuals living with some uncertainty
of what lies in their futures3,4.

Normal state

DisabilityFunctional
limitation

Pathology

Impairment

Figure 12.1
The Framework of Disability

Source: References 8-10
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DIABETES AND DISABILITY

Diabetes is likely to be associated with disability
through a number of processes, a few of which are
outlined in Table 12.1. For example, a sense of uncer-
tainty about the future is evident in some persons at
the onset of the disease and throughout life. The acute
complications of diabetes might be characterized as
temporary impairments and may be associated with
some limitation in physical and social performance.
The most common scenario is that impairments, limi-
tations, and disabilities will result from the develop-
ment and progression of the chronic complications of
diabetes. 

Despite the resourcefulness of the disability frame-
works, it has been difficult to incorporate all of the
concepts into research and surveys of the population.
Most surveys assess disability in one or more of the
following terms: a) presence of a condition or diagno-
sis, b) ability to get around (mobility) or take care of
oneself, c) ability to work, and d) eligibility for gov-
ernment disability programs. The federal government
has been the primary source of data describing the
epidemiology of disability associated with diabetes.
Surveys by the National Center for Health Statistics
(NHIS), the Census Bureau (Survey of Income and
Program Participation, or SIPP), and the Social Secu-
rity Administration (Disability and Work Survey)
have all assessed disability on a regular basis in some
form, although each has used different survey instru-
ments.

NATIONAL HEALTH INTERVIEW SURVEY

The National Center for Health Statistics reports on
the characteristics of disability in the NHIS, a popula-

tion-based survey that includes questions on disabil-
ity, among other health issues. The primary measures
of disability in the survey are activity limitations due
to impairments or health problems and restricted ac-
tivity days. Activity limitations are categorized into
four groups14: 1) unable to perform major activity,
such as going to school, work, housekeeping, or (in
the elderly) ADLs; 2) limited ability to perform major
activity; 3) limited in activity, but not in major activ-
ity; and 4) not limited.

Disability days are also assessed in the noninstitution-
alized population. A disability day is defined as a day
on which a person has to reduce his/her usual activity
because of illness or injury14. Four types of disability
days are defined in the NHIS: 1) bed days, 2) work loss
days in the currently employed, 3) school loss days
among children, and 4) total restricted activity days.
Further disability measures are assessed in subgroups
of the population. Limitations in the ability to work
are asked of all adults age 18-69 years. Difficulties in
the ADLs (e.g., eating, bathing, dressing, shopping,
doing housework) are asked of persons reporting ac-
tivity limitations and the elderly.

Diabetes is determined in the NHIS by asking persons
if they have ever been told by a doctor that they have
diabetes. For persons reporting activity limitations,
the condition that caused it is also queried. In 1989, a
supplement on diabetes was included in the NHIS to
learn more about diabetes screening, current treat-
ment regimens, diabetes complications, and risk fac-
tors for diabetes15,16. The supplement also provided
information to determine whether the respondents
had IDDM or NIDDM. Subjects with IDDM were de-
fined by age <30 years at onset of diabetes, continuous
use of insulin since diagnosis, and having a desirable
body weight ≤120% of normal. Persons with NIDDM
were defined as all other persons with diabetes (who
did not have gestational diabetes or report pre-, poten-
tial, or borderline diabetes).

SURVEY OF INCOME AND PROGRAM 
PARTICIPATION

The U.S. Census Bureau reports on the disability
status of the population in periodic panels of the
annual SIPP. The SIPP assesses the economic situation
of households and persons in the United States, pro-
viding information useful for evaluation of present
and future government programs17. Various types of
disability measures have been assessed in the panels
to the SIPP. These include:

• Limitations in sensory or physical functioning

Table 12.1
Some Examples of the Disability Framework and
Diabetes

Pathology Impairment
Functional
limitation Disability

Onset of
   diabetes

Worry over
complications

Hypoglycemia Diminished
judgment

Slow
reaction time

No work until blood
glucose is raised

Onset of
   proliferative
   retinopathy

Diminished
vision

Cannot drive
at night

Difficult to go out
after dark

SOURCES OF DISABILITY DATA
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• Difficulty with ADLs

• Presence of specific mental, cognitive, or devel-
opmental conditions

• Presence of conditions that limit work, house-
work, or school activity

• Receiving disability-related benefits

• Use of mechanical aids

The contribution of specific health conditions to dis-
ability status has not been studied in much detail in
the SIPP. The few questions in this area have focused
on identifying the specific condition(s) that caused
work disability, physical limitation, or limitation in
the ADLs or Instrumental Activities of Daily Living
(IADLs)3,17. Diabetes was included as one of 30 differ-
ent conditions that respondents could identify as the
cause of the respective disability.

SOCIAL SECURITY DISABILITY 
INSURANCE

The Social Security Administration (SSA) reports
from time to time on the characteristics of people
awarded Social Security disability insurance benefits.
Statistics on the demographic, socioeconomic, and
medical characteristics of disabled workers are usu-
ally presented in their reports18,19. The definition of
disability applied in the Old Age, Survivors, and Dis-
ability Insurance (OASDI) program is quite restric-
tive. Persons must be unable to participate in gainful
activity due to a medically determinable physical or
mental impairment. This impairment must exist for 5
months before the person can qualify for a disabled-
worker benefit. Furthermore, the impairment should
be expected to last for at least 12 months or lead to
death20. Consequently, this measure of disability is
likely to reflect severe cases. Disabled individuals with
diabetes are reported in SSA statistics when diabetes is
the primary cause of disability.

SURVEY OF WORK AND DISABILITY

In 1972 and 1978, the SSA conducted the Survey of
Work and Disability, a population-based survey on the
characteristics of occupational disability. In these sur-
veys, occupational disability was defined as any limi-
tation in the kind and/or amount of work that a per-
son can do as a result of a chronic health condition or
impairment21. The categories of work disability in-
cluded:

• Severe disability—unable to work regularly or at all

• Occupational disability—able to work regularly,
but not full time, or at the same kind of job

• Secondary work limitations—able to work regu-
larly, full time at the same job as before disability,
but limited in kind and/or amount of work

LIMITATIONS OF U.S. GOVERNMENT DATA

In general, the prevalence of disability is presented
adequately in the surveys outlined above. Information
is available on the number of diabetic persons dis-
abled, the type of disability present, and the number
of work-days lost. As will be noted below, each survey
has also shown the impact of disability to be more
profound in the diabetic population than in the non-
diabetic population. Some limitations, though, are in-
trinsic to these surveys. For example, the NHIS and
SIPP represent disability in the noninstitutionalized
population. More severe cases of disability that re-
quire institutionalization are not included in these
two surveys (see Chapter 28). There also is little
assessment of the incidence of disability and no longi-
tudinal followup of the population to examine
changes or progression in disability. As defined in the
frameworks above, disability is a dynamic process.
Questions also exist about the adequacy of ascertain-
ment of the diabetic population and the ability to
distinguish NIDDM from IDDM. Because IDDM oc-
curs infrequently in the population, the 1989 NHIS
had only a small sample of IDDM persons (n=121
total, 101 age <45 years)15.

COMMUNITY-BASED EPIDEMIOLOGIC
STUDIES

Some information on disability is available from sur-
veys of specific populations of the diabetes commu-
nity, such as Mexican Americans and persons with
IDDM. These data provide further examination of the
prevalence and risk factors for disability. Again, the
specific measures of disability differ among the stud-
ies.

INDUSTRIAL STUDIES

Reports based on industrial populations have de-
scribed the disability characteristics of persons with
diabetes. Industry’s concern over diabetes-related dis-
ability centers around the monetary issues involved
with the subsequent loss of production, high rates of
absenteeism, and higher insurance premiums. In the
surveys conducted in this setting, employment re-
cords of diabetic individuals were compared with em-
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ployment records of those in the work force without
diabetes. Limitations in these studies include inade-
quate identification of diabetic employees, inadequate
description of disability in females with diabetes, and
lack of matched control groups.

Disability affects large numbers of persons with diabe-
tes in the United States. Estimates range from 20%-
50% of the diabetic population. Persons with diabetes
are two to three times more likely to report disability
than their counterparts in the general population. The
greatest degree of difference appears for the most
serious forms of disability. Diabetes is often accompa-
nied by another condition leading to disability.

Estimates of the prevalence of disability associated
with diabetes are available from a number of sources.
There is some discrepancy among studies on the ex-
tent of disability in the diabetes population. This is
due to the diversity of disability measures used. In-
struments assessing relatively severe forms of disabil-
ity report lower prevalence rates than those assessing
relatively mild forms. Figure 12.2 outlines the scale of
disability used in previous studies of diabetes popula-
tions. By considering the intensity of the measure, the
impact of disability in diabetes can be placed in a
better perspective. 

NATIONAL HEALTH INTERVIEW SURVEY

The most comprehensive examination of disability
indicators is contained in the NHIS. Chronic diseases,

including diabetes, are strongly linked with reported
activity limitations in the NHIS2. In 1983-85, diabetes
was the 11th most common condition cited as the
main cause for activity limitation in the United States,
accounting for 2.7% of all reported cases2. When con-
sidered as any contributing cause of activity limita-
tion, diabetes was the sixth most frequent condition
cited, explaining 6.5% of all cases.

In 1989, the NHIS supplement on diabetes allowed for
a more detailed examination of disability related to
diabetes. About half of all persons with diabetes re-
ported an activity limitation (of any type) related to an
impairment or health problem (Figure 12.3). Activity
limitations were two to three times higher for persons
with NIDDM and IDDM compared with persons with-
out diabetes (Appendix 12.1). 

The greatest degree of difference in disability between
people with diabetes and the nondiabetic population
appeared for the most serious form of activity limita-
tion, being unable to perform their major activity
(Table 12.2). Significant percentages of the diabetic
population reported being unable to carry on their
major activity (NIDDM, 20.6%; IDDM, 13.9%; Appen-
dix 12.2). A similar proportion of people with diabe-
tes reported being limited in the amount or kind of
major activity they could undertake. 

A limitation in major activity was defined as 1) having
difficulty in working at a job or business, in house-
keeping, or in going to school (for persons age 18-69
years), or 2) having difficulty in the independent
performance of ADLs (for persons age ≥70 years).
Figure 12.4 shows the type of major activity reported

PREVALENCE OF DISABILITY

Figure 12.2
The Scale of Disability

ADLs, activities of daily living; IADLs, instrumental activities of daily living.
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Figure 12.3
Age-Standardized Percent of Persons Age ≥18 Years
Reporting Activity Limitations, U.S., 1989

Source: 1989 National Health Interview Survey
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by diabetic and nondiabetic subjects in the NHIS. A
smaller proportion of persons with diabetes, particu-
larly those with NIDDM, reported working at a job or
business. Perhaps the most important life activity for
an adult is being able to work at a job or business. In
1990, nearly 42% of persons age 18-69 years with
diabetes reported being unable to work or being lim-
ited in the kind or amount of work activity they could
do22. About 28% of the population reported being
unable to work at all.

Another measure of disability in the NHIS is the sur-
vey of restricted activity days over a 2-week period.
Restricted activity days are a broader measure of dis-
ability because they consider reductions in usual ac-
tivity related to long-term or short-term conditions14.
The discussion above of activity limitations focused
on long-term reductions in capacity only. In 1989,
about one-fifth of the diabetes population reported at
least one restricted activity day in the past 2 weeks
(Table 12.3, Appendix 12.3). This proportion was
twice that reported by the nondiabetic population.

The distribution of restricted activity days for the
diabetic and nondiabetic populations in the 1989
NHIS is shown in Figure 12.5. While most persons
with diabetes did not report any restrictions in their
usual activity in the previous 2 weeks, those who did
described lengthy cutbacks in activity. Thirteen per-
cent of the persons with NIDDM and 11% of those
with IDDM reported ≥6 days of restricted activity in
the preceding 14 days. This was markedly higher than
the 3.9% of the nondiabetic population indicating a
similar degree of impairment.

18-44
years

45-64
years

   65
years

NIDDM IDDM Nondiabetic
Working Keeping house School Other

Figure 12.4
Type of Major Activity Reported by 1989 NHIS 
Participants, by Diabetes Status and Age

NHIS, National Health Interview Survey.

Source: 1989 National Health Interview Survey

Table 12.3
Age-Standardized Percent of Persons Age ≥18 Years
Reporting Any Restricted Activity Days in the 
Previous 2 Weeks, U.S., 1989

NIDDM IDDM Nondiabetic

Any restricted activity days 22.4 21.3 10.3

Bed days 14.2 14.7 5.7

Work-loss days (among the
 employed) 11.2 11.4 6.1

Other restricted activity days 11.5 10.7 5.2

Source: 1989 National Health Interview Survey

NIDDM

IDDM

Nondiabetic

0 20 40 60 80 100
Percent

  6 days 3-5 days 1-2 days None$

Figure 12.5
Percent Distribution of Restricted Activity Days, by
Diabetes Status, U.S., 1989

Source: 1989 National Health Interview Survey

Table 12.2
Age-Standardized Percent of Persons Age ≥18 Years,
by Type of Activity Limitation Reported, U.S., 1989

NIDDM IDDM
Nondiabetic
population

Unable to carry on
 major activity 19.4 15.1 4.5

Limited in the kind or
 amount of major activity 19.0 18.3 6.1

Limited, but not in
 major activity 11.8 8.9 5.4

Not limited 49.8 57.7 83.9

Data are age-standardized to the 1989 National Health Interview Survey sample
population using three age groups. The data representing IDDM subjects are
based on small sample sizes.

Source: 1989 National Health Interview Survey  ≥
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A Supplement on Aging was included in the 1984
NHIS and was used, in part, to assess disability in
basic life activities among the U.S. population age ≥65
years. These basic operations include ADLs and
IADLs. The ADL scale examines the level of self-suffi-
ciency of the person in basic self-care activities (bath-
ing, eating, dressing, transferring from a bed to a
chair, using the toilet) and mobility23. The IADL scale
examines further activities important for living inde-
pendently (cooking, shopping, managing money, us-
ing the phone, using transportation, housekeeping)24.

In 1984, about one-third (33.5%) of the diabetes
population age ≥65 years was estimated to be depend-
ent in at least one ADL or IADL25. Extrapolated to the
1992 population with diagnosed diabetes26, this repre-
sents ~1.1 million persons with diabetes who were
dependent. Nearly one-quarter (24.4%) were depend-
ent in at least one ADL, and 7.3% were dependent in
≥3 ADLs. Dependence in this study was defined as
having difficulty in performing an activity or being
unable to perform an activity due to a health or physi-
cal problem, without the help of another person or
assistive device25.

SURVEY OF INCOME AND PROGRAM 
PARTICIPATION

Two panels of the SIPP, in 1984-85 and 1991-92, have
addressed disability issues. With an emphasis on gath-
ering data on disability and the use of government
programs, the SIPP has not focused to a large extent
on the role of chronic conditions in disability. The
1984-85 panel, though, did examine the conditions
mainly responsible for work disability and the need
for personal assistance. 

Diabetes was the seventh most frequently cited condi-
tion listed as being mainly responsible for work dis-
ability17. In 1984-85, an estimated 806,000 persons
with diabetes had some type of work disability
(equivalent to 3.4% of all persons disabled in work
activity). Of this figure, 482,000 were entirely unable
to work and 79,000 were able to work, but not in
full-time employment. About 245,000 persons with
diabetes were estimated to have a disability but were
still able to work full-time. These findings are in
general agreement with the results of other surveys
regarding work disability. Severe work disability, re-
flected in the inability to work at all, accounts for the
largest proportion of all work-disabled individuals.
With respect to the need for personal assistance, an
estimated 116,000 persons with diabetes needed some
help in "getting around," while 169,000 persons
needed help with housework or meal preparation.

Information from the 1991-92 panel lists the condi-
tions reported as being the cause of limitations in
functional activities, ADLs, or IADLs. Diabetes was,
again, the seventh most frequently cited condition
mentioned as a cause of disability, representing 3.9%
of all responses (Figure 12.6). Diabetes was cited
more often as a secondary or tertiary cause of limita-
tion in normal activities than as a primary cause of
incapacity.

SOCIAL SECURITY DISABILITY 
INSURANCE

The SSA manages the largest government program for
people with disabilities. The Social Security Disability
Insurance (SSDI) program is directed toward income
support for persons no longer able to work. Few re-
ports have used SSDI data to examine disability issues
in persons with diabetes. Measuring the impact of
diabetes-related disability from this source is difficult
in several respects. First, applicants for benefits have
to demonstrate that their impairment precludes their
participation in normal activity and will continue to
do so in the long term. Thus, only severe cases of
disability are identified from this source. Second, in-
formation is available only on the number of disability
claim allowances related to diabetes. These represent
new judgments for benefits or new judgments that an
applicant has established a period of disability. No
information is available on the total number of diabe-
tes-related beneficiaries in the system. Third, the eli-
gibility criteria for benefits have changed considerably
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Figure 12.6
Diabetes as a Reported Cause of Limitation in 
Functional Activity, ADL, or IADL, U.S., 1991-92

ADL, activities of daily living; IADL, instrumental activities of daily living.

Source: 1991-92 Survey of Income and Program Participation, Social Security
Administration 
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over time. Fourth, the SSA has only considered the
impact of diabetes as a primary cause of disability. As
demonstrated earlier, diabetes is a significant factor as
a second or third condition contributing to disability.
The latest available data show that 8,250 persons with
diabetes were granted disability claims allowances in
198419. This number represents 2.3% of all allowances
given that year.

SURVEY OF WORK AND DISABILITY

More appropriate measures of disability related to
diabetes can be found in the Survey of Work and
Disability conducted by the SSA. While this specific
survey is no longer being administered, the 1972 and
1978 versions indicated that 45%-50% of diabetic peo-
ple were limited in their work activities in one form or
another (Figure 12.7)27,28. This amount of disability
was about three times greater than that in the general
population, where 14%-17% were work-disabled. The
largest degree of difference in disability between the
diabetic and general populations was found for the
most severe form of work disability, being unable to
work at all. Greater percentages of the diabetic sub-
jects (28%-34%) were unable to work (severe disabil-
ity) compared with the general population (7%-8%).
Higher burdens were also noted for the lesser forms of
work disability (occupational disability—being able
to work, but not full time at the same job; secondary
work limitations—able to work the same job, but
limited in what the person can do).

NATIONAL NURSING HOME SURVEY

While the 1984 NHIS Supplement on Aging consid-
ered disability in the noninstitutionalized aged popu-
lation, many older persons with significant disabilities
are living in long-term care institutions. The 1985
National Nursing Home Survey sampled nursing
homes and their residents nationwide. Data from this
survey and the 1984 Supplement on Aging suggest
that 19.5% of all functionally dependent persons with
diabetes (dependence in at least one ADL or IADL)
reside in nursing homes25. In 1985, an estimated
165,000 diabetic persons age ≥65 years with depend-
ency in at least one ADL or IADL were resident in
nursing homes25. Nearly 78% of these persons were
dependent in ≥3 ADLs. Chapter 28 presents more
information on disability in institutionalized people
with diabetes.

COMMUNITY-BASED EPIDEMIOLOGIC
STUDIES

Measures of disability have been assessed in separate
and distinct epidemiologic surveys of persons with
diabetes in U.S. communities. Among them, the Pitts-
burgh Epidemiology of Diabetes Complications
(EDC) Study has examined disability issues since
1986. The EDC study is an ongoing investigation of
factors related to diabetes complications in persons
with IDDM. The study population is based on all
childhood-onset diabetes patients seen at the Chil-
dren’s Hospital in Pittsburgh in 1950-80 who are liv-
ing in the Pittsburgh, PA region. The mean age of the
658 participants at the baseline examination was 28
years. The mean duration of IDDM was 20 years29,30.

Nearly one person in five in this relatively young
cohort reported diabetes-related limitations in the
type or amount of work they could do at home, at
school, or on the job (Table 12.4). Furthermore, of the
22% reporting limitations at the 4-year followup, one-Secondary
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Figure 12.7
Percent of Persons with Diabetes Age 20-64 Years
Reporting Work Disability, by Type of Limitation,
U.S., 1972, 1978

Source: 1972 and 1978 Surveys of Work and Disability, Social Security 
Administration, References 27 and 28

Table 12.4
Percent of IDDM Persons Limited in Work, Home,
or School Activities Due to Diabetes-Related 
Problems, Pittsburgh EDC Study

Sample
size (no.)

Percent
limited

Baseline survey (1986-88) 625 17.1
2-year followup (1988-90) 481 18.9
4-year followup (1990-92) 430 21.6

EDC, Epidemiology of Diabetes Complications.

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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third had difficulties in at least one ADL, 57% had
difficulties in at least one IADL, and 75% reported
difficulties in functional capacity (i.e., walking, stand-
ing for long periods, reaching, lifting, grasping, etc.).

The prospective nature of the EDC study highlights
the dynamic nature of disability. Figure 12.8 charts
the development (incidence) of diabetes-related limi-
tations from the time of the baseline examination.
Among those persons reporting no problems in their
work activity at baseline, 5% identified a diabetes-re-
lated limitation 2 years later and 11% did so at the
4-year follow-up examination. Some persons indi-
cated an improvement in their disability status over
time: among participants reporting disabilities at
baseline, 14% had no trouble at the 2-year followup
and 22% had no diabetes-related limitations at the
4-year examination.

Another case-control investigation focused on an
older cohort (mean age 33 years) of the CHP IDDM
Registry. This study surveyed the employment experi-
ences of 158 adults with IDDM and their nondiabetic
brothers and sisters31. IDDM subjects were seven
times more likely to report being disabled in their
work abilities than their age- and sex-matched sib-
lings (Table 12.5). A sizable percentage were unable to
work at all (12.6%).

Disability in persons with diabetes is influenced by a
number of factors, the strongest of which is the pres-
ence of the late complications of diabetes. The preva-

lence of impairments increases steadily with age, but
disability still affects large numbers of young people
with diabetes. Disability is more common in women
and minority ethnic groups, and it appears to affect
persons with NIDDM more frequently than those with
IDDM. In IDDM, disability increases with longer du-
ration of diabetes.

DEMOGRAPHIC FACTORS

The attributes of disability vary enormously from in-
dividual to individual. Two persons with the same
relative degree of health may respond quite differently
when queried about their ability to carry on normal
activities. One individual may have a supportive envi-
ronment, while another may not. A number of ele-
ments are correlated with the evolution of disability in
persons with diabetes. While it has been difficult to
quantify the importance of all the variables that influ-
ence disability, there is a great deal of information on
the relationship of disability with selected demo-
graphic factors (age, gender, race, income, education,
etc.). 

The characteristics of disability in the diabetes com-
munity are, in general, similar to those seen in the
general population. Activity limitations reported in
the 1989 NHIS increased with advancing age for per-
sons with NIDDM (Figure 12.9). Data from the 4-year
follow-up examination in the EDC study indicate a
similar tendency for persons with IDDM (Figure
12.10). Data from the 1989 NHIS (Appendix 12.1)
and the 1972 Survey of Work and Disability (Table
12.6) suggest that the largest degree of difference in
reported disability between the diabetic and nondia-
betic populations is found at younger ages.

Increasing rates of disability occur with advancing age
in older diabetic Americans. Substantial percentages
of the diabetes population age ≥55 years reported
difficulties in at least one ADL in the 1984-85 Supple-
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Figure 12.8
Percent of IDDM Persons with No Disabilities at
Baseline Who Report Work Limitations at 
Followup, Pittsburgh EDC Study

EDC, Epidemiology of Diabetes Complications.

Source: Pittsburgh Epidemiology of Diabetes Complications Study

Table 12.5
Percent of Persons Disabled in Work Activity, 
Children’s Hospital of Pittsburgh IDDM Registry,
1985

IDDM
subjects

Nondiabetic
siblings

Any work disability 32.4 4.6
Severe disability 12.6 0.0
Occupational disability 9.9 0.6
Secondary work limitations 9.9 4.0

Source: Reference 31

ATTRIBUTES RELATED TO DISABILITY
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ment on Aging (Figure 12.11)32. More than one
woman in every two with diabetes indicated a depend-
ency of some type in these self-care activities.

As a group, women with diabetes have higher rates of
disability than men; this pattern is also found in the
nondiabetic population (Table 12.7). While disability
is more frequent in females, from most indications the
gender difference is not significant for the diabetes
population. Moreover, the excess disability in females
may only exist at an older age. Activity limitations in
the 1989 NHIS were slightly more frequent at age
18-44 years in diabetic men before becoming more

frequent at age ≥45 years in diabetic women (Figure
12.12). The Framingham Heart Study examined the
contributory role of diabetes in the development of

Table 12.6
Percent of Persons Reporting Work Disability, by
Age, 1972

 Age (years) Diabetic Nondiabetic

<45 34.0 8.4
45-54 42.3 19.0
55-64 57.4 28.8

Source: 1972 Survey of Work and Disability, Social Security Administration

Table 12.7
Percent of Persons Reporting Disability, by Gender

Data        Disability 
Diabetic

population
Nondiabetic
population

source measure - Men Women - Men Women

NHIS, 1989 Activity limitations 53.5 57.1 14.9 16.1

Survey of
 Work and
 Disability,
 1972

Work disability
Severe disability

44.7
23.1

47.3
32.6

13.6
5.7

15.0
8.3

EDC survey,
 1990-92

Work limitations 18.0 25.0

CHP IDDM
 Registry,
 1985

Work disability
Severe disability

32.1
15.5

32.8
9.0

4.8
0.0

4.5
0.0

NHIS, National Health Interview Survey; EDC, Pittsburgh Epidemiology of
Diabetes Complications Study; CHP, Children’s Hospital of Pittsburgh.

Source: Sources are listed within the table
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Figure 12.9
Percent of Persons Reporting Activity Limitations,
by Age Group, U.S., 1989

Source: 1989 National Health Interview Survey
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Figure 12.10
Percent of IDDM Subjects Reporting Being Limited
in Type or Amount of Work Activity, by Age, 
Pittsburgh EDC Study, 1990-92

EDC, Epidemiology of Diabetes Complications; Data are 3-year moving average

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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Figure 12.11
Percent of Diabetic Population with Difficulties in
ADLs, by Age and Gender, U.S., 1984

 ADLs, activities of daily living; NHIS National Health Interview Survey.

Source: Supplement of Aging, 1984 National Health Interview Survey; Refer-
ence 32
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physical disability33. In a cohort of 2,021 persons free
of cardiovascular disease, diabetes was associated
with measures of physical disability in women, pri-
marily those age >75 years, but not in men.

Analyses considering racial attributes find higher dis-
ability rates in African Americans. Figure 12.13 shows
information from the 1989 NHIS. Both black men and
black women have a higher prevalence of activity
limitations than whites22. Similarly, the prevalence of
work disability was higher in African Americans than
in whites (55.2% versus 44.3%) in the 1972 Survey of
Work and Disability27. 

Evaluation of other ethnic groups in national surveys
is difficult because of small sample sizes. However, the
1982-84 Hispanic Health and Nutrition Examination
Survey (HHANES) focused on U.S. Hispanic popula-
tions. Based on this survey34, activity limitations were
nearly two times more common in Mexican Ameri-
cans with diabetes than in Mexican Americans with-
out diabetes (Figure 12.14).

Significant associations between disability and educa-
tion or income were found in the 1989 NHIS (Table
12.8). Activity limitations were highest among per-

Table 12.8
Age-Standardized Percent of Persons Age ≥18 Years
Reporting Activity Limitations, by Education and 
Income, U.S., 1989

NIDDM
population

Nondiabetic
population

Education (completed years)
<9 67.7 22.7

9-12 50.3 16.3
≥13 40.7 13.1

Income
<$10,000 71.1 30.6

$10,000-19,999 54.6 20.1
$20,000-34,999 46.0 15.5
$35,000-49,999 24.5 11.8

≥$50,000 33.0 9.3

Data are age-standardized to the 1989 National Health Interview Survey sample
population using three age groups.

Source: 1989 National Health Interview Survey
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Figure 12.12
Percent of Persons with Diabetes Reporting Activity
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sons with the fewest years of education and the lowest
income levels, even after adjusting for age. Similar
correlations were noted for persons with IDDM in the
EDC study. While income may be suppressed by dis-
ability, the association with lower levels of education
indicates a strong tendency for higher rates of disabil-
ity in lower socioeconomic groups.

DIABETES-RELATED FACTORS

Table 12.9 presents the frequency of activity limita-
tions among respondents to the 1989 NHIS diabetes
supplement by type of treatment. Individuals with
NIDDM who were using insulin reported more limita-
tions in normal activities than persons using oral
agents or diet alone to control their diabetes. Subjects
with NIDDM appear to have higher rates of limitation
than persons with IDDM, although the sample size of
respondents with IDDM was small.

Data from the 4-year follow-up examination in the
EDC study indicate that the frequency of disability
increases with longer duration of diabetes in patients
with IDDM (Figure 12.15).

The strongest factor associated with disability appears
to be the presence of the late complications of diabe-
tes. Persons with complications are more likely to be
impaired in their normal activities than are those
without the chronic complications of diabetes. In the
EDC study, 35.7% of subjects with complications were
limited in the type or amount of work they could
perform. Only 3.5% of subjects without complications
were so limited. There was no single condition or
complication that accounted for this finding. Each
type of complication was significantly associated with
disability (Table 12.10). Higher rates of activity limi-
tations were also observed among respondents with
NIDDM and complications in the 1989 NHIS (Table
12.11).

Table 12.10
Prevalence of Disability in IDDM Persons with 
Diabetes-Related Complications, Pittsburgh
Epidemiology of Diabetes Complications Study, 1990-92

Complication
Prevalence of disability

(%)

Retinopathy 44.4
Nephropathy (overt) 38.0
Coronary heart disease 54.2
Definite peripheral vascular disease 47.2
Definite neuropathy 43.6
Hypertension 43.6
All persons with IDDM 21.6

Source: Pittsburgh Epidemiology of Diabetes Complications Study

Table 12.9
Percent of Persons Reporting Activity Limitations,
by Type of Diabetes Treatment, U.S., 1989

Age (years)

NIDDM,
using

insulin

NIDDM,
using

oral agents

NIDDM,
using

diet alone IDDM

≥18 63.5 52.4 48.3 42.9
18-44 52.9 46.5 26.1 43.4
45-64 62.3 47.6 58.9 39.8

≥65 68.1 56.9 48.8

Source: 1989 National Health Interview Survey
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Percent of IDDM Persons Reporting Work 
Limitations, by Duration of Diabetes, Pittsburgh
EDC Study, 1990-92 

EDC, Epidemiology of Diabetes Complications. Data are 3-year moving aver-
ages. Limitations include those in the type or amount of work that can be
performed.

Source: Pittsburgh Epidemiology of Diabetes Complications Study

Table 12.11
Limitation in Activity of NIDDM Persons with 
Diabetes-Related Complications, Age ≥18 Years,
U.S., 1989

Complication
Limited in activity

(%)

Retinopathy 66.3
Laser treatment for retinopathy 74.1
Glaucoma 73.7
Cataracts 64.9
Angina or any heart trouble 76.8
Stroke 56.7
Kidney disease or proteinuria 73.5
Amputation 81.6
Sensory neuropathy 73.8
Sores on feet that don’t heal 72.3
All persons with NIDDM 56.3

Source: 1989 National Health Interview Survey
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The evidence regarding trends in the prevalence of
disability among persons with diabetes is varied. De-
pending on the disability measure applied, reports
have indicated increasing, decreasing, or constant
prevalence. When changes exist, they have been
small.

Interpreting changes in the prevalence of disability
related to diabetes over time is difficult because of the
multiple definitions of disability in the literature.
Moreover, assessment strategies have changed over
time, even within similar survey instruments. Table
12.12 outlines the frequency of activity limitations
among persons with diabetes in the NHIS by year28,35.
Direct comparisons between the years are complicated
because of differences and changes in the assessment
of activity limitations. Despite variation among the
surveys, it appears that activity limitations among
persons with diabetes may have remained relatively
stable over time. 

Better information, from a comparison perspective, is
available on work limitations as assessed in the NHIS
(Figure 12.16)22. Over the 8-year period of 1983-90,
self-reported work limitations changed only slightly,
from 43.9% to 41.9%. A more notable decline was
found for white females and all African Americans.
White males, though, showed an increase in work
limitations during 1983-90.

Disability allowances in the Social Security program
due to diabetes have increased over time (Figure
12.17)36. The number of persons with diabetes, how-
ever, has also increased. Furthermore, there is evi-
dence to suggest that the changes in allowances
awarded over time for all persons have been due, in

part, to changes in the eligibility criteria for the appli-
cants37.

Disability affects the lives of persons with diabetes in
many different ways. A lower proportion of disabled
persons with IDDM are in the work force; those who
are employed have higher absenteeism rates than
workers without disabilities. Health care use is in-
creased among disabled people, with the number of
physician contacts being twice those of people with-

Table 12.12
Trends in the Percent of Diabetic Adults Reporting
Activity Limitations, U.S., 1964-89

Age and sex 1964 1979-81 1989

Age (years)
≥20 54.2 56.5 55.6

20-44 31.9 36.1 48.3* 
45-64 46.4 55.3 54.7

≥65 70.6 65.6 60.0
Males 50.9 55.0 53.6
Females 56.6 57.6 57.1

*The youngest age group in the 1989 data is age 18-44 years.

Source: Data are from the National Health Interview Surveys: 1964, Reference
35; 1979-81, Reference 28; 1989, unpublished data from the 1989
Diabetes Supplement
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out disabilities. Persons developing disability often
experience decreases in income levels and greater de-
pendency in basic life activities. These factors and
others likely contribute to the lower perceptions of
health among disabled persons.

The impact of disability in the diabetes population is
wide ranging. Thus, studies that only consider the
prevalence of disability seriously undervalue the ef-
fect that disability has on the lives of those affected.
Disability influences economic, sociologic, and psy-
chologic parameters, among other areas. Significant
proportions of disabled persons, for example, are no
longer working, particularly those with severe disabil-
ity21. Income differences, largely related to the loss of
earnings with the loss of a job, exist between disabled
and nondisabled people5. These findings and others
have led to the view that disabled people live in an
atmosphere of "disadvantage"4.

The burdens of disability, though, differ by the cul-
ture, education, family, and environment in which the
person lives. Changes in the public’s perception of
disability, such as the elimination of bias in job hiring,
can increase opportunities for disabled people2.
Changes in the physical environment, such as the
availability of access ramps, can increase the mobility
of disabled people.

UNEMPLOYMENT

If the impact of disability on persons with diabetes is
similar to that in the general population, then disabil-

ity will affect the employability of individuals signifi-
cantly. Information from the 1989 NHIS shows that a
lower proportion of diabetic than nondiabetic persons
are currently employed, even after adjusting for age
(Figure 12.18). Most of this disparity is due to the
large number of subjects who are not in the labor force
as opposed to being unemployed, particularly for
NIDDM (Table 12.13). The influence of disability on
this finding, though, is not clear.

More direct information is available from the studies
of the CHP IDDM Registry, which found that disabled
persons with IDDM were more likely to be not work-
ing than those who were not disabled (Figure 12.19).
Data from both the 4-year followup of the EDC study

Table 12.13
Self-Reported Employment Status in the Past 2
Weeks by Age and Diabetes Status, U.S., 1989

Employment status
and age (years) NIDDM IDDM Nondiabetic

Currently employed

18-44 62.0 79.1 79.3

45-64 47.0 54.7 67.7

Unemployed

18-44 8.1 5.8 3.8

45-64 1.7 4.7 2.3

Not in the labor force

18-44 29.9 15.0 16.9

45-64 51.3 40.6 30.0

Source: 1989 National Health Interview Survey
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and a 1985 study of the IDDM cohort diagnosed in
1950-6531 indicate that about half of the disabled re-
spondents were not working. This figure was two to
three times greater than that observed among subjects
without disability.

ABSENTEEISM

For some time now, there has been concern among
employers that diabetic employees may have high
rates of absenteeism. In the 1950s, concern about
diabetes and its implications for loss of productivity
and higher insurance premiums led to an examination
of disability in the working diabetic population at
several industrial sites. The general results of these
studies of absenteeism are presented in Table 12.1438-44.

The findings of the surveys were variable and showed
favorable, normal, or unfavorable experiences for the
diabetic groups. Most found higher rates of absentee-
ism for the diabetic employees. There are several
methodological shortcomings in these surveys, how-
ever, that limit extrapolation of the findings to the
general diabetic population. These include the means
of identifying employees with diabetes and the inade-
quate matching with controls. 

Absenteeism associated with diabetes has also been
assessed in the 1989 NHIS. Absenteeism, measured as
the number of work-loss days in the previous 2 weeks,
was notably higher among both NIDDM and IDDM
respondents, compared with the experience of the
nondiabetic population (Appendix 12.3). In the CHP

IDDM Registry, however, no difference in absenteeism
was found between working IDDM persons and their
working nondiabetic siblings31. 

While the debate continues regarding the importance
of absenteeism in persons with diabetes, one solid
conclusion arising from these studies is that signifi-
cant rates of absenteeism are limited to a small subset
of the diabetic population. Most diabetic employees
appear to have normal work attendance records. In
addition, there is the suggestion that many of the
individuals with high rates of absenteeism may be
disabled. Data from the 1979-81 NHIS indicate a
higher number of work-loss days among diabetic
workers with activity limitations than among those
without activity limitations (17.5 days per year versus
9.9 days per year)28. Similarly, a higher rate of absen-
teeism was observed for working IDDM subjects with
disability than for those without disabilities (13.8
days per year versus 3 days per year).

The distribution of the number of days absent from
work for employed IDDM persons in the CHP IDDM
Registry is shown in Figure 12.20. Excess absenteeism
for disabled persons was noted for the category of ≥10
days absent per year but not for the categories with
fewer days of absence. These data may reflect that
disabled people either tend to be absent more fre-
quently or tend to be absent for longer periods when
they are away from work.

Table 12.14
Industry-Based Studies of Absenteeism in Diabetes

Ref. Study, year

No. of
diabetic

employees

Absence
rate of

diabetic
employees
(days/year)

Absence
rate of

nondiabetic
employees
(days/year)

38 An insurance
 company, 1950 10 2.4 4.9

39 Third Ave. Transit
 System, 1951 40 31.6 19.6

40 Oil refinery, 1956 90 9.8 8.8

41 Dupont Co., 1956 408 10.8 5.6

42 Dupont Co., 1963 622 13.0 6.9

43 Ford Motor Co.,
 1959-64 273 10.5 3.5

44 Hanford Operations
 Co., 1974 108 6.3 7.5

Source: References are listed within the table
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Figure 12.20
Frequency Distribution of Absenteeism per Year for
Currently Employed IDDM Subjects, by Disability
Status, 1950-64 Cohort, CHP IDDM Registry

CHP, Children’s Hospital of Pittsburgh.

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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DISCRIMINATION

With a higher degree of unemployment and absentee-
ism, there is concern that persons with diabetes may
face discrimination in the workplace. Indeed, some
reports suggest that this has taken place in the
past31,45. The extent to which disabled persons with
diabetes are discriminated against is not known. The
1990 Americans with Disabilities Act, however, may
increase employment possibilities for disabled per-
sons with diabetes. This legislation seeks to expand
the opportunities of disabled persons by providing
standards in employee hiring and by allowing for
work rule and work environment changes to meet the
needs of those with disabilities.

HEALTH CARE USE

Disability has concomitant effects on the use of medi-
cal services. In diabetes, a number of medical prob-
lems give rise to disability. Hence, there is a strong
association between disability and the use of medical
care. Disabled subjects with diabetes, in general, use
health care services more frequently than nondisabled
persons with diabetes. Disabled subjects with diabetes
also appear to use medical care more often than dis-
abled persons who do not have diabetes. Table 12.15
and Figure 12.21 describe this pattern for hospital and
outpatient physician care.

Figure 12.22 and Table 12.16 outline the medical
care/disability association for IDDM subjects in the
EDC study. Persons limited in the kind or amount of
work they could perform were more likely to use
hospital, emergency department, and outpatient phy-
sician services. Their total number of health care con-

Table 12.15
Health Care Use by Disability Status, Age ≥18 Years,
U.S., 1989

Diabetic
population

Nondiabetic
population

Limited
Not

limited Limited
Not

limited

Physician visits
Physician contact
 in the past year (%) 95.7 93.2 89.0 72.0

Hospitalizations
Hospitalized in the
 past year (%) 32.4 13.2 22.0 7.3
Average length of
 stay per discharge
 (days) 14.2 8.7 11.3 5.3

Source: 1989 National Health Interview Survey

Table 12.16
Health Care Use Rates for IDDM Persons, by 
Disability Status

Type of health service Limited Not limited

Average number of hospital
 admissions per year 0.95 0.42
Average number of outpatient
 physician visits per year 10.34 4.63
Average number of emergency
 department visits per year 1.14 0.63

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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tacts averaged twice the figure reported by those not
limited.

ACCESS TO HEALTH CARE

Shortcomings in the present health care system, such
as insurance exclusions brought about through preex-
isting illness clauses, raise some concern about the
ability of disabled persons to obtain health care when
they need it. Overall, there is very little information
available specific to this issue. Data on IDDM persons
in the EDC study indicate that persons with activity
limitations are more likely to report difficulties in
obtaining medical care than those not disabled (19.6%
versus 8.6%, p=0.003). While most subjects reporting
disability had health insurance coverage (90.3%),
they were more likely to be covered by individual
plans than by group plans (25% versus 11.6%,
p=0.003). As a result, they more often reported paying
higher rates for insurance coverage than did those not
disabled (8.7% versus 2.8%). These data suggest that
economic factors could influence some of the health
care decisions of disabled persons.

ECONOMIC DIFFICULTIES

Income differences have been widely noted between
disabled and nondisabled persons4,5. While disability
rates are higher for individuals in lower socioeco-
nomic categories, it is often difficult to distinguish

cause and effect in this relationship. The loss of in-
come arising from severe work-limiting disabilities is
a pervasive economic burden faced by disabled peo-
ple. Figure 12.23 describes the change in income lev-
els observed in the EDC study for IDDM subjects who
did and did not develop disability in the 4 years since
their baseline examination. Persons who were free of
disability at baseline and reported a disability at 4-
year followup were more likely to report a decrease in
household income levels over time than were partici-
pants who remained free of disabilities (23.5% versus
14.6%). Equally important, those developing disabil-
ity were also less likely to experience an increase in
income level (29.4% versus 49.6%).

RESTRICTIONS IN NORMAL ACTIVITIES

Limitations in the normal activities of living, such as
the abilities to care for oneself, to get around, and to
maintain a household, have been viewed in the litera-
ture from two different perspectives. Most often, these
types of limitations in ADLs or IADLs have been
observed as evidence of disability. Other reports,
though, have examined these types of limitations as
resultant outcomes of disability. As demonstrated ear-
lier, extended impairments in basic life activities sig-
nal a greater degree of dependency for the affected
individual and an increased likelihood for institution-
alization.

The 1989 NHIS examined the frequency in which
certain respondents (those age 18-59 years with activ-
ity limitations and all persons age 60-69 years) re-
quired assistance in personal care (ADLs) or other
routine care needs (IADLs). Overall, persons with
diabetes (either NIDDM or IDDM) were more likely to
report dependency in these activities than those with-
out diabetes, even after adjusting for age (Figure
12.24). Individuals with IDDM appeared to have a
markedly higher frequency of dependency in personal
care needs. This degree of dependency in ADLs oc-
curred in the young as well as in the middle-aged
(Table 12.17).

Among IDDM subjects surveyed in the EDC study,
about one-third of those reporting disabilities (limita-
tions in the kind or amount of work they could per-
form) had difficulty in performing at least one ADL
(Table 12.18). Fifty-seven percent reported at least
one restriction in the IADLs. Seventy-five percent re-
ported some type of functional capacity limitation.
The impairments most frequently cited by the respon-
dents were difficulty in lifting heavy items; difficulty
in doing heavy housework such as scrubbing floors
and windows; difficulty in standing for long periods
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Figure 12.23
Percent of IDDM Subjects with a Change in Income
Level in 4 Years, by Disability Status, Pittsburgh
EDC Study

EDC, Epidemiology of Diabetes Complications. Change in income level is
calculated from the baseline examination to the 4-year follow-up examination.

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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of time; and difficulty in stooping, crouching, or
kneeling.

QUALITY OF LIFE

Disabled persons face a number of practical obstacles
in everyday life4. Physical, social, emotional, and
other barriers exist and affect disabled people to vary-
ing degrees. Some, such as occupational problems, are
easy to identify from a research perspective. Others,
including the day-to-day burdens that disabled people
encounter, are more difficult to quantify. It is likely
that many persons with disabilities live with uncer-
tainty about what lies ahead. While there are few

adequate measures to assess the importance this plays
in the lives of disabled persons and the manner in
which they cope with it, one common practice in the
health care literature is to address the quality of life of
the affected individuals. Quality-of-life measures
often survey a much larger range of experiences than
found in a typical disability evaluation.

Assessments of health-related quality of life, for exam-
ple, examine the impact of disease, disability, and
health care treatments over a spectrum of five broad
concepts: opportunity, health perceptions, functional
states, impairments, and duration of life46. These con-
cepts touch on diverse disciplines, ranging from
physical functioning to social functioning to mental
health to disadvantage to disease symptomatology. A
variety of health-related quality-of-life instruments
exist46. While many surveys try to focus on all aspects
of health-related quality of life by using a health index
or health profile, a number of studies consider only
one area, such as physical functioning or health per-
ception. Both types of measures have been applied to
evaluate quality of life in persons with diabetes.

Table 12.17
Percent of Persons Reporting Restrictions in 
Normal Activities, by Type of Activity and Age,
U.S., 1989

Activity and age (years) NIDDM IDDM
Nondiabetic
population

Personal care needs
 (e.g., bathing, eating, dressing)

18-44 3.9 8.4 1.8
45-69 5.0 10.3 2.5

Other routine needs
 (e.g., household chores,
 shopping, etc)

18-44 14.1 12.5 7.1
45-69 14.1 15.7 6.3

Source: 1989 National Health Interview Survey
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Age-Standardized Percent of Persons Reporting 
Difficulties in ADLs and IADLs, by Diabetes Status,
U.S., 1989

ADL, activities of daily living; IADL, instrumental activities of daily living.

Source: 1989 National Health Interview Survey

Table 12.18
Percent of Disabled IDDM Subjects Reporting 
Restrictions in Normal Activities by Type of 
Activity, Pittsburgh EDC Study, 1990-92

Type of activity Percent

Activities of daily living 33.3
Bathing and showering 7.5
Dressing 11.8
Eating 10.8
Getting in/out of chairs/bed 14.0
Getting outside 12.9
Using the toilet 4.3

Instrumental activities of daily living 57.0
Preparing meals 17.2
Shopping for personal items 18.7
Managing money 14.4
Using the telephone 6.5
Doing heavy housework 49.5
Doing light housework 12.0

Functional capacity limitations 75.3
Walking for one-quarter mile 36.6
Walking up to 10 steps 23.7
Standing for 2 hours 43.0
Sitting for 2 hours 22.8
Stooping, crouching, kneeling 42.4
Reaching over your head 25.0
Reaching out to shake a hand 7.6
Grasping or handling objects 30.8
Lifting or carrying 25 lbs. 50.0
Lifting or carrying 10 lbs. 25.8

EDC, Epidemiology of Diabetes Complications.

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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HEALTH PERCEPTIONS

A common indicator of health perception is the self-
rating of health. Subjects typically are asked to rate
their current health status as excellent, very good,
good, fair, or poor. Relatively few persons with
NIDDM or IDDM in the 1989 NHIS rated their health
as excellent (5.8% and 12.2%, respectively)(Appendix
12.4). A large proportion of respondents with
NIDDM, in fact, rated their health as either fair
(30.2%) or poor (19.9%). These patterns contrasted
sharply with the responses of the nondiabetic popula-
tion even after adjusting for age (Figure 12.25). A
similar experience was reported for older adults in
Beaver Dam, WI47. Both insulin-using and noninsulin-
using diabetic persons had lower health scores than
the general population without diabetes.

Higher frequencies of morbidity and disability in the
diabetic population are likely to account for some
proportion of the lower health ratings of diabetic sub-
jects. A survey of 170 adults with IDDM, for example,
illustrated that patients with nephropathy had lower
health perceptions and increased worry over their
health than patients with no diabetic complications48.
Moreover, diabetic individuals with disability report
markedly lower levels of health than persons without
disabilities. Table 12.19 shows the distribution of dia-
betic subjects in the 1989 NHIS by self-reported
health status and the presence of disability. Figure
12.26 shows the distribution of IDDM subjects in the
EDC study by their health ratings and disability
status. About half of the IDDM individuals with dis-

ability rated their health as either fair or poor. In
contrast, only 11% of the respondents without dis-
abilities indicated the same.

HEALTH PROFILES

A more comprehensive assessment of quality of life
may be obtained from health profiles. The health pro-
files most frequently used include the Sickness Impact
Profile (SIP) and the Short Form Health Survey (SF-
36). Both examine an extensive number of quality-of-
life domains, involving physical and psychosocial
functioning, impairment and health perceptions46.
The Diabetes Quality of Life (DQOL) measure, devel-
oped in the Diabetes Control and Complications Trial
(DCCT), is another instrument more specific to the
issues facing persons with diabetes. It includes four
scales: satisfaction, impact, diabetes-related worries,
and social/vocational worries.

Table 12.19
Percent of Adults by Self-Reported Health Status
and Disability Status, Age ≥18 Years, U.S., 1989

Diabetes population General population

Health status Limited Not limited Limited Not limited

Excellent 2.0 11.4 9.4 40.0
Very good 6.3 24.3 17.8 31.9
Good 24.8 38.8 31.5 23.0
Fair 35.2 22.0 26.5 4.7
Poor 31.7 3.6 14.9 0.5

Source: 1989 National Health Interview Survey
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Figure 12.26
Self-Reported Health Status by Disability Status for
IDDM Subjects, Pittsburgh EDC Study, 1990-92

Figure 12.25
Self-Reported Health Status for Diabetic and 
Nondiabetic Persons, U.S., 1989

Data are age-standardized using three age groups and the overall NHIS cohort
as a standard population.

Source: 1989 National Health Interview Survey

EDC, Epidemiology of Diabetes Complications.

Source: Pittsburgh Epidemiology of Diabetes Complications Study
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Overall, it appears that persons with diabetes have
poorer health status and quality of life, as measured by
health profiles, than do persons without diabetes.
Among the 9,385 adults participating in the Medical
Outcomes Study, the 844 subjects with diabetes
scored markedly lower on four of the six health meas-
ures in the SF-20 (health perceptions, physical, role,
and social functioning) compared with patients with
no chronic conditions (Figure 12.27)49. There was no
difference in the mental health and bodily pain do-
mains. The majority of the diabetic subjects in the
Medical Outcomes Study had NIDDM. Similarly, 393
persons with NIDDM in the San Antonio Heart Study
population reported higher rates of functional impair-
ment than did 486 nondiabetic controls (36.6% versus
16.7%)50. Functional impairment was defined in this
report as a SIP score of 2.0% or higher. 

The assessment of quality of life among disabled per-
sons with diabetes, as determined from health pro-
files, has not yet been examined. Indications from two
studies, however, suggest that individuals with dia-
betic complications have diminished levels of quality
of life. In the San Antonio, TX study, diabetic persons
with vascular complications had a higher prevalence
of functional impairment (45.9%) than individuals
without complications (31.8%)50. In a study of 240
persons with IDDM and NIDDM attending an outpa-
tient clinic, the SF-36 and the DQOL measures were
administered. In both measures, the quality of life of
subjects with severe diabetes complications was lower
than that for subjects with no complications51.

HEALTH PREFERENCES

Another type of assessment of health-related quality
of life incorporates the explicit values or preferences
of surveyed individuals for various types of health. By
considering the relative desirability that individuals
place on health, these types of assessments allow one
to combine the different domains of health-related
quality of life into a single index46. The measurement
of health state preferences also permits the integration
of quality of life with quantity of life in health care
evaluations46.

The health states of diabetic subjects in the 1982-84
followup of the First National Health and Nutrition
Examination Survey were examined52 and their re-
sponses to the health states considered in the Health

Utility Index (HUI)53 were mapped. In general, dia-
betic subjects had lower levels of health-related qual-
ity of life (as estimated by the preference-based meas-
ures of the HUI) than did persons without diabetes.
The age-adjusted HUI score for diabetic subjects
treated and not treated with insulin was 0.61 and 0.70,
respectively, compared with a score of 0.79 for nondi-
abetic persons. The HUI scales health from a score of
0 (assigned to death) to a score of 1 (assigned to
complete health). The association between diabetes
complications and HUI scores was mixed. Diabetic
subjects with cataracts, stroke, or hypertension had
markedly lower HUI scores (poorer quality of life)
than did persons without these complications. No
significant differences were noted, however, among
persons with glaucoma, or chronic heart disease.

A similar overall finding using a different survey was
reported from the Beaver Dam, WI Health Outcomes
Study47. Age-adjusted time-trade-off scores were com-
paratively lower for diabetic subjects treated and not
treated with insulin than for persons without diabe-
tes.

Dr. Thomas J. Songer is Assistant Professor, Department of
Epidemiology, Graduate School of Public Health, University
of Pittsburgh, Pittsburgh, PA.
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Appendix 12.2
Percent of Adults Reporting Activity Limitations, by
Type of Activity, Sex, Age, and Diabetes Status,
U.S., 1989

NIDDM IDDM Nondiabetic

Unable to carry on
 major activity 20.6 13.9 4.4

Males 24.3 11.2 5.2
Females 17.9 16.9 3.6
Age (years)

18-44 17.2 12.8 2.1
45-64 25.7 20.0 7.6

≥65 16.8 7.8
Limited in kind or
 amount of major activity 19.3 20.1 5.9

Males 15.9 28.9 5.1
Females 21.8 10.2 6.7
Age (years)

18-44 19.3 21.8 3.6
45-64 16.8 10.7 7.9

≥65 21.6 11.8
Limited, but not in
 major activity 16.4 8.9 5.2

Males 13.7 9.7 4.6
Females 18.2 8.0 5.8
Age (years)

18-44 8.5 8.9 2.7
45-64 12.5 9.1 5.8

≥65 21.6 14.1

Source: 1989 National Health Interview Survey

Appendix 12.1
Percent of Persons Reporting an Activity Limitation
by Sex, Age, and Diabetes Status, U.S.,1989

Sex and age NIDDM IDDM Nondiabetic

All adults 56.3 42.9 15.6
Males 53.8 49.8 14.9
Females 58.0 35.1 16.1
Age (years)

18-44 45.0 43.4 8.5
45-64 55.0 39.8 21.3

≥65 60.0 33.5

Source: 1989 National Health Interview Survey

Appendix 12.3
Percent of Adults Reporting Restricted Activity
Days in the Past 2 Weeks by Type of Restriction,
Sex, Age, and Diabetes Status, U.S., 1989

Sex and age NIDDM IDDM Nondiabetic

Any type of restriction 21.7 20.0 10.2
Males 18.2 19.9 8.9
Females 24.3 20.1 11.4
Age (years)

18-44 23.1 18.7 9.8
45-64 20.9 27.0 10.2

≥65 22.1 12.1
Bed days 12.3 12.9 5.7

Males 9.9 15.1 4.6
Females 14.1 10.1 6.6
Age (years)

18-44 16.0 11.1 5.8
45-64 11.4 22.3 5.7

≥65 12.3 5.4
Work loss days* 10.8 12.3 6.5

Males 8.9 12.6 5.8
Females 13.0 11.6 7.3
Age (years)

18-44 11.8 12.7 6.9
45-64 10.5 8.8 5.5

≥65 10.2 4.3
Other restricted activity days 12.2 11.0 5.2

Males 9.7 9.4 4.1
Females 14.0 12.9 6.1
Age (years)

18-44 11.1 11.3 4.4
45-64 10.8 9.5 5.5

≥65 13.7 7.7

* Data on work-loss days pertain to currently employed persons only.

Source: 1989 National Health Interview Survey
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Appendix 12.4
Percent Distribution of Adults, by Self-Reported
Health Status, Sex, Age, and Diabetes Status, U.S.,
1989

Sex and age NIDDM IDDM Nondiabetic

All adults
Excellent 5.8 12.2 35.2
Very good 13.6 25.9 29.7
Good 30.5 40.8 24.3
Fair 30.2 14.3 8.1
Poor 19.9 6.9 2.7

Males
Excellent 7.8 14.6 38.9
Very good 15.5 31.2 29.7
Good 29.5 37.2 21.7
Fair 27.8 10.9 6.8
Poor 19.4 6.1 2.8

Females
Excellent 4.4 9.4 31.8
Very good 12.3 19.8 29.6
Good 31.3 44.8 26.6
Fair 31.8 18.1 9.3
Poor 20.2 7.9 2.6

Age 18-44 years
Excellent 11.7 11.8 42.2
Very good 17.6 29.6 32.1
Good 27.1 38.2 20.1
Fair 30.1 16.0 4.7
Poor 13.4 4.4 1.0

Age 45-64 years
Excellent 5.2 13.9 29.6
Very good 13.0 4.7 27.9
Good 31.9 55.6 28.0
Fair 29.0 4.8 10.6
Poor 20.9 21.1 4.0

Age ≥65 years
Excellent 5.0 17.5
Very good 13.2 23.1
Good 30.1 34.5
Fair 31.2 17.5
Poor 20.5 7.4

Source: 1989 National Health Interview Survey
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DKA is one of the major acute diabetic complications.
It usually occurs in the context of total insulin defi-

ciency, such as in insulin-dependent diabetes mellitus
(IDDM). It occurs rarely in non-insulin-dependent
diabetes mellitus (NIDDM) under the stress of acute
illness. When DKA occurs in patients with NIDDM, it
may represent a transition to insulin deficiency.

Chapter 13

Acute Metabolic Complications
in Diabetes
Howard Fishbein, DrPH, and P.J. Palumbo, MD

SUMMARY

The acute metabolic complications of diabetes
consist of diabetic ketoacidosis (DKA), hy-
perosmolar non-ketotic coma (HNC), lactic
acidosis (LA), and hypoglycemia. DKA and

HNC are related to insulin deficiency. Hypoglycemia
results from the treatment of diabetes, either with oral
agents or insulin. Although hypoglycemia may occur in
conjunction with oral hypoglycemic therapy, it is more
common in patients treated with insulin. LA is usually
associated with other factors that may be related to
diabetes, such as cardiovascular disease (acute myocar-
dial infarction) associated with hypoxia and excess lac-
tic acid production.

The incidence rate for DKA varies with definition,
age, and sex. The rate from population-based studies
ranges from 4.6 to 8 per 1,000 diabetic persons per
year. It is more common in young diabetic people and
may be more common in women than men. DKA may
be the initial manifestation of diabetes in 20%-30% of
cases. Incidence rates for HNC, LA, and hypoglycemia
are not available from population-based studies. Hy-
poglycemic events varied in the Diabetes Control and
Complications Trial (DCCT) between the treatment
groups. These events were associated with the degree
of normalization of glycemia.

Precipitating factors for DKA, HNC, and LA include
acute illness or co-morbidity such as cardiovascular
disease, injury or infection, medications, and poor
compliance or errors in compliance with treatment.
Precipitating factors for hypoglycemia include dosage

of oral hypoglycemic agent or insulin; errors in dosage
administered; timing of the medication, particularly
insulin; delay in meals; and co-morbidity such as
renal insufficiency, adrenal insufficiency, and pituitary
insufficiency. Prevention of these acute complications
remains an important element in their management.
Recognition of precipitating factors and appropriate
instruction, awareness, and self-care will decrease the
occurrence of these complications.

DKA, HNC, and LA require hospitalization for treat-
ment and thereby result in the use of significant
health care resources with increased health care costs.
Prevention is an important component in reducing
health care cost for these disorders. Hypoglycemia can
usually be treated in an ambulatory care setting with-
out using significant health care resources. Severe
hypoglycemia with loss of consciousness may neces-
sitate hospitalization, however.

Significant morbidity and mortality is associated with
DKA, HNC, and LA. Prompt recognition and manage-
ment of these disorders and their associated morbidity
results in improvement. Mortality rates are ~9%-14% for
DKA and 10%-50% for HNC. The mortality rate for LA
is >50% with serum concentrations of lactic acid >5
mmol/L when associated with circulatory failure or sep-
tic shock. Hypoglycemia is usually associated with
symptoms that are reversible with prompt treatment.
Severe and profound hypoglycemia may be associated
with long-term neurologic impairment.

• • • • • • •

DIABETIC KETOACIDOSIS
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DEFINITION

DKA is clinically defined by absolute insulin defi-
ciency with hyperglycemia (glucose levels usually
>200 mg/dl) with increased lipolysis, increased ke-
tone production, hyperketonemia (ketone levels posi-
tive at 1:4 dilution of serum or greater or beta hy-
droxybutyrate >0.5 mmol/L), and acidosis (pH ≤7.3 or
bicarbonate ≤15 mEq/L). Normoglycemic ketoaci-
dosis has been reported and milder forms of ketoaci-
dosis have also been described with bicarbonate levels
between 15-18 mEq/L. It is important to precisely
define DKA in epidemiologic studies to accurately
assess and compare morbidity and mortality.

INCIDENCE

The incidence of DKA depends on its definition and
its recognition and ascertainment from hospital re-
cords and hospital discharge summaries. Because of
the acuteness and severity of the disorder, it is likely
to be recognized and easily ascertainable. However,
varying diagnostic levels of pH and bicarbonate may
result in over- or under-diagnosis of the disorder. In
community-based studies, such as in Rochester, MN
and Rhode Island, there were definitive criteria used
for the diagnosis of DKA1,2. The incidence rate in
Rochester, MN varied from 8 per 1,000 person-years
for DKA at all ages to 13.4 per 1,000 person-years among
diabetic persons who had the diagnosis of diabetes made
at age <30 years (Figure 13.1). The Rhode Island Hospi-
tal Study estimated the incidence of DKA at 4.6 per
1,000 diabetic persons per year, with the rates being

highest in the youngest age group (Figure 13.2). The
rate was higher in women than men with diabetes.

The diagnosis of DKA was found as the initial mani-
festation of diabetes in 20% of patients in the Rhode
Island study2 and in 26% of patients with diabetes
onset at age <30 years and 15% of those diagnosed at
age ≥30 years in the Rochester, MN study2. The me-
dian time from diagnosis of diabetes until the patient
presented with DKA was 4.6 years in those patients
not initially presenting with DKA1. This median time
varied by age of diagnosis of diabetes, being 1.8 years
in persons diagnosed at age <30 years and 9.1 years
when age of diagnosis was ≥30 years1.

Repeat hospitalizations for DKA were observed in 15%
of all diabetic admissions to Rhode Island hospitals in
1979-802. In the population-based study of Rochester,
MN, 33 of 79 diabetic patients surviving a first episode
of DKA had at least one subsequent episode1.

PRECIPITATING FACTORS

DKA may be the initial manifestation of diabetes,
particularly for IDDM, in 20%-30% of cases of DKA.
Precipitating factors for DKA in those with estab-
lished diabetes include infection, other acute ill-
nesses, lack of diabetes education and training, non-
compliance, poor self-care, inadequate glucose moni-
toring, psychological problems, and indeterminate
causes1-6. Infection is a commonly cited precipitating
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Figure 13.1
Incidence of Diabetic Ketoacidosis in Patients with
Diabetes, Rochester, MN, 1945-70

Data are shown as number per 1,000 person-years. A central file of all medical,
surgical, and pathologic records of Rochester residents were reviewed to
ascertain diabetes (n=1,536) and to ascertain a diagnosis of diabetic ketoaci-
dosis (n=92) in this community-based study of diabetes.

Source: Reference 1
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Figure 13.2
Annual Incidence of Hospital Admissions for Diabetic
Acidosis per 1,000 Estimated Diabetic Persons, Rhode
Island, 1979-80

All admissions meeting diagnostic criteria for diabetic acidosis to all acute care
hospitals in Rhode Island were included (n=152). Population estimates of
diabetes were obtained from the 1981 Rhode Island Diabetes Control Program
survey and a 1980 statewide household interview survey.

Source: Reference 2
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factor. Very often, no known precipitating factor can
be identified, but under these circumstances, it is
most likely related to poor compliance, poor self-care
habits, and unrecognized subclinical illness. A recent
study reported that persons without health insurance
or with only Medicaid reimbursements had hospitali-
zation rates from DKA that were two to three times
higher than comparable rates among diabetic persons
who had private health insurance7. As part of a set of
overall influencing factors, the type of health insurance
may be one factor leading to these hospital admissions.

PREVENTION AND TREATMENT

Prevention remains the most important aspect of
managing DKA in known diabetic persons. This pre-
vention can be accomplished through appropriate
education, improved self-care and compliance, and
self-monitoring of blood glucose. A few studies have
shown reductions in DKA hospitalizations accompa-
nying patient education, follow-up care, and in-
creased access to medical advice8-10. In ambulatory
programs having improved patient access to medical
care and providing outpatient education, there has
been a 40%-50% reduction in diabetes hospitaliza-
tions among patients who attended classes8-9. For cul-
turally diverse populations, sensitivity to ethnic and cul-
tural needs of the respective populations is an important
aspect of delivering health care to reduce DKA incidence.

More attention in the ambulatory care setting to dia-
betes education, self-care, and self-blood glucose
monitoring should result in decreased frequency of
DKA and decreased hospitalizations for the condition.
Reducing hospitalizations for DKA will decrease the
cost burden of health care delivery in diabetes. Pre-
ventive actions in known diabetic patients can ease
the economic burden of DKA.

DKA as an initial manifestation of IDDM is less ame-
nable to prevention, other than through appropriate
surveillance in high-risk patients and awareness and
recognition of the disorder.

For an individual patient, attention to clinical and
laboratory values will dictate the appropriate treat-
ment of DKA. In clinical practice, the recognition of
impending or actual DKA and prompt treatment are
key to management. Milder forms of the disorder can
be recognized in the ambulatory care setting and can
be corrected promptly in that setting without the need
for hospitalization. The more severe forms of DKA
require hospitalization for initiation of intravenous
therapy and correction of the acid-base and electrolyte
disturbances. Use of continuous intravenous insulin

therapy has reduced the frequency of post-treatment
hypokalemia. Attention to hydration and to acid-base
and electrolyte management has resulted in fewer post-
treatment electrolyte disturbances, such as hypokalemia
and hypophosphatemia. The treatment remains hydra-
tion, insulin therapy, and electrolyte repletion.

Table 13.1
Hospitalizations for Acute Complicaton of Diabetes,
U.S., 1989-91

Complication 
(ICD9-CM code) 
and age (years)

Average annual
number of 

discharges for
complication
(thousands)

Percent of total
diabetes

discharges* 

Diabetic ketoacidosis
 (250.1)

<17 16.9 41.2
18-44 48.9 14.1
45-64 20.4 2.4

≥65 14.0 0.8
All ages 100.2 3.4

Diabetic coma NEC
 (250.3)

<17 0.2 0.5
18-44 0.5 0.1
45-64 1.1 0.1

≥65 2.7 0.2
All ages 4.5 0.2

Diabetic hyperosmolar
 coma (250.2)

<17 0.2 0.5
18-44 0.9 0.3
45-64 1.9 0.2

≥65 7.8 0.5
All ages 10.8 0.4

Acidosis (276.2)
<17 0.6 1.5

18-44 1.7 0.5
45-64 7.1 0.8

≥65 9.4 0.6
All Ages 18.8 0.6

Hypoglycemic coma
 (251.0)

<17 0.1 0.2
18-44 1.6 0.5
45-64 2.9 0.3

≥65 8.5 0.5
All ages 13.1 0.5

Hypoglycemia NOS
 (251.2)

<17 1.1 2.6
18-44 6.6 1.9
45-64 9.5 1.1

≥65 31.3 1.9
All ages 48.5 1.7

* Total average annual number of discharges (in thousands) with any diabetes
diagnosis in 1989-91 were age <17 years, 40.9; age 18-44 years, 346.8; age
45-64 years, 855.0; age ≥65 years, 1682.4; all ages, 2925.1. ICD9-CM codes
used to identify diabetes hospitalizations were 250.00-250.92, 251.3, 357.2,
362.00-362.02, 366.41, 648.00-648.04, and 775.10 as any diagnosis listed on
the hospital discharge record.

Source: U.S. National Hospital Discharge Survey, National Center for Health
Statistics
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HOSPITAL DISCHARGE DATA AND 
ECONOMIC IMPACT

DKA results in the use of significant health care re-
sources, which increase health care costs. In 1983, the
cost of hospitalization in one year for diabetic ketoaci-
dosis in Rhode Island was estimated to be $225 mil-
lion. It was further estimated that 50% of these hospi-
talizations could have been prevented by better adher-
ence to self-care and compliance with diabetes man-
agement programs. Data for DKA and diabetic coma
from U.S. hospital discharge surveys are shown in
Tables 13.1 and 13.2. Unfortunately, these data do not
provide the biochemical criteria on which the diagno-
sis was based or the precipitating causes. There were
an annual average of ~100,000 hospitalizations in
which DKA was listed and 4,500 in which diabetic
coma was listed during 1989-91. DKA represents only
0.3% of all hospitalizations and 3.4% of diabetic hos-
pitalizations. About 52% of DKA hospitalizations
were in females, 61% in Caucasians, and 23% in Afri-
can Americans. About 41% of all diabetes discharges
in 1989-91 for patients age <17 years were for DKA
(Table 13.1). The number of DKA hospital discharges
was highest for persons age <45 years. Discharge rates
were highest for black males and were similar for
black females, white females, and white males. There
is no apparent national or regional trend or variation
for DKA that is discernable from current hospital
discharge data11.

MORBIDITY AND MORTALITY

Morbidity associated with DKA relates to the severity
of the acid-base and electrolyte disturbances. These
disturbances may result in coma and death. A serious
post-treatment complication is cerebral edema, which
may be related to therapy12. It is important to correct
slowly the hyperglycemia, acidosis, and electrolyte
disturbances to prevent precipitating cerebral edema.
With the increased use of continuous intravenous

insulin infusion and with gradual improvement in
glycemia, cerebral edema occurs less frequently.

Interpretation of death certificate data related to DKA
is difficult, as very often another condition may be the
underlying cause of death, such as acute myocardial
infarction or sepsis. The mortality rate for DKA was
14% for the initial episode of DKA in the population-
based study in Rochester, MN1. Eleven percent died
during a subsequent DKA. The mortality rate esti-
mated from the Rhode Island Hospital Study was 9%2.
Mortality rates for patients with DKA vary from 5%-
45%1-4,12,13. DKA was reported as the underlying cause
of death for 1,905 deaths in 198814. During 1980-89,
age-standardized DKA underlying cause mortality
rates varied slightly from 30.7 to 24.2 per 100,000
diabetic population (Figure 13.3). Highest rates oc-
curred in those age >75 years (Figure 13.4). Age-
standardized mortality rates were highest for black
males, intermediate for black females, and lowest for
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Figure 13.3
Age-standardized Mortality Coded to Diabetic 
Ketoacidosis, U.S., 1980-89

Numbers of deaths are derived from death certificates in the U.S. listing ICD
250.1 as either the underlying cause or any listed cause of death. Rates are
shown per 100,000 estimated diabetic population. Estimates of the diabetic
population were obtained from the National Health Interview Survey.

Source: Reference 11

Table 13.2
Average Annual Number of Hospital Discharges Listing Diabetic Ketoacidosis (ICD 250.1) and Diabetic Coma 
(ICD 250.3), U.S., 1989-91

Diagnosis
Number

(thousands)
Percent of all 

hospitalizations
Percent of diabetes

hospitalizations
Female

(%)
White

(%)
Black
(%)

Other/unknown race
(%)

All hospitalizations 34,720 100 60 68 12 20
Diabetes 2,925 8.4 100 57 69 15 16
Diabetic ketoacidosis 100 0.3 3.4 52 61 23 16
Diabetic coma 4.5 0.0 0.2 58 65 16 19

Data for all hospitalizations were for 1990 and for diabetic hospitalizations were for 1989-91.

Source: U.S. National Hospital Discharge Survey, National Center for Health Statistics
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whites, with no difference among whites between
males and females11.

DEFINITION

HNC is clinically defined by the presence of relative
insulin deficiency and hyperglycemia, usually >1,000
mg/dl with associated elevated serum osmolality
(>300 mosm/kg), dehydration, and stupor, progress-
ing to coma if uncorrected, without the presence of
ketosis or acidosis. These patients have sufficient cir-
culating insulin to prevent lipolysis and ketosis. 

INCIDENCE AND PRECIPITATING FACTORS

Unfortunately, there are no population-based studies
for HNC. It occurs rarely and is clinically associated
with NIDDM. Typically, in clinical practice, HNC is
seen in patients with NIDDM and residual insulin
secretion4. HNC is reported to occur more often in
Caucasians and females.

Hospitalization data confirm that HNC occurs rarely
(Tables 13.1 and 13.3) and is most commonly seen in
individuals age >65 years (Table 13.1).

The usual precipitating factors are dehydration, medi-
cations such as steroids and thiazides, acute illness,
cerebral vascular disease, advanced age, and, rarely,

new diagnosis of diabetes.

PREVENTION AND TREATMENT

Prevention of HNC in known diabetic persons is ac-
complished through education, self-monitoring of
blood glucose, self-care, avoidance of dehydration,
and awareness and avoidance, if possible, of medica-
tions that may precipitate the disorder, such as ster-
oids and thiazides.

Patients with HNC respond well to hydration and
small doses of insulin to correct hyperglycemia. Hos-
pitalization is usually short unless there is some un-
derlying or co-morbid condition that prolongs the
stay. There is no evidence that any regional variation
exists in the occurrence of HNC. Some patients with
HNC may be treated in the ambulatory care setting
before they lapse into more severe mental status dis-
orientation.

MORBIDITY AND MORTALITY

Morbidity of HNC consists of coma and impaired
neurologic function with a predisposition to vascular
occlusive disease from dehydration or poor perfusion.
Cerebral edema may also occur as a complication of
treatment with rapid correction of the hyperglycemia.
Continuous insulin infusion with gradual correction
of hyperglycemia should obviate the complication of
cerebral edema15.

Mortality attributed to HNC is variable, with rates
from 10%-50%, most likely depending on the under-
lying illness or co-morbidity15,16.

Table 13.3
Average Annual Number of Hospital Discharges
Listing Hyperosmolar Nonketotic Coma (ICD 250.2),
U.S., 1989-91

Race or sex
group

Number
(thousands)

Percent of
all diabetes 

hospitalizations*
Percent of all

hospitalizations*

Total 10.8 0.37 0.03
White 6.3 0.31 0.03
Black 2.9 0.66 0.07
Other/un-
 known race 1.5 0.33 0.02
Male 3.7 0.30 0.03
Female 7.1 0.42 0.03

* Percent of hospitalizations in the race or sex group.

Source: U.S. National Hospital Discharge Survey, National Center for Health
Statistics
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Figure 13.4
Mortality Coded to Diabetic Ketoacidosis, by Age at
Death, U.S., 1989

Numbers of deaths are derived from death certificates in the U.S. listing ICD
250.1 as the the underlying cause of death. Rates are shown per 100,000
estimated diabetic population. Estimates of the diabetic population were ob-
tained from the National Health Interview Survey.

Source: Reference 11
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DEFINITION

LA consists of elevated lactic acid (lactic acidemia,
≥2.0 mmol/L) with acidosis (pH ≤7.3) and without
ketoacidosis. There may be low levels of ketones pre-
sent (≤1:4 on serum dilution, or beta hydroxybutyrate
>0.4 but <0.6 mmol/L). Approximately half of the
reported cases of LA have occurred in patients with
diabetes17. Currently, LA is rarely seen in diabetic
patients, particularly since the withdrawal of phen-
formin from the market.

Occasionally a combined LA and DKA may be present.
In this situation, the presence of excess lactate may
decrease production of acetoacetate, which is meas-
ured by dipstick methods for ketones, but beta hy-
droxybutyrate levels may remain elevated with an
increased ratio of beta hydroxybutyrate to ace-
toacetate. Under the circumstances of combined LA
and DKA, LA predominates by laboratory parameters
and may mask an associated or underlying DKA.

INCIDENCE AND PRECIPITATING FACTORS

There are no data on incidence rates for LA. The
ICD-9 code 276.2 identifies acidosis, primarily lactic
acidosis. Hospitalizations in 1989-91 with this code in
patients with and without a concomitant diagnosis of
diabetes are shown in Tables 13.1 and 13.4. Most LA
occurred in individuals age >45 years, in women, in
Caucasians, and in patients for whom diabetes was
not listed on the hospital discharge summary.

The usual precipitating factors for LA are hypoxia and
some medications, such as phenformin. Phenformin,

a biguanide, is no longer available in the United States
because of its predisposition to the development of
life-threatening LA.

PREVENTION AND TREATMENT

Prevention of LA is difficult. Often the predisposing
conditions, such as acute myocardial infarction with
hypoxia, or septic shock, are acute events and may not
be amenable to immediate prevention other than
through long-term prevention of degenerative disease
or sepsis through control and modification of risk
factors. LA does not usually occur in conjunction with
poorly regulated diabetes unless there is some addi-
tional insult that produces hypoxia.

Treatment of LA is essentially the same whether alone
or in combination with DKA in terms of hydration,
restoration of electrolyte balance, correction of acido-
sis, and correction of hyperglycemia, if present. Rapid
correction of hyperglycemia and the acid-base balance
may result in cerebral edema in susceptible individu-
als. Therefore, patients should be carefully monitored
with prompt but gradual correction of the abnormal
pathophysiology.

The key issue in management is physician awareness
of the disorder and correct interpretation of labora-
tory studies. The clinical clue that the patient has LA
as opposed to DKA will depend on the laboratory
findings and clinical awareness that both conditions
may co-exist, and that LA may result in modification
of the laboratory findings, in terms of measured ke-
tone levels by dipstick, and that correction of acid-
base and electrolyte disturbances may be more diffi-
cult with LA.

Patients with LA are usually hospitalized. Their hos-

LACTIC ACIDOSIS

Table 13.4
Average Annual Number of Hospital Discharges Listing Lactic Acidosis (ICD 276.2), U.S., 1989-91

Race or sex group

Diabetes No diabetes

Number
(thousands)

Percent of 
all diabetes 

hospitalizations*
Percent of all

hospitalizations*
Number

(thousands)

Percent of 
all nondiabetic 

hospitalizations*

Total 18.8 0.6 0.05 107.8 0.3

White 12.3 0.6 0.05 71.1 0.3

Black 3.8 0.9 0.09 18.2 0.5

Other/unknown race 2.6 0.6 0.03 18.5 0.3

Male 6.6 0.5 0.05 46.9 0.4

Female 12.2 0.7 0.06 60.9 0.3

* Percent of hospitalizations in the race or sex group. Data for all hospitalizations were for 1990 and for diabetic hospitalizations were for 1989-91.

Source: U.S. National Hospital Discharge Survey, National Center for Health Statistics
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pitalization may be prolonged because of the underly-
ing condition that may have led to the LA. The eco-
nomic impact will be considerable, as these patients
will spend several days in the hospital under carefully
monitored conditions.

MORBIDITY AND MORTALITY

The major morbidity associated with LA is neurologic
impairment and possible cerebral edema with rapid
correction of the acid-base and electrolyte distur-
bances. Whether there is a predisposition to vascular
complications related to dehydration or hypoxia is
unclear.

The mortality rate from LA is high. The higher the
lactic acid level in association with the acidosis, the
higher the mortality rate. LA accounts for a very small
portion of the total mortality in diabetic patients.

DEFINITION

Hypoglycemia is common in insulin-treated diabetic
patients and also occurs occasionally in patients
treated with the oral hypoglycemic sulfonylurea
agents. Hypoglycemia may range from very mild low-
ering of glycemia (60-70 mg/dl) with minimal or no
symptoms, to severe hypoglycemia with very low lev-
els of glucose (<40 mg/dl) and neurologic impair-
ment. Glucose levels of 40-70 mg/dl usually can be
treated with oral carbohydrate and would not require
further medical attention. More severe hypoglycemia
(glucose levels <40 mg/dl) may require intervention
with either intravenous glucose or glucagon, but the
patient may be sufficiently responsive to take oral
carbohydrate to relieve the hypoglycemia.

INCIDENCE AND PRECIPITATING FACTORS

Patients with more severe hypoglycemia are more
likely to need medical attention and thus are more
readily ascertained for demographic analysis. These
patients will usually represent what is reported for the
frequency of hypoglycemia in a diabetic cohort. The
incidence of hypoglycemia will also vary with the
definition of the glucose level and the clinical recog-
nition of symptomatic hypoglycemia. Therefore, the
incidence of hypoglycemia cannot be adequately as-
certained. In the DCCT, the incidence of adverse sig-
nificant hypoglycemic events was 6% in the inten-

sively treated group18. It is most likely lower in the
general diabetic population, as the hypoglycemia oc-
curring in the DCCT was related to the intensity of the
insulin therapy program. Most patients are not as
intensively treated or compliant with treatment as
were the DCCT patients. 

Tables 13.1 and 13.5 show the frequency of the dis-
charge diagnosis of hypoglycemia (ICD 251.2) for
hospitalizations in the United States in 1989-91.
About 64% of hospitalizations for hypoglycemia listed
diabetes in the discharge summary and 36% did not.
Hypoglycemia represented a greater proportion of
hospitalizations for females and African-American pa-
tients with diabetes (Table 13.5). Most hospital dis-
charges for hypoglycemia in diabetic patients oc-
curred in patients age >65 years (Table 13.1). There is
no apparent regional variation in the occurrence of
hypoglycemic episodes11.

An additional 0.45% of diabetes hospitalizations and
0.01% of hospitalizations without diabetes involved
hypoglycemic coma (ICD 251.0)(Tables 13.1 and
13.5). No definition for the diagnosis of hypoglycemia
and hypoglycemic coma is available for these hospital
discharge diagnoses, but these are clinical diagnoses
provided by the attending physician at the time of
discharge. Hypoglycemic coma was also more com-
mon in discharges for women and African-Americans
with diabetes.

Hypoglycemia associated with insulin therapy may be
related to errors in dosage, delayed or skipped meals,
exercise, intensity of glycemic control, variation in
absorption of circulating insulin from subcutaneous
depots, variability of insulin binding, degradation and
action, impairment of counter regulation, and possi-
bly the use of human insulin. Impairment of counter
regulation and autonomic neuropathy contributes to
hypoglycemic unawareness, which further compli-
cates insulin therapy in diabetes management and
glycemic control. The frequency of hypoglycemic
events is increased in diabetic patients who have re-
nal, adrenal, or pituitary insufficiency.

PREVENTION AND TREATMENT

Frequent self-monitoring of blood glucose should re-
duce the frequency of hypoglycemic reactions, but not
necessarily, as noted in the DCCT study18. It is impor-
tant for the patient with diabetes to avoid missing
meals after taking insulin. Also, adjustments for exer-
cise, either by additional food intake or adjustment of
insulin dosage, will need to be made to avoid hypogly-
cemia. Multiple daily doses of insulin make it possible

HYPOGLYCEMIA
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to adjust the insulin program for possible delays in
meals or unplanned exercise.

Prevention of hypoglycemia depends on appropriate
education regarding diabetes management and self-
care, self-monitoring of blood glucose, and awareness
of factors that may precipitate hypoglycemia.

Patients with NIDDM who develop hypoglycemia
while on sulfonylurea therapy are usually age >60
years and may have some mild renal insufficiency. It is
therefore important to treat individuals age >60 years
cautiously with sulfonylureas and modify the dosage
upward, as needed, for glycemic control. It is rarely
necessary to aggressively treat elderly patients to pre-
cipitously correct hyperglycemia to normal glycemia.

Patients do not usually require hospitalization for
hypoglycemia unless it is extremely severe and/or the
patient becomes unresponsive. Oral carbohydrate in a
readily available form and/or glucagon therapy is suf-
ficient to correct the hypoglycemia and restore the
patient to euglycemia without hospitalization. Intra-
venous glucose can also be given in an outpatient
setting or by paramedical assistants. Obviously, the
use of intravenous glucose and the need for monitor-
ing after a severe hypoglycemic episode may necessi-
tate temporary hospitalization, which will increase
cost.

MORBIDITY AND MORTALITY

The major morbidity associated with hypoglycemia is
temporary neurologic deficit and coma, seizures with
central nervous system injury, and permanent
neurologic impairment if treatment is delayed or
omitted. This morbidity is important in children, who
appear to be more sensitive to hypoglycemia with the
occurrence of electroencephalographic changes and
seizure episodes. Often it is difficult to separate an
underlying seizure disorder from hypoglycemic epi-
sodes. The key, again, is careful monitoring and ad-
justment of insulin dosage to avoid the extremes of
hyperglycemia and hypoglycemia.

Death related to hypoglycemia in diabetes occurs
rarely. There were none recorded in the DCCT18.
Among patients using insulin pump therapy, there
was only one death reported related to hypoglyce-
mia19. The majority of patients with hypoglycemia
survive the episode.

Dr. Howard Fishbein is Senior Epidemiologist, the Gallup
Organization, Rockville, MD, and Dr. P.J. Palumbo is Endo-
crinologist and Diabetologist, Mayo Clinic, Scottsdale, AZ.

Table 13.5
Average Annual Number of Hospital Discharges Listing Hypoglycemia (ICD 251.2) and Hypoglycemia Coma 
(ICD 251.0), U.S., 1989-91

Race or sex group

Diabetes No diabetes

Number
(thousands)

Percent of 
all diabetic 

hospitalizations*
Percent of all

hospitalizations*
Number

(thousands)

Percent of 
all nondiabetic 

hospitalizations*

Hypoglycemia
Total 48.5 1.6 0.14 26.9 0.09
White 29.7 1.5 0.13 17.2 0.08
Black 13.5 3.0 0.32 5.1 0.14
Other/unknown race 5.4 1.3 0.08 4.6 0.08
Male 18.6 1.5 0.13 12.0 0.09
Female 29.9 1.8 0.15 14.9 0.08

Hypoglycemic coma
Total 13.1 0.45 0.04 3.4 0.01
White 8.2 0.40 0.03 1.4 0.01
Black 3.9 0.87 0.09 0.2 0.01
Other/unknown race 1.0 0.23 0.01 1.8 0.03
Male 5.4 0.44 0.04 1.5 0.01
Female 7.7 0.46 0.04 1.7 0.01

* Percent of hospitalizations in the race or sex group. Data for all hospitalizations were for 1990 and for diabetic hospitalizations were for 1989-91.

Source: U.S. National Hospital Discharge Survey, National Center for Health Statistics
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Diabetes, particularly diabetic retinopathy, is
the leading cause of new cases of blindness
in people age 20-74 years in the United
States. Approximately 8% of those who are

legally blind are reported to have diabetes as the etiol-
ogy, and it is estimated that more than 12% of new
cases of blindness are attributable to diabetes. Twelve
percent of insulin-dependent persons with diabetes
for 30 or more years are blind. Persons who have
diabetic retinopathy are 29 times more likely to be
blind than nondiabetic persons. Blindness due to dia-
betes is estimated to involve lost income and public
welfare expense of $500 million annually.

Three complications of diabetes may lead to blind-
ness. They are retinopathy, cataracts, and glaucoma.
Diabetic retinopathy is characterized by alterations in
the small blood vessels in the retina. An estimated
97% of insulin-taking and 80% of noninsulin-taking
persons who have had diabetes for ≥15 years have
retinopathy; approximately 40% of insulin-taking and
5% of noninsulin-taking persons have the most severe
stage, proliferative diabetic retinopathy.

The Diabetes Control and Complications Trial
(DCCT), completed in 1993, has demonstrated that
those persons with insulin-dependent diabetes melli-
tus (IDDM) with no retinopathy at baseline with in-
tensive insulin treatment had a 60% risk reduction in
progression of retinopathy compared with persons
with conventional insulin treatment. For those with
retinopathy at baseline, intensive insulin treatment
was associated with a 54% reduction in progression, a
47% reduction in the incidence of preproliferative or
proliferative retinopathy, and a 54% reduction in laser
treatment compared with conventional insulin treat-
ment.

Clinical trials have shown the efficacy of panretinal
photocoagulation in reducing the incidence of serious
loss of vision (worse than 5/200) in persons with

severe proliferative retinopathy by about 50% and
focal photocoagulation in reducing the incidence of
doubling of the visual angle (i.e., going from 20/20 to
20/40 visual acuity) also by about 50%. Regular oph-
thalmologic consultation and examination are indi-
cated in the care of these patients because timely
panretinal photocoagulation treatment may prevent
loss of vision. This is especially important for diabetic
individuals, who may be unaware of the potential for
loss of vision because early diabetic retinopathy is
usually asymptomatic and does not cause impaired
vision. Even patients with new blood vessel growth
may be unaware of the threat to sight until a serious
hemorrhage into the vitreous occurs.

Other causes of decreased vision that occur more
frequently in patients with diabetes are cataract
(clouding of the lens), glaucoma (damage to the optic
nerve, with subsequent loss of visual field due to
relatively increased intraocular pressure), and corneal
disease.

Data from the DCCT and other epidemiological stud-
ies suggest that hyperglycemia is associated with in-
creased risk of incidence and progression of diabetic
retinopathy and incidence of impaired vision. High
blood pressure, early age at onset of diabetes, and
longer duration of diabetes are also associated with
increased risk of progression of retinopathy. A number
of preventive trials for intervention on risk factors
have been completed or are under way to determine
whether medical therapy other than glycemic control
can prevent disease progression and loss of vision.

There is a need for national population-based data on
the prevalence and incidence of loss of vision. Accurate
data concerning the needs of the visually impaired for
occupational, vocational, psychosocial, and medical
services are also necessary to describe the current situ-
ation and to plan for future health care delivery.

Chapter 14

Vision Disorders in Diabetes

SUMMARY

Ronald Klein, MD, MPH, and Barbara E.K. Klein, MD, MPH

• • • • • • •

293



DEFINITIONS

The following classifications of impairment of vision
have been widely used. They are described in terms of
a Snellen fraction in the better eye (Council on Clini-
cal Classifications 1978):

• No impairment — better than 20/40 in the better
eye

• Minimal impairment — 20/40 to 20/60
• Moderate impairment — 20/70 to 20/160
• Severe impairment (legal blindness) — 20/200 or

worse

PREVALENCE

Estimates of rates of legal blindness in the United
States have been reported by the National Society to
Prevent Blindness from data of the Model Reporting
Area (MRA) registry1-3. It was estimated that 7.9% of
people who were legally blind reported diabetes as the
cause of their blindness (Table 14.1).

Prevalence rates for diabetes-related legal blindness
increased with increasing age to a maximum in per-
sons age 65-74 years; thereafter, the rates declined.
This decline may have been due to excess deaths in
the elderly diabetic population, in which the disease
had already progressed to the stage of blindness. The
relative proportion of cases of blindness attributed to

diabetic retinopathy declined with increasing age.
Rates for females were higher than for males. Higher
rates of legal blindness were found in white females
and in nonwhite males and females, compared with
white males (Table 14.2). Since the MRA registry data
were based on self-reports and required registration at
specific agencies in 16 states, the rates are thought to
underestimate the actual prevalence of legal blindness
by as much as 50%4.

Blindness from all causes in the United States is
shown in Table 14.3 for comparison to blindness at-
tributable to diabetic retinopathy.

Another source of information concerning the rate of
visual impairment in persons with diabetes is the
1989 National Health Interview Survey (NHIS)5.
These survey data were obtained by questioning a
probability sample of adults in the United States. Self-

Table 14.2
Age-Adjusted Relative Risk of Blindness Due to 
Diabetes, by Race and Sex, Model Reporting Area
Registry, 1978

Race and sex
Relative risk compared with

diabetic white males

White males 1.00
White females 1.25
Nonwhite males 1.27
Nonwhite females 3.83

Age-adjusted by direct method to total 1970 census population of 14 participating
Model Reporting Area states.

Source: Reference 4

Table 14.1
Prevalence of Legal Blindness Due to Diabetes and Diabetic Retinopathy, by Age and Sex, U.S., 1978

Age and sex

No. of cases
of legal blindness
due to diabetes

% of total cases
of legal blindness
due to diabetes

No. of cases of
legal blindness due to
diabetic retinopathy

% of total cases of
 legal blindness due to
diabetic retinopathy

Age (years)

<5 0 0 0 0

5-19 <50 <0.1 <50 <0.1

20-44 4,000 4.8 3,500 4.2

45-64 12,250 11.3 10,600 9.8

65-74 13,700 14.4 11,150 11.7

75-84 7,850 7.5 6,200 6.0

≥85 1,700 2.6 1,200 1.8

Sex

Males 14,750 6.1 12,800 5.3

Females 24,750 9.7 19,850 7.7

Total 39,500 7.9 32,650 6.6

Source: Reference 1; data are estimated from 1970 Model Reporting Area data

IMPAIRMENT OF VISION
AND BLINDNESS
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Table 14.3
Leading Causes of Legal Blindness, by Age and Sex, U.S., 1978

Age, sex, and cause No. Percent Rate* Age, sex, and cause No. Percent Rate*

Total, all ages Age 65-74 years

1. Glaucoma, except congenital 62,100 12.5 28.1 1. Glaucoma, except congenital 17,250 18.1 115.5

2. Macular degeneration 58,250 11.7 26.3 2. Diabetic retinopathy 11,150 11.7 74.7

3. Senile cataract 41,500 8.3 18.7 3. Senile cataract 8,600 9.0 57.6

4. Optic nerve atrophy 34,500 7.0 15.6 4. Macular degeneration 8,300 8.7 55.6

5. Diabetic retinopathy 32,650 6.6 4.8 5. Optic nerve atrophy 6,200 6.5 41.5

6. Retinitis pigmentosa 23,250 4.7 10.5 6. Retinitis pigmentosa 4,200 4.4 28.1

7. Myopia 19,850 4.0 8.9 7. Myopia 4,150 4.4 27.8

All other 225,900 45.2 102.1 All other 35,250 37.2 236.0

Total, all ages 498,000 100.0 225.1 Total in age group 95,100 100.0 636.8

Age <5 years Age 75-84 years

1. Prenatal cataract 1,050 16.3 6.8 1. Macular degeneration 21,800 20.8 315.3

2. Optic nerve atrophy 800 12.4 5.2 2. Glaucoma, except congenital 20,050 19.2 290.0

3. Retrolental fibroplasia 600 9.3 3.9 3. Senile cataract 12,950 12.4 187.3

4. Anophthalmos, microphthalmos 400 6.2 2.6 4. Diabetic retinopathy 6,200 6.0 89.7

Glaucoma, congenital 400 6.2 2.6 5. Optic nerve atrophy 3,900 3.8 56.4

5. Retinoblastoma 250 3.9 1.6 All other 39,700 37.8 574.2

All other 2,700 45.7 17.6 Total in age group 104,600 100.0 1,512.9

Total in age group 6,450 100.0 42.0 Age ≥85 years

Age 5-19 years 1. Macular degeneration 17,900 27.8 811.4

1. Prenatal cataract 4,500 12.9 8.0 2. Senile cataract 13,650 20.6 618.8

2. Optic nerve atrophy 4,250 12.2 7.5 3. Glaucoma, except congenital 10,850 16.4 491.8

3. Retrolental fibroplasia 2,950 8.5 5.2 All other 22,050 35.2 999.5

4. Albinism 2,500 7.1 4.4 Total in age group 66,250 100.0 3,003.2

5. Myopia 2,250 6.5 4.0 Age ≥65 years

6. Nystagmus 1,900 5.5 3.4 1. Glaucoma, except congenital 48,150 18.1 200.2

All other 16,400 47.3 29.0 2. Macular degeneration 48,000 18.0 199.6

Total in age group 34,750 100.0 61.6 3. Senile cataract 35,200 13.2 146.3

Age 20-44 years 4. Diabetic retinopathy 18,500 7.0 76.9

1. Retrolental fibroplasia 8,950 10.8 11.4 5. Optic nerve atrophy 11,600 4.4 48.2

2. Optic nerve atrophy 8,550 10.3 10.9 All other 104,500 39.3 434.4

3. Retinitis pigmentosa 6,200 7.5 7.9 Total in age group 265,950 100.0 1,105.6

4. Prenatal cataract 4,450 5.4 5.7 Males

5. Myopia 4,050 4.9 5.2 1. Glaucoma, except congenital 27,600 11.4 26.0

6. Macular degeneration 3,650 4.4 4.7 2. Macular degeneration 21,900 9.1 20.6

7. Diabetic retinopathy 3,500 4.2 4.5 3. Optic nerve atrophy 21,500 8.9 20.3

All other 43,450 52.5 55.5 4. Retinitis pigmentosa 15,000 6.2 14.1

Total in age group 82,800 100.0 105.7 5. Senile cataract 14,500 6.0 13.7

Age 45-64 years All other 141,050 58.4 133.0

1. Glaucoma, except congenital 12,150 11.2 27.7 Total males 241,550 100.0 227.8

2. Diabetic retinopathy 10,600 9.8 24.2 Females

3. Retinitis pigmentosa 9,550 8.8 21.8 1. Macular degeneration 36,350 14.2 32.5

4. Optic nerve atrophy 9,300 8.6 21.2 2. Glaucoma, except congenital 34,500 13.5 30.8

5. Senile cataract 5,850 5.4 13.3 3. Senile cataract 27,000 10.5 24.1

6. Macular degeneration 5,400 5.0 12.3 4. Diabetic retinopathy 19,850 7.7 17.7

7. Myopia 5,300 4.9 12.1 5. Optic nerve atrophy 13,000 5.1 11.6

All other 49,900 36.3 113.8 All other 125,750 49.0 112.3

Total in age group 108,050 100.0 246.4 Total females 256,450 100.0 228.9

* Number per 100,000 population in each age group and sex. The rates are based on the following population estimates (in thousands) as of July 1, 1978: <5 years, 15,361;
5-19 years, 56,458; 20-44 years, 78,340; 45-64 years, 43,845; 65-74 years, 14,934; 75-84 years, 6,914; ≥85 years, 2,206; males, 106,043; females, 112,016. Data are estimated
from 1970 Model Reporting Area Data.

Source: Reference 1
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reported rates of "trouble seeing" (in response to the
question, "Do you have any other trouble seeing with
one or both eyes even when wearing glasses?") and of
"blindness" (in response to the question, "Do you
have blindness in one or both eyes?") are presented in
Table 14.4. Age-specific rates of "trouble seeing" and
"blindness" are consistently higher in people with a
self-reported history of diabetes. In people age <45
years, those with IDDM had higher self-reported fre-
quencies of "blindness" and "trouble seeing" than
those with non-insulin-dependent diabetes mellitus
(NIDDM). These data probably underestimate visual
impairment, because the sensitivity of responses to
questions about vision is low (~32%-45%)6.

Population-based estimates of frequencies of impaired
vision in diabetic persons were reported in the Wis-
consin Epidemiologic Study of Diabetic Retinopathy
(WESDR)7, in which a standardized protocol for deter-
mination of visual acuity was used8. The objectives of
the study were to describe the prevalence and severity
of diabetic retinopathy, decreased vision, and other
ocular and systemic conditions. The associations of
these conditions with other personal and demographic
characteristics in a geographically defined population
in an 11-county area in southern Wisconsin were ex-
amined9-11. The participants and their diabetic manage-
ment were typical of medical practice in Wisconsin.
Four hundred fifty-two physicians (98.9% of all physi-
cians who offered primary care to diabetic patients in
the 11-county area) participated. Of the 10,135 dia-
betic patients identified in this survey, all insulin-tak-
ing persons diagnosed at age <30 years (1,210 persons,
the "younger-onset" group) and a probability sample
of patients diagnosed as having diabetes at age ≥30
years (1,780 persons, the "older-onset" group) were
invited to participate in the examination phase of the
study, conducted from September 1980 to July 1982.
Ninety-two percent of the younger-onset group had no
impairment (best corrected visual acuity in the better

eye of better than 20/40)7. The frequency of visual
impairment increased with increasing age (Figure
14.1). No cases of legal blindness were found in per-
sons age <25 years. The rate of legal blindness in-
creased in both males and females, reaching peaks of
14% and 20%, respectively. In the older-onset group,
rates of blindness increased with increasing age and
accounted for 2.2% in persons not taking insulin and
1.6% in those taking insulin (Figure 14.2). The age-
specific rates of legal blindness in both younger- and
older-onset diabetic patients in the WESDR were
higher than those estimated for the general U.S. popu-
lation in the First National Health and Nutrition Ex-
amination Survey (NHANES I)12 or for all participants
in the Framingham Eye Study (FES)13 (Figure 14.3).

Legal blindness was related to duration of diabetes in
both younger- and older-onset participants in the

Table 14.4
Self-Reported Vision Problems in Adults by Diabetes Status and Age, U.S., 1989

All people
without diabetes

All people
with diabetes

People with
IDDM

People with
NIDDM

Age (years) Condition No. % No. % No. % No. %

18-44 Trouble seeing 1,888 2.60 52 11.32 17 14.47 35 9.64

Blindness 1,888 0.03 52 2.18 17 6.26 35 0.00

45-64 Trouble seeing 836 3.78 134 11.56 133 11.65

Blindness 836 0.00 134 1.23 133 1.24

≥65 Trouble seeing 640 6.88 188 15.92 188 15.92

Blindness 640 0.60 188 2.49 188 2.49

Total ≥18 Trouble seeing 3,364 3.58 374 13.72 356 13.71

Blindness 3,364 0.11 374 2.01 356 1.78

Source: Harris MI: National Diabetes Data Group. Unpublished data from the National Health Interview Survey, 1989
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(WESDR), 1980-82; unpublished data

Figure 14.1
Prevalence of No Visual Impairment and of Legal
Blindness in Insulin-Taking Persons Diagnosed 
with Diabetes at Age <30 Years, by Age
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WESDR (Figures 14.4 and 14.5)7. In the younger-onset
group, legal blindness first occurred in persons having
diabetes for ~15 years or more and increased from 3% in
those with 15-19 years duration to 12% in persons with
diabetes for ≥30 years. In the older-onset group, rates of
legal blindness were lower, only reaching 7% in persons
having diabetes for 20-24 years.

Diabetic retinopathy was partially or totally responsi-
ble for legal blindness (acuity of 20/200 or worse) in
86% of eyes of younger-onset persons with such se-
vere impairment (Figure 14.6)7. Diabetic retinopathy

was less often a cause of legal blindness in the older-
onset patients; other causes of visual impairment,
such as macular degeneration or cataracts, were more
frequently responsible in this group.

In a study in Poole, England, 2% of 449 noninsulin-
taking persons, and 1% of 212 insulin-taking diabetic
persons, were legally blind14. In another population-
based study in Oxford, England, in 1982, 28% of 188
people age ≥60 years with known NIDDM were visu-
ally impaired15.
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Figure 14.4
Percent with Visual Acuity Better Than 20/40 and
with Legal Blindness Among Insulin-Taking 
Persons Diagnosed with Diabetes at Age <30
Years, by Duration of Diabetes 

0 10 20 30 40 50 60 70 80 90

Age (Years)

0

2

4

6

8

10

12
NHANES I
WESDR younger-onset
WESDR older-onset
FES

9

9

9

9

Figure 14.3
Percent of Diabetic Persons with Visual Acuity of 
≥20/200 in Better Eye, by Age

WESDR, patients in the Wisconsin Epidemiologic Study of Diabetic Retinopathy,
1980-82; NHANES I, general population examined in the 1970-75 First National
Health and Nutrition Examination Survey; FES, community-based patients exam-
ined in the Framingham Eye Study.

Source: References 7, 12, and 13 
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Figure 14.5
Percent with Visual Acuity Better Than 20/40 and
with Legal Blindness Among Persons Diagnosed
with Diabetes at Age ≥30 Years, by Duration of 
Diabetes 

Data are from the 1980-82 Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Source: Reference 7
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In a Danish study, 3.4% of males and 2.6% of females
in a cohort of 727 people with IDDM diagnosed at age
<30 years were legally blind16. Legal blindness was
estimated to be 50-80 times higher in people with
diabetes. Proliferative retinopathy was the primary
cause of legal blindness in this study.

INCIDENCE

In data from the MRA registries, the highest incidence
of new cases of legal blindness due to diabetes oc-
curred in persons age 45-64 years (Table 14.5)1. As

with the prevalence data, the relative proportion of
cases due to diabetic retinopathy decreased with age.
Rates for females were higher than for males. Of new
cases of legal blindness, 12.4% were attributed to
diabetes, the majority due to diabetic retinopathy.
Diabetic retinopathy was the third most common di-
agnosis responsible for legal blindness in persons of
all ages and was the leading cause of new cases of
blindness in persons age 20-74 years (Table 14.6).
There are no recent national population-based regis-
try data available in the United States.

In persons age 20-79 years with NIDDM who partici-
pated in the University Group Diabetes Program
(UGDP), the 5-year incidence of legal blindness was
3.8% or less in each treatment group (Table 14.7)17.
The incidence of 20/200 or worse visual acuity in
either eye was 9.4% or less in each treatment group at
the 5-year followup and rose to about 12% at the
12-year followup.

Data from the Radcliffe Infirmary Diabetes Clinic in
England indicate that for insulin-taking diabetic pa-
tients diagnosed at age ≤20 years, the incidence of
blindness was 0.1% after 10 years, 1.6% after 20 years,
and 3.5% after 30 years of diabetes18. For persons
diagnosed at age ≥60 years, the incidence of blindness
was 1.8% after 10 years and 5.5% after 20 years of
diabetes. An 8-year incidence of 7.6 per 1,000 patient-
years in males and 10.2 per 1,000 patient-years in
females with IDDM was reported from Denmark16. In
a later study in Oxford, England, 4.8% of those with
NIDDM and age ≥60 years at baseline became legally
blind over a median period of 6 years15.

The frequency of change in rates of impaired vision in

Younger-onset patients Older-onset patients

Causes of Visual Loss

Diabetic retinopathy only
Diabetic retinopathy with other
Other (glaucoma, macular degeneration, cataract, etc.)
Cannot determine

Figure 14.6
Causes of Visual Loss (Visual Acuity 20/200 or
Worse) in Diabetic Patients

Table 14.5
Incidence of Legal Blindness Due to Diabetes and Diabetic Retinopathy, by Age and Sex, U.S., 1978

Age and sex

No. of new cases of 
legal blindness due to

 diabetes per year

% of total new cases of
legal blindness
due to diabetes

No. of new cases of
legal blindness due to
diabetic retinopathy

% of total new cases of
legal blindness

due to diabetic retinopathy

Age (years)
<5 0 0 0 0

5-19 <50 <0.1 <50 <0.1
20-44 700 13.4 600 11.5
45-64 2,450 22.6 2,050 18.9
65-74 1,750 21.5 1,350 16.6
75-84 800 7.0 600 5.3

≥85 100 1.7 100 1.7
Sex

Males 2,350 11.0 2,100 9.8
Females 3,450 13.7 2,600 10.3
Total 5,800 12.4 4,700 10.1

Data are estimated from 1970 Model Reporting Area Data.

Source: Reference 1

Data are from the 1980-82 Wisconsin Epidemiologic Study of Diabetic Reti-
nopathy. Younger-onset, diabetes diagnosed at age <30 years, n=113; older-
onset, diabetes diagnosed at age ≥30 years, n=113.

Source: Reference 7
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the WESDR is presented in Table 14.821. Among those
persons not impaired at baseline, the older-onset
group taking insulin had the highest incidences of
impaired vision (16.1%) or legal blindness (1.2%).
The estimated annual incidence of blindness reported
in the WESDR was 3.3 per 100,000 population. This
is higher than the estimated annual incidence rates of
legal blindness due, in part, to diabetes of 1.6 to 2.1
per 100,000 persons in the general population derived
from the MRA data1. Rates in the WESDR are compa-

rable to those reported in the Rochester, MN study22.
Interpolating back from 20 years in the Rochester
population produces an estimated 4-year rate of legal
blindness of 1.6% in all diabetic persons, compared
with 2.2% in the WESDR study.

There are few population-based data available to de-
termine trends in the frequency of decreased vision.
Two studies, one in the county of Avon and the other
in the county of Leicestershire, England, compared

Table 14.6
Leading Causes of New Cases of Legal Blindness, by Age and Sex, U.S., 1978

Age, sex, and cause No. Percent Rate* Age, sex, and cause No. Percent Rate*

Total, all ages Age 65-74 years
1. Macular degeneration 7,850 16.8 3.5 1. Diabetic retinopathy 1,350 16.6 9.0
2. Glaucoma, except congenital 5,350 11.5 2.4 2. Glaucoma, except congenital 1,300 16.0 8.7
3. Diabetic retinopathy 4,700 10.1 2.1 Macular degeneration 1,300 16.0 8.7
4. Senile cataract 4,550 9.8 2.0 3. Senile cataract 800 9.8 5.4
5. Optic nerve atrophy 2,000 4.3 0.9 All other 3,400 41.6 22.8

All other 22,150 47.5 10.0 Total in age group 8,150 100.0 54.6
Total, all ages 46,600 100.0 21.0 Age 75-84 years

Age <5 years 1. Macular degeneration 3,450 30.5 49.9
1. Prenatal cataract 250 16.7 1.6 2. Glaucoma, except congenital 1,700 15.0 24.6
2. Optic nerve atrophy 200 13.4 1.3 3. Senile cataract 1,300 11.4 18.8
3. Retrolental fibroplasia 150 10.0 0.9 4. Diabetic retinopathy 600 5.3 8.7

All other 900 59.9 5.9 All other 4,300 37.8 62.2
Total in age group 1,500 100.0 9.8 Total in age group 11,350 100.0 164.2

Age 5-19 years Age ≥85 years
1. Optic nerve atrophy 450 12.3 0.8 1. Macular degeneration 1,800 30.5 81.6

Prenatal cataract 450 12.3 0.8 2. Senile cataract 1,200 20.3 54.4
2. Albinism 300 8.2 0.5 3. Glaucoma, except congenital 650 11.0 29.5

Myopia 300 8.2 0.5 All other 2,250 38.2 102.0
Macular degeneration 300 8.2 0.5 Total in age group 5,900 100.0 267.5

3. Nystagmus 250 6.8 0.4 Age ≥65 years
4. Retinitis pigmentosa 200 5.5 0.3 1. Macular degeneration 6,550 25.8 27.2

All other 1,400 38.4 2.5 2. Glaucoma, except congenital 3,650 14.3 15.2
Total in age group 3,650 100.0 6.5 3. Senile cataract 3,300 13.0 13.7

Age 20-44 years 4. Diabetic retinopathy 2,050 8.1 8.5
1. Diabetic retinopathy 600 11.5 0.8 All other 9,850 38.8 40.9
2. Optic nerve atrophy 450 8.6 0.6 Total in age group 25,400 100.0 105.6

Retinitis pigmentosa 450 8.6 0.6 Males
3. Optic neuritis 300 5.8 0.4 1. Macular degeneration 2,900 13.5 2.7

Macular degeneration 300 5.8 0.4 2. Glaucoma, except congenital 2,600 12.1 2.5
All other 3,100 59.7 4.0 3. Diabetic retinopathy 2,100 9.8 2.0

Total in age group 5,200 100.0 6.6 4. Senile cataract 1,550 7.2 1.5
Age 45-64 years 5. Optic nerve atrophy 1,250 5.8 1.2

1. Diabetic retinopathy 2,050 18.9 4.7 All other 11,000 51.6 10.4
2. Glaucoma, except congenital 1,500 13.8 3.4 Total males 21,400 100.0 20.2
3. Senile cataract 1,250 11.6 2.8 Females
4. Macular degeneration 700 6.4 1.6 1. Macular degeneration 4,950 19.6 4.4
5. Retinitis pigmentosa 550 5.1 1.2 2. Senile cataract 3,000 11.9 2.7
6. Optic nerve atrophy 450 4.1 1.0 3. Glaucoma, except congenital 2,750 10.9 2.5

All other 4,350 40.1 9.9 4. Diabetic retinopathy 2,600 10.3 2.3
Total in age group 10,850 100.0 24.7 5. Optic nerve atrophy 750 3.0 0.7

All other 11,150 44.3 10.0
Total females 25,200 100.0 22.5

* Number per 100,000 population in each age group and sex. Data are estimated from 1970 Model Reporting Area Data.

Source: Reference 1
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rates of registration for blindness benefits attributed
to diabetic retinopathy in 1985 with those recorded in
England in 196523-25. In Avon in 1985, blindness due
to diabetes (1.8 registrations per 100,000) was similar
to that in England in 1965 (1.6 registrations per
100,000)23. This was attributed, in part, to the in-
crease in the number of people diagnosed as having
diabetes since 1965. In Leicestershire, a significant
decrease in the frequency of those registered as being
blind between 1975 and 1985 was attributed to better
local care and the increased use of laser photocoagu-
lation24.

The WESDR cohort was re-examined 10 years after
the baseline examination26. The 10-year incidences of
impaired vision, doubling of the visual angle, and

legal blindness by diabetes group are presented in
Table 14.927.

There appeared to be a decrease in the estimated
annual incidence of blindness in the three WESDR
diabetic groups in the last 6 years compared with the
first 4 years of the study (Table 14.10)27. Possible
reasons for the decrease in the estimated annual inci-
dence of blindness are not explained by changes in the
incidence of proliferative retinopathy or an increased
frequency of panretinal photocoagulation in the sec-
ond 6-year period26. Higher frequencies of focal pho-
tocoagulation for macular edema and lens extraction
for cataract in the second 6-year period of the study
compared with the first 4 years may explain only part
of the decrease in frequency of blindness over time. It

Table 14.7
Incidence of Ocular Complications in Diabetic Patients in the University Group Diabetes Program

Follow-up
time (years)

Placebo Tolbutamide Insulin standard Insulin variable
No. % No. % No. % No. %

Legal blindness 5 186 2.7 188 3.7 188 1.6 184 3.8
Visual acuity worse than
 20/200 in either eye

5
12

179
180

6.7
11.7

181 9.4 179
180

5.6
12.2

175
174

5.7
12.1

Glaucoma* 167 12.0 175 8.0 169 7.7
NPDR
 (mild retinal abnormalities) 12 144 32.6 155 29.0 138 31.9
Severe NPDR or proliferative
 retinopathy 12 147 2.0 155 4.5 138 2.9
Photocoagulation 12 188 1.1 195 1.0 182 1.1

* Glaucoma obtained by history at the 1967 follow-up examination; NPDR, nonproliferative diabetic  retinopathy.

Source: Reference 17

Table 14.8
Four-Year Incidence of Visual Impairment in Diabetic Persons, WESDR, 1980-86

Visual impairment at followup

Visual impairment at baseline
No. of

 participants
None
(%)

Mild
(%)

Moderate
(%)

Blind
(%)

Younger-onset
None 832 95.3 2.8 1.4 0.5
Mild 26 26.9 42.3 15.4 15.4
Moderate 10 10.0 10.0 30.0 50.0
Blind 20 0 0 0 100.0

Older-onset, taking insulin
None 423 83.9 10.6 4.3 1.2
Mild 27 29.6 22.2 40.7 7.4
Moderate 15 6.7 13.3 26.7 53.3
Blind 8 0 0 0 100.0

Older-onset, not taking insulin
None 454 91.0 5.5 2.9 0.7
Mild 29 20.7 31.0 31.0 17.2
Moderate 7 0 0 28.6 71.4
Blind 4 0 0 0 100.0

Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Source: Reference 21
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is possible that early detection and treatment of pro-
liferative retinopathy may have resulted in the decline
in rates of legal blindness over the last 6 years of the
study.

RISK FACTORS FOR DEVELOPMENT OF
VISION LOSS AND LEGAL BLINDNESS

Sex and Race

In the WESDR, sex was not associated with the 10-
year incidence of legal blindness except for a slightly
higher incidence in older-onset women not taking
insulin than in older-onset men not taking insulin
(5.8% versus 3.6%) and in older-onset women taking
insulin than in older-onset men taking insulin (5.4%
versus 2.3%)27. Analyses of MRA registry data indicate
that the highest rates of legal blindness due to diabe-
tes occurred in nonwhite females; nonwhite males
and white females were intermediate, and white males

had the lowest rates4. In the Baltimore Eye Survey,
legal blindness due to diabetic retinopathy was
equally prevalent in whites (6%) and in blacks (5%)
age ≥40 years28. This comparison must be made cau-
tiously, as there were only seven eyes in which legal
blindness was present.

Age and Duration of Diabetes

The 4-year incidence of blindness and doubling of the
visual angle increased with increasing age in all of the
WESDR diabetic groups and increased with increasing

Table 14.9
Ten-Year Incidence of Blindness, Visual Impairment,
and Doubling of the Visual Angle in Diabetic Persons,
WESDR, 1980-92

Blindness
Visual

impairment

Doubling
of the visual

angle
Diabetic group No. % No. % No. %

Younger-onset 868 1.8 832 9.4 880 9.2
Older-onset taking
 insulin 465 4.0 423 37.2 472 32.8

Older-onset not
 taking insulin 490 4.8 454 23.9 494 21.4

Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes
diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Dia-
betic Retinopathy.

Source: Reference 27

Table 14.10
Annual Incidence of Blindness in Diabetic Persons,
WESDR, 1980-92

1980-82 to 
1984-86

(%)

1984-86 to 
1990-92

(%)

Younger-onset 0.38 0.05

Older-onset taking
 insulin 0.82 0.14

Older-onset not
 taking insulin 0.67 0.37

Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes
diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Dia-
betic Retinopathy.

Source: Reference 27

Table 14.11
Four-Year Incidence of Blindness in Diabetic 
Persons, by Age at Baseline Examination, WESDR,
1980-86

Baseline age
(years)

Younger-
onset

Older-onset
taking insulin

Older-onset
not taking

insulin
No. % No. % No. %

0-9 25 0
10-19 222 0
20-29 282 1.8
30-44 242 2.1 26 0   19 0   
45-54 97* 3.1* 86 1.2 52 1.9
55-64 137 1.5 148 2.7
65-74 160 3.1 177 0   

≥75 56 12.5 94 8.5
p† <0.025 <0.001 0.051

* Sample size and rate for age ≥45 years. † Based on a test for trend. Younger-
onset, diabetes diagnosed at age <30 years; older-onset, diabetes diagnosed at
age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Diabetic Reti-
nopathy.

Source: Reference 21

Table 14.12
Four-Year Incidence of Blindness in Diabetic Persons
by Duration of Diabetes at Baseline Examination,
WESDR, 1980-86

Baseline
duration
(years)

Younger-
onset

Older-onset
taking insulin

Older-onset
not taking

insulin
No. % No. % No.   %

0-4 157 0 78 0 204 2.9 
5-9 232 0 83 3.6 151 2.0 

10-14 162 1.2 78 2.6 54 1.9 
15-19 117 5.1 106 3.8 54 5.6 
20-24 73 2.7 75 2.7 27* 0*
25-29 61 4.9 28 10.7

≥30 66 0 17 5.9
p† <0.005 0.056 0.93

* Sample size and rate for duration of diabetes ≥20 years. † Based on a test for
trend. Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes
diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Dia-
betic Retinopathy.

Source: Reference 21
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duration only in the younger- and older-onset groups
taking insulin (Tables 14.11 and 14.12, Figures 14.7
and 14.8)21. The relationship of the 10-year incidence
of blindness and doubling of visual angle to age and
duration of diabetes at baseline was similar to the
4-year incidence rates (data not shown)27. Others
have also reported similar relationships between
longer duration of diabetes and impaired vi-
sion15,16,18,22 .

Severity of Retinopathy and Macular
Edema

In the WESDR, the 4-year incidence of legal blindness
increased with increasing severity of retinopathy (Ta-
ble 14.13)21. The 4-year relative risk of legal blindness
in diabetic patients with retinopathy compared with
the general population was estimated to be 29. 

Prior to the widespread use of panretinal photocoagu-
lation, the risk of legal blindness associated with se-
vere retinopathy was higher. Among 51 IDDM pa-
tients with proliferative retinopathy followed in the
Steno Hospital in Denmark, 50% had become legally
blind after 5 years29.

Untreated eyes with high-risk characteristics in the
Diabetic Retinopathy Study (DRS) had a cumulative
incidence of severe loss of vision (acuity poorer than
5/200) of 14% at 2 years, 27% at 4 years, and 37% at 6
years (Figure 14.9)30. Panretinal photocoagulation
was found to reduce the rate of such severe loss by
50% or more.

In the Early Treatment Diabetic Retinopathy Study
(ETDRS), untreated eyes with clinically significant
macular edema had a cumulative incidence of dou-
bling of the visual angle (i.e., going from 20/20 to
20/40 or worse, or from 20/30 to 20/60 or worse) of
24% at 3 years31. Photocoagulation of the macular area
was found to reduce the rate by 50% (Figure 14.10)31.

In the WESDR, the 4-year incidence of doubling of the
visual angle was increased in the presence of macular
edema at baseline (relative risk 3.5, 95% Confidence
Interval (CI) 1.8,6.9 in the younger-onset; relative

0 10 20 30 40 50 60 70 80

Age (Years)

0

5

10

15

20

25

30
Younger onset
Older onset, insulin
Older onset, no insulin

9

9

9

9

9

9

Figure 14.7
Four-Year Incidence of Doubling of the Visual Angle
in Patients with Diabetes, by Age

Data are from the 1980-86 Wisconsin Epidemiologic Study of Diabetic Reti-
nopathy. Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes
diagnosed at age ≥30 years.

Source: Reference 21
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Figure 14.8
Four-Year Incidence of Doubling of the Visual Angle
in Patients with Diabetes, by Duration of Diabetes

Data are from the 1980-86 Wisconsin Epidemiologic Study of Diabetic Reti-
nopathy. Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes
diagnosed at age ≥30 years.

Source: Reference 21

Table 14.13
Four-Year Incidence of Blindness in the Right Eye by
Retinopathy Level at Baseline Examination, WESDR,
1980-86

Baseline
retinopathy
level in the
right eye

Younger-
onset

Older-onset
taking insulin

Older-onset
not taking

insulin
No. % No. % No. %

1 307 0.3 178 4.5 343 3.2
1.5-2 166 0.6 65 3.1 65 4.6

3 119 2.5 67 10.4 33 6.1
4-5 136 4.4 106 12.3 33 24.2

6 96 6.2 31 6.5 2
7 21 23.8 4 0 1
p* <0.0001 <0.05 <0.001

* Based on a test for trend. Younger-onset, diabetes diagnosed at age <30 years;
older-onset, diabetes diagnosed at age ≥30 years; WESDR, Wisconsin
Epidemiologic Study of Diabetic Retinopathy.

Source: Reference 21
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risk 2.8, 95% CI 1.8,4.3 in the older-onset group
taking insulin; and relative risk 5.6, 95% CI 3.2,9.6 in
the older-onset group not taking insulin)21.

Other Risk Factors

In addition to age, duration of diabetes, and severity
of retinopathy, glycosylated hemoglobin (younger-on-
set group taking insulin, relative risk for the fourth

versus the first quartile 2.9, 95% CI 1.2,6.7; older-on-
set group taking insulin, relative risk 2.2, 95% CI
1.1,4.4) and gross proteinuria (younger-onset group
taking insulin, relative risk 5.3, 95% CI 3.1,9.3; older-
onset group taking insulin, relative risk 2.2, 95% CI
1.3,4.0) were associated with a significant increased
4-year risk of doubling of the visual angle in both
WESDR groups taking insulin21.

In the WESDR, at the 4-year followup, diabetic reti-
nopathy was found to be the sole or contributing
cause of impaired vision in 69% of eyes of younger-on-
set persons, 42% of eyes of older-onset persons taking
insulin, and 26% of eyes of older-onset persons not
taking insulin21.

REHABILITATION AND ECONOMIC
COSTS OF BLINDNESS

A number of sources for aids, appliances, and other
information for diabetic people who are visually im-
paired are listed in Appendix 14.1.

There are few data describing the socioeconomic and
psychosocial characteristics of diabetic persons who
have impaired vision and who need rehabilitative
services. In the WESDR, younger-onset men age ≥25
years who had proliferative retinopathy and who were
employed at baseline were more likely to become
unemployed 4 years later32. Younger-onset women
who were married and had impaired vision at baseline
had an increased 4-year incidence of divorce.

Data from two English studies suggest that diabetic
persons have a greater disadvantage than people with
other diseases when seeking work33,34.

Psychological distress in diabetic persons with either
stable or fluctuating decreases in vision, even when
mild, has been thought to be a result of physical
inactivity and inability to manage their diabetes35,36.
Rehabilitation programs consisting of education con-
cerning diabetes self-management skills, nutrition
counseling, and exercise programs have been shown
to lead to significant improvements in psychological
profiles in diabetic patients with fluctuating vision or
loss of vision37.

Recent studies have provided estimates of costs asso-
ciated with blindness due to diabetes. A minimum
cost to the federal government of $12,769 was esti-
mated for a "person-year" of blindness for a working-
age American who becomes blind in adulthood; for
those age ≥65 years, it was $82338. These estimates did
not include reduced productivity, output loss, societal
burdens of rehabilitation, and other local expenses.
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Figure 14.10
Visual Loss in Diabetic Patients Treated with 
Immediate and Deferred Photocoagulation

o 2.58 ≤Z <3.29. ▲ Z ≥3.29. Visual loss defined as loss of ≥15 letters (equivalent
to at least doubling of the initial visual angle or loss of ≥3 lines) in eyes with
macular edema and mild to moderate diabetic retinopathy. Bottom line, pa-
tients assigned to immediate focal photocoagulation (n=754); upper line,
patients assigned to deferred photocoagulation (n=1,490). Data are from the
Early Treatment of Diabetic Retinopathy Study.

Source: Reference 31
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Figure 14.9
Cumulative Rates of Severe Visual Loss in Eyes of
Patients in the Diabetic Retinopathy Study

Data include and exclude observations made after the 1976 protocol change,
argon and xenon groups combined (treated) and control (untreated).

Source: Reference 30
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Based on the WESDR estimates of prevalence of blind-
ness among people with diagnosed diabetes in the
United States in 1980-82, we estimate an annual cost
of ~$500 million per year7.

Three studies39-41 have estimated the cost-effective-
ness of strategies for detecting diabetic retinopathy.
Data from these analyses suggest that screening for
diabetic retinopathy and obtaining ophthalmologic
care result in significant savings in people with
younger-onset diabetes. One analysis41 predicted an
annual savings of an estimated $240.5 million and
138,390 person-years of sight for 60% screening and
treatment rate implementation level; if all patients
were to receive appropriate eye care, the predicted
savings would exceed $400 million and savings of
230,000 person-years of sight in younger-onset peo-
ple. Another analysis39 also found that targeting the
younger-onset cohort and the older-onset cohort tak-
ing insulin could achieve cost savings. Conversely, the
incremental number of sight-years to be gained in the
older-onset population not taking insulin, even by
annual ophthalmologic examination with fundus
photography, was reported to be small. However,
macular edema, an important cause of vision loss, was
not included in the analyses.

VISUAL ACUITY AS A PREDICTOR OF
DEATH

The relationship between visual acuity and the prob-
ability of survival in insulin-taking diabetic patients
seen in an eye clinic in Wisconsin is presented in

Figure 14.1142. The probability of survival declined
with decreasing levels of visual acuity. The observed
5-year survival was ~40% in persons who were legally
blind.

In the WESDR, after adjusting for age and sex,
younger-onset persons with visual acuity of 20/200 or
poorer in their better eye at baseline had a 6-year
survival rate of 57.9%, compared with 89.9% in per-
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Patients were from a Wisconsin clinic. Visual acuity was determined at entry
to the study.

Source: Reference 42

Figure 14.11
Survival for Insulin-Taking Patients with Diabetes
Diagnosed at Age <50 Years, According to Visual Acuity
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Visual acuity status was determined at baseline examination (1980-82) in the
Wisconsin Epidemiologic Study of Diabetic Retinopathy. Data are age- and
sex-adjusted.

Source: Reference 43

Figure 14.12
Survival in Patients Diagnosed with Diabetes at
Age <30 Years, According to Visual Acuity
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Visual acuity status was determined at baseline examination (1980-82) in the
Wisconsin Epidemiologic Study of Diabetic Retinopathy. Data are age- and
sex-adjusted.

Source: Reference 43

Figure 14.13
Survival in Patients Diagnosed with Diabetes at
Age ≥30 Years, According to Visual Acuity
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sons whose visual acuity was better than 20/40 in the
better eye (Figure 14.12)43. Poor 6-year survival was
also seen in the older-onset group with poorer visual
acuity at baseline (Figure 14.13). Those with a visual
acuity of 20/200 or worse in the better eye at baseline
had a 6-year survival rate of 18.4%, compared with
56.2% for those whose visual acuity was better than
20/40 in the better eye. The relationship between
survival and visual acuity remained after controlling
for other factors associated with mortality such as
increased age, longer duration of diabetes, higher
blood pressure, higher glycosylated hemoglobin, his-
tory of cardiovascular disease, and being male. These
data suggest that people with diabetes and poor visual
acuity should be examined frequently by their pri-
mary care physicians to detect and possibly treat early
renal disease, elevated blood pressure, and cardiovas-
cular disease to minimize their effects.

NEEDS

National population-based estimates of prevalence
and incidence of visual impairment are needed to
assess the effects of changes in management of diabe-
tes and its ocular complications over time. Popula-
tion-based incidence data to define risk variables and
estimates of the relative importance of these factors in
determining visual impairment in different ethnic and
racial groups are needed. Data about the problems of
the visually impaired with respect to occupational,
vocational, psychosocial, and medical care are neces-
sary to describe adequately the current status and to
project future health care delivery needs.

Diabetic retinopathy is characterized by specific al-
terations in the appearance of the retina. The earliest
change that can be seen with the aid of the ophthal-
moscope is the retinal microaneurysm. Retinal blot
hemorrhages, hard exudates, cotton-wool spots, in-
traretinal microvascular abnormalities, venous bead-
ing, and venous reduplication are other lesions that
may be found in the nonproliferative phase of diabetic
retinopathy. Proliferative retinopathy is characterized
by the growth of abnormal blood vessels and fibrous
tissue from the optic nerve head or from the inner
retinal surface elsewhere. Swelling of the macular re-
gion of the retina, called macular edema, may occur in
the presence of either nonproliferative or proliferative
retinopathy.

PREVALENCE AND ASSOCIATED 
RISK FACTORS IN WESDR

In the WESDR, stereoscopic fundus photographs of
seven standard photographic fields were taken of each
eye10. Objective grading of retinopathy by standard
protocols was used to assure reproducible assessment
and classification of the severity of retinopathy19,44,45.
In the WESDR, 71% of younger-onset persons (onset
age <30 years) had retinopathy, 23% had proliferative
retinopathy, and 6% had clinically significant macular
edema10,46.

In older-onset persons in the WESDR, 39% of those
who did not take insulin, and 70% of those who did,
had retinopathy; 3% of the former and 14% of the
latter had proliferative retinopathy, 4% of the former
and 11% of the latter had clinically significant macu-
lar edema11,46.

Using WESDR estimates of prevalence of retinopathy,
1990 U.S. Census estimates, and 1989 National
Health Interview Survey estimates of diabetes, the
National Society to Prevent Blindness has developed
estimates of 4-6 million diabetic people with reti-
nopathy in the United States. They also provide state-
specific estimates of retinopathy. Based on the WESDR
data and an estimate in 1980-82 of 5.8 million Ameri-
cans known to have diabetes, 700,000 had prolifera-
tive retinopathy and 325,000 had clinically significant
macular edema.

PREVALENCE DATA FROM 
OTHER STUDIES

Prevalence data have been reported in other popula-
tion-based studies (Table 14.14)14,22,26,47-70 .  Compari-
sons among studies must be made cautiously. There
are a number of possible reasons for differences
among them. First, there are differences in the defini-
tions of diabetes and its component complications.
Second, methods used to detect and classify reti-
nopathy may vary from study to study. Third, there are
often age, sociodemographic, and genetic differences
among groups under study. The use of standardized
protocols for detecting and classifying diabetic reti-
nopathy have been developed. Use of photographic
documentation of diabetic retinopathy and photo-
graphic standards for grading severity of retinal le-
sions have facilitated comparisons among some stud-
ies10,45,60,62 .

The frequencies of retinopathy in the WESDR are
higher than those previously reported from other
large, population-based studies using ophthal-
moscopy to detect retinopathy10,11,47-50,70 . Without ad-

DIABETIC RETINOPATHY

305



Table 14.15
Four-Year Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, and Progression to PDR 
in Younger-Onset Diabetic Persons, WESDR, 1980-86

Male Female Total
No. at risk % 95% CI No. at risk % 95% CI No. at risk % 95% CI

Incidence of any retinopathy 143 55.9 47.8, 64.0 128 62.5 54.1, 70.9 271 59.0 53.1, 64.9
Improvement 181 4.4 1.4, 7.4 195 9.2 5.1, 13.3 376 6.9 4.3, 9.5
No change 354 54.5 49.3, 59.7 359 55.7 50.6, 60.8 713 55.1 51.4, 58.8
Progression 354 43.2 38.0, 48.4 359 39.3 34.2, 44.4 713 41.2 37.6, 44.8
Progression to PDR 354 11.3 8.0, 14.6 359 9.8 6.7, 12.9 713 10.5 8.2, 12.8

PDR, proliferative diabetic retinopathy; CI, confidence interval; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; younger-onset, diabetes diagnosed at age
<30 years. Number at risk for incidence of any retinopathy refers to group that had no retinopathy (level 10/10) at the baseline examination and were at risk of developing
retinopathy at the follow-up examination. Number at risk for improvement in retinopathy refers to those with retinopathy levels of 21/21 to 5I/51 at baseline who could
have a decrease in their retinopathy severity by at least two steps or more at the follow-up examination. Number at risk for no change, progression, or progression to PDR
refers to those with retinopathy levels of 10/10 to 51/51 who either did not change by two or more steps or progressed by two or more steps.

Source: Reference 19

Table 14.14
Selected List of Population-Based Studies Describing the Prevalence and Incidence of Diabetic Retinopathy

Ref. Site
Type of
diabetes

No.
 studied

Duration of
diabetes
(years)

Retinopathy
detection*

Crude
prevalence

(%)
Crude

incidence

47 Pima Indians, AZ NIDDM 399 0-10+ O 18
48, 70 Pima Indians, AZ NIDDM 279 O 4 years = 2.6%
49 Framingham, MA NIDDM 229 O 18
50, 68, 69 Oklahoma Indians NIDDM 973 0-20+ O, P 24 10-16 years = 72.3%
14 Poole, England IDDM

NIDDM
714 0-30+ O, P

Severe Ret. 8.3
51 Nauru, Central Pacific NIDDM 343 0-10+ O 24
22 Rochester, MN IDDM 75 45.8/1000

person-years
52 Rochester, MN NIDDM 1,060 O 15.6/1000

person-years
53 Iceland IDDM 212 0-20+ P 34
54 Perth, Australia IDDM 179 0-20+ O, P 33
55 NIDDM 904 0-20+ O, P 27
56 County of Fynn,

 Denmark IDDM 718 0-30+ O 48
57, 58 Falster, Denmark IDDM

NIDDM
215
333

0-58
0-42

P
P

66
41

1 year = 3.7%
1 year = 3.7%

59 Switzerland IDDM
NIDDM

105
94

0-30+ O 51
9

8 years = 39%
8 years = 15%

60 San Antonio, TX NIDDM 257 0-10+ O, P 45
61 Gotland, Sweden IDDM

NIDDM
160
140

0-20+
0-20+

P 56-65
17

62 San Luis Valley, CO
 (Hispanics)

NIDDM 166 0-5+
15+

P 19
88

63 Leicester, England IDDM 350 0-30+ O, P 41
10, 11, 19, 20 South-Central WI IDDM

NIDDM
996

1,370
0-30+
0-30+

O, P
O, P

71
39

4 years = 59%
4 years = 34%

64, 65 Allegheny County, PA IDDM 657 6-38 O, P 86 2 years = 33%
66 Seattle, WA

 (2nd generation
 Japanese-American men)

IDDM
NIDDM

78 0-10+ O, P 11.5

67, † Alberta, Canada IDDM
NIDDM

2,300
1,346

0-60+
0-35+

O, P
O, P

59.9
29.9

* O, ophthalmoscopy; P, photography; † unpublished data.

Source: Reference 160
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justing for duration of diabetes, age, level of glycemia,
and other factors associated with the prevalence of
retinopathy, comparisons among populations are of
limited usefulness, even when fundus photography
and grading have been used to detect retinopathy.

INCIDENCE AND PROGRESSION OF 
DIABETIC RETINOPATHY

The incidence of retinopathy in a 4-year interval in
the entire WESDR population was 40.3%19,20. The 4-
year incidence and progression of diabetic retinopathy
in the WESDR are presented in Tables 14.15 and
14.16. The younger-onset group using insulin had the
highest 4-year incidence, rate of progression, and pro-
gression to proliferative retinopathy, while the older-

onset group not using insulin had the lowest rates.
The older-onset group taking insulin had the highest
4-year incidence of macular edema (Table 14.17)71.
There were no differences in the 4-year incidence or
progression of retinopathy in men compared with
women. While the incidence of proliferative reti-
nopathy was higher in people with younger onset, the
estimates of the number of incident cases in the 4-year
period were higher in the group with older-onset age
than in the group with younger-onset age (120 versus
83, Table 14.18) due to the higher frequency of people
with older-onset diabetes.

Based on WESDR data, it is estimated that, of the ~7.8
million Americans with known diabetes in 1993,
84,000 will develop proliferative retinopathy each
year and 40,000 will develop proliferative retinopathy

Table 14.16
Four-Year Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, and Progression to PDR in
Older-Onset Diabetic Persons, WESDR, 1980-86

Male Female Total
No. at risk % 95% CI No. at risk % 95% CI No. at risk % 95% CI

Using insulin
Incidence of any retinopathy 62 46.8 34.4, 59.2 92 47.8 37.6, 58.0 154 47.4 39.5, 55.3
Improvement 107 10.3 4.5, 16.1 108 20.4 12.8, 28.0 215 15.3 10.5, 20.1
No change 193 62.2 55.4, 69.0 225 54.7 48.2, 61.2 418 58.1 53.4, 62.8
Progression 193 32.1 25.5, 38.7 225 35.6 29.3, 41.9 418 34.0 29.5, 38.5
Progression to PDR 193 7.3 3.6, 11.0 225 7.6 4.1, 11.1 418 7.4 4.9, 9.9

Not using insulin
Incidence of any retinopathy 151 32.5 25.0, 40.0 169 36.1 28.9, 43.3 320 34.4 29.2, 39.6
Improvement 35 11.4 0.9, 21.9 66 24.2 13.9, 34.5 101 19.8 12.0, 27.6
No change 216 72.7 66.8, 78.6 270 69.6 64.1, 75.1 486 71.0 67.0, 75.0
Progression 216 25.5 19.7, 31.3 270 24.4 19.3, 29.5 486 24.9 21.1, 28.7
Progression to PDR 216 2.8 0.6, 5.0 270 1.9 0.3, 3.5 486 2.3 1.0, 3.6

PDR, proliferative diabetic retinopathy; CI, confidence interval; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; older-onset, diabetes diagnosed at age
≥30 years. Number at risk for incidence of any retinopathy refers to group that had no retinopathy (level 10/10) at the baseline examination and were at risk of developing
retinopathy at the follow-up examination. Number at risk for improvement in retinopathy refers to those with retinopathy levels 21/21 to 51/51 at baseline who could have
a decrease in their retinopathy severity by at least two steps or more at the follow-up. Number at risk for no change, progression, or progression to PDR refers to those with
retinopathy levels 10/10 to 51/51 who either did not change by two or more steps or progressed by two or more steps.

Source: Reference 20

Table 14.17
Four-Year Incidence of Macular Edema and Clinically Significant Macular Edema by Type of Diabetes, WESDR, 1980-86

Group
No. of

persons
No. with

macular edema
Incidence

%
No. with
CSME

Incidence
%

Younger-onset 610 50 8.2 26 4.3
Older-onset 652 34 5.2 19 2.9

Taking insulin 273 23 8.4 14 5.1
Not taking insulin 379 11 2.9 5 1.3

Oral 243 9 3.7 4 1.6
Diet only 102 1 1.0 1 1.0
None 34 1 2.9 0 0

CSME, clinically significant macular edema as defined by the Early Treatment Diabetic Retinopathy Study. Younger onset, diabetes diagnosed at age <30 years; older onset,
diabetes diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Source: Reference 71
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with DRS high-risk characteristics for severe loss of
vision. Each year, 95,000 people with diabetes are
estimated to develop macular edema.

In the WESDR, the estimated annual incidence and
rates of progression of retinopathy were compared for
the first 4 years of the study with the next 6 years of
the study26. There were few differences in the esti-
mated annual incidence or rates of progression be-
tween these two periods. However, the estimated an-
nual incidence of proliferative diabetic retinopathy
was higher in the last 6 years compared with the first
4 years of the study (Table 14.19). After adjusting for
the severity of retinopathy or duration of diabetes at
baseline and the 4-year followup, the estimated an-
nual incidence of proliferative retinopathy remained
higher over the last 6 years of the study only in the
older-onset groups (data not shown). These data sug-
gest that incidence and progression of retinopathy
remained unchanged or worsened despite improve-
ments in glycemic control in people taking insulin
over the first 4 years of the study.

RISK FACTORS FOR DIABETIC 
RETINOPATHY

Sex

In the WESDR, higher frequencies of proliferative
retinopathy were present in younger-onset males
compared with females10. However, there were no sig-
nificant differences in the 4- or 10-year incidence or
progression of diabetic retinopathy between the
sexes19,26. There were no significant differences in the
prevalence, incidence, or rates of progression to pro-
liferative retinopathy between the sexes in people
with older-onset diabetes in the WESDR11,20,26.

Race

Pima and Oklahoma Indians with NIDDM appear to
be at increased risk of developing proliferative reti-
nopathy compared with whites with NIDDM69,70. The
reason for this difference is not clear. American Indi-
ans may have been exposed to longer periods of more
severe hyperglycemia at a younger age than whites
with NIDDM. However, the prevalence and severity of
retinopathy appears to vary among different Indian
groups47,50,67-70 . This may reflect different levels of the
same risk factors, different relative importance of
those risk factors, or genetic differences.

Using similar protocols to measure risk factors and to
detect diabetic retinopathy, after controlling for all
measured risk factors, the frequency of retinopathy in
Mexican Americans in San Antonio, TX was 2.4 times
as high as the frequency of retinopathy in non-His-
panic whites studied in the WESDR60. Similarly, in the
NHANES III, retinopathy was more prevalent in Mexi-
can Americans compared with non-Hispanic whites
age ≥40 years (Figure 14.14). However, there was no
difference in the frequency of retinopathy between
Hispanics and non-Hispanic whites examined in the
San Luis Valley Study62. The crude prevalence of pro-

Table 14.19
Average Annual Incidence, Progression, and Progression to PDR in Diabetic Persons, WESDR, 1980-92

Younger-onset Older-onset taking insulin Older-onset not taking  insulin

     Period
No.

at risk %
No.

at risk %
No.

at risk %

Incidence/year First 4 years
Next 6 years

261
103

20.0
19.0

146
47

14.8
14.8

301
146

10.2
10.1

Progression/year First 4 years
Next 6 years

712
579

13.6
13.4

417
210

11.6
11.8

487
269

7.1
9.0

Progression to PDR/year First 4 years
Next 6 years

712
579

2.7
4.0

417
210

2.0
3.2

487
269

0.6
1.3

PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy. Younger-onset, diabetes diagnosed at age <30 years; older-onset,
diabetes diagnosed at age ≥30 years.

Source: Reference 26

Table 14.18
Estimated Number of New Cases of Proliferative
Retinopathy in 4 Years in Wisconsin Health 
Service Area 1

Proliferative 
retinopathy 
severity grade

Total
no. of
cases

Diabetes diagnosis
at age <30 years

Diabetes diagnosis
at age  ≥30 years

No. % No. %

60-65 105 54 51.4 51 48.6
70 85 28 32.9 57 67.1
80 13 1 7.7 12 92.3

Total 203 83 40.9 120 59.1

Estimates are based on rates in the Wisconsin Epidemiologic Study of Diabetic
Retinopathy sampled in 1979-80 according to type and duration of diabetes,
weighted to the Wisconsin HSA1 population of 839, 324.

Source: Reference 20
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liferative diabetic retinopathy in Hispanic groups in
Colorado (7%) was slightly but not significantly
higher than the frequency of proliferative retinopathy
in non-Hispanic whites with known NIDDM in Colo-
rado (5%)62.

At present, published data are not available on the
prevalence of retinopathy and macular edema in black
populations living in the United States. Based on ob-
servations of diabetic patients attending retina clinics,
it has been suggested that blacks with NIDDM may
have more severe diabetic retinopathy and loss of
vision than whites with this disease72. In the NHANES
III, retinopathy was more prevalent in non-Hispanic
black men than in non-Hispanic white men age ≥40
years; there was no difference in non-Hispanic black
women and non-Hispanic white women age ≥40 years
(Figure 14.14). However, after correction for glycemia
and other risk factors, no difference was reported in
the frequency of nonproliferative retinopathy (as de-
tected by direct ophthalmoscopy) in black Jamaicans
with NIDDM, compared with whites with NIDDM73.
In a clinic-based cohort in St. Louis, MO after control-
ling for other risk factors, African Americans with
IDDM, despite higher frequencies of hyperglycemia
and hypertension, had a lower rate of progression of
retinopathy than a group of non-Hispanic whites74.
The reasons for these findings were not apparent.

The prevalence of retinopathy in second-generation
Japanese-American males (Nisei), 12%, was signifi-
cantly lower than that reported in the diabetes clinic
at Tokyo University Hospital (49% among patients

with an onset of diabetes from 20-59 years of age and
47% among those with an onset age >59 years) and in
whites reported in the WESDR (36%)11,66.

Genetic Factors

The relationships between genetic factors and the
prevalence and incidence of retinopathy have been
inconsistent75-79. Clinical studies have reported a posi-
tive association between retinopathy severity and the
presence of HLA-B8, HLA-B15, or HLA-DR4 antigens
in people with IDDM. In a case-control study of Joslin
Clinic patients with IDDM, the patients with DR 3/0,
4/0, and X/X were more likely to have proliferative
diabetic retinopathy than patients with 3/X, 4/X, or
3/4.77 However, antigens of the BF locus, located on
chromosome 6, have not been found by others to be
related to proliferative retinopathy78.

In a subset of the WESDR younger-onset group, after
adjusting for factors associated with proliferative reti-
nopathy, the presence of DR4 and the absence of DR3
was associated with a 5.4 times increase in the odds of
having proliferative retinopathy compared with the
absence of both DR4 and DR379. No other genetic
factors were statistically significantly associated with
the presence of proliferative retinopathy. However,
based on analyses of the 10-year follow-up data from
this study, DR4 appeared to have a statistically signifi-
cant protective effect for the incidence of proliferative
diabetic retinopathy80. This might be explained, in
part, by the higher mortality experienced by DR4+
individuals (7.6%) compared with DR4- individuals
(4.7%). However, the protective effect was found even
in people with shorter durations of diabetes, where
mortality was low, suggesting that selective mortality
did not completely explain this relationship.

The reasons why specific HLA-DR antigens would
change the risk of developing more severe retinopathy
are not apparent. Study of specific genetic factors
associated with the hypothesized pathogenetic factors
for retinopathy, such as glycosylation, aldose reduc-
tase activity, collagen formation, and platelet adhe-
siveness and aggregation may yield a better under-
standing of the possible causal relationships between
genetic factors and diabetic retinopathy.

Age

The prevalence and severity of diabetic retinopathy
increased with increasing age in younger-onset per-
sons (Figure 14.15)10. Prior to 13 years of age, diabetic
retinopathy was infrequent, irrespective of the dura-
tion of the disease. In older-onset persons, the preva-
lence rates of retinopathy did not increase consis-
tently with age (Figure 14.16)11.
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Figure 14.14
Prevalence of Diabetic Retinopathy in Persons
with NIDDM Age ≥40 Years, by Sex and Race/Ethnic
Group

NHW, non-Hispanic white; NHB, non-Hispanic black; MA, Mexican Ameri-
can. Data are from the 1988-91 cycle of the National Health and Nutrition
Examination Survey III.

Source: Reference 158
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Tables 14.20 and 14.21 describe the relationships be-
tween the 4-year incidence and progression of dia-
betic retinopathy and age in the WESDR younger- and
older-onset groups19,20. For younger-onset people tak-
ing insulin, the 4-year incidence of retinopathy in-
creased with increasing age, with the sharpest in-
crease in incidence occurring in persons 10-12 years
old at baseline. Four-year rates of progression of reti-
nopathy in younger-onset persons rose steadily with
increasing age until 15-19 years of age, after which
there was a gradual decline. No person age <13 years
at baseline was found to have proliferative retinopathy
at the 4-year followup. In older-onset persons, for
those taking insulin, the 4-year incidence of reti-

nopathy and progression of retinopathy had a ten-
dency to decrease with increasing age (Table 14.21).
The 4-year frequency of improvement tended to in-
crease with increasing age. For those not taking insu-
lin, the 4-year rate of progression to proliferative reti-
nopathy decreased with increasing age.

These findings are consistent with data from other
population-based studies22,59,65,69 . In one such study of
people with NIDDM in Rochester, MN, a lower inci-
dence of retinopathy with increasing age was reported
for diabetic people age >60 years52.

Table 14.20
Four-Year Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, and Progression to PDR
in Younger-Onset Persons, by Age at Baseline Examination, WESDR, 1980-86

Age at baseline
examination (years)

Incidence of
any retinopathy Improvement   No. 

at risk

No
change

% 
Progression

Progression
to PDR

No. at risk % No. at risk % % %

0-9 26 15.4 0 27 96.3 3.7 0
10-12 42 54.8 2 48 70.8 27.1 0
13-14 25 48.0 2 32 62.5 37.5 3.1
15-19 66 72.7 56 7.1 140 47.9 49.3 10.0
20-24 42 64.3 81 3.7 130 48.5 49.2 11.5
25-29 25 72.0 67 6.0 101 49.5 46.5 15.8
30-34 34 61.8 57 8.8 102 52.0 43.1 11.8

≥35 11 63.6 111 8.1 133 60.2 33.1 12.8
35-39 7 40 5.0 51 56.9 39.2 9.8
40-44 3 21 4.8 25 56.0 40.0 16.0

≥45 1 50 12.0 57 64.9 24.6 14.0

PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; younger-onset, diabetes diagnosed at age <30 years.

Source: Reference 19
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Figure 14.16
Prevalence of Any and of Proliferative Retinopathy
in Persons with Diabetes Diagnosed at Age ≥30
Years, by Age

Source: Klein R. Wisconsin Epidemiologic Study of Diabetic Retinopathy
(WESDR), 1980-82; unpublished data
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Figure 14.15
Prevalence of Any and of Proliferative Retinopathy
in Insulin-Taking Persons with Diabetes Diagnosed
at Age <30 Years, by Age

Source: Klein R. Wisconsin Epidemiologic Study of Diabetic Retinopathy
(WESDR), 1980-82; unpublished data
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Duration of Diabetes

For younger-onset persons, both the frequency and
severity of retinopathy increased with increasing du-
ration of diabetes (Figure 14.17)10,11. The prevalence
of retinopathy 3-4 years after the diagnosis of diabetes
was 14.5% in males and 24.3% in females, and in all
cases it was mild. On the other hand, in persons with
diabetes for 19-20 years, 50% of males and 33% of
females had proliferative retinopathy. After diagnosis

of diabetes, retinopathy was more frequent in the
older-onset groups compared with the younger-onset
group. In the first 3 years after diagnosis of diabetes,
23% of the older-onset group not taking insulin had
retinopathy, and 2% had proliferative retinopathy
(Figure 14.18). However, after 20 years or more of
diabetes, fewer older-onset people not taking insulin
had retinopathy (60% versus 99%) or proliferative
retinopathy (5% versus 53%) than younger-onset peo-
ple.
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Data are from the Wisconsin Epidemiologic Study of Diabetic Retinopathy
baseline examination, 1980-82.

Source: Reference 159

Figure 14.17
Prevalence of Any and of Proliferative Retinopathy
in Persons Diagnosed with Diabetes at Age <30
Years, by Diabetes Duration
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1980-82.

Source: Reference 159

Figure 14.18
Prevalence of Any and of Proliferative Retinopathy
in Persons Diagnosed with Diabetes at Age ≥30
Years, by Diabetes Duration

Table 14.21
Four-Year Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, and Progression to PDR
in Older-Onset Persons, by Age at Baseline Examination, WESDR, 1980-86

Insulin use and 
age at baseline 
examination (years)

Incidence of
 any retinopathy Improvement No.

at risk

No
change

%
Progression

Progression
to PDR

No. at risk % No. at risk % % %

Using insulin
30-44 18 50.0 6 16.7 26 57.7 38.5 3.8
45-59 47 59.6 70 5.7 135 54.1 43.0 8.9
60-74 61 45.9 119 17.6 202 58.4 31.2 8.9

≥75 28 28.6 20 35.0 55 67.3 20.0 0
p <0.05 <0.01 0.16 <0.01 0.29

Not using insulin
30-44 14 50.0 4 25.0 19 63.2 31.6 5.3
45-59 83 30.1 21 4.8 114 68.4 30.7 4.4
60-74 168 32.7 48 20.8 257 73.2 23.0 1.9

≥75 55 41.8 28 28.6 96 69.8 21.9 0
p 0.47 0.08 0.58 0.09 <0.05

PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; older-onset, diabetes diagnosed at age ≥30 years; p-values
are by test for trend.

Source: Reference 20
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To examine the relationship between retinopathy and
clinical diagnosis of NIDDM, data regarding reti-
nopathy prevalence at different durations of diabetes
from older-onset persons in the WESDR and a study
in Australia were extrapolated to the time when reti-
nopathy prevalence was estimated to be zero81. It was
calculated that the onset of detectable retinopathy
occurred about 4-7 years before diagnosis of NIDDM
in these populations.

The 4-year incidence of diabetic retinopathy increased
with increasing duration of diabetes at baseline (Ta-

bles 14.22 and 14.23)19,20. The risk of developing reti-
nopathy in the younger-onset group was high even
after 10 years of diabetes (73.7%).

The 4-year incidence of proliferative retinopathy in-
creased from 0% during the first 3 years after diagno-
sis of diabetes to 27.9% in younger-onset people with
13-14 years of diabetes. Thereafter, the incidence of
proliferative retinopathy remained stable. There are a
number of reasons for these findings. First, different
risk factors, e.g., diabetic nephropathy, may be opera-
tive during the first 15 years of diabetes compared

Table 14.23
Four-Year Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, and Progression to PDR
in Older-Onset Persons, by Duration of Diabetes, WESDR, 1980-86

Insulin use and 
duration of diabetes
at baseline 
examination (years)

Incidence of
 any retinopathy Improvement        No.

at risk

No
change Progression

Progression
to PDR

No. at risk % No. at risk % % % %

Using insulin
0-4 48 27.1 19 15.8 77 77.9 18.2 0
5-9 48 70.8 19 10.5 78 47.4 50.0 5.1

10-14 24 54.2 38 21.1 73 50.7 38.4 5.5
≥15 34 38.2 139 14.4 190 57.4 32.1 12.1

p 0.22 0.73 0.10 0.68 <0.001
Not using insulin

0-4 155 31.0 24 16.7 201 79.1 18.9 2.0
5-9 99 32.3 29 27.6 152 69.1 25.7 2.0

10-14 29 37.9 15 6.7 52 63.5 34.6 0
≥15 37 51.4 33 21.2 81 59.3 32.1 4.9

p 0.06 0.99 <0.001 <0.01 0.43

PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; older-onset, diabetes diagnosed at age ≥30 years; p-values
are by test for trend.

Source: Reference 20

Table 14.22
Four-Year Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, and Progression to PDR
in Younger-Onset Persons, by Duration of Diabetes, WESDR, 1980-86

Duration of
diabetes at baseline 
examination (years)

Incidence of
 any retinopathy Improvement No.

at risk

No
 change Progression

Progression
to PDR

No. at risk % No. at risk % % % %

0-2 69 37.7 4 75 80.0 18.7 0
3-4 68 61.8 5 84 64.3 34.5 1.2
5-6 60 65.0 30 3.3 103 54.4 44.7 3.9
7-8 32 68.8 37 5.4 85 40.0 57.6 8.2

9-10 23 73.9 53 5.7 84 54.8 41.7 11.9
≥11 19 73.7

11-12 43 0 54 44.4 55.6 22.2
13-14 38 7.9 43 30.2 62.8 27.9
15-19 68 2.9 79 55.7 41.8 16.5
20-24 39 15.4 42 57.1 28.6 14.3
25-29 32 9.4 34 61.8 29.4 14.7

≥30 27 14.8 30 56.7 30.0 16.7

PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; younger-onset, diabetes diagnosed at age <30 years. 

Source: Reference 19
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with the years that follow. Second, it is possible that
younger-onset people who have diabetes for >15 years
and who develop proliferative retinopathy are more
likely to die before being examined in the WESDR. In
the older-onset groups, 2.0% of those with <5 years
duration who were not taking insulin at baseline de-
veloped signs of proliferative retinopathy at the 4-year
followup (Table 14.23).

There are few other population-based data concerning
the incidence or progression of retinopathy. Data from
some of these studies are presented in Table 14.14.

Age at Diagnosis

In the WESDR, after controlling for duration of diabe-
tes, age at diagnosis was not related to the 4-year
incidence or progression of diabetic retinopathy in
any of the diabetic groups studied19,20. In contrast,
after controlling for other risk factors in a cohort with
NIDDM in Rochester, MN, the development of reti-
nopathy was significantly associated with younger age
at diagnosis52.

Puberty

After controlling for other factors, such as diastolic
blood pressure and duration of diabetes, younger-on-
set subjects who were postmenarchal in the WESDR
were 3.2 times as likely to have diabetic retinopathy
as those who were premenarchal82. Duration of diabe-
tes after menarche conferred an increased risk of hav-
ing any retinopathy compared with duration before
menarche. The incidences of any retinopathy or pro-
liferative retinopathy over the following 4-year period
were higher in those who were postmenarchal at base-
line compared with those who were premenarchal.
This has been reported by others83,84. A number of
changes occurring at puberty, such as increases in
insulin-like growth factor I, growth hormone, sex
hormones, blood pressure, and poorer glycemic con-
trol (secondary to increased insulin resistance, poorer
compliance, and inadequate insulin dosage) have
been suggested as resulting in an increased risk in
progression of retinopathy85-91. 

Hyperglycemia

There is a growing body of epidemiologic studies that

Table 14.24
Characteristics Associated with Incidence, Prevalence, and Progression of Diabetic Retinopathy in Population-Based
Studies

Ref.
Type of
diabetes Hyperglycemia

High blood
pressure

History of
smoking

History of
renal disease

High
lipids

Incidence
52 NIDDM Yes No No No
59 IDDM

NIDDM
No
Yes

Yes
Yes

10, 11, 93, 94, 114,
120-122, 126, 127

IDDM
NIDDM

Yes
Yes

Yes    
Yes/no‡

No
No

Yes
No

Yes

Prevalence
47 NIDDM Yes Yes
48, 70 NIDDM Yes Yes
50, 68, 69 NIDDM Yes No/yes† No Yes/no† No/yes†
14 IDDM

NIDDM
Yes
Yes

51 NIDDM Yes Yes
53 IDDM No
55 IDDM

NIDDM
Yes
Yes

Yes
Yes

Yes
Yes

No
No

56 IDDM Yes No Yes No
60 NIDDM Yes Yes No Yes
61 IDDM

NIDDM
Yes
Yes

Yes

62 NIDDM Yes Yes Yes No
63 IDDM No Yes
64, 65 IDDM Yes Yes No Yes Yes
66 NIDDM Yes

† No relationship of high blood pressure or high cholesterol with prevalence, significant relationship with incidence; relationship of gross proteinuria is significant
with prevalence but not incidence of retinopathy. ‡ Relationship of high blood pressure with prevalence but not 4-year incidence of retinopathy is significant.

Source: Reference 160
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demonstrate a strong relationship between hypergly-
cemia and the development or progression of diabetic
retinopathy (Table 14.24)10,11,47-52,55,56,59-62,64,65,67,68,92-94 .
In the WESDR, the glycosylated hemoglobin level at
baseline was found to be a significant predictor of the 4-
and 10-year incidence of retinopathy, progression, pro-
gression to proliferative retinopathy (Table 14.25), and
incidence of macular edema in all three diabetic groups
studied71,93,94. These relationships remained after con-
trolling for duration of diabetes, severity of reti-
nopathy, and other risk factors measured at baseline.
In addition, a decrease in glycosylated hemoglobin

between baseline and the 4-year follow-up examina-
tion was associated with a significant decrease in the
progression of retinopathy and the incidence of prolif-
erative retinopathy in most of the WESDR diabetic
groups (Tables 14.26-14.28)94. The WESDR data also
suggest that, at any duration of diabetes prior to the
development of severe nonproliferative or prolifera-
tive retinopathy, there was no "point of no return"
with regard to the glycosylated hemoglobin-reti-
nopathy relationship. Rather, the relationship be-
tween level of glycemia and risk of retinopathy ex-
tended across the whole range of levels of glycemia,

Table 14.25
Four- and 10-Year Incidence and Progression Rates by Quartile of Glycosylated Hemoglobin for Persons with 
Nonproliferative Retinopathy at the Baseline Examination, WESDR, 1980-92

Incidence of any retinopathy Progression of retinopathy         
Progression to
proliferative
retinopathy

Glycosylated
hemoglobin

No. at
risk % RR (95% CI)

No. at
risk % RR (95% CI) % RR (95% CI)

Four-Year
Younger-onset

1st quartile 80 45.0 1.0 177 17.0 1.0 1.1 1.0
2nd quartile 68 50.0 1.1 (0.8, 1.6) 164 32.9 1.9 (1.3, 2.9) 3.0 2.7 (0.5, 14.1)
3rd quartile 50 66.0 1.5 (1.1, 2.0) 172 49.4 2.9 (2.0, 4.2) 16.3 14.8 (3.5, 62.4)
4th quartile 59 84.8 1.9 (1.4, 2.5) 167 68.3 4.0 (2.9, 5.7) 24.0 21.8 (5.3, 90.5)

Older-onset
 taking  insulin

1st quartile 49 38.8 1.0 106 24.5 1.0 3.8 1.0
2nd quartile 39 43.6 1.1 (0.7, 1.9) 89 25.8 1.1 (0.6, 1.7) 3.4 0.9 (0.2, 3.9)
3rd quartile 28 46.4 1.2 (0.7, 2.0) 93 32.3 1.3 (0.8, 2.1) 6.4 1.7 (0.5, 5.8)
4th quartile 27 74.1 1.9 (1.3, 2.9) 92 52.2 2.1 (1.4, 3.1) 15.2 4.0 (1.4, 11.7)

Older-onset not
 taking insulin

1st quartile 85 12.9 1.0 114 7.9 1.0 1.8 1.0
2nd quartile 80 28.8 2.2 (1.2, 4.3) 116 15.5 2.0 (0.9, 4.2) 0.9 0.5 (0, 5.2)
3rd quartile 75 49.3 3.8 (2.1, 7.0) 116 31.0 3.9 (2.0, 7.8) 0.9 0.5 (0, 5.2)
4th quartile 56 51.8 4.0 (2.2, 7.4) 104 49.0 6.2 (3.2, 12.0) 6.7 3.7 (0.8, 17.3)

Ten-Year
Younger-onset

1st quartile 85 80.0 1.0 187 58.0 1.0 8.7 1.0
2nd quartile 53 95.3 1.5 (1.2, 1.9) 153 73.6 1.5 (1.2, 1.9) 22.7 2.6 (1.5, 4.6)
3rd quartile 54 92.2 1.5 (1.2, 1.9) 174 85.6 2.1 (1.7, 2.5) 41.3 5.5 (3.5, 8.8)
4th quartile 56 98.2 1.9 (1.5, 2.4) 168 92.0 2.9 (2.3, 3.5) 49.8 7.1 (4.6, 11.1)

Older-onset
 taking insulin

1st quartile 44 70.4 1.0 101 54.9 1.0 12.3 1.0
2nd quartile 43 80.6 1.1 (0.7, 1.7) 92 59.3 1.1 (0.8, 1.6) 18.5 1.2 (0.5, 2.9)
3rd quartile 25 79.6 1.1 (0.7, 1.8) 99 72.7 1.4 (1.0, 1.9) 24.2 2.0 (1.0, 4.3)
4th quartile 23 100.0 1.9 (1.3, 2.9) 87 86.6 2.1 (1.6, 2.8) 37.9 3.1 (1.5, 6.1)

Older-onset
 not taking insulin

1st quartile 91 47.0 1.0 125 30.7 1.0 2.0 1.0
2nd quartile 71 57.2 1.4 (0.9, 2.2) 114 45.7 1.8 (1.2, 2.7) 2.4 1.2 (0.2, 8.3)
3rd quartile 69 83.9 2.5 (1.7, 3.5) 110 66.8 2.8 (1.9, 4.2) 9.6 4.0 (1.0, 16.6)
4th quartile 50 89.7 2.7 (1.9, 4.0) 106 80.5 4.3 (3.0, 6.2) 30.0 13.8 (4.8, 39.5)

RR, relative risk; CI, confidence interval. Values of glycosylated hemoglobin (%) for the younger-onset group are 5.6-9.4, 9.5-10.5,10.6-12.0 and 12.1-19.5; for the
older-onset group taking insulin, 5.9-8.8, 8.9-10.2, 10.3-11.5 and 11.6-17.0; and for the older-onset group not taking insulin 5.4-7.6, 7.7-8.6, 8.7-10.0 and 10.1-20.8.

Source: References 93 and 94
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with no evidence of a threshold. Appendix 14.2 shows
the 10-year rates for incidence and progression of
retinopathy according to glycohemoglobin level
measured at baseline for younger-onset, older-onset
taking insulin, and older-onset not taking insulin par-
ticipants in the WESDR161.

Most of the earlier small clinical trials failed to dem-
onstrate a beneficial effect of glycemic control in pre-
venting the development or progression of diabetic
retinopathy in people with IDDM95-101. They were lim-
ited by their small size, relatively short follow-up
times, and inclusion of people with diabetes who had

Table 14.26
Multivariate Analysis for 10-Year Incidence of Any Retinopathy, WESDR

Characteristics p Retinopathy more likely if Odds ratio (95% CI)

Younger-onset
Duration, 10 years <0.01 Longer 3.4 (1.4-8.6)
Age, 10 years <0.05 Older 1.4 (1.0-2.0)
Sex (0= female, 1= male) 0.17
Glycosylated hemoglobin, %* <0.0001 Higher 1.6 (1.4-1.9)
Glycosylated hemoglobin change, %† 0.10 Increase 1.1 (1.0-1.3)

Older-onset taking insulin
Duration, 10 years 0.97
Age, 10 years <0.001 Younger 0.6 (0.5-0.8)
Sex (0= female, 1= male) 0.32
Glycosylated hemoglobin, %* <0.05 Higher 1.3 (1.0-1.6)
Glycosylated hemoglobin change, %† 0.35

Older-onset not taking insulin
Duration, 10 years 0.41
Age, 10 years 0.37
Sex (0= female, 1= male) 0.47
Glycosylated hemoglobin, %* <0.0001 Higher 1.6 (1.4-1.8)
Glycosylated hemoglobin change, %† <0.005 Increase 1.2 (1.1-1.4)

 * Per one percentage point increase.  † Defined as glycosylated hemoglobin measured at 4-year followup minus glycosylated hemoglobin at baseline, per one percentage
point increase. CI, confidence interval.

Source: Reference 94

Table 14.27
Multivariate Analysis for 10-Year Progression of Retinopathy, WESDR

Characteristics p Progression more likely if Odds ratio (95% CI)

Younger-onset
Duration, 10 years 0.15
Age, 10 years 0.88
Sex (0= female, 1= male) <0.05 Male 1.4 (1.1-1.9)
Retinopathy severity (10/10-53/53) 0.70
Glycosylated hemoglobin, %* <0.0001 Higher 1.7 (1.6-1.9)
Glycosylated hemoglobin change, %† <0.0001 Increase 1.2 (1.1-1.3)

Older-onset taking insulin
Duration, 10 years 0.78
Age, 10 years <0.0001 Younger 0.7 (0.6-0.8)
Sex (0= female, 1= male) 0.87
Retinopathy severity (10/10-53/53) 0.18
Glycosylated hemoglobin, %* <0.0001 Higher 1.4 (1.2-1.6)
Glycosylated hemoglobin change, %† 0.31

Older-onset not taking insulin
Duration, 10 years <0.05 Longer 1.4 (1.0-2.0)
Age, 10 years <0.001 Younger 0.7 (0.6-0.9)
Sex (0= female, 1= male) 0.56
Retinopathy severity (10/10-53/53) 0.87
Glycosylated hemoglobin, %* <0.0001 Higher 1.8 (1.5-2.0)
Glycosylated hemoglobin change, %† <0.0001 Increase 1.4 (1.2-1.5)

* Per one percentage point increase. † Defined as glycosylated hemoglobin measured at 4-year followup minus glycosylated hemoglobin at baseline, per one percentage
point increase. CI, confidence interval.

 Source: Reference 94
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moderately severe nonproliferative retinopathy at
study entry. Initial worsening of retinopathy, manifest
by the appearance of soft exudates and intraretinal
microvascular abnormalities, were consistently found
in the experimental tightly controlled groups in per-
sons who had minimal or no retinopathy at baseline
in these clinical trials. However, a meta-analysis102 of
16 published randomized clinical trials showed that
the risk of retinopathy progression was insignificantly
higher at 6-12 months of intensive glycemic control
(odds ratio 2.11, 95% CI 0.54,8.31). Furthermore,
after ≥2 years of intensive glycemic control, the risk of
retinopathy progression was significantly lower (odds

ratio 0.49, 95% CI 0.28,0.85). In addition, the inci-
dence of severe hypoglycemia increased by 9.1 epi-
sodes per 100 person-years of followup in the inten-
sively controlled patients. In the UGDP trial, metabo-
lic control was not related to the incidence or progres-
sion of retinopathy in people with NIDDM17.

The DCCT, a large randomized controlled clinical trial
of 1,441 patients with IDDM, provided information
on the relationships of intensive glycemic control to
the development and progression of diabetic reti-

Table 14.28
Multivariate Analysis for 10-Year Progression to Proliferative Retinopathy, WESDR

Characteristics p
Proliferative retinopathy

more likely if Odds ratio (95% CI)

Younger-onset
Duration, 10 years 0.73
Age, 10 years 0.25
Sex (0 = female, 1 = male) 0.96
Retinopathy severity, per step (10/10-53/53) <0.0001 More severe 1.5 (1.4-1.6)
Glycosylated hemoglobin, %* <0.0001 Higher 1.9 (1.7-2.2)
Glycosylated hemoglobin change, %† <0.0001 Increase 1.3 (1.2-1.4)

Older-onset taking insulin
Duration, 10 years 0.59
Age, 10 years 0.13 Younger 0.8 (0.5-1.1)
Sex (0 = female, 1 = male) 0.80
Retinopathy severity, per step (10/10-53/53) <0.0001 More severe 1.4 (1.3-1.6)
Glycosylated hemoglobin, %* <0.001 Higher 1.5 (1.2-1.9)
Glycosylated hemoglobin change, %† 0.07 Increase 1.2 (1.0-1.5)

Older-onset not taking insulin
Duration, 10 years 0.92
Age, 10 years 0.06 Younger 0.7 (0.4-1.0)
Sex (0 = female, 1 = male) 0.66
Retinopathy severity, per step (10/10-53/53) <0.0001 More severe 1.5 (1.3-1.8)
Glycosylated hemoglobin, %* <0.0001 Higher 1.9 (1.5-2.5)
Glycosylated hemoglobin change, %† <0.005 Increase 1.4 (1.1-1.8)

WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; CI, confidence interval. * Per one percentage point increase. † Defined as glycosylated hemoglobin
measured at 4-year followup minus glycosylated hemoglobin at baseline, per one percentage point increase.

Source: Reference 94

Table 14.29
Risk Reduction in Incidence and Progression of
Retinopathy, DCCT Primary Prevention Group

Risk reduction, intensive vs.
conventional treatment group

Retinopathy % 95% CI

≥1 microaneurysm 27 11-40

≥3-step progression 60 47-70

≥Sustained 3-step progression 76 62-85

Only 6 subjects developed proliferative diabetic retinopathy, 5 developed
macular edema, 4 needed laser treatment; DCCT, Diabetic Control and Com-
plications Trial; CI, confidence interval.

Source: Reference 104

Table 14.30
Risk Reduction in Incidence and Progression of
Retinopathy, DCCT Secondary Intervention Group

Risk reduction, intensive vs.
conventional treatment group

Retinopathy % 95% CI

≥3-step progression 34 18-46

≥Sustained 3-step progression 54 38-65

Incidence of preproliferative
 or PDR

47 13-67

Incidence of macular edema 22 15-47

Laser treatment 54 23-74

PDR, proliferative diabetic retinopathy; DCCT, Diabetic Control and Compli-
cations Trial; CI, confidence interval.

Source: Reference 104
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nopathy103,104. The DCCT demonstrated that intensive
glycemic control was associated with a reduced risk of
incidence and progression of retinopathy, progression
to preproliferative and proliferative retinopathy, and
incidence of macular edema as well as a reduced need
for panretinal photocoagulation compared with con-
ventional insulin treatment (Tables 14.29 and 14.30).
However, the group under intensive glycemic control
experienced a 60% increased risk of weight gain and a
330% increased risk of severe hypoglycemic reactions
compared with the conventional treatment group.
While these data suggest a favorable risk-benefit ratio
for intensive glycemic control for most people with
IDDM with no or early nonproliferative retinopathy,
caution must be exercised in translating these results
for the treatment of people with NIDDM. Results of
the United Kingdom Prospective Diabetes Study may
provide such information105.

C-Peptide Status

The relationship of endogenous insulin secretion to
diabetic retinopathy, independent of glycemic control,
is not certain106-109. Some studies suggest a protective
effect of remaining endogenous insulin secretion
whereas others do not. In the WESDR, the highest
frequencies and most severe retinopathy were found
in insulin-using individuals with undetectable or low
plasma C-peptide (<0.3 nM), whereas the lowest fre-
quencies of retinopathy were found in older-onset
overweight individuals not using insulin (Tables
14.31-14.33)110. Older- and younger-onset individuals
who were using insulin and who had no detectable
C-peptide had similar frequencies of proliferative ret-

inopathy. After controlling for characteristics associ-
ated with retinopathy in older-onset people with
NIDDM, there was no relationship between higher
levels of C-peptide and lower frequency of less severe
retinopathy. These findings suggest that the level of
glycemia, not the level of endogenous C-peptide, is
more important in determining the presence and se-
verity of retinopathy in individuals with NIDDM.

Table 14.31
Frequency and Severity of Diabetic Retinopathy,
Macular Edema, and CSME in Younger-Onset Diabetic
Persons by C-Peptide Level, WESDR

C-peptide level

Undetectable <0.3 nM ≥0.3 nM
No. % No. % No. %

Retinopathy level
10 90 12.6 18 18.8 3 12.5

21-31 266 37.2 31 32.3 9 37.5
41-51 164 22.9 23 24.0 3 12.5
60-65 124 17.3 16 16.7 5 20.8

≥70 71 9.9 8 8.3 4 16.7

Macular edema
Absent 546 90.0 78 92.9 14 93.3
Present 61 10.0 6 7.1 1 6.7

CSME
Absent 575 94.7 81 96.4 15 100.0
Present 32 5.3 3 3.6 0 0

CSME, clinically significant macular edema; WESDR, Wisconsin Epidemiologic
Study of Diabetic Retinopathy; younger-onset, diabetes diagnosed at age <30 years.

Source: Reference 110

Table 14.32
Frequency and Severity of Diabetic Retinopathy,
Macular Edema, and CSME in Older-Onset Diabetic
Persons Using Insulin by C-Peptide Level, WESDR

C-peptide level

Undetectable <0.3 nM ≥0.3 nM
No. % No. % No. %

Retinopathy level
10 12 11.7 25 18.8 67 23.3

21-31 29 28.2 54 40.6 116 40.4
41-51 31 30.1 34 25.6 69 24.0
60-65 19 18.4 9 6.8 25 8.7

≥70 12 11.7 11 8.3 10 3.5

Macular edema
Absent 61 79.2 89 86.4 199 87.7
Present 16 20.8 14 13.6 28 12.3

CSME
Absent 66 85.7 95 92.2 209 92.1
Present 11 14.3 8 7.8 18 7.9

CSME, clinically significant macular edema; WESDR, Wisconsin
Epidemiologic Study of Diabetic Retinopathy; older-onset, diabetes diagnosed
at age ≥30 years.

Source: Reference 110

Table 14.33
Frequency and Severity of Diabetic Retinopathy,
Macular Edema, and CSME in Older-Onset Diabetic
Persons Not Using Insulin with C-Peptide ≥0.3 nM
by Weight Status, WESDR

Not
overweight Overweight Total
No. % No. % No. %

Retinopathy level
10 64 46.4 116 52.5 203 51.5

21-31 48 34.8 79 35.7 137 34.8
41-51 17 12.3 25 11.3 43 10.9
60-65 5 3.6 1 0.5 6 1.5

≥70 4 2.9 0 0 5 1.3

Macular edema
Absent 104 95.4 203 97.1 327 96.7
Present 5 2.9 6 2.9 11 3.3

CSME
Absent 107 99.1 205 98.1 332 98.5
Present 1 0.9 4 1.9 5 1.5

CSME, clinically significant macular edema; WESDR, Wisconsin
Epidemiologic Study of Diabetic Retinopathy; older-onset, diabetes diagnosed
at age ≥30 years.

Source: Reference 110
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Exogenous Insulin

Exogenous insulin has been suggested as a possible
cause of atherosclerosis and retinopathy in people
with NIDDM111. In the WESDR, there was no associa-
tion between the amount or type of exogenous insulin
used and the presence and severity of retinopathy in
the older-onset group using insulin whose C-peptide
was ≥0.3nM110. These data suggest that exogenous
insulin itself is probably not causally related to reti-
nopathy in diabetic people with normal C-peptide.

Blood Pressure

Anecdotal observations from clinical studies suggest a
relationship between hypertension and the severity of
diabetic retinopathy112. Increased blood pressure,
through an effect on blood flow, has been hypothe-
sized to damage the retinal capillary endothelial cells,
resulting in development and progression of reti-
nopathy113. Epidemiologic data from cross-sectional
studies suggest a positive relation of prevalence of
retinopathy and hypertension, but data from cohort
studies regarding the relationship between high blood
pressure or hypertension and development and pro-
gression of retinopathy have not yielded consistent
findings (Table 14.24)10,11,14,47,48,50-52,55,56,59,60,62-65,67-69,

114. Some of the earlier studies were limited by small
sample size, selection of patients, failure to control for
possible confounders, selective drop-out of patients,
and by insensitive measures of detecting retinopathy.

In the WESDR, systolic blood pressure was a signifi-
cant predictor of the 4-year incidence of diabetic reti-

nopathy and diastolic blood pressure was a predictor
of the 4-year progression of retinopathy only in people
with younger-onset diabetes (Tables 14.34 and
14.35)114. After controlling for other risk factors, such
as retinopathy severity, glycosylated hemoglobin, and
duration of diabetes at baseline, the relationships be-
tween blood pressure and the incidence or progres-
sion of retinopathy remained in the younger-onset
group. However, in the WESDR, neither the systolic
nor the diastolic blood pressure was found to be re-
lated to the 4-year incidence or progression of reti-
nopathy in either of the older-onset groups. The fail-
ure to find a relationship in the older-onset groups
persisted after controlling for the use of antihyperten-
sive medications.

These data suggest there may be a differential effect of
blood pressure, depending on the age at onset and
type of diabetes present. The lack of a consistent
relationship of high blood pressure with the incidence
or progression of retinopathy suggests that blood
pressure itself may be more of a risk indicator than a
causal factor in the development of retinopathy. It is
possible that elevated blood pressure in the younger-
onset group reflects early diabetic nephropathy or an
alteration in the angiotensin-renin levels, while in the
older-onset group it reflects nonrenal vascular dis-
ease. This is consistent with a finding that nephropa-
thic normotensive patients with IDDM had more se-
vere retinal changes than hypertensive IDDM patients
without albuminuria but had less severe retinal
changes than IDDM patients with both diabetic neph-
ropathy and hypertension115.

Table 14.34
Four-Year Incidence and Progression of Retinopathy for Younger-Onset Persons with No or Nonproliferative
Retinopathy at the Baseline Examination, by Blood Pressure Quartile, WESDR, 1980-86

Range,
mmHg

Incidence of any retinopathy Progression of retinopathy Progression to PDR
No. at
risk % RR 95% CI

No. at
risk % RR 95% CI % RR 95%CI

Systolic blood pressure quartile
1st 78-110 108 49.1 1.0 200 38.5 1.0 5.0 1.0
2nd 111-120 81 61.7 1.3 1.0, 1.6 216 42.1 1.1 0.9, 1.4 11.1 2.2 1.1, 4.5
3rd 121-134 61 63.9 1.3 1.0, 1.7 192 42.7 1.1 0.9, 1.4 10.9 2.2 1.1, 4.5
4th 135-221 19 89.5 1.8 1.4, 2.3 100 41.0 1.1 0.8, 1.4 18.0 3.6 1.7, 7.5

Test of trend p<0.005 p=0.45 p<0.001

Diastolic blood pressure quartile
1st 42-71 105 58.1 1.0 207 35.3 1.0 2.9 1.0
2nd 72-78 70 50.0 0.9 0.6, 1.1 189 38.1 1.1 0.8, 1.4 11.6 4.0 1.7, 9.7
3rd 79-85 57 66.7 1.1 0.9, 1.5 170 47.6 1.3 1.1, 1.7 10.0 3.4 1.4, 8.6
4th 86-117 35 71.4 1.2 0.9, 1.6 140 46.4 1.3 1.0, 1.7 20.0 6.9 2.9, 16.2

Test of trend p=0.36 p<0.05 p<0.0001

RR, relative risk; CI, confidence interval; PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; younger-onset, diabetes
diagnosed at age <30 years.

Source: Reference 114
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Epidemiologic data suggest that the type of antihyper-
tensive drug chosen to control blood pressure may
also be important116,117. If the relationship between
blood pressure and retinopathy is, in part, a result of
alterations in angiotensin-renin levels, then the use of
ACE inhibitors may be beneficial in reducing rates of
progression of retinopathy. This remains to be evalu-
ated by a controlled clinical trial. In addition, data
from the WESDR and the Joslin Clinic suggest that the
use of diuretics may be associated with poorer long-
term survival, even while controlling for other risk
factors43,118,119.

Proteinuria and Diabetic Nephropathy

Data from most studies suggest a strong association
between the prevalence of diabetic nephropathy, as
manifest by microalbuminuria or gross proteinuria,
and retinopathy10,11,50,55,60,61,63,120,121   . Rheological, lipid,
and platelet abnormalities associated with neph-
ropathy may be involved in the pathogenesis of reti-
nopathy. In the WESDR, in the younger-onset group
taking insulin, the relative risk of proliferative reti-

nopathy developing over 4 years in those with gross
proteinuria at baseline was 2.32 (95% CI 1.40,3.83)
compared with those without gross proteinuria121. For
the older-onset group taking insulin, the relative risk
was 2.02 (95% CI 0.91,4.44) and for those not taking
insulin it was 1.13 (95% CI 0.15,8.50). After control-
ling for other risk variables, the relationship was of
borderline statistical significance (p=0.052) in the
younger-onset group with no or early nonproliferative
retinopathy at baseline. A greater proportion of those
with IDDM participating in a cohort study in Pitts-
burgh, PA who had microalbuminuria or overt neph-
ropathy at entry in the study progressed to prolifera-
tive disease over a 2-year followup65. However, in the
same study, nephropathy at baseline was not associ-
ated with overall progression of retinopathy. Data
from these studies suggest that in those with IDDM,
gross proteinuria is a risk indicator for proliferative
retinopathy and that these patients might benefit from
having regular ophthalmologic evaluation.

In a study of Oklahoma Indians, while gross prote-
inuria was associated with retinopathy at baseline, it

Table 14.35
Four-Year Incidence and Progression of Retinopathy for Older-Onset Persons with No or Nonproliferative 
Retinopathy at the Baseline Examination by Blood Pressure Quartile, WESDR, 1980-86

Incidence of any retinopathy Progression of retinopathy Progression to PDR     
Range,
mmHg

No. at
risk % RR 95% CI

No. at
risk % RR 95% CI % RR 95% CI

Using insulin
Systolic blood
 pressure quartile

1st 80-128 52 50.0 1.0 109 32.1 1.0 5.5 1.0
2nd 129-144 40 57.5 1.2 0.8, 1.7 114 37.7 1.2 0.8, 1.7 3.5 0.6 0.2, 2.2
3rd 145-160 43 41.9 0.8 0.5, 1.3 114 37.7 1.2 0.8, 1.7 9.6 1.7 0.7, 4.6
4th 161-263 19 31.6 0.6 0.3, 1.3 80 25.0 0.8 0.5, 1.2 11.2 2.0 0.8, 5.5

Diastolic blood
 pressure quartile

1st 45-69 35 54.3 1.0 88 31.8 1.0 4.5 1.0
2nd 70-77 45 42.2 0.8 0.5, 1.2 111 29.7 0.9 0.6, 1.4 7.2 1.6 0.5, 5.2
3rd 78-86 41 48.8 0.9 0.6, 1.4 112 35.7 1.1 0.8, 1.7 8.0 1.8 0.6, 5.6
4th 87-129 33 45.5 0.8 0.5, 1.4 106 37.7 1.2 0.8, 1.8 8.5 1.9 0.6, 6.0

Not using insulin
Systolic blood
 pressure quartile

1st 94-132 97 33.0 1.0 132 21.2 1.0 1.5 1.0
2nd 133-145 97 35.1 1.1 0.7, 1.6 137 26.3 1.2 0.8, 1.9 3.6 2.4 0.5, 12.3
3rd 146-161 75 36.0 1.1 0.7, 1.7 111 27.9 1.3 0.8, 2.1 0.9 0.6 0.1, 6.6
4th 162-236 51 33.3 1.0 0.6, 1.6 105 24.8 1.2 0.7, 1.9 2.9 1.9 0.3, 11.4

Diastolic blood
 pressure quartile

1st 47-72 73 37.0 1.0 116 22.4 1.0 2.6 1.0
2nd 73-79 88 29.5 0.8 0.5, 1.2 124 17.7 0.8 0.5, 1.3 0.8 0.3 0.0, 2.9
3rd 80-87 80 40.0 1.1 0.7, 1.6 119 31.9 1.4 0.9, 2.2 2.5 1.0 0.2, 4.7
4th 88-121 77 31.2 0.8 0.5, 1.3 123 27.6 1.2 0.8, 1.9 3.3 1.3 0.3, 5.5

RR, relative risk; CI, confidence interval; PDR, proliferative diabetic retinopathy; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; older-onset, diabetes
diagnosed at age ≥30 years.

Source: Reference 114
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was not found to be a risk factor for the development
of retinopathy50,69. In Pima Indians with NIDDM, after
controlling for other risk factors, the presence of pro-
teinuria or renal insufficiency predicted the develop-
ment of proliferative retinopathy70. The incidence-rate
ratio was 4.8. However, in people with NIDDM in Roch-
ester, MN, persistent proteinuria was not an inde-
pendent predictor of subsequent incidence of reti-
nopathy52.

Serum Lipids

The relationship between serum lipids and the pres-
ence, development, or progression of diabetic reti-
nopathy remains uncertain50,55,62,64,65,69,122 (Table
14.24). In the WESDR, higher total serum cholesterol
was associated with higher prevalence of retinal hard
exudates in both the younger- and older-onset groups
using insulin122. In the ETDRS, higher levels of serum
lipids (triglycerides, LDL cholesterol, and VLDL choles-
terol) were associated with increased risk of developing
hard exudates in the macula123.

Cigarette Smoking

Smoking is known to cause tissue hypoxia by increas-
ing blood carbon monoxide levels124. Additionally,
smoking may lead to increased platelet aggregation
and adhesiveness125,126. Both of these mechanisms are
postulated to explain, in part, the association of ciga-
rette smoking with development of myocardial in-
farction and peripheral vascular disease. However,
most epidemiologic data show no relationship be-
tween cigarette smoking and diabetic retinopathy (Ta-
ble 14.24)19,20,50,52,61,64,68,69,126,127  . In the WESDR, ciga-
rette smoking was not associated with the 4-year inci-
dence or progression of diabetic retinopathy127. De-
spite the lack of an association, diabetic patients
should be advised not to smoke because of an in-
creased risk of cardiovascular and respiratory disease
as well as cancer. In the WESDR, after controlling for
other risk factors, younger-onset people who smoked
were 2.4 times and older-onset people were 1.6 times
as likely to die as those who did not smoke43.

Alcohol

There are few epidemiologic studies on the relation-
ship of alcohol consumption to diabetic reti-
nopathy128-130. One might anticipate a possible protec-
tive effect of alcohol as a result of decreased platelet
aggregation and adhesiveness131. Data from one study
suggested a beneficial effect of alcohol while another
study suggested an increased risk of proliferative reti-
nopathy in people with diabetes128,129. In the WESDR,
alcohol consumption was associated with a lower fre-
quency of proliferative retinopathy in the younger-on-

set group130. However, there was no relationship be-
tween alcohol consumption at the 4-year examination
and the incidence and progression of retinopathy in
either the younger- or older-onset groups at the 10-
year followup.

Body Mass Index

There has been no consistency in the relationship
between diabetic retinopathy and body mass index
among various studies investigating this10,50,52,70,132,133 .
In the WESDR, body mass was inversely related to the
presence or severity of diabetic retinopathy only in the
older-onset people not using insulin. However, it was
not predictive of the 4-year incidence or progression
of retinopathy.

Physical Activity

Few epidemiologic data are available describing the
relationship between diabetic retinopathy and physi-
cal activity133,134. An earlier study suggested no rela-
tionship between participation in team sports in high
school and college and a history of laser treatment or
blindness in people with IDDM133. In the WESDR, in
women diagnosed to have diabetes at age <14 years,
those who participated in team sports were less likely
to have proliferative diabetic retinopathy than those
who did not. There was no association between physi-
cal activity or leisure time energy expenditure and the
presence and severity of diabetic retinopathy in
men134.

Socioeconomic Status

Inconsistent relationships between socioeconomic
status and retinopathy severity have been re-
ported50,135,136. A significant correlation was found  be-
tween proliferative retinopathy and occupational
status (working class) or a lower income in a case-
control study of 49 people with IDDM135. However,
there was no relationship between lower socioeco-
nomic status, measured using a combination of the
Duncan Socioeconomic Index, educational attain-
ment, and income, to more severe retinopathy in 343
Mexican Americans and 79 non-Hispanic whites with
NIDDM in San Antonio136. Neither was a relationship
observed between retinopathy severity and education
level in a population of Oklahoma Indians with
NIDDM50.

In the WESDR, with the exception of a positive asso-
ciation of lower incidence of proliferative retinopathy
with more education in younger-onset women age ≥25
years, socioeconomic status (education level and
Duncan Socioeconomic Index score) was not associ-
ated with increased risk of developing proliferative
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retinopathy32. The reason for not finding a relation-
ship of socioeconomic status with retinopathy sever-
ity in these studies may be because hyperglycemia,
which may be causally related to retinopathy, was not
related to socioeconomic status in the WESDR.

Pregnancy

Data from epidemiologic studies suggest that preg-
nancy is a significant predictor of progression of dia-
betic retinopathy137. In a case-control study of women
with IDDM, the frequency of progression to prolifera-
tive retinopathy was higher in those who were preg-
nant compared with those who were not (7.3% versus
3.7%)138. Women in this study were similar in age,
duration of diabetes, and retinopathy status at base-
line. Pregnancy remained a significant predictor of the
progression of diabetic retinopathy after controlling
for glycosylated hemoglobin and diastolic blood pres-
sure. Severe retinopathy is also a risk indicator for
higher risk of congenital abnormalities in children
born of mothers with IDDM139.

CO-MORBIDITY AND MORTALITY

In the WESDR, the risk of developing a heart attack,
stroke, diabetic nephropathy, and amputation was
higher in those with proliferative diabetic retinopathy
compared with those with no or minimal nonprolif-
erative retinopathy at baseline140. This is consistent
with the association of severe retinopathy with cardio-

vascular disease risk factors such as increased fibrino-
gen, increased platelet aggregation, hyperglycemia,
and hypertension. 

The ETDRS demonstrated that aspirin, when needed
for the prevention of myocardial infarction or stroke,
does not increase the risk of vitreous hemorrhage or
loss of vision in people with proliferative reti-
nopathy141. Aspirin was not found to prevent the pro-
gression of retinopathy in the ETDRS and in the
WESDR141,142.

In the WESDR, increasing severity of retinopathy at
baseline was associated with decreased survival over a
6-year period in both younger- and older-onset groups
(Figures 14.19 and 14.20)43. This had been reported
by others42 and is consistent with the association of
severe retinopathy with the incidence of cardiovascu-
lar disease and diabetic nephropathy described above.

Cataracts are frequent in older Americans and were
one of the most common causes of decreased visual
acuity in older-onset subjects in the WESDR7. They
were responsible for more decrease in vision than
diabetic retinopathy in older-onset persons. Cataracts
are common in both diabetic and nondiabetic subjects
and increase with increasing age in all persons7. Inter-
view data collected during the NHANES II and the
1989 NHIS indicate the frequency of cataracts and the
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Figure 14.19
Survival Among Patients with Diabetes Diagnosed
at Age <30 Years by Retinopathy Status at Baseline
Examination

Survival is adjusted for age and sex. Data are from the Wisconsin
Epidemiologic Study of Diabetic Retinopathy, 1980-86.

Source: Reference 43
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Figure 14.20
Survival Among Patients with Diabetes Diagnosed
at Age ≥30 Years by Retinopathy Status at Baseline
Examination

Survival is adjusted for age and sex. Data are from the Wisconsin
Epidemiologic Study of Diabetic Retinopathy, 1980-86.

Source: Reference 43
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relative importance of age and diabetes status (Figure
14.21 and Table 14.36).

Rates of cataract determined at an ophthalmologic
examination in the NHANES I and the FES popula-
tions also increased with increasing age (Figure 14.22
and Table 14.37)143. In the FES, rates for diabetic
persons in the youngest age group were higher than
for nondiabetic persons; there was little difference in
older persons. In the NHANES I population, rates in
diabetic persons were higher than in nondiabetic per-
sons.

In the WESDR, cataract was determined by slip lamp
examination and graded by comparison with standard

photographs144. In the younger- and older-onset per-
sons, rates of cataract in females were slightly higher
than in males (Table 14.38).

Lens opacities of any sort are often referred to as
cataract, despite the fact that different anatomic loca-
tions in the lens may be involved. There appear to be
differences in the frequencies and severity of specific
lens opacities in people with diabetes. In the Beaver
Dam Eye Study, lenses were photographed with cam-
eras specifically designed to image specific sites of
lens opacities145. Photographs were graded according
to standard protocols and graders were masked to
subject characteristics. In that study, after adjusting
for age and sex, cortical opacities were significantly

Table 14. 36
Prevalence of Self-Reported Cataracts and Glaucoma by Diabetes Status, U.S., 1989

All adults with diabetes IDDM NIDDM Adults without diabetes
No. % No. % No. % No. %

Age ≥18 years

Cataracts
Glaucoma

2,372
2,376

22.42
6.98

123
122

5.77
2.23

2,239
2,244

23.40
7.29

3,364
3,364

3.30
0.85

Age 18-44 years

Cataracts
Glaucoma

351
352

3.80
1.85

101
101

5.19
2.66

246
247

3.24
1.51

1,888
1,888

0.48
0.09

Age 45-64 years

Cataracts
Glaucoma

972
969

11.92
4.30

19
18

0.00
0.00

949
947

12.09
4.40

836
836

1.58
0.78

Age ≥65 years

Cataracts
Glaucoma

1,049
1,055

38.37
11.18

3
3

1,044
1,055

38.27
11.23

640
640

16.56
3.79

Source: Harris MI: National Diabetes Data Group. Unpublished data from the National Health Interview Survey, 1989
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Figure 14.21
Prevalence of Self-Reported History of Cataracts 
According to Diabetes Status, U.S., 1976-80

Undiagnosed diabetes determined by oral glucose tolerance test; nondiabetic
status ascertained by medical history and oral glucose tolerance test.

Source: Harris MI: National Diabetes Data Group. Unpublished data from
the 1976-80 Second National Health and Nutrition  Examination
Survey
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Figure 14.22
Prevalence of Senile Lens Changes in Diabetic and 
Nondiabetic Persons According to Age
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Source: Reference 143
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more common among people with older-onset diabe-
tes compared with the rest of the Beaver Dam popula-
tion (Table 14.39)145.

Posterior subcapsular cataract was also more common
in people with diabetes, but the increase was not
significant in all age groups. Longer duration of dia-
betes was associated with increased odds of all kinds
of age-related cataract but was significant only for
cortical opacity (Table 14.40).

With regard to risk factors for prevalent cataract in
people with diabetes in the WESDR, multivariate
analyses indicated that age or duration of diabetes
were the most important risk factors144 (Table 14.41),
with the severity of diabetic retinopathy associated
with a small but significant further increase in risk. In
younger-onset persons, diuretic use and glycosylated
hemoglobin were also associated with increased risk.
In older-onset persons, diuretic use, intraocular pres-
sure, smoking status (current, ex-, or never smokers)
and diastolic blood pressure were associated with in-
creased risk of cataract.

Cataract extraction with lens implant (pseudophakia)
or without (aphakia) is a frequent occurrence in peo-
ple with diabetes. In prevalence data from the
WESDR, 3.6% of younger-onset and 8.7% of older-on-

set persons had had such surgery144 (Table 14.42).
Rates increased with current age. In the Beaver Dam
Eye Study, there were higher frequencies of past cata-
ract surgery in people with diabetes in each age
group145 (Table 14.43).

Table 14.38
Rates of Cataract* for Younger- and Older-Onset 
Diabetic Persons by Sex and Age, WESDR, 1980-82

Age (years)
Females Males

% No. % No.

Younger-onset
0-19 4.8 6/126 2.1 3/140

20-29 15.2 22/145 13.4 20/149
30-44 39.4 54/137 29.4 42/143

≥45 87.1 61/70 92.4 61/66
Total 29.9 143/478 25.3 126/498

Older-onset
30-54 60.8 62/102 56.7 59/104
55-64 86.9 159/183 76.3 132/173
65-74 94.7 233/246 94.0 202/215

≥75 98.5 192/195 97.8 133/136

Total 89.0 646/726 83.8 526/628

* Includes cases of surgical aphakia. WESDR, Wisconsin Epidemiologic Study
of Diabetic Retinopathy; younger-onset, diabetes diagnosed at age <30 years.;
older-onset, diabetes diagnosed at age ≥30 years.

Source: Reference 144

Table 14.37
Lens Changes by Age and Diabetic Status in Two Study Populations

Framingham, MA NHANES I

With diabetes Without diabetes With diabetes Without diabetes
Lens change No. % No. % No. % No. %

Age 50-64 years
All persons 97 100.0 1,091 100.0 79 100.0 930 100.0
No senile lens change 36 37.1 593 54.4 52 65.8 678 72.9
Any senile lens change 61 62.9 498 45.6 27 34.2 252 27.1

Aphakia 3 3.1 14 1.3 2 2.5 8 0.9
Cataract† 4 4.1 11 1.0 8 10.1 31 3.3
Pre-cataract 54 55.7 473 43.4 17 21.5 213 22.9

Age 65-74 years
All persons 87 100.0 666 100.0 162 100.0 1,476 100.0
No senile lens change 19 21.8 151 22.7 48 29.6 635 43.0
Any senile lens change 68 78.2 515 77.3 114 70.4 841 57.0

Aphakia 2 2.3 13 2.0 13 8.0 47 3.2
Cataract† 6 6.9 49 7.4 52 32.1 299 20.3
Pre-cataract 60 69.0 453 68.0 49 30.2 495 33.5

Age 75-85 years
All persons 49 100.0 327 100.0
No senile lens change 4 8.2 27 8.3
Any senile lens change 45 91.8 300 91.7

Aphakia 4 8.2 30 9.2
Cataract† 13 26.5 72 22.0
Pre-cataract 28 57.1 198 60.5

The youngest Framingham subject was age 52 years; NHANES I, 1970-75 National Health and Nutrition Examination Survey; diabetes determined by medical history in
both populations. † Excluding aphakia.

Source: Reference 143
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Long-term incidence data are sparse with regard to
cataract surgery among diabetic patients. Table 14.44
indicates the 10-year incidence of such surgery in
subjects in the WESDR146. Current age is systemati-
cally associated with increased frequency of surgery
(Table 14.45). The data show the high frequency of
cataract surgery in diabetic subjects. 

Multivariate analyses of risk factors for incidence of
cataract surgery were performed on data from the
WESDR146 (Table 14.46). For younger-onset persons,
older age, past history of laser therapy, presence of
proteinuria, higher glycosylated hemoglobin, and tak-
ing aspirin daily were associated with increased risk of
cataract surgery. For older-onset persons, aside from
older age, only use of insulin was associated with
increased risk of cataract surgery.

In summary, there is evidence of increased risk of
cataracts or lens opacities and of cataract surgery in
people with diabetes. Although some data suggest a
relationship between level of glucose control and risk
of cataract surgery, it is unlikely that even if tighter
glycemic control were feasible, risk would be reduced
to the usual age-related rates. Thus, it is necessary for

Table 14.41
Logistic Regression of Risk Factors for Cataract,
WESDR, 1980-82

Entropy*     
Change in
entropy

Younger-onset
Duration 0.38 0.38
Age at exam 0.41 0.03
Retinopathy 0.43 0.02
Diuretic (never, ex-user,
 current user) 0.43 0.01
Glycosylated hemoglobin 0.44 0.01

Older-onset
Age at exam 0.20 0.20
Retinopathy 0.22 0.02
Diuretic (never, ex-user,
 current user) 0.23 0.01
Intraocular pressure 0.24 0.01
Smoking 0.25 0.01
Diastolic blood pressure 0.25 0.003

Younger-onset, diabetes diagnosed at age <30 years; 618 no cataract, 219 with
cataract; older-onset, diabetes diagnosed at age ≥30 years, 145 no cataract, 968
with cataract; WESDR, Wisconsin Epidemiologic Study of Diabetic Reti-
nopathy. * In order to evaluate the goodness of fit of the model to the data, an
index, "entropy" is used. Entropy is a function of the log likelihood of the
current model compared with a model in which no variables had been consid-
ered, i.e., the prevalence. This index is analogous to the R2 values for multiple
linear regression.

Source: Reference 144

Table 14.40
Relationship of Lens Opacity in Either Eye to 
Duration of Diabetes and Glycosylated Hemoglobin
in Diabetic Subjects, Beaver Dam Eye Study, 
1988-90

Cortical
Posterior

subcapsular Nuclear
OR CI OR CI OR CI

Duration of
 diabetes, 5 years 1.15 1.03,1.29 1.12 0.97,1.28 1.08 0.95,1.22
Glycosylated
 hemoglobin, % 0.99 0.92,1.07 0.98 0.87,1.09 0.97 0.89,1.06

OR, odds ratio; CI, 95% confidence interval. Data are from logistic regression
adjusted for age.

Source: Reference 145

Table 14.39
Prevalence of Lens Opacity from Gradings of Photographs by Diabetes Status, Beaver Dam Eye Study, 1988-90

Age (years) Type of lens opacity  No diabetes (%) Diabetes (%) RR (95% CI)

(n=1,441) (n=66)
43-54 Cortical 1.3 6.1 4.7 (1.6-13.4)

Posterior subcapsular 1.7 0.0
Nuclear 0.4 3.4 15.3 (4.4-53.2)

(n=1,168) (n=120)
55-64 Cortical 10.4 16.7 1.6 (1.0-2.5)

Posterior subcapsular 3.9 8.3 2.1 (1.1-4.1)
Nuclear 8.0 6.3 0.8 (0.4-1.6)

(n=1,077) (n=39)
65-74 Cortical 24.6 31.7 1.3 (1.0-1.7)

Posterior subcapsular 8.1 10.8 1.3 (0.8-2.2)
Nuclear 40.7 38.2 0.9 (0.8-1.2)

(n=611) (n=76)
≥75 Cortical 41.7 52.6 1.3 (1.0-1.6)

Posterior subcapsular 14.1 15.8 1.1 (0.7-2.0)
Nuclear 81.3 76.0 0.9 (0.8-1.1)

RR, relative risk; CI, confidence interval.

Source: Reference 145

324



 Table 14.45
Ten-Year Incidence of Cataract Surgery in Dia-
betic Persons by Age, WESDR, 1980-92

Age (years) No. Incidence (%)

Younger-onset
18-24 218 3.7
25-34 262 6.1
35-44 113 9.7

≥45 92 27.6
Older-onset

30-54 184 14.7
55-64 283 21.0
65-74 309 31.7

≥75 149 44.3

Test for trend with age: younger-onset (diabetes diagnosed at age <30 years), 
p<0.0001, older-onset (diabetes diagnosed at age ≥30 years), p<0.0005. WESDR,
Wisconsin Epidemiologic Study of Diabetic Retinopathy.

 Source: Reference 146

Table 14.44
Ten-Year Incidence of Cataract Surgery in Dia-
betic Persons, WESDR, 1980-92

No. % 95% CI

Younger-onset
 (age ≥18) 685 8.5 6.2, 10.8

Older-onset 925 24.9 21.3, 28.5

Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes
diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Dia-
betic Retinopathy; CI, confidence interval.

Source: Reference 146

Table 14.43
Frequency of Cataract Surgery in Either Eye by Age
and Diabetes Status, Beaver Dam Eye Study, 1988-90

Age
(years)

No diabetes Diabetes
No. % No. % RR (95% CI)

43-54 1,454 0.8 66 1.5 1.9 (0.3, 14.4)
55-64 1,188 1.7 128 5.5 3.2 (1.4, 7.5)
65-74 1,130 4.1 153 9.8 2.4 (1.4, 4.2)

≥75 709 14.2 98 24.4 1.7 (1.2, 2.5)

RR, relative risk; CI, confidence interval.

Source: Reference 145

Table 14.42
Prevalence of Surgical Aphakia in Either Eye by Age and Sex, WESDR, 1980-82

Age (years)

0-19 20-29 30-44 ≥45 Total
% No. % No. % No. % No. % No.

Younger-onset
Female 1.6 2/126 0.7 1/149 5.0 7/139 17.1 12/70 4.5 22/484
Male 0 0/146 1.3 2/152 3.4 5/146 10.4 7/67 2.7 14/511
Total 0.7 2/272 1.0 3/301 4.2 12/285 13.9 19/137 3.6 36/995

30-54 55-64 65-74 ≥75 Total
% No. % No. % No. % No. % No.

Older-onset
Female 1.9 2/106 6.0 11/184 10.4 26/249 14.7 29/197 9.2 68/736
Male 3.8 4/104 4.0 7/174 11.0 24/219 11.7 16/137 8.0 51/634
Total 2.9 6/210 5.0 18/358 10.7 50/468 13.5 45/334 8.7 119/1,370

Younger-onset, diabetes diagnosed at age <30 years; older-onset, diabetes diagnosed at age ≥30 years; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Source: Reference 144

Table 14.46
Odds Ratio for 10-Year Incidence of Cataract Surgery
for a Specified Change in Baseline Characteristic,
WESDR, 1980-92

Characteristic Change p Odds ratio 95% CI

Younger-onset
Age 10 years <0.0001 2.35 1.73, 3.20
Laser history present <0.005 3.28 1.44, 7.45
Proteinuria present <0.005 3.21 1.43, 7.20
Glycosylated
 hemoglobin 1% <0.05 1.21 1.02, 1.45
Aspirin/day taking <0.05 2.44 1.02, 5.84

Older-onset
Age 10 years <0.0001 1.79 1.47, 2.18
Insulin taking <0.0005 2.11 1.43, 3.11

CI, confidence interval; WESDR, Wisconsin Epidemiologic Study of Diabetic
Retinopathy; younger-onset, diabetes diagnosed at age <30 years; older-onset,
diabetes diagnosed at age ≥30 years.

Source: Reference 146
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health care planners to be mindful of the costs and
services associated with increased rates of cataract
surgery and post-surgical rehabilitation (post-opera-
tive recovery time, new spectacles, etc.) in people
with diabetes.

Glaucoma is a condition in which there is evidence of
optic nerve damage attributed to intraocular pressure
that is presumably too high for a particular eye. Data
from the NHANES II indicate that diabetic persons
age ≥35 years reported substantially higher rates of
glaucoma than did the nondiabetic U.S. population
(Figure 14.23). Rates of glaucoma increased with in-
creasing age, with the highest reported rates occurring
in persons age ≥55 years. Similar relationships were
found for diabetic subjects in the 1989 NHIS (Table
14.36).

Glaucoma has been defined in different ways in differ-
ent studies. Some researchers include as cases all
those with a history of glaucoma irrespective of treat-
ment status. Some include only those with a history of
medical or surgical intervention, while others depend
on defined objective criteria. Another consideration
to bear in mind when reviewing published data is that
some studies make no distinction between the various
types of glaucoma (open angle, closed angle, rubeotic,
or other primary or secondary types of glaucoma).

In the Beaver Dam Eye Study, definite glaucoma was

defined by the presence of at least two of the following
three characteristics: abnormal visual field, large or
asymmetric cupping of the optic nerve, and an in-
traocular pressure greater than 21 mmHg147. Probable
glaucoma was defined as a history of medical treat-
ment or surgery for glaucoma with fewer than two of
the above criteria. In a multiple logistic regression
model, after controlling for age and sex, the relation-
ship of the presence of older-onset diabetes to glau-
coma was evaluated. Diabetes was associated with a
modest increase in risk of definite and probable glau-
coma that was only statistically significant for definite
glaucoma (controlling for age and sex) (Table
14.47)147.

In the WESDR, self-reported incidence of glaucoma
was evaluated in both younger- and older-onset diabe-
tes. Follow-up evaluations were done 4 and 10 years
after the original evaluation. Using the product limit
method to adjust for study attrition, the 10-year inci-
dence of glaucoma in the younger-onset group was
estimated to be 3.7% (95% CI 2.3,5.1). The estimated
incidence in the older-onset group not taking insulin
was 6.9% (95% CI 3.9,9.8); in those taking insulin it
was 11.8% (95% CI 7.9,15.7) (Klein BEK et al., un-
published data).

The 10-year incidence of glaucoma varied with age
(Figure 14.24). In older- as well as younger-onset
persons, rates increased with age, although only in the
latter group was the relationship significant. The de-
crease noted at the oldest age in older-onset persons
may be the result of mortality in these people (Klein
BEK et al., unpublished data).

35-54 55-74 35-74

Age (Years)
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3
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5
Nondiabetic
persons

Undiagnosed
diabetes

Medical history
of diabetes

Figure 14.23
Prevalence of Self-Reported History of Glaucoma
According to Diabetes Status, U.S., 1976-80

Undiagnosed diabetes determined by oral glucose tolerance test; nondiabetic
status ascertained by medical history and oral glucose tolerance test.

Source: Harris MI: National Diabetes Data Group. Unpublished data from
the 1976-80 Second National Health and Nutrition  Examination
Survey
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Figure 14.24
Ten-Year Incidence of History of Glaucoma for 
Persons with Diabetes Diagnosed at Age <30 or
≥30 Years, by Age

Test for trend: p<0.005, age <30 years; p=0.88, age ≥30 years.

Source: Klein BEK: Unpublished data from the Wisconsin Epidemiologic
Study of Diabetic Retinopathy
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The relationship of duration of diabetes to glaucoma
is seen in Figure 14.25. The relationship is significant
in both groups. To evaluate the effects of several char-
acteristics on the presence of glaucoma, multiple lo-
gistic regression analyses were used. The variables
included were age, sex, glycosylated hemoglobin, du-
ration of diabetes, systolic blood pressure, diastolic
blood pressure, body mass index, and presence of
proteinuria. In younger-onset persons, only age was
significantly related to glaucoma; the odds ratio was
1.7 (95% CI 1.2,2.3) for 10 years of age. For older-on-
set persons, only duration of diabetes was associated
with a significantly increased risk (odds ratio 1.8, 95%
CI 1.3,2.6) for each 10 years duration (Klein BEK et
al., unpublished data).

In summary, these data suggest an increased risk of
open angle glaucoma associated with diabetes. In ad-
dition, among people with older-onset diabetes, in-
creasing duration is associated with increased risk.
Although some of this excess may be related to greater
surveillance of people with diabetes, it is unlikely to
be the entire explanation.

Table 14.47
Frequency of Glaucoma in Older-Onset Diabetic Subjects, Beaver Dam Eye Study, 1988-90

Definite glaucoma Probable glaucoma Combined

Older-onset 
diabetes status

No. at
risk %   p        %   p        %   p        

Both sexes
No diabetes
Diabetes

4,420
426

2.0
4.2

0.004 1.9
3.5

0.031 3.9
7.8

0.0005

Women
No diabetes
Diabetes

2,480
240

2.0
5.0

0.009 2.5
4.2

0.133 4.4
9.2

0.002

Men
No diabetes
Diabetes

1,940
186

1.9
3.2

0.266 1.2
2.7

0.091 3.1
5.9

0.052

Both sexes
43-54 years

No diabetes
Diabetes

1,443
57

1.0
1.8

0.44 0.2
0.0

1.00 1.2
1.8

0.504

55-64 years
No diabetes
Diabetes

1,171
124

1.4
0.8

1.00 1.3
2.4

0.244 2.7
3.2

0.768

65-74 years
No diabetes
Diabetes

1,108
149

2.3
6.0

0.014 2.4
4.7

0.110 4.7
10.7

0.005

≥75 years
No diabetes
Diabetes

698
96

4.4
7.3

0.207 5.6
5.2

1.00 10.0
12.5

0.474

Multiple logistic
analyses of glaucoma
 and diabetes OR 95% CI p OR 95% CI p OR 95% CI p

Diabetes 1.84 1.09, 3.11 0.02 1.47 0.83, 2.59 0.184 1.68 1.14, 2.50 0.01

Univariate significance tested by chi-square test. Multivariate analysis was controlled for age and sex. Definite glaucoma and probable glaucoma are defined in the text. CI,
confidence interval; OR, odds ratio.

Source: Reference 147
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Figure 14.25
Ten-Year Incidence of History of Glaucoma in Persons
with Diabetes Diagnosed at Age <30 or ≥30 Years, by
Diabetes Duration

Test for trend: p<0.001, age <30 years; p<0.005, age ≥30 years.

Source: Klein BEK: Unpublished data from the Wisconsin Epidemiologic
Study of Diabetic Retinopathy
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RESEARCH NEEDS

Pathologic mechanisms responsible for increased
glaucoma risk should be investigated. Population-
based incidence data using objective diagnostic crite-
ria are needed to evaluate the actual incidence of
glaucoma so as to anticipate the need for care. This
will also permit an estimate of rates that are not from
self reports and can therefore be relatively free of
surveillance bias.

Epidemiologic data concerning corneal problems in
diabetic persons is lacking. In a study of 81 insulin-
dependent patients attending a university hospital
outpatient clinic, diabetic patients had significantly
greater mean corneal thickness, measured by
pachometry, than a nondiabetic group148. Among dia-
betic patients, those with proliferative retinopathy
had higher mean values than patients without reti-
nopathy or those without proliferative changes. There
were a similar number of corneal endothelial cells in
diabetic and nondiabetic persons. In 89 diabetic pa-
tients followed at a university eye clinic, corneal epi-
thelial defects were found in 64% of the patients, with
lesions occurring more frequently in NIDDM com-
pared with IDDM patients149. Forty-seven percent of
eyes were said to have "decreased" tear production
and 23% had "reduced" corneal sensation. Data were
not provided for a matched nondiabetic control
group.

In the Beaver Dam Eye Study, all persons were exam-
ined for the possibility of corneal abnormalities, in-
cluding current corneal (and conjunctival) infections,
scars, and other abnormalities. There was no differ-
ence between those with and without diabetes with
regard to these findings (Klein BEK et al., unpub-
lished data).

RESEARCH NEEDS

It is important to determine the risk of corneal infec-
tions (corneal ulcers), scar formation, and degenera-
tion that may follow surgical treatment (cataracts,
vitreal and retinal surgery), and that may, themselves,
lead to visual impairment.

In the 1973 NHIS, participants age >40 years were
asked, "How long has it been since you had a test for
glaucoma?" No distinction was made between care by
an ophthalmologist or an optometrist. Diabetic per-
sons were more likely to have had a glaucoma test
than nondiabetic persons (Table 14.48). Over 32% of
diabetic patients stated that they had never had an eye
pressure test.

In the 1989 NHIS, participants age ≥18 years were
asked if they had a dilated eye examination in the past
year. Only 49% (57% of people with IDDM, 55% of
insulin-treated people with NIDDM, and 44% of peo-
ple with NIDDM not treated with insulin) reported a
dilated eye examination within a year of the interview
(Table 14.49)5. People with NIDDM were more likely
to have had a dilated eye examination if they were
older, had a higher socioeconomic status, and had
attended a diabetes education class. Receiving a di-
lated eye examination was not related to race, dura-
tion of diabetes, frequency of physician visits for dia-
betes, or health insurance.

In the 1989 NHIS, 69% of people with IDDM and 61%
of people with NIDDM reported that they had an eye
examination within one year of the survey (Table
14.49). Of all adults with diabetes, 45% reported they
had seen an ophthalmologist in the past 12 months.

In the WESDR, participants were queried as to
whether they had been seen by an ophthalmologist,

CORNEAL DISEASE

Table 14.48
Frequency of Vision Tests, U.S., 1973

Age 40-64 Age  ≥65

Frequency of test Diabetic
 %

Non-
diabetic 

%
Diabetic 

%

Non-
diabetic 

%

Last glaucoma test
Never had a test 35.7 38.5 32.6 40.0
Test within
 the past year

29.1 23.7 31.0 24.5

Within past 2 years 39.6 34.6 41.3 33.4
2-5 years ago 16.2 17.4 15.0 15.9
>5 years ago 4.4 4.2 6.8 5.8

Last eye exam
Never had a test 3.1 4.1 2.0 3.4
Test within
 the past year

39.4 35.9 37.5 33.5

Within past 2 years 56.8 54.4 52.4 48.1
2-5  years ago 29.1 30.1 27.3 30.7
>5 years ago 9.3 9.0 15.6 15.1

Source: Drury, TF: Unpublished data from the 1973 National Health Inter-
view Survey, National Center for Health Statistics
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and, if so, when they were last seen150. Those who
were never seen by an ophthalmologist were asked if
they had received optometric care. Sixty-three percent
of younger-onset and 50% of older-onset diabetic per-
sons had seen an ophthalmologist within the past 2
years; 25% of younger- and 36% of older-onset per-
sons had never had an ophthalmologic examination
(Table 14.50). Approximately 90% of younger-onset
and 93% of older-onset persons with DRS high-risk
characteristics for visual loss had been examined in
the 2 years prior to the survey.

Because proliferative retinopathy is usually initially
asymptomatic and may require treatment to prevent
severe visual loss, it is necessary that it be diagnosed
correctly. Internists, diabetologists, and senior medi-

cal residents were found to correctly diagnose the
presence of proliferative retinopathy in 49% of cases
they examined, whereas ophthalmologists and retinal
specialists correctly diagnosed its presence in 96% of
cases (Table 14.51)151. Using direct and indirect
ophthalmoscopy, well-trained nonophthalmologists
and an ophthalmologist specializing in retinal dis-
eases were found to have a high rate of detection of
proliferative retinopathy152.

The accuracy of detection of retinopathy by 1) well-
trained diabetologists and endocrinology fellows us-
ing ophthalmoscopy through an undilated pupil, 2)
ophthalmologists using ophthalmoscopy through a
dilated pupil, and 3) grading of nonmydriatic photo-
graphs was compared with detection of retinopathy by

Table 14.49
Frequency of Ophthalmic Care, U.S., 1989

Age group
(years)

All people with diabetes -      IDDM -     NIDDM

Frequency of test No.  % No. % No.  %

Ever had photos
 taken of retina

≥18
18-44
45-64

≥65

2,121
317
881
923

27.53
25.75
25.68
29.90

115
93
19

3

40.07
34.96
61.59

1,996
220
858
918

26.68
21.43
24.73
29.74

Ever had laser treatment ≥18
18-44
45-64

≥65

2,296
348
946

1,002

6.57
8.08
6.75
5.88

122
100

19
3

19.22
18.50
20.80

2,164
244
923
997

5.67
3.00
6.25
5.80

Seen ophthalmologist
 in past 12 months

≥18
18-44
45-64

≥65

2,386
352
973

1,061

44.72
40.94
41.83
48.63

123
101

19
3

54.35
55.08
58.04

2,253
247
950

1,056

44.14
34.71
41.44
48.76

Dilated eye examination:

≤12 months ≥18
18-44
45-64

≥65

2,282
346
935

1,001

48.51
45.06
45.81
52.23

120
98
19

3

56.93
57.38
62.63

2,153
244
913
996

47.96
39.52
45.38
52.38

13-24 months ≥18
18-44
45-64

≥65

2,282
346
935

1,001

17.41
16.87
20.59
14.68

120
98
19

3

22.51
23.87
13.73

2,153
244
913
996

17.17
14.05
20.82
14.66

≥24 months ≥18
18-44
45-64

≥65

2,282
346
935

1,001

20.91
20.84
18.42
23.21

120
98
19

3

13.26
14.61
14.13

2,153
244
913
996

21.30
24.26
18.45
23.13

Any eye examination:

≤12 months ≥18
18-44
45-64

≥65

2,399
355
977

1,067

61.39
57.29
60.73
63.39

124
102

19
3

68.93
68.44
81.68

2,265
249
954

1,062

60.97
52.34
60.33
63.59

13-24 months ≥18
18-44
45-64

≥65

2,388
353
974

1,067

17.96
20.06
19.40
15.94

123
101

19
3

21.03
21.08
13.97

2,255
248
951

1,062

17.84
19.77
19.59
15.84

≥24 months ≥18
18-44
45-64

≥65

2,388
353
974

1,061

20.38
22.35
19.69
20.32

123
101

19
3

9.48
9.81
4.35

2,255
248
951

1,062

20.93
27.70
19.90
20.22

Source: Harris, MI, from the 1989 National Health Interview Survey; Reference 5
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grading of seven field stereoscopic fundus photo-
graphs153. Nonophthalmologists missed all cases of
macular edema and most cases of proliferative reti-
nopathy; however, they did detect other lesions that
accompany severe retinopathy. Nonmydriatic photog-
raphy was similar to direct ophthalmoscopy. In both
this study and another154, the most sensitive method
for detection of retinopathy was fundus photography.
For this reason, it was suggested that if any signs of

retinopathy are detected or if visual acuity is worse
than 20/30, referral to an ophthalmologist be re-
quired153. Fundus photography was advised because it
is the "most sensitive means of detecting clinically
significant retinopathy." Data from a number of stud-
ies suggest that, in the absence of trained ophthal-
moscopists or ophthalmologists, nonmydriatic cam-
eras may provide an alternative screening approach
for detection of retinopathy in people with diabe-
tes152,155. Current guidelines for detection of diabetic
retinopathy are presented in Table 14.52.

Prevalence rates of reported photocoagulation in the

Table 14.50
Frequency of Eye Care for Diabetic Persons in
Southern Wisconsin, WESDR, 1980-82

Younger-onset Older-onset
No. % No. %

Eye care for diabetic patients
Ophthalmologic examination

Within 2 Years 632 63.0 685 50.0
>2 Years 108 11.0 170 12.0

Never saw ophthalmologist
Optometric examination 172 17.0 456 33.0
No optometric
 examination 81 8.0 40 3.0

Questionable status 2 0 19 1.0
Eye care for persons with
 proliferative diabetic
 retinopathy with DRS HRC

Ophthalmologic examination
Within 2 Years 43 90.0 25 93.0
>2 Years 2 4.0 1 4.0

Never saw ophthalmologist
Optometric examination 3 6.0 1 4.0
No optometric
 examination

0 0 0 0

Questionable status 0 0 0 0

WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy; younger-
onset, diabetes diagnosed at age <30 years; older-onset, diabetes diagnosed at
age ≥30 years; DRS HRC, Diabetic Retinopathy Study high-risk characteristics for
visual loss.

Source: Reference 150

Table 14.51
Characteristics of Diagnosis During Ophthalmoscopic Examination for Proliferative Diabetic Retinopathy, by
Physician Specialty

% correctly diagnosed
as having

proliferative retinopathy
(Mean ± SD)

% correctly diagnosed
as not having

proliferative retinopathy
(Mean ± SD)

Predictive value* (%)

Positive Negative

Internists, diabetologists, and
 senior medical residents 49 ± 5 84 ± 5 9 98

Ophthalmologists and retinal specialists 96 ± 2 93 ± 3 29 99

Statistical significance p<0.001 p=0.057

* The predictive value of the positive statement is the probability of physicians who say proliferative diabetic retinopathy is present when it is; the negative value is those who say
it is not present when it is not. Assumes the prevalence of proliferative retinopathy to be 3%, which is an estimate of the actual prevalence of this diagnosis in diabetic patients.

Source: Reference 151

Table 14.52
Recommendation for Eye Care for Diabetic Patients

Primary-care physician informs patient at time of diagnosis of
diabetes that:

• Ocular complications are associated with diabetes and
may threaten sight

• Timely detection and treatment may reduce the risk of
decreased vision

Referral to an eye doctor competent in ophthalmoscopy:

• Patients age 10-30 years with diabetes duration ≥5 years:
annual referral

• Patients diagnosed at age ≥30 years: referral at the time
of diagnosis or shortly thereafter

Referral to an ophthalmologist:

• All women with IDDM planning pregnancy within 12
months, in the first trimester, and thereafter at the
discretion of the ophthalmologist

• Patients found to have reduced corrected visual acuity,
elevated intraocular pressure, and any other vision-
threatening ocular abnormalities

Source: Reference 160
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WESDR are presented in Tables 14.53 and 14.54156,157.
In younger-onset patients, the rates of photocoagula-
tion treatment increased with increasing current age
and were higher in males than in females. In older-on-
set persons, the reported rate for the group was 3.8%.

Dr. Ronald Klein and Dr. Barbara E.K. Klein are Professors,
Department of Ophthalmology and Visual Sciences, University
of Wisconsin Medical School, Madison, WI.

Table 14.54
History of Photocoagulation Treatment in Persons
Diagnosed at Age ≥30 Years, WESDR, 1980-82

Age (years)   
History of photocoagulation

No. No Yes

30-44 49 98.1 1.9

45-64 519 94.4 5.1

65-84 738 96.6 2.8

≥85 64 91.8 5.8

Total 1,370 95.6 3.8

The history of photocoagulation treatment was uncertain in 0.6 percent of
persons. WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Source: Klein R. WESDR. Unpublished data, 1980-82

Table 14.53
History of Photocoagulation Treatment by Sex in
Insulin-Taking Persons Diagnosed at Age <30 Years,
WESDR, 1980-82

History of photocoagulation

Age (years)
Males Females

No. No Yes No. No Yes

<15 61 100.0 0 52 100.0 0
15-44 384 83.3 16.7 362 87.6 12.2

≥45 66 68.2 31.8 70 78.6 21.4
Total 511 83.4 16.6 484 87.6 12.2

The history of photocoagulation was uncertain in 0.2 percent of females. 
WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy.

Source: Klein R. WESDR. Unpublished data, 1980-82
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Appendix 14.2
The 10-Year Incidence, Progression, and 
Progression to Proliferative Retinopathy, by 
Glycosylated Hemoglobin at Baseline, WESDR,
1980-92

WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy. Abscissa
values for each group are the median glycosylated hemoglobin for each quartile
of the group.

Source: Reference 161
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When the first edition of Diabetes in America was
published, there were insufficient population-based
data to warrant a chapter on neuropathy in diabetes.
The lack of epidemiologic data as of mid-1980 has
been reviewed1. Most information available at the
time was from clinic- and hospital-based studies, with
prevalence of neuropathy ranging from 5%-80%2. For-
tunately, this situation has improved and population-
based studies are now available.

In 1988 a joint conference of the American Diabetes
Association and the American Academy of Neurology
adopted standardized nomenclature and criteria for
diagnosis of neuropathy in diabetes3 (Table 15.1).
This classification recognizes subclinical and clinical
neuropathy. Subclinical neuropathy is defined by an
abnormal electrodiagnostic test, quantitative sensory
threshold, or autonomic function test in the absence
of clinical signs and symptoms. Clinical neuropathy is
defined as symptoms and signs together, or as symp-
toms or signs alone plus abnormal test results. Stand-
ardized definitions, diagnostic criteria, and validated
measures have been used in population-based studies
of the epidemiology of neuropathy in diabetes and
form the basis of this chapter. 

The most common neuropathy affecting individuals
with diabetes is diffuse somatic neuropathy of the
distal symmetric sensorimotor type (Table 15.1). Pa-
tients most often have a mixed sensorimotor defect
and may experience pain, paresthesia, hyperesthesia,
dysesthesia, proprioreceptive defect, loss of sensation,
and muscle weakness and atrophy4. Autonomic nerve
function is often impaired5,6 and occasionally a par-
ticular nerve fiber is predominantly affected. Small
nerve fiber injury leads to painful neuropathy with
preservation of large myelinated fiber function. Deep
tendon reflexes, vibration sense threshold, and pro-
prioreception are preserved. Neuropathy affecting
predominantly the large nerve fibers leads to motor
and proprioreceptive dysfunction. This form of
neuropathy resembles the neuropathy seen in tabes
dorsalis and is termed "pseudotabes" form of diabetic
neuropathy. Charcot joint disease of the ankle is also
a complication of this form of neuropathy, and sensa-
tion may be preserved. Neuropathic ulceration is a
complication of distal neuropathy that occurs pre-
dominantly in individuals with loss of protective sen-
sation. The preferred criteria for diagnosis of distal
symmetrical polyneuropathy are abnormalities in two

Chapter 15

Neuropathy in Diabetes

Richard C. Eastman, MD

SUMMARY

Population-based studies of neuropathy (in-
flammation and degeneration of peripheral
nerves) in persons with diabetes indicate that
neuropathy is a common complication of in-

sulin-dependent diabetes mellitus (IDDM) and non-
insulin-dependent diabetes mellitus (NIDDM), with
60%-70% of patients affected. Subclinical neuropathy
is much more common than clinical neuropathy. Dis-
tal symmetrical polyneuropathy is the most common
type of neuropathy, followed by carpal tunnel syn-
drome, other mononeuropathies, and autonomic

neuropathy. The frequency distribution for neuropa-
thies is similar in IDDM and NIDDM, as are the fre-
quencies of subclinical and clinical distal poly-
neuropathy and carpal tunnel syndrome. However, se-
vere distal neuropathy is more common in IDDM.
Prevalence of neuropathy increases with age, duration
of diabetes, and worsening of glucose tolerance. In the
Diabetes Control and Complications Trial (DCCT), in-
tensive treatment of diabetes with near-normalization of
glycemia reduced by 60% the 5-year incidence of
neuropathy in those without neuropathy at study entry.

• • • • • • •

INTRODUCTION NEUROPATHY COMPLICATIONS
IN DIABETES
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of three areas: symptoms, signs, and quantitative sen-
sory tests or electrodiagnostic studies3,7,8.

Other neuropathies are less common than the distal
symmetrical type. Occasionally a single nerve or nerve
trunk is damaged, leading to pain and motor dysfunc-
tion that is usually reversible. Compression neuropa-
thies such as carpal tunnel syndrome are common in
diabetes. Autonomic neuropathy usually occurs in the
setting of generalized neuropathy and is diffuse. Dys-
function is seen in autonomic fibers in cranial, vis-
ceral, and somatic nerves.

THE ROCHESTER DIABETES PROJECT

The Rochester Diabetes Project was the first commu-
nity-based study of neuropathy in a U.S. population.
Patients with NIDDM diagnosed during 1945-70 in
Rochester, MN were studied9. Based on medical re-
cords, 3% of patients had neuropathy at the time
diabetes was diagnosed, and 10% subsequently devel-

oped neuropathy9. However, the retrospective nature
of the study may have resulted in ascertainment bias.
Distal polyneuropathy was the most common diagno-
sis, followed by carpal tunnel syndrome, other
neuropathy, and mononeuropathy (Figure 15.1). The
prevalence of polyneuropathy increased from 4% for
diabetes of short duration (<5 years) to 15% after 20
years of diabetes. Half the patients who developed
neuropathy developed it within 9 years of diagnosis of
diabetes. Distal polyneuropathy and mononeuropathy
were more common in patients with poor glycemic
control (24%) than in those with good control (10%).

THE ROCHESTER DIABETIC
NEUROPATHY STUDY

The Rochester Diabetic Neuropathy Study (RDNS) is
a population-based cross-sectional survey and longi-
tudinal follow-up study of diabetic neuropathy in
Rochester, MN10. It uses "quantitative, validated, and
unique end points to detect, classify, and stage
neuropathy"10. Diagnostic criteria for neuropathy
have been described in detail8. This study is comple-
mentary to the earlier Rochester Diabetes Project and
provides information on all forms of neuropathy, in-
cluding distal polyneuropathy, proximal symmetric
neuropathy, autonomic neuropathy, truncal radicu-
lopathy, cranial neuropathy, and carpal tunnel syn-
drome.

The RDNS identified all patients with diabetes in
Rochester, MN on January 1, 1986. The prevalence
(age- and sex-adjusted to the 1990 U.S. Census popu-
lation) of diabetes was 1.6%11. Type of diabetes was
classified by C-peptide levels after glucagon chal-
lenge10. Forty-three percent (380/870) of the patients
with diabetes in the population underwent detailed

 Table 15.1
Classification and Staging of Diabetic Neuropathy

Subclinical Neuropathy
Abnormal Electrodiagnostic Tests

Decreased nerve conduction velocity
Decreased amplitude of evoked muscle or nerve action potential

Abnormal Quantitative Sensory Threshold
Vibratory/tactile
Thermal warming/cooling
Other

Abnormal Autonomic Function Tests
Abnormal cardiovascular reflexes
Altered cardiovascular reflexes
Abnormal biochemical responses to hypoglycemia

Clinical Neuropathy
Diffuse Somatic Neuropathy

Distal Symmetric Sensorimotor Polyneuropathy
Primarily small-fiber neuropathy
Primarily large-fiber neuropathy
Mixed

Autonomic Neuropathy
Cardiovascular autonomic neuropathy
Abnormal pupillary dilatation
Gastrointestinal autonomic neuropathy

Gastroparesis
Constipation
Diabetic diarrhea
Anorectal incontinence

Genitourinary autonomic neuropathy
Bladder dysfunction
Sexual dysfunction

Hypoglycemia unawareness/unresponsiveness
Sudomotor dysfunction

Focal Neuropathy
Mononeuropathy
Mononeuropathy multiplex
Amyotrophy

Source: Adapted from References 2 and 3
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study for neuropathy. Nonparticipants were older, less
educated, more likely to be widowed or retired, and
had more macrovascular disease12. However, the
prevalence of ret inopathy, nephropathy, and
neuropathy was similar in respondents and nonre-
spondents, and the study results are applicable to all
diabetic patients in Rochester with respect to these
complications12.

Of the 380 subjects undergoing detailed study, 102
(26.8%) had IDDM and 278 (73.2%) had NIDDM.
Almost all participants were white. The prevalence
rates for neuropathy (age- and sex-adjusted to the
Rochester, MN population) are shown in Figure 15.2.
The prevalence of distal polyneuropathy was greatest,
followed by carpal tunnel syndrome and autonomic
neuropathy. The prevalence of any neuropathy was
66% for IDDM and 59% for NIDDM (Figure 15.3).

The frequency distribution by type of neuropathy was
similar for IDDM and NIDDM (Figure 15.3). Severity
of distal neuropathy was also similar for IDDM and
NIDDM (Figure 15.4). Subclinical neuropathy oc-
curred in 39% of those with IDDM and in 32% of those
with NIDDM. Symptomatic distal polyneuropathy
(mild and more severe) occurred in 15% of IDDM and
13% of NIDDM. Only the more severe form of poly-
neuropathy occurred more commonly in IDDM (6%
of IDDM versus 1% of NIDDM, p<0.02)(Figure
15.4)11.

Asymptomatic carpal tunnel syndrome occurred in
22% of those with IDDM and 29% of those with
NIDDM (Figure 15.5). The distribution of sympto-
matic carpal tunnel syndrome was similar in IDDM
and NIDDM, occurring in 11% of IDDM and 6% of
NIDDM (Figure 15.5). Electrophysiologic evidence of
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carpal tunnel syndrome correlated significantly with
polyneuropathy.

Autonomic neuropathy was the least common form of
neuropathy. Age- and sex-adjusted prevalence was
4.8% (confidence interval (CI) 2.7-6.9). Of those with
autonomic neuropathy, impotence in men was the
most common problem, occurring in 13% of IDDM
and 8% of NIDDM. Gastroparesis, night diarrhea, uri-
nary incontinence, and postural fainting occurred in
0%-1% of those with IDDM and NIDDM.

Cranial mononeuropathy and truncal polyneuropathy
were not observed. Mononeuropathy multiplex
(proximal symmetric polyneuropathy) occurred in
1% of those with IDDM and 1% of those with NIDDM.
Ulnar neuropathy and femoral cutaneous neuropathy
(meralgia paresthetica) occurred in 2% and 1% of
those with IDDM and NIDDM, respectively11.

THE SAN LUIS VALLEY STUDY 

The San Luis Valley Study is a geographically based
case-control study of NIDDM that used modern diag-
nostic criteria and validated measures to ascertain
distal symmetrical polyneuropathy in 1984-8613-15.
The survey sample was the entire population of pa-
tients with NIDDM in Alamosa and Conejos counties
in southern Colorado. Patients were considered to
have definite neuropathy if two of three criteria were
present: bilateral symptoms of neuropathy, bilateral
absent or decreased ankle jerk reflexes, and bilateral
absent or altered cold perception. Neuropathy was
independently confirmed by measuring vibration per-
ception threshold. Of all patients, 27.8% had definite
neuropathy; 97% of these had a history of neuropathy

symptoms. Only 3% had no history of symptoms (Fig-
ure 15.6). In these latter patients, diagnosis was based
on abnormal reflexes and temperature sense and al-
tered vibration threshold. Among those with definite
neuropathy, a history of symptoms was accompanied
by abnormal tendon reflexes (81%), abnormal reflexes
and temperature sense (10%), or abnormal tempera-
ture sense alone (6%)(Figure 15.6).

Patients with only symptoms or only one sign were
classified as having possible neuropathy. Of these in-
dividuals, 69% had symptoms only, 29% reflex
changes, and 3% abnormal sensation14. Symptoms
were qualitatively the same in patients with definite
and possible neuropathy with respect to quality, loca-
tion, and timing of symptoms. The only difference
between the two groups was that a higher proportion
of patients with definite neuropathy had symptoms
daily (49%), compared with patients with possible
neuropathy (29%).

The prevalence of distal symmetrical neuropathy was
associated with age and glucose tolerance status (Fig-
ure 15.7). Among patients with diabetes, the preva-
lence was lowest in those age 20-44 years (10.3%)
and highest in those age 65-74 years (32.3%). Age-
adjusted prevalence was 3.9% for subjects with nor-
mal glucose tolerance, 11.2% for those with impaired
glucose tolerance (IGT), and 25.8% in those with
diabetes14.

Analysis of the data for risk factors for neuropathy in
those with diabetes in the study showed that
neuropathy was more common in males than in fe-
males (34% versus 20.6%). Neuropathy was signifi-
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cantly related to duration of diabetes, increasing from
16.8% in those with duration of diabetes ≤4 years to
52.6% in those with diabetes ≥25 years (Figure 15.8).
After adjusting for age and duration of diabetes, there
was no effect of ethnic background on prevalence of
neuropathy, which was present in 30% of Anglos and
26.8% of Hispanics15. Neuropathy occurred with
equal prevalence among those who had never used
alcohol and those who had. The effect of quantity of
alcohol consumed in those with a history of alcohol
use was not examined. Subjects with neuropathy had
significantly higher mean hemoglobin A1c than those
without neuropathy (11.2% versus 10.2%). Hemoglo-
bin A1c was also slightly higher in subjects with IGT
and neuropathy than in subjects with normal glucose
tolerance (7.5% versus 7.2%).

1989 NATIONAL HEALTH INTERVIEW
SURVEY (NHIS)

The 1989 NHIS was a population-based structured
interview of 84,572 persons age ≥18 years16. In this
sample, 2,405 subjects had a physician diagnosis of
diabetes, of whom 99.3% answered the questionnaire.
A comparison group of 20,037 subjects without a
history of diabetes also answered the questionnaire.
The questionnaire sought information about sensory
symptoms and altered touch and temperature percep-
tion affecting the hands and feet. The NHIS was based
on symptoms, which would tend to overestimate the
prevalence of distal sensorimotor neuropathy. The
most sensitive indicator of neuropathy is an abnor-
mality in nerve conduction, followed by abnormal
quantitative sensory examination8,10. Sensory symp-
toms have the lowest predictive value for diabetic
neuropathy. On the other hand, a survey based on
symptoms might underestimate individuals with

autonomic neuropathy, focal neuropathies, or insen-
sate distal symmetrical neuropathy17.

The prevalence of neuropathy symptoms was 30.2%
for IDDM and 36% and 39.7% for men and women
with NIDDM, respectively. The prevalence was signifi-
cantly greater (p<0.001) in subjects with diabetes
when compared with nondiabetic subjects but was not
significantly different in men and women (Figure
15.9). In the NHIS, 9.8% of men and 11.8% of women
without a history of diabetes gave a history of
neuropathy symptoms. The prevalence of symptoms
increased with duration of diabetes similarly in men
and women (Figure 15.10). Symptoms were signifi-
cantly greater in Mexican-American and black sub-
jects with duration of diabetes 5-14 years, but not >15
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years, and was increased in Mexican Americans with
duration of diabetes ≤4 years (Figure 15.11). There
was a progressive increase in relative risk for symp-
toms of neuropathy with increasing duration of diabe-
tes, and for a history of hypertension, which was
associated with a 60% risk increase (Figure 15.12).
The relative risk for symptoms of neuropathy also
increased with measures of severity of blood and urine
glucose (Figure 15.13).

Comparison of demographic characteristics in sub-
jects with and without neuropathy symptoms showed
that absence of symptoms was associated with higher
family income (>$25,000/year) and with lower rates

of retinopathy, nephropathy, proteinuria, macrovascu-
lar disease, hypertension, foot and ankle sores, and
periodontal disease. Patients with neuropathy were
more likely to check their feet ≥1/week and to have
their feet checked by a health professional, although
only 36.8% reported being checked ≥2 times in the
preceding 6 months. Analysis of the NHIS data by
logistic regression showed that duration of diabetes,
hypertension, and indices of glycemia were inde-
pendent risk factors for neuropathy. Ethnicity, age,
gender, height, and cigarette smoking were not sig-
nificant risk factors.
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Figure 15.14
Reflex Changes in Persons with NIDDM, Age 35-74
Years, U.S., 1976-80
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1976-80 NATIONAL HEALTH AND 
NUTRITION EXAMINATION SURVEY
(NHANES II)

Absence of knee and/or ankle jerks was ascertained in
the NHANES II18. Diabetes was ascertained by medical
history and oral glucose tolerance test. Among all
persons with diabetes age 35-74 years, absence of one
or both reflexes was noted in 12.5% and was more
common in younger subjects (Figure 15.14). Absence
of reflexes was 1.5-2 times more common among
those with a medical history of diabetes than those
with diabetes detected by glucose tolerance test (Fig-
ure 15.15). Reflex changes were two to three times
more common in those with diabetes than in persons
without diabetes (Figure 15.15).

NATIONAL HOSPITAL DISCHARGE 
SURVEY 

The National Hospital Discharge Survey is a statistical
sample of all hospitalizations in the United States19.
Based on this survey, neuropathy was estimated to
have been listed as a diagnosis in 547,052 hospitaliza-
tions during 1989-91, which represented 6.2% of hos-
pitalizations where diabetes was listed as a diagnosis
(Table 15.2). Since the survey counts hospitalizations
rather than patients, it is difficult to know the signifi-
cance of these figures. Ascertainment bias may se-
verely limit the usefulness of these data for assessing
the impact of neuropathy on hospitalization rates.

CLINIC, HOSPITAL, COHORT, AND
CONVENIENCE SAMPLES

There are numerous reports on neuropathy in the
literature based on clinic, hospital, cohort, and con-
venience samples2. Comprehensive review of this lit-
erature is beyond the scope of this chapter. However,
several studies are unique or have ascertained
neuropathy in large random samples using stand-
ardized diagnostic criteria and validated methods.
These will be discussed.

The Diabetes Control and Complications
Trial

Neuropathy prevalence was ascertained in 278 well-
characterized patients with IDDM recruited for the
feasibility phase of the DCCT6. Diagnosis was based
on the presence of signs, symptoms (dysesthesia,
paresthesia, hyperesthesia, or burning pain), or de-
creased or absent deep tendon reflexes6. The preva-
lence of clinical neuropathy in the cohort was 39%.
Diagnosis was most commonly based on signs (37%),
reflex changes (28%), or signs and reflex changes
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Figure 15.15
Reflex Changes in Persons Age 35-74 Years by Diabetes
Status, U.S., 1976-80

Undiagnosed NIDDM detected by oral glucose tolerance test;  persons without
diabetes were ascertained by medical history and oral glucose tolerance test.
Measurements of reflex changes were made during a standardized physician’s
examination.

Source: Harris MI, National Diabetes Data Group, unpublished data from the
1976-80 National Health and Nutrition Examination Survey

Table 15.2
Hospital Discharges Listing Both Diabetes and
Selected Neuropathy Conditions, 1989-91

Condition
ICD9-CM

code
Number of
discharges

Percent of
all diabetes
discharges

Polyneuropathy in
 diabetes 357.2 265,693 3.03

Mononeuritis of
 lower limb 355 14,801 0.17

Mononeuritis of
 upper limb 354 15,770 0.18

Neurogenic bladder 344.61 22,529 0.26

Diabetes with
 neurologic
 manifestations 250.6 204,443 2.33

Idiopathic peripheral
 neuropathy                 356.8, 356.9 14,504 0.17

Autonomic nervous
 system disorders 337 9,312 0.11

Total 547,052 6.23

All hospitalizations in which diabetes and the selected neuropathy conditions
were listed together on the hospital discharge record are included in the table.
Because multiple neuropathy codes can be listed in the same hospitalization
record, the data have been analyzed in hierarchical fashion so that, for example,
the number of hospitalizations for mononeuritis of lower limb (ICD9-CM 355)
does not include any hospitalizations for polyneuropathy in diabetes (ICD9-
CM 357.2); the number of hospitalizations for mononeuritis of upper limb
(ICD9-CM 354) does not include any hospitalizations in which either poly-
neuropathy in diabetes or mononeuritis of lower limb are mentioned; etc.
ICD9-CM codes for diabetes were 250, 251.3, 357.2, 362.0, 368.41, 648.0, and
775.1. The total number of diabetes hospitalizations during 1989-91 was
8,775,364.

Source: 1989-91 U.S. National Hospital Discharge Surveys
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(18%). Symptoms alone were the basis for diagnosis
in only 6%. Patients with neuropathy were older, more
often male, had longer duration of diabetes, greater
height, and lower stimulated C-peptide levels. Hemo-
globin A1c was not significantly different between
those with and without neuropathy.

The results of the full DCCT trial have been re-
ported20. Neuropathy was assessed at baseline and
after 5 years, and the incidence of neuropathy was
reported for patients who did not have neuropathy at
study entry. Diagnosis of neuropathy was based on the
presence of an abnormal neurological examination
confirmed by either abnormal nerve conduction stud-
ies in two or more nerves or abnormal autonomic
nervous system tests. In the primary prevention co-
hort, composed of patients who had no vascular com-
plications at study entry, the prevalence of neuropathy
at 5 years was 9.8% in the group receiving conven-
tional diabetes treatment and 3.1% in the intensively
treated patients (Figure 15.16). In the secondary pre-
vention cohort, composed of patients who had mild to
moderate vascular complications at study entry, the
5-year prevalence was 16.1% in the conventional
treatment group and 7.0% in the intensive treatment
group (Figure 15.16). Thus, intensive treatment of
glycemia was associated with 69% (CI 24-87) and 57%
(CI 29-73) reductions in the development of
neuropathy in the primary and secondary cohorts,
respectively20. The risk reduction for the combined
cohort was 60% (CI 38-74) (p<0.002). Intensive treat-
ment yielded significant reductions in clinical, nerve
conduction, and autonomic nervous system testing

results.

The Pittsburgh Epidemiology of Diabetes
Complications Study

This is a cohort follow-up study of 628 subjects with
IDDM drawn from the Children’s Hospital of Pitts-
burgh (PA) Insulin-Dependent Diabetes Mellitus Reg-
istry21-23 . Analysis of a subset of this population of
patients with clinically overt neuropathy has shown
that glycemic control, triglyceride concentration, and
hypertension are independent risk factors for
neuropathy22. In a longitudinal follow-up study of
patients with abnormal thresholds for perception of
vibration and temperature but without overt
neuropathy, reevaluation after 2 years showed limited
predictive value of these quantitative measures for
development of clinically overt neuropathy23. Analysis
of leisure-time physical activity has shown that
neuropathy prevalence is lower in males reporting
higher levels of current and historical physical activ-
ity24. The effect persisted after controlling for duration
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Figure 15.16
Effect of Diabetes Treatment on the Prevalence of
Clinical Neuropathy at 5 Years in Subjects Without
Neuropathy at Study Entry, DCCT, 1993

DCCT, Diabetes Control and Complications Trial.  Neuropathy was defined by
abnormal neurologic examination that was consistent with either abnormal
nerve conduction in at least two peripheral nerves or unequivocally abnormal
autonomic nerve testing; p<0.001, intensive versus conventional treatment
groups, for both cohorts.

Source: Reference 20

Table 15.3
Symptoms of Autonomic Neuropathy in 168 Patients
with IDDM

No. % Prevalence

Postural hypotension
Orthostatic dizziness 7 4
Fainting on standing 0

Gastroparesis
Dysphagia 3 2
Anorexia 5 3
Nausea 11 7
Vomiting 4 2
Vague fullness after meals 6 4

Diabetic diarrhea
Nocturnal diarrhea 0
Fecal incontinence 2 1
>20 bowel movements/day 0

Colonic atony
<2 bowel movements/week 2 1
<1 bowel movement/3days 4 2

Genitourinary
Impotence 8 5
Retrograde ejaculation 1 1
Urinary bladder

Overflow incontinence 0
Dribbling 1 1
Incomplete emptying 10 6
Increased urine volume 4 2
Decreased frequency 13 8

Sudomotor abnormality
Diminished sweating of legs 2 1
Feeling of increased sweating elsewhere 7 4

Hypoglycemia unawareness
Reduced awareness of hypoglycemia 43 26

Source: Adapted from Reference 26
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of diabetes in univariate analyses. Historical physical
activity remained a s ignificant predictor of
neuropathy in multivariate analysis. A trend was seen
in the same direction for females but was not statisti-
cally significant, perhaps because of the relatively low
level of physical activity in the women studied24.

In another report on the Pittsburgh cohort, patients
with diabetes of ≥25 years duration were evaluated;
19% were found to be free of any complications of
diabetes25. The prevalence of neuropathy was 50% in
those with diabetes for 25-29 years and 72% in those
with diabetes for >30 years. Health behavior variables
(recent medical  contact ,  better control of
dyslipidemia and blood pressure, regular glucose
monitoring, lower glycated hemoglobin, physical ac-
tivity in youth, and regular consumption (at least
weekly) of alcohol) were more prevalent in subjects
without complications. Using logistic regression, gly-
cated hemoglobin level was the only independent pre-
dictor of complications after adjusting for health be-
havior variables25.

Autonomic Neuropathy

Autonomic neuropathy was ascertained in a cohort of
168 subjects age 25-34 participating in the Pittsburgh

Epidemiology of Diabetes Complications Study26.
Heart rate response to deep breathing, standing, and
Valsalva were measured by two techniques. These
were an office-based method and the methods used in
the DCCT. Data were analyzed in the DCCT’s central
reading lab for autonomic tests. The methods gave
comparable results, and the prevalence of symptoms
of autonomic neuropathy was low (Table 15.3). Mod-
eling by logistic regression showed that female gen-
der, presence of hypertension, and low- and high-den-
sity cholesterol were independent predictors of heart
rate variation during deep breathing.

Miscellaneous Studies

In other studies, height has been shown to correlate
strongly with absent vibration sense27,28. A clinic-
based case-control study has also identified smoking
(current and ex-smokers) as a risk factor for distal
neuropathy in IDDM but not NIDDM29.

Dr. Richard C. Eastman is Director of the Division of Diabe-
tes, Endocrinology, and Metabolic Diseases at the National
Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, MD.
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Diabetic nephropathy refers to the presence of ele-
vated urinary protein excretion in a person with dia-
betes in the absence of other renal disease. The his-
tologic changes accompanying this rise in protein ex-
cretion are referred to as diabetic glomerulosclerosis.

The primary constituent of urinary protein in diabetic
nephropathy is albumin. Consequently, quantification

of urinary albumin excretion is central to any descrip-
tion of diabetic renal disease. Albumin excretion can
be determined from timed urine collections, and 24-
hour, overnight, or even shorter collection periods are
used. Measurement of the urinary albumin-to-creat-
inine ratio in untimed urine specimens is a convenient
alternative way to assess albumin excretion. Because
of the relative constancy of urinary creatinine excre-
tion, the albumin-to-creatinine ratio is highly corre-
lated with the timed excretion rate. Several terms are
used to describe the level of urinary albumin excre-

Chapter 16

Kidney Diseases in Diabetes

Robert G. Nelson, MD, MPH; William C. Knowler, MD, DrPH;
David J. Pettitt, MD; and Peter H. Bennett, MB, FRCP, FFCM  

SUMMARY

Diabetes now accounts for ~35% of all new
cases of end-stage renal disease (ESRD) in
the United States, and persons with diabe-
tes make up the fastest growing group of

renal dialysis and transplant recipients. In 1991,
48,274 persons with diabetes were receiving renal
replacement therapy. The annual cost for this treat-
ment exceeds $2 billion, not including the costs asso-
ciated with reduced productivity and unemployment.
The magnitude of the problem and its economic im-
pact have led to a dramatic increase in efforts to
characterize the natural history of renal disease in
diabetes and to identify more successful preventive
and therapeutic options.

More than 40% of persons with diabetes have elevated
urinary albumin excretion, and the prevalence is
higher in those with diabetes of longer duration. In
insulin-dependent diabetes mellitus (IDDM), the inci-
dence of persistent proteinuria rises during the first
10 years of diabetes and begins to decline after ~15
years of diabetes. This pattern suggests that only a
subset of persons is susceptible to renal disease and,
once the majority of these have developed renal dis-
ease, the incidence declines. Improved control of hy-
perglycemia is credited for a secular decline in the
incidence of proteinuria in IDDM, but a similar de-
cline in non-insulin-dependent diabetes mellitus

(NIDDM) has not been reported.

Diabetic renal disease is more common in some fami-
lies than in others, suggesting differences in genetic
susceptibility. Other factors associated with the devel-
opment of diabetic nephropathy include diabetes du-
ration, hypertension, hyperglycemia, and smoking.
Increased plasma prorenin activity, lipoprotein abnor-
malities, autonomic neuropathy, pregnancy, a high-
protein diet, and drug nephrotoxicity have been im-
plicated as risk factors in some studies. 

Control of blood glucose and blood pressure reduce
the rate of progression of renal disease in diabetes, and
recent studies suggest that angiotensin converting en-
zyme (ACE) inhibitors may be renoprotective inde-
pendent of their effects on blood pressure. Several
studies also suggest that reduction of dietary protein
may reduce the rate of progression. Most of these
studies have been conducted in persons with IDDM,
but little is known about the effectiveness of these
treatment modalities in NIDDM.

Other renal diseases that occur with greater frequency
in diabetic patients include asymptomatic bacteriuria,
pyelonephritis, papillary necrosis, and radiocontrast-
induced renal failure.

• • • • • • •
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tion measured by these methods.

Microalbuminuria or incipient diabetic nephropathy
generally refers to levels of urinary albumin excretion
below those detected by standard dipstick methods,
and macroalbuminuria refers to higher levels of uri-
nary albumin excretion. Proteinuria refers to a posi-
tive dipstick test for protein or to a daily output of
protein above a certain cutpoint, typically ≥500 mg
protein/day. Thus, macroalbuminuria and proteinuria
may be relatively equivalent measures of urinary pro-
tein excretion. Differences in methods of measure-
ment and lack of standardized terminology often
make comparisons between studies difficult.

PATHOPHYSIOLOGY

A diagram of the natural progression of diabetic renal
disease, and some of the factors contributing to it, is
shown in Figure 16.1. The natural history of diabetic
glomerulosclerosis can be characterized by a number
of phases in which albumin or protein excretion in-
creases and glomerular filtration rate (GFR) rises and
subsequently falls (Figure 16.2). As the disease pro-
gresses, characteristic morphologic and histologic
changes occur in the kidney, which may eventually
culminate in uremia or ESRD.

Protein Excretion

Urinary albumin excretion is often slightly elevated at
the diagnosis of diabetes but frequently returns to
normal with the institution of glycemic control1-4.
After 7-15 years, 25%-40% of patients with IDDM
develop microalbuminuria, and the vast majority of
these patients (>90%) progress to proteinuria over the
following years1. Development of persistent prote-
inuria often heralds a decline in renal function associ-
ated with even higher levels of protein excretion1. As
the kidneys fail and glomerular filtration is severely
compromised, the level of protein excretion declines.
The course of urinary protein excretion in NIDDM
may be similar, but its description is complicated by
uncertainties in dating the onset of diabetes and by a
higher frequency of nondiabetic renal disease contrib-
uting to the proteinuria5.

DIABETIC GLOMERULOSCLEROSIS

Figure 16.1
Natural Course of Renal Disease in Diabetes

BP, blood pressure; IGT, impaired glucose tolerance; GFR, glomerular filtra-
tion rate; ESRD, end-stage renal disease.
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Figure 16.2
Outline of the Natural History of Diabetic 
Nephropathy in Patients with IDDM 

GFR, glomerular filtration rate; UAE, urinary albumin excretion. Figure is
based on data from 20 men, all of whom developed nephropathy; time between
the first examination and followup averaged 12±3 years; not all patients had
both examinations. Curved lines represent the typical course of GFR (log scale)
and UAE; the box in the GFR panel represents the mean±SD of GFR in healthy
subjects; the small vertical box in the UAE panel represents the normal range
of UAE; and the large horizontal box represents the microalbuminuric range.

Source: Reference 2
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Glomerular Hemodynamic Function

Considerable evidence, both human and experimen-
tal, suggests the onset of diabetes is associated with
hemodynamic changes in the renal circulation that
lead to increased renal plasma flow (RPF), glomerular
capillary hyperperfusion, and an increased glomerular
transcapillary hydraulic pressure gradient6-12. These
hemodynamic alterations are hypothesized to cause
functional and structural damage to the glomeruli
that result in defects of selective glomerular capillary
permeability, proteinuria, protein extravasation into
the glomerular mesangium, expansion of mesangial
matrix, and glomerulosclerosis13-17.

In one of the first studies of GFR with a suitable
clearance marker in patients with diabetes, inulin or
I125-iothalamate clearance was measured in 11 men
with newly diagnosed untreated IDDM and 31 healthy
nondiabetic men11. On average, GFR in the diabetic
subjects was 40% higher than in the nondiabetic sub-
jects (Figure 16.3). These findings have since been
confirmed in studies of both men and women with
IDDM, with the elevation of GFR averaging 20%-
40%8,12. Although RPF was similar in the diabetic and
nondiabetic subjects in the first study11, a significant
elevation of RPF in IDDM has been reported sub-
sequently12. Similar changes in GFR and RPF have
been described in NIDDM18-21. Figure 16.4 shows the
GFR and RPF in 110 normotensive whites with newly
diagnosed NIDDM compared with 32 nondiabetic
persons21. The GFR averaged 23% higher and the RPF
13% higher in NIDDM. Thus, hemodynamic changes

in the glomerular circulation are found early in the
course of both major types of diabetes. Increased renal
blood flow is partly responsible for the elevation of
GFR, but other factors, presently ill-defined, must be
invoked to account for the magnitude of the hyperfil-
tration. Several investigators have reported a relation-
ship between early hyperfiltration and the subsequent
development of diabetic nephropathy22-24, but others
have not25.

After the initial elevation at onset of diabetes, GFR
decreases in response to metabolic control in both
IDDM and NIDDM26-29 but usually not to levels found
in nondiabetic persons9,29-31. Coincidental with the
initial elevation of GFR at the diagnosis of diabetes is
slightly elevated urinary albumin excretion, but levels
in the microalbuminuric range are usually seen only
after some years of diabetes. The GFR in patients with
microalbuminuria is higher, on average, than in those
with normal urinary albumin excretion32,33, but in
patients with clinical proteinuria it is lower, although
in NIDDM it may still be within the normal range34,35.
These cross-sectional data suggest that GFR declines
in persons with clinical proteinuria, reflecting pro-
gressive glomerulosclerosis and loss of filtration sur-
face area. Longitudinal studies confirm this hypothe-
sis. Without antihypertensive therapy, GFR typically
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Figure 16.4
GFR and Renal Plasma Flow in NIDDM and 
Nondiabetic Subjects

GFR, glomerular filtration rate. GFR and effective renal plasma flow were
measured in 110 patients with NIDDM and 32 normal subjects: mean values
are shown for each group. Mean GFR averaged 23% higher and renal plasma
flow 13% higher in the diabetic subjects.

Source: Reference 21

GFR, glomerular filtration rate. Subjects were 31 nondiabetic men and 11 men
with newly diagnosed and untreated IDDM; horizontal lines are mean±SD. The
mean GFR was 41% higher in the diabetic subjects than in the nondiabetic
subjects.

Source: Reference 11
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declines by ~1 ml/min/month in persons with IDDM
and clinical proteinuria36-40. This decline can be
slowed by the initiation of effective antihypertensive
treatment41-43. Similar rates of decline are noted in
persons with NIDDM and clinical proteinuria44,45.

Renal Morphology

Concurrent with the elevation of GFR at the onset of
diabetes, there may be an increase in kidney size.
Whether enlargement of the kidneys is due to hyper-
glycemia or other metabolic effects associated with
diabetes or to altered circulating or tissue levels of
hormones that affect renal growth is not known. Nev-
ertheless, renal hypertrophy is a well-documented fea-
ture of IDDM, and the magnitude of hypertrophy
correlates with the level of creatinine clearance or
GFR26,29,31,46-48 . The extent of renal hypertrophy in
patients with uncomplicated NIDDM and good meta-
bolic control, however, may be limited49. Figure 16.5
shows the kidney volume in patients with NIDDM
and normal urinary albumin excretion compared with
age- and sex-matched nondiabetic subjects. The dif-
ference in kidney size between these groups was not
significant49. On the other hand, the kidneys are sig-
nificantly larger in patients with elevated urinary al-
bumin excretion, and the urinary albumin excretion
rate has been shown to increase to a greater extent in
subjects with nephromegaly than in those with kid-
neys of normal size50. This suggests that renal hyper-
trophy is a predictor of future progression of diabetic
renal disease in NIDDM, but to our knowledge, no
longitudinal studies have examined this relationship
in IDDM. In a cross-sectional study, however, there

was no correlation between kidney size and his-
topathology in IDDM47. Reduction in kidney size has
not been demonstrated consistently after initiation of
metabolic control26-28,48,51.

Renal hypertrophy may be due in part to glomerular
hypertrophy, which has been noted both at the diag-
nosis of diabetes52 and in patients with established
nephropathy46,53-55. Reasons for the glomerular en-
largement are uncertain, but hemodynamic changes
in the glomerular circulation have been suggested.

The earliest structural abnormality of the glomerulus
in diabetes is thickening of the glomerular basement
membrane, a characteristic finding in nearly all pa-
tients17,56. This is followed by an increase in the frac-
tional mesangial volume, i.e., mesangial volume per
glomerulus. Mesangial matrix is the major component
of this expansion, with an increase in the volume
fraction of the mesangial cellular component playing
a secondary role57. Nodular hyaline thickening of the
intracapillary connective tissue within the glomerulus
of diabetic patients with advanced renal disease was
first described by Kimmelstiel and Wilson58. Most of
the patients they described had NIDDM, but the ad-
vanced histologic lesions of diabetic nephropathy are
indistinguishable between IDDM and NIDDM.

The clinical manifestations of diabetic renal disease
do not correlate with thickening of the glomerular
basement membrane but are highly correlated with
the extent of mesangial expansion17. Occlusion of
glomerular capillaries by expansion of the mesangium
appears to lead to a loss of surface area available for
filtration and thus contributes to the decline in renal
function associated with diabetic nephropathy17,59.
Glomerular hypertrophy may compensate for the loss
of filtration surface area, providing a means by which
GFR is maintained in progressive renal disease60.
Thus, the rate of progression of diabetic renal disease
may be limited by an individual’s capacity for
glomerular volume expansion55. The later stages of
diabetic nephropathy are characterized by reduction
in the number of functioning glomeruli and further
enlargement of those that remain functional. This
stage is associated with markedly reduced GFR.

Although much has been learned about the mor-
phologic abnormalities that are associated with de-
clining renal function in patients with established
diabetic nephropathy, the degree of correlation be-
tween glomerular structure and function in early dia-
betic nephropathy is controversial. In one study, nor-
motensive subjects with microalbuminuria could not
be differentiated on the basis of structural parameters
from those with normal urinary albumin excretion61.
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Figure 16.5
Kidney Volume in Nondiabetic and NIDDM Subjects

Kidney volume measured by ultrasound in nondiabetic subjects and subjects
with NIDDM; horizontal lines are means. The difference between the groups
was not significant.

Source: Reference 49
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However, several other studies have shown that both
IDDM and NIDDM patients with microalbuminuria
have more advanced structural lesions than those
with normal urinary albumin excretion62-64. Figure
16.6 shows the matrix volume fraction according to
the level of urinary albumin excretion in patients with
IDDM. The volume fraction in the diabetic subjects
with microalbuminuria is higher than in those with
normal urinary albumin excretion, suggesting that
microalbuminuria is a clinical indicator of structural
damage in the diabetic kidney at a time when the GFR
is usually elevated.

Selective Glomerular Permeability

The glomerular capillary wall serves as a filter that
discriminates among molecules on the basis of size,
charge, and configuration. Narrow size fractioning of
exogenous polymers such as dextran, which are nei-
ther secreted nor reabsorbed by the renal tubule, is a
standard method for measuring the size of the func-
tional pores that perforate the glomerular capillary
wall65-67. Mild impairment of barrier size selectivity
has been demonstrated by this technique at the onset
of NIDDM19. A comparison of the mean dextran siev-
ing profiles for Pima Indians with NIDDM of <3 years
duration and those with normal glucose tolerance is
shown in Figure 16.7. The fractional dextran clear-
ances in the diabetic subjects were uniformly elevated
over the entire range of molecular radii tested, sug-

gesting a defect in the size-selective properties of the
glomerular capillary wall soon after the onset of
NIDDM19. A similar defect has been reported at the
onset of IDDM by some investigators68, but not by
others11,69. In both types of diabetes, established dia-
betic nephropathy is associated with substantial im-
pairment of the glomerular barrier. The primary con-
tributor to proteinuria at this stage of disease is a
shunt resulting from the presence of large pores
within the glomerular capillary wall through which
plasma proteins can easily pass70-74.

The ratio of the clearance of IgG and IgG4, which are
endogenous proteins of identical size but with differ-
ent electrostatic charge, has been used to estimate the
charge selectivity of the glomerular capillary
wall70,75,76. However, because endogenous proteins un-
dergo variable rates of tubular reabsorption, this se-
lectivity index reflects the combined action of
glomerular and tubular handling, thus limiting its
utility and interpretation77-79. Nevertheless, data de-
rived from this index suggest, at least in IDDM, that
impairment of the electrostatic barrier within the
glomerulus, consequent to a decrease in sialic acid
and heparan sulfate content of the glomerular mem-
brane80,81, precedes the development of a size-selective
defect70,76 and may contribute to enhanced filtration of
plasma proteins in early diabetic renal disease. Other
explanations proposed for the facilitated urinary
clearance of anionic proteins such as albumin in early
diabetic renal disease include modifications of mo-
lecular configuration of polyanions that favor en-
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Figure 16.7
Fractional Dextran Clearance Profile in Diabetic
and Nondiabetic Pima Indians

Figure compares the fractional dextran clearance profile in Pima Indians with
NIDDM and those with normal glucose tolerance; fractional dextran clearances
in the diabetic subjects were uniformly elevated over the entire range of
molecular radii tested; the elevation was most marked at the large radius end
of the profile, with statistically significant differences (p≤0.05) for dextrans of
≥48 Å radius.

Source: Reference 19
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Figure 16.6
Mesangial Matrix as Fraction of Total Glomerular
Volume, by Diabetes Status and Albumin Excretion

The mesangial matrix is expressed as fraction of total glomerular volume in a
group of nondiabetic subjects and in patients with IDDM and normal albumin
excretion (NAE), microalbuminuria (Micro), or proteinuria (overt neph-
ropathy, Overt NP); horizontal lines are means. This parameter of glomeru-
lopathy was increased in patients with microalbuminuria compared with dia-
betic patients with normal urinary albumin excretion. Thus, mesangial matrix
volume fraction is a very sensitive indicator of renal function.

Source: Reference 62
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hanced filtration, enhanced proximal tubular reab-
sorption of cationic species allowing preferential es-
cape of filtered polyanions in the urine, or the pres-
ence of regions in the normal glomerular capillary
wall that favor penetration by anionic over cationic
proteins82.

ELEVATED URINARY ALBUMIN 
EXCRETION

The normal kidney excretes small amounts of albu-
min, but the concentration is generally too low to be
detected by the standard dipstick methods. With the
development of sensitive immunoassays it has be-
come possible to accurately measure the concentra-
tion within the normal range. The normal range of
urinary albumin excretion is generally defined as an
albumin excretion rate <30 mg/24 hours (<20 µg/min)
or an albumin-to-creatinine ratio <30 mg/g.

Urinary excretion of protein is elevated in a number
of kidney diseases that affect glomerular and tubular
function. In diabetic nephropathy, the plasma protein
excreted in the highest concentration is albumin. As
noted above, urinary albumin excretion is often in-
creased at the diagnosis of both types of diabetes but
frequently returns to normal with the institution of
glycemic control1-4. Persistent clinical proteinuria at
the onset of NIDDM, however, may reflect diabetes
that has remained undiagnosed for years4 or the pres-
ence of renal disease unrelated to diabetes, since other
renal diseases are common at the ages when NIDDM
typically develops. Among 35 patients with NIDDM
and elevated urinary albumin excretion who under-
went kidney biopsy, 23% had nondiabetic glomeru-
lopathies5. On the other hand, elevated urinary albu-
min excretion has been reported from several popula-
tions in persons with impaired glucose tolerance83-85,
raising the possibility that hyperglycemia, even at

levels below those diagnostic of diabetes, is some-
times associated with renal abnormalities and that
these abnormalities may precede the onset of diabetes.

Prevalence of Elevated Urinary Albumin
Excretion

The prevalence of elevated urinary albumin excretion
in a population-based study of 706 insulin-treated
subjects in Wisconsin with diabetes onset at age <30
years, presumably mostly patients with IDDM, is
shown in Table 16.186. The overall prevalence of mi-
croalbuminuria (≥0.03 g albumin/L) was 21% and for
proteinuria (≥0.30 g protein/L) was 21%. If the aver-
age urine volume is assumed to be 1 L per day, these
rates are similar to the prevalence of 23% (31-299 mg
albumin/24 hours) and 19% (≥300 mg albumin/24
hours) found in 876 clinic-based patients with IDDM
in Denmark87. Figure 16.8 shows the prevalence of
micro- and macroalbuminuria in this clinic-based
population as a function of the duration of diabetes.
The rates in both of these studies are higher than
those reported in a nationwide cohort of Norwegian
IDDM patients (12% for microalbuminuria, 15-199
µg/min; 0.3% for macroalbuminuria, ≥200 µg/min)88.
This difference is due primarily to the shorter dura-
tion of diabetes among the subjects in the Norwegian
study (see below).

Table 16.2 shows the prevalence of elevated urinary
albumin excretion in a population-based study in
Wisconsin of 798 subjects with diabetes diagnosed at
age ≥30 years89. The majority of these patients pre-
sumably had NIDDM. The prevalence rates of mi-
croalbuminuria (≥0.03 g albumin/L) and proteinuria
(≥0.30 g protein/L) were 29% and 21%, respectively, in
those receiving insulin treatment. These were signifi-
cantly higher than the rates of 22% and 10% found in
those not treated with insulin. These differences in
prevalence according to type of treatment may be due

Table 16.1
Prevalence of Microalbuminuria and Proteinuria in IDDM and Nondiabetic Males and Females in Wisconsin

Diabetic group (%) Nondiabetic group (%)

Males
n=365

Females
n=341

Total
n=706

Males
n=111

Females
n=130

Total
n=241

Normoalbuminuria
(<0.03 g albumin/L) 53 63 58 92 95 94

Microalbuminuria
(0.03-0.29 g albumin/L) 21 22 21 6 4 5

Proteinuria
(≥0.30 g protein/L) 26 16 21 2 1 1

IDDM defined as insulin-treated diabetic subjects diagnosed at age <30 years.

Source: Reference 86
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to differences in duration of diabetes. Figure 16.9
shows the prevalence of elevated urinary albumin ex-
cretion in 507 clinic-based Danish patients with
NIDDM90 according to the known duration of diabe-
tes. These patients were from the same clinic as the
IDDM patients shown in Figure 16.8, and the same
definitions for micro- and macroalbuminuria were
used. The overall prevalence rates of microalbu-
minuria and macroalbuminuria were 28% and 14%,
respectively. These were similar to the rates reported
in Wisconsin for those receiving insulin, and rates of
elevated urinary albumin excretion were higher
among subjects with diabetes of longer duration.
Higher prevalence rates of elevated urinary albumin
excretion in NIDDM have been reported in two popu-
lation-based studies. The overall rates of microalbu-
minuria and macroalbuminuria in Pima Indians84

were 26% (albumin-to-creatinine ratio 30-299 mg/g)
and 21% (albumin-to-creatinine ratio ≥300 mg/g), re-

spectively, and in the population on the Western Pa-
cific island of Nauru85 were 41% (30-299 µg/ml) and
31% (≥300 µg/ml), respectively. Figure 16.10 shows
the prevalence of micro- and macroalbuminuria in
Pima Indians according to duration of diabetes. In
both the Nauruan and Pima studies, the prevalence of
elevated urinary albumin excretion was higher in sub-
jects with longer duration of diabetes. Although dif-
ferent methods and definitions of urinary albumin
excretion were employed, other factors must be in-
voked to explain the large differences in the preva-
lence of elevated urinary albumin excretion in these
different groups. Additional contributing factors may
include racial differences as well as differences in
duration of diabetes, blood pressure and metabolic
control, diet, and perhaps genetic susceptibility to
diabetic renal disease.

Table 16.2
Prevalence of Microalbuminuria and Proteinuria in NIDDM Subjects in Wisconsin, by Sex and Insulin Treatment

Taking insulin group (%) Not taking insulin group (%)

Males
n=192

Females
n=243

Total
n=435

Males
n=164

Females
n=199

Total
n=363

Normoalbuminuria
(<0.03 g albumin/L) 43 55 50 64 71 68

Microalbuminuria
(0.03-0.29 g albumin/L) 33 26 29 23 22 22

Proteinuria
( 0.30 g protein/L) 23 19 21 13 8 10

NIDDM defined as diabetic subjects diagnosed at age ≥30 years.

Source: Reference 89
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Figure 16.9
Prevalence of Elevated Urinary Albumin Excretion,
by Known Duration of NIDDM

Microalbuminuria was defined as 31-299 mg/24 hours and macroalbuminuria
as ≥300 mg/24 hours.

Source: Reference 90
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Figure 16.8
Prevalence of Elevated Urinary Albumin Excretion,
by Duration of IDDM

Microalbuminuria was defined as 31-299 mg/24 hours and macroalbuminuria
as ≥300 mg/24 hours.

Source: Reference 87
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Incidence of Elevated Urinary Albumin
Excretion

Urinary albumin excretion within the microalbu-
minuric range predicts the development of clinical
proteinuria in persons with IDDM24,91-94 and NIDDM95-

98, but the incidence of proteinuria in relation to dia-
betes duration is strikingly different in the two types
of diabetes. Three longitudinal studies have examined
the incidence of proteinuria in persons with IDDM.
Two of these studies were clinic-based99,100 and the
third was population-based101. Figure 16.11 shows the
incidence of persistent proteinuria as reported in each
of these studies99-102. Although the rates differ slightly,
all three studies show that the incidence of prote-
inuria rises during the early years of IDDM and then
declines. This finding suggests that only a subset of
persons with IDDM is susceptible to renal disease. As
the duration of diabetes increases, the number of per-
sons remaining who are susceptible to renal disease
declines, resulting in the declining incidence of prote-
inuria.

During the past 50 years a secular decline in the
incidence of diabetic nephropathy in IDDM has been
described100,103,104, and the largest decline may have
occurred in the past decade. For example, investiga-
tors in Sweden104 reported that the cumulative inci-
dence of persistent albuminuria (≥1+ test by Albustix)
after 20 years of diabetes decreased from 28% of pa-
tients in whom IDDM developed in 1961-65 to 6% of
those in whom diabetes developed in 1980-85. Fur-
thermore, none of the 51 patients in whom IDDM was
diagnosed in 1976-80 developed persistent albu-

minuria during 12-16 years of followup. Figure 16.12
shows the cumulative incidence of persistent albu-
minuria in these cohorts according to the calendar
year of diagnosis of diabetes. A declining cumulative
incidence was noted throughout the study period, and
improved glycemic control was credited for this find-
ing104.

Figure 16.11
Incidence of Proteinuria in IDDM, by Duration of
Diabetes

Incidence was defined as the annual percent of new cases in the upper panel,
as cases per1,000 person-years in the middle panel, and as 4-year incidence (%)
in the lower panel. All three studies show an increase in the incidence during
the early years of diabetes, followed by a decline as the duration of diabetes
increases.

Source: References 99, 101, and 102

0-4 5-9 10-14 15-19 20
Duration of Diabetes (Years)

0

20

40

60

80

100
Microalbuminuria
Macroalbuminuria

$

Figure 16.10
Prevalence of Elevated Urinary Albumin Excretion
in Pima Indians, by Duration of Diabetes

Microalbuminuria was defined as 30-299 mg albumin/g creatinine and
macroalbuminuria as ≥300 mg albumin/g creatinine.

Source: Reference 84
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The incidence of proteinuria in NIDDM is more diffi-
cult to characterize because of the uncertainty in dat-
ing the onset of diabetes in most studies. No relation-
ship between duration of diabetes and the incidence
of proteinuria was found in the Mayo Clinic popula-
tion in Rochester, MN105, whereas in Wisconsin106 a
relationship between diabetes duration and incidence
of proteinuria was stronger in persons who received

insulin than in those who did not. In Pima Indians107,
in whom the duration of diabetes is known with
greater accuracy because of systematic periodic glu-
cose tolerance testing in the population, the incidence
of proteinuria was strongly related to duration of dia-
betes and continued to rise with increasing duration
of diabetes (Figure 16.13). No secular decline in the
incidence of proteinuria in NIDDM has been reported.
The calculated cumulative incidence of proteinuria in
IDDM and in NIDDM are compared in Figure 16.14108.
Based on incidence rates measured over short time
intervals, 30%-50% of persons with IDDM would be
expected to develop diabetic nephropathy after 40
years of diabetes99,100. However, contrary to previous
widely held assumptions, for patients with a similar
duration of diabetes the cumulative incidence in
NIDDM is at least as high as in persons with IDDM107.

Elevated Urinary Albumin Excretion as a
Risk Factor for Death

The presence of microalbuminuria in IDDM is associ-
ated with a nearly threefold risk of death from cardio-
vascular disease94. Both the overall death rate and
death rates from cardiovascular disease are greatly
increased in subjects with NIDDM and microalbu-
minuria95,109-112 . Survival over 10 years in 407 subjects
with NIDDM, according to the level of urinary albu-
min concentration at the baseline examination, is
shown in Figure 16.15113. Significant reduction in sur-
vival was found in subjects whose urinary albumin
excretion, although elevated, was below that detected
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Figure 16.13
Incidence of Proteinuria in Diabetic Pima Indians
Age ≥25 Years

Figure shows the age- and sex-adjusted incidence rate (cases per 1,000 person-
years) and 95% confidence intervals of proteinuria (protein-to-creatinine ratio
≥1.0 g/g).

Source: Reference 107
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Figure 16.12
Cumulative Incidence of Persistent Albuminuria in
Patients with IDDM Diagnosed at Age <15 Years, by
Duration of Diabetes

Persistent albuminuria was defined as ≥1+ by Albustix; subjects were divided
into four groups based on the calendar years in which diabetes was diagnosed;
the asterisks denote a significant difference in incidence (p=0.01) between the
two groups indicated and the group with onset of IDDM in 1961-65. 
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Cumulative Incidence of Proteinuria, by Duration of
Diabetes

Figure shows cumulative incidence in Japanese subjects and Pima Indians with
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by the usual dipstick methods.

Microalbuminuria also predicts the development of
proteinuria in IDDM and NIDDM83,91-98, and mortality
in patients with persistent proteinuria is very
high99,114-117. Figure 16.16 shows the death rates in
proteinuric (>0.5 g/day) and nonproteinuric IDDM
subjects relative to the nondiabetic population as a
function of age, and Figure 16.17 shows the age-sex
adjusted death rates in nondiabetic Pima Indians

without proteinuria and in those with NIDDM accord-
ing to the presence or absence of proteinuria (protein-
to-creatinine ratio ≥1.0 g/g). Nearly all of the excess
mortality associated with either type of diabetes is
found in persons with proteinuria 99,114,115, primarily
from renal or cardiovascular disease in IDDM114,116,
from cardiovascular disease in whites with NIDDM117,
and from cardiovascular or renal disease in Pima Indi-
ans with NIDDM115.

END-STAGE RENAL DISEASE

Clinical proteinuria in IDDM heralds a relentless de-
cline of renal function that often leads to ESRD, but
the decline of renal function may be slower in
NIDDM. For example, the cumulative incidence of
chronic renal failure in whites after 10 years of persist-
ent proteinuria was 11% in patients with NIDDM in
Rochester, MN118 but was 50% in patients with IDDM
at the Joslin Clinic in Boston, MA100. These differences
are probably due mainly to the fact that in many
populations NIDDM develops much later in life and
the risk of death from nonrenal causes is much higher
than in patients with IDDM of similar duration. Fur-
thermore, a greater frequency of proteinuria of nondi-
abetic origin that may not lead to ESRD occurs in
persons with NIDDM5. Among Pima Indians, in
whom NIDDM often develops at a younger age than
in other populations119, the cumulative incidence of
ESRD after the diagnosis of proteinuria more closely
resembles that in IDDM120.
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Figure 16.16
Relative Mortality in IDDM Patients, by Proteinuria,
Age, and Sex

Figure 16.17
Mortality in Pima Indians Age ≥45 Years, by 
Diabetes and Proteinuria Status

Figure shows age- and sex-adjusted death rates and standard errors for Pima
Indians age ≥45 years for nondiabetic subjects without proteinuria and for
diabetic subjects without and with proteinuria.

Source: Reference 115

Relative mortality is calculated as mortality in IDDM patients divided by
mortality in the nondiabetic population. Relative mortality for those with
persistent proteinuria is shown in the upper curves and for those without
proteinuria in the lower curves, as a function of current age.

Source: Reference 114
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Figure 16.15
Survival in NIDDM Patients, by UAC

UAC, urinary albumin concentration. Figure shows 10-year survival by base-
line UAC (µg/ml) after correction for age, duration of diabetes, and serum
creatinine concentration by a Cox regression analysis. Higher UAC at the
baseline examination was associated with lower survival over the 10-year
period.

Source: Reference 113
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Data for 93% of patients receiving treatment for ESRD
in the United States are reported to the Health Care
Financing Administration121. Consequently, reason-
able estimates of the frequency of treated ESRD are
available. Table 16.3 summarizes the prevalence, ac-
cording to treatment modality, and incidence of
treated ESRD in the United States in 1991121. In that
year, 186,261 patients were receiving renal replace-
ment therapy, of whom 48,274 (26%) of the prevalent
cases had renal disease attributed to diabetes. The
proportion of patients with treated diabetic ESRD has
doubled from the 13% of total cases in 1982 (Table
16.4). On average, the prevalence of diabetic enrollees

has increased by nearly 16% annually and this cate-
gory makes up the most rapidly growing group of
patients in this program (Figure 16.18)121. Recent
growth in the incidence of treated diabetic ESRD and
improved survival among diabetic patients, who had
almost twofold greater mortality than patients with
other diagnoses in the mid-1980s, have contributed to
the increase in the prevalence of diabetic ESRD121.

The annual number of new cases of renal replacement
therapy for ESRD has risen substantially over the past
decade, with the most rapid rise in the nonwhite
population, as shown in Figure 16.19. In addition, the

Table 16.3
Summary Statistics on Reported ESRD Therapy, U.S., 1991

Incidence December 31 point prevalence

Medicare kidney
transplants performed

by donor type

Patient   Adjusted Adjusted Counts by modality‡
characteristic Count* rate† Count* rate† Dialysis Transplant CAD LRD Deaths§

Age (years)**
0-19 822 11 4,113 55 1,629 2,544 321 350 97

20-44 9,635 96 56,397 557 29,850 27,199 3,779 1,288 3,302
45-64 16,925 392 69,002 1,576 51,627 18,496 2,695 464 9,860
65-74 13,901 846 37,257 2,292 35,565 2,122 304 20 11,166

≥75 8,626 725 19,492 1,643 19,606 107 5 0 8,808

Race
White 33,337 150 120,707 547 82,212 40,455 5,195 1,765 23,092
Black 14,211 595 56,508 2,298 48,977 7,829 1,574 281 8,849
Asian/Pacific
 Islander 1,023 205 3,885 686 2,897 1,078 202 33 472
Native American 619 464 2,272 1,571 1,748 534 76 30 351
Other 631 2,364 2,443 572 49 13 348
Unknown 88 525 8 0 121

Sex
Male 26,839 239 101,069 860 72,063 30,539 4,341 1,205 17,763
Female 23,070 162 85,192 607 66,214 19,929 2,763 917 15,470

Primary disease
Diabetes 17,888 70 48,274 188 39,997 9,072 1,623 453 11,361
Hypertension 14,495 57 43,724 171 38,486 5,625 1,092 204 9,987
Glomerulo-
nephritis 5,782 23 34,329 134 20,813 14,110 1,804 591 3,509

Cystic kidney 
 disease 1,456 6 9,244 36 5,641 3,679 582 104 773
Urologic diseases 2,449 10 11,478 45 7,952 3,668 423 172 1,797
Other known
 cause 3,306 13 11,370 44 7,696 3,757 480 248 1,864
Unknown cause 2,651 10 12,312 48 8,604 3,858 507 139 2,090
Missing data 1,882 6 15,530 55 9,088 6,699 593 211 1,852

Total 49,909 195 186,261 721 138,277 50,468 7,104 2,122 33,233

ESRD, end-stage renal disease; CAD, cadaver donor transplant; LRD, living-related donor transplant. * Incidence count = number of new patients starting renal replacement
therapy during 1991. Incidence and prevalence counts and rates include residents of the 50 states and the District of Columbia only. All other data in this table include
residents of Puerto Rico and U.S. territories.  †Rates are adjusted for age, race, and/or sex using the July 1, 1990, U.S. resident population as the standard population. All
rates are per million population. Rates by age were adjusted for race and sex. Rates by sex were adjusted for race and age. Rates by race were adjusted for age and sex. Rates
by disease group and total adjusted rate were adjusted for age, race, and sex. Adjusted rates do not include patients with other or unknown race.  ‡Patients were classified
as receiving dialysis or having a functioning transplant. Those with unknown treatment modality on December 31 were assumed to be receiving dialysis. §Number of deaths
among patients reported to have ESRD in 1991. **Age was computed at start of therapy for incidence, on December 31 for point prevalence, at time of transplant for
transplants, and on date of death for deaths.

Source : Reference 121
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proportion of new cases attributed to diabetes has
risen from 23% to 36% during the same period (Figure
16.20)121. Diabetes is now the largest single cause of
new cases of ESRD in the United States (Figure
16.21), and a majority of the new cases attributed to
diabetes are in persons with NIDDM118,122. In 1982,
4,960 patients with diabetes began renal replacement
therapy, and the number increased to 17,888 in 1991.

Changing criteria for initiation of renal replacement
therapy may contribute to the rising rate of treated
ESRD in persons with diabetes.

Incidence rates of treated ESRD in diabetic patients
vary by racial group (Table 16.5) and type of diabetes
(Table 16.6)122-129. Racial differences in the incidence
of ESRD in persons with NIDDM are almost certainly

Table 16.4
Point Prevalence of Reported ESRD Therapy, U.S.,
1982-91

Total patients Diabetes as primary diagnosis

Year No. No. Percent of total

1982 69,721 9,043 13.0
1983 81,646 11,871 14.5
1984 91,887 15,117 16.5
1985 101,793 18,376 18.1
1986 112,296 21,852 19.5
1987 123,558 25,424 20.6
1988 134,872 29,294 21.7
1989 148,769 34,731 23.3
1990 166,281 40,972 24.6
1991 186,261 48,274 25.9

ESRD, end-stage renal disease. A substantial number of patients with ESRD had
no primary diagnosis listed, and some of these may have had diabetic ESRD.
For example, in 1982, 25% of patients had missing diagnoses; this declined to
10% in 1991. In addition, a number of patients who entered the Medicare ESRD
program during the year were lost to followup and are not included in this
table, which lists only known patients who were alive on December 31 of each
year. In 1982, the number lost to followup was 12,881; in 1991, the number
was 10,408.

Source: Reference 121
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Figure 16.18
Percent Annual Increase in Point Prevalence of 
Reported ESRD, by Primary Diagnosis, U.S., 1987-91

Figure 16.20
Time Trends in Incidence of Diabetic ESRD, U.S.,
1982-91

Figure 16.19
Annual Change in Incidence of Treated ESRD, by
Race, U.S., 1986-91

ESRD, end-stage renal disease. Annual change was calculated as the percent
annual compound rate of change; total rate was adjusted for age, race, and sex;
rates by race were adjusted for sex and age. Rates are for Medicare patients only
and do not include patients from Puerto Rico or U.S. territories. 

Source: Reference 121

ESRD, end-stage renal disease. Figure shows number of new diabetic patients
enrolled in the Medicare ESRD program and proportion of new enrollees with
ESRD attributed to diabetes.

Source: Reference 121

Figure shows annual compound rate of change; incidence rates are adjusted for
age, sex, and race. Rates are for Medicare patients only and do not include
patients from Puerto Rico or U.S. territories. 

Source: Reference 121
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attributable in part to differences in the duration of
diabetes. The incidence attributed to NIDDM is
higher in blacks122,126,  Mexican Americans127,
Asians128, Pima Indians123, and other Native Ameri-
cans129 than in whites, with the highest rates being
found in Native Americans. Data on racial differences
in IDDM are sparse, and because many patients with
NIDDM are treated with insulin, they are often mis-
classified as IDDM. For example, a study in which the
type of diabetes was not verified reported that the
incidence of ESRD in blacks with IDDM was 3.0 times
the incidence in whites126. However, another study in
which the type of diabetes was confirmed by review of

all available clinical records found that the incidence
of ESRD in blacks and whites with IDDM was indis-
tinguishable (Table 16.6)122.

RISK FACTORS FOR DIABETIC RENAL
DISEASE

Duration of diabetes is one of the most important risk
factors for diabetic nephropathy. The influence of du-
ration is far greater than that of age, sex, or type of
diabetes. For a given duration of diabetes, the cumu-
lative incidence of diabetic nephropathy and ESRD are
similar in IDDM and NIDDM118,123,130,131  . Despite long
duration of diabetes, only 30%-50% of patients with
IDDM develop diabetic nephropathy99,100. Therefore,
factors other than diabetes itself have been suggested
as determinants of diabetic renal disease. In this sec-
tion, other factors that influence the risk for diabetic
renal disease are reviewed.

Familial and Genetic Factors 

Supporting a role for genetic susceptibility in the de-
velopment of diabetic renal disease are three studies
that report familial clustering132-134. In one study,
nephropathy was reported in 83% of the diabetic sib-
lings of IDDM patients with nephropathy but in only
17% of the diabetic siblings of patients without neph-
ropathy (Figure 16.22)132. Moreover, 41% of the af-
fected siblings of patients with nephropathy had
ESRD. A similar study found nephropathy in 33% of
the diabetic siblings of diabetic patients with neph-
ropathy but in only 10% of the diabetic siblings of
patients without nephropathy133. Familial clustering
is also found in NIDDM. In two generations of Pima
Indians with NIDDM134, the frequency of proteinuria
in the diabetic offspring was higher if both diabetic
parents had proteinuria than if neither did, and if one
parent had proteinuria, the prevalence was intermedi-
ate (Figure 16.23).
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Table 16.5
Number of New Cases of ESRD, Percent Due to 
Diabetes, and Incidence of ESRD, by Race, U.S.,
1989-91

Race

No. of
new cases
per year

Percent
of total

Percent
due to

diabetes

Adjusted total
incidence of
ESRD per

million
population

White 30,739 67.9 34.6 140
Black 13,043 28.8 33.3 550
Asian/Pacific
Islander 924 2.0 37.2 186

Native
  American 573 1.3 64.0 437
Total 45,279 100.0 34.7 181

ESRD, end-stage renal disease. Incidence rates are adjusted for age, sex, and
race.

Source: Reference 121

Table 16.6
Incidence of ESRD in Diabetic Subjects, by Race
and Type of Diabetes, Michigan, 1974-83

Average annual number of cases 
per 100,000 persons with diabetes

IDDM
Whites 35
Blacks 36

NIDDM
Whites 25
Blacks 108

Source: Reference 122

Figure 16.21
Percent Distribution of New Cases of Treated
ESRD, by Primary Diagnosis, U.S., 1988-91

ESRD, end-stage renal disease. Data are for Medicare patients only.

Source: Reference 121
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Some reports have suggested that there is no convinc-
ing evidence that genetic factors are involved in the
pathogenesis of diabetic renal disease135,136, but others
have found differences in the distribution of HLA
markers between IDDM patients with diabetic neph-
ropathy and those with normal renal function137. In

addition, both the major histocompatibility complex
and the Gm loci have been associated with diabetic
microvascular disease138, and the presence of diabetic
nephropathy in IDDM has been related to DNA se-
quence differences in the angiotensin I-converting en-
zyme gene139. Although these findings are not univer-
sal140,141, they do suggest that genetic factors may pre-
dispose some individuals to a higher risk of diabetic
nephropathy than others.

Hypertension 

High blood pressure has been related to diabetic renal
disease in many cross-sectional and longitudinal stud-
ies of both IDDM and NIDDM. To some extent, this
relationship reflects elevation of blood pressure in
response to the renal disease142,143, but several lines of
evidence suggest that blood pressure contributes not
only to the progression of renal disease but to its
pathogenesis as well.

Sodium-lithium countertransport activity in red cells,
a genetically influenced trait, is found in some studies
to be higher in persons with essential hypertension
and in those whose parents have essential hyperten-
sion144-147. In IDDM, elevated rates of countertransport
activity are reported in persons with microalbu-
minuria or proteinuria and in those with elevated
GFR148-152, suggesting that diabetic persons with hy-
pertension and with elevated sodium-lithium coun-
tertransport activity are at greater risk for diabetic
renal disease, although these findings and conclu-
sions have been challenged152-154.

Parental hypertension is associated with renal disease
in diabetic offspring148,155,156 . Figure 16.24 shows the
mean blood pressure in the parent with the higher
blood pressure according to the presence or absence
of proteinuria in offspring with IDDM. Parents of
offspring with proteinuria had significantly higher
mean blood pressure than those of offspring with
normal urinary protein excretion155.

Patients with IDDM and diabetic nephropathy not
only have a greater prevalence of parental hyperten-
sion but also have higher mean arterial pressures dur-
ing adolescence156. The Microalbuminuric Collabora-
tive Study Group157 reported that blood pressure rises
concomitantly with a rise in urinary albumin excre-
tion in IDDM patients and that blood pressure eleva-
tion took place while the albumin excretion was rising
within the normal range. Studies in Pima Indians
revealed that high blood pressure before the onset of
NIDDM was related to a higher prevalence of elevated
urinary albumin excretion after the onset of NIDDM
(Figure 16.25)158. These findings suggest a possible
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Figure 16.23
Prevalence of Proteinuria in Offspring, by Sex and
Number of Parents with Proteinuria

Data are adjusted for age, systolic blood pressure, diabetes duration, and
glucose concentration. Prevalence of proteinuria in offspring was significantly
higher if both parents had proteinuria than if neither parent did; prevalence
was intermediate if one parent had proteinuria.

Source: Reference 134
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Figure 16.22
Renal Status of Siblings, by Diabetic Nephropathy
of IDDM Probands

ESRD, end-stage renal disease. Siblings are categorized as those with ESRD,
those with albuminuria (albumin excretion rates ≥45 mg/24 hours), and those
with normal urinary albumin excretion (<45 mg/24 hours). The siblings of
IDDM probands who were free of diabetic nephropathy (n=12) had less
evidence of renal disease than did the siblings of probands who had diabetic
nephropathy (n=29)(p<0.001). 

Source: Reference 132
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causal role for blood pressure in the development of
diabetic renal disease.

Hyperglycemia

The level of glycemic control is a major risk factor for
elevated urinary albumin excretion and clinical prote-

inuria in diabetes89,100,101,105-107,118,159-165 . The relative
risk of developing proteinuria (≥0.30 g/L) after 4 years
in subjects with IDDM in Wisconsin was three times
as high for those with glycosylated hemoglobin in the
highest quartile compared with those in the lowest
quartile (Figure 16.26)101. Similarly, higher 2-hour
post-load plasma glucose concentration in Pima Indi-
ans at diagnosis of NIDDM was associated with a
higher incidence of proteinuria (Figure 16.27)107. Hy-
perglycemia also predicts the development of elevated
urinary albumin excretion within the microalbu-
minuric range in both types of diabetes159,161.

A number of biochemical pathways affected by hyper-
glycemia may be responsible for many of the func-
tional and structural abnormalities characterizing dia-
betic renal disease165. Hyperglycemia is associated
with hyperfiltration, both in the early stages of diabe-
tes before urinary albumin excretion becomes ele-
vated48,166 and in patients with overt diabetic neph-
ropathy167,168. The rise in GFR may be mediated by
changes in the permeability of the glomerular mem-
brane167 and by renal prostaglandin production168.
Thus, several potential mechanisms have been identi-
fied by which hyperglycemia could lead to the devel-
opment of diabetic renal disease.

Plasma Prorenin Activity

Prorenin is the precursor of renin, which is secreted
into the blood by the juxtaglomerular cells of the
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Figure 16.26
Four-Year Incidence of Proteinuria in IDDM, by 
Glycosylated Hemoglobin Level

Figure shows incidence (%) of proteinuria (≥0.30 g/L) after 4 years in 891
subjects from Wisconsin with IDDM (insulin-taking, diabetes onset at age <30
years) according to quartiles of glycosylated hemoglobin at baseline examination.

Source: Reference 101
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Figure 16.25
Prevalence of Elevated UAE in Pima Indians After
Diagnosis of NIDDM, by Blood Pressure Before 
Onset of NIDDM

UAE, urinary albumin excretion. Figure shows prevalence (%) of elevated UAE
(albumin-to-creatinine ratio ≥100 mg albumin/g creatinine). Pima Indians with
the highest prediabetic blood pressure had the highest prevalence of elevated
UAE after onset of diabetes.

Source: Reference 158
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Figure 16.24
Mean Blood Pressure in Parents of Proteinuric and
Nonproteinuric Diabetic Patients

Figure shows mean blood pressure in the parent with higher arterial pressure
of 17 proteinuric and 17 nonproteinuric diabetic patients; horizontal lines are
means. Mean blood pressure of parents of proteinuric subjects averaged 11
mmHg (95% confidence interval, 1.7-20.3 mmHg) higher than in parents of
diabetic subjects without proteinuria.

Source: Reference 155
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kidneys and is converted ultimately to angiotensin II.
Increased plasma prorenin activity is associated with
the microvascular complications of diabetes169,170. Fur-
thermore, an increase in prorenin activity precedes
the development of these complications in children
with IDDM171. The role of plasma prorenin in the
pathogenesis of diabetic nephropathy, however, is un-
known.

Lipids

Although it is generally assumed that many of the
abnormalities in plasma lipoproteins associated with
renal disease are sequelae of the renal dysfunction,
hyperlipidemia may also play a role in the pathogene-
sis of glomerular injury172,173. Higher LDL cholesterol
and triglyceride levels in IDDM159 and higher total
serum cholesterol concentration in NIDDM161 predict
the development of elevated urinary albumin excre-
tion. In addition, among patients with IDDM and
diabetic nephropathy, the rate of decline in GFR is
lower in subjects with low serum cholesterol concen-
tration than in those with high concentrations (Table
16.7), suggesting that higher cholesterol promotes the
progression of renal disease174. Alternatively, the
higher cholesterol concentration may simply reflect a
more advanced stage of glomerulosclerosis. Studies in
experimental animals have shown that glomerulo-
sclerosis can be induced by a diet enriched with
saturated fats and cholesterol175, and altered glomeru-
lar hemodynamics induced by the lipid-rich diet may
be responsible175,176. Nevertheless, a definitive role for

hyperlipidemia in the development and progression of
diabetic renal disease in humans remains to be estab-
lished.

Autonomic Neuropathy

Autonomic neuropathy has been proposed as a predic-
tor of deteriorating GFR in patients with IDDM177,178.
Sympathetic neuropathy with ensuing alteration of
vascular resistance in glomeruli has been suggested as
the basis for the more rapid deterioration of renal
function in patients with autonomic neuropathy178.
Whether autonomic neuropathy per se is part of the
pathogenetic process leading to diabetic renal disease
or is a reflection of the severity of diabetes is un-
known. Nonetheless, the two complications of diabe-
tes occur together frequently. One study reported that
half of the deaths of patients with IDDM and auto-
nomic neuropathy are attributed to diabetic neph-
ropathy179.

Pregnancy

Among women with normal kidney function, regard-
less of the presence or absence of diabetes, pregnancy
is associated with a transient rise in GFR of 40%-60%
that is accompanied by a moderate increase in urinary
protein excretion180. By contrast, women with preex-
isting diabetic nephropathy may have a dramatic in-
crease in proteinuria from the first to the third trimes-
ter, which often returns to prepregnancy levels after
delivery181,182, suggesting that in most of them, preg-
nancy does not hasten the progression of diabetic

Table 16.7
Rate of Decline of GFR in Diabetic Patients, by 
Serum Cholesterol Concentration

Serum cholesterol (mmol/L)

≤7    >7   

Number of patients 17      14    

Decline in GFR
(ml/min/year) 2.3±6.3 8.4±5.3*

Urinary albumin excretion
(g/24 hours) 1.3±0.9 1.5±1.1

Mean arterial pressure
(mmHg) 102±4 105±3†

Hemoglobin A1 (%) 8.8±2.0 9.8±1.8

Enalapril/metoprolol treated 11/6       8/6     

*p<0.01, †p<0.05. GFR, glomerular filtration rate. Values are means±SD. All
patients (n=31) had diabetic nephropathy and reduced renal function and are
divided in the figure according to mean cholesterol concentration during the
observation period. GFR declined more rapidly among those with higher
serum cholesterol concentration, suggesting that either higher cholesterol
promotes the progression of renal disease or may simply reflect a more ad-
vanced stage of glomerulosclerosis.

Source: Reference 174
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Figure 16.27
Incidence of Proteinuria in Pima Indians with
NIDDM, by 2-Hour Post-Load Glucose and 
Diabetes Duration

Figure shows incidence (cases/1000 person-years) of proteinuria (protein-to-
creatinine ratio ≥1.0 g/g) by duration of diabetes in 480 Pima Indians with
NIDDM, according to tertiles of 2-hour plasma glucose concentration after 75
g oral glucose, measured at diagnosis of NIDDM.

Source: Reference 107
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nephropathy183. Nevertheless, pregnancy may acceler-
ate the rate of renal disease progression in some dia-
betic women. Among women with diabetic neph-
ropathy who also have hypertension and impaired
renal function (creatinine clearance <80 ml/min),
pregnancy hastens the onset of ESRD184. Thus, al-
though pregnancy does not affect adversely the course
of early diabetic renal disease, women with more se-
vere impairment, particularly those with hyperten-
sion, may be at greater risk of progression.

Diet

There is no clear evidence that dietary protein intake
has any influence on the development of diabetic
renal disease. No correlation was found between die-
tary protein intake and clinical proteinuria in a cross-
sectional study of patients with NIDDM who were
divided into high-, moderate-, and low-protein intake
groups (Table 16.8)185. Indeed, although not statisti-
cally significant, the proportion of subjects with pro-
teinuria was highest in those with the lowest protein
intake. Similarly, no correlation was found between
dietary protein intake and rate of decline in renal
function in patients with IDDM186, and one study
suggested that there was even a tendency for patients
with the highest protein intake to have the lowest rate
of decline in GFR (Figure 16.28)187. Nevertheless,
excessive protein intake is thought to cause renal
vasodilation and glomerular hyperperfusion. The re-
sulting increase in the intraglomerular pressure is
believed to precipitate proteinuria and glomerular
damage in animals188,189, and experimental models of
renal disease suggest that long-term high protein diets
accelerate structural and functional injury, whereas

low-protein diets offer renoprotection190-192. Thus, al-
though a theoretical case can be made for the impact
of dietary protein on the development of diabetic
renal disease, there are no observational data in hu-
mans to support such a role. On the other hand, a
number of clinical interventions have reported bene-
ficial effects of dietary protein restriction in persons
with diabetes (see below).

Smoking

Smoking is associated with the progression of diabetic
nephropathy in IDDM86,158,193-199 , but no relationship
was reported in patients with diabetes diagnosed at
age ≥30 years89. In one study, patients with IDDM who
smoked had twice the frequency of proteinuria (≥500
mg/24 hours) of those who did not (Table 16.9)195.
The smokers and nonsmokers were similar with re-
gard to age, duration of diabetes, glycosylated hemo-
globin, and prevalence of hypertension. Another
study found that smoking was the most important risk
factor for progression of both microalbuminuria and
clinical diabetic nephropathy during a 1-year fol-
lowup in IDDM patients already receiving intensified
insulin and antihypertensive treatment199. In addition,
one author noted that most patients with IDDM and
ESRD in his study were either current or ex-smok-
ers197. Although the precise mechanisms are unclear,
tobacco smoking is known to cause vasoconstriction,
impair platelets and coagulation, and alter blood pres-
sure200,201. Given that patients with diabetes already
incur widespread vascular damage as a consequence
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Figure 16.28
Correlation Between Protein Intake and Decline in
GFR in IDDM Patients

GFR, glomerular filtration rate. Figure shows correlation between protein
intake (g/kg/24 hours) and decline in GFR (ml/min/year) in 34 patients with
IDDM (rs=0.43, p=0.025). Subjects reporting the lowest protein intake had the
greatest decline in GFR.

Source: Reference 187

Table 16.8
Proportion of Subjects with Diabetes Who Have
Clinical Proteinuria, by Level of Dietary Protein 
Intake

Proteinuria

Protein
intake

Positive
(n)

Negative/
trace (n)

Total
(n)

Proteinuria
(%)

High 9 55 64 14.1
Moderate 43 240 283 15.2
Low 6 23 29 20.7
Total 58 318 376 15.4 

Subjects were stratified by their protein intake into high (mean protein intake
>130 g/day for men and >86 g/day for women), moderate (mean protein intake
42-130 g/day for men and 28-86 g/day for women), and low (mean protein
intake <42 g/day for men and <28 g/day for women). Proteinuria was defined
by a dipstick test of ≥1. The prevalence of proteinuria was not significantly
related to the level of dietary protein intake (χ2=0.492, p=0.48), but those who
reported the highest intake of protein tended to have the lowest prevalence of
proteinuria.

Source: Reference 185
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of their diabetes202, smoking may serve to accelerate
the process. Reasons for a lack of association in
NIDDM are unknown.

Drug Nephrotoxicity

Analgesic and nonsteroidal anti-inflammatory drugs,
including aspirin, are used extensively in the United
States203. Cumulative toxicity from prolonged expo-
sure to these drugs has been proposed as a possible
cause of chronic renal disease204,205. In the case of
nonsteroidal anti-inflammatory drugs, changes in re-
nal blood flow due to inhibition of prostaglandin syn-
thesis may be responsible. Renal perfusion in persons
with renal insufficiency is maintained, in part, by the
local synthesis of vasodilating prostaglandins205-208.
Tubulointerstitial changes associated with analgesic
use may also influence the progression of a number of
renal diseases209.

In a multicenter case-control study210, nonaspirin
nonsteroidal anti-inflammatory drug use was associ-
ated with a twofold risk of chronic renal disease (se-
rum creatinine concentration ≥1.5 mg/dl) (Table
16.10). The increased risk, however, was almost en-
tirely confined to men, those age ≥65 years were at the
greatest risk, and only 20% of the cases of renal dis-
ease in the study were attributed to diabetes. In an-
other case-control study, involving 242 patients with
diabetes, neither aspirin nor other nonsteroidal anti-
inflammatory drugs significantly increased the odds
of ESRD (Table 16.11)205. These studies suggest that
nonsteroidal anti-inflammatory drugs, including aspi-
rin, may have little effect on the progression of renal
disease in diabetes. On the other hand, acetamino-
phen use increased the odds of ESRD in patients with

diabetic nephropathy205. Annual intakes of 105-365
acetaminophen pills doubled the odds of ESRD in 242
patients with diabetes, and a cumulative lifetime in-
take of ≥1,000 tablets nearly tripled the odds (Table
16.11)205.

Table 16.10
Risk of Chronic Renal Disease Associated with 
Non-Aspirin Nonsteroidal Anti-Inflammatory Drugs

Frequency 
of use

Patients
(no.)

Controls
(no.)

Adjusted odds 
ratio (95% CI)*

Men

Never 265 267 1.0

Occasionally 11 7 1.9 (0.7-4.9)

Weekly 4 5 0.8 (0.2-3.0)

Daily 17 4 4.6 (1.5-14.0)

Women

Never 210 197 1.0

Occasionally 7 13 0.6 (0.2-1.5)

Weekly 9 5 1.8 (0.6-5.6)

Daily 11 9 1.1 (0.4-2.7)

CI, confidence interval. *Odds ratio comparing users with never users, ad-
justed for age, sex, race, proximity to study hospitals, and income. The risk was
examined in 1,041 subjects (534 cases, 507 controls). Twenty percent of
chronic renal disease cases were attributed to diabetic nephropathy. Men who
regularly took nonsteroidal anti-inflammatory drugs had a higher risk of
chronic renal disease than those who did not. This risk was not shared by the
women. However, only a small portion of the study population regularly took
these medicines, so the power to detect a significant difference in the odds ratio
was small, as indicated by the wide CIs. 

Source: Reference 210

Table 16.9
Clinical Data and Prevalence of Proteinuria in IDDM Patients, by Smoking Status

No. Age (years)
Duration of 

diabetes (years) HbA1c (%) Hypertension (%) Proteinuria (%)

Smokers

Women 90 30±11 14±6 7.9±1.6 11.1 (20.0) 14.4*

Men 102 34±12 14±6 8.4±2.2 14.7 (38.2) 23.5†

Total 192 32±11 14±6 8.2±1.9 13.0 (29.7) 19.3‡

Nonsmokers

Women 90 30±11 14±6 8.3±2.2 7.8 (22.2) 5.6

Men 102 33±11 14±6 7.9±1.7 15.7 (34.3) 10.8

Total 192 32±11 14±6 8.1±2.0 12.0 (28.6) 8.3

Participants were recruited from an inpatient diabetes treatment and teaching program. Data for age, duration of diabetes, and HbA1c are mean±SD. Hypertension is defined
as blood pressure values ≥165/95 mmHg or use of antihypertensive medication (percentages in parentheses are the prevalence of hypertension defined as blood pressure
values ≥140/90 mmHg or use of antihypertensive medication). *p<0.025, †p<0.01, ‡p<0.001, compared with nonsmoking group. Subjects who smoked had twice the
prevalence of proteinuria (≥500 mg/24 hours) of nonsmokers.

Source: Reference 195
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RENAL DISEASE AND ITS RELATIONSHIP
TO OTHER COMPLICATIONS

ESRD is a frequent consequence of elevated urinary
albumin excretion in diabetes, but there are other
consequences as well, including dyslipoproteinemias,
cardiovascular disease, peripheral vascular disease,
and retinopathy. The combination of these diabetic
complications undoubtedly contribute to the in-
creased morbidity and early mortality in diabetic pa-
tients with elevated urinary albumin excretion99,113-

117,202. Death rates from cardiovascular disease are
three times as high in IDDM patients with elevated
urinary albumin excretion as in those with normoal-
buminuria94, and similar findings have been reported
in NIDDM95,109-112 (see below). It is possible, although
not proven, that the dyslipoproteinemia of diabetic
renal disease211-216 contributes to the higher rate of
atherosclerosis in these patients. The risk of lower
extremity amputations in diabetic subjects with pro-
teinuria is two to four times that of those without
proteinuria217,218.

The relationship between nephropathy and diabetic
retinopathy is well established but is clearly not uni-
versal. In a study of renal pathology in 35 patients
with NIDDM and persistent albuminuria, 41% of
those with biopsy-proven diabetic glomerulopathy
did not have retinopathy on review of fundus photo-
graphs that were taken through dilated pupils5. On the
other hand, nearly 60% of them did have retinopathy.
Moreover, the frequency of the more severe prolifera-
tive retinopathy is greater in those with elevated uri-
nary albumin excretion than in those without86,87,89,90.

TREATMENT OF DIABETIC RENAL 
DISEASE

Numerous studies have examined the effects of treat-
ments on progression of renal disease in diabetic
nephropathy. Few of them, however, offer more than
a suggestion regarding the value of a given therapy,
because methodologic issues such as small sample
size, short duration of followup, poor patient compli-
ance, inappropriate endpoint, or lack of a proper con-
trol group hinder their interpretation.

Metabolic Control

Epidemiologic studies indicate that hyperglycemia
plays a role in the development of diabetic renal dis-
ease. A number of clinical trials have examined the
effect of metabolic control on the course of diabetic
renal disease219-224. The results of some of these trials
in IDDM are presented in Table 16.12. Although many
had small numbers of patients, were of short duration,
or both, they all suggest that early in the course of
diabetic renal disease, prior to the development of
clinical proteinuria, aggressive control of blood glu-
cose reduces the urinary albumin excretion rate. Im-
proved blood glucose control also retards the progres-
sion of glomerular morphological changes in early
diabetic nephropathy225. Once proteinuria is estab-
lished, however, strict metabolic control appears to
offer no benefit for preserving renal function220,226,
unless it is accompanied by adequate control of hyper-
tension227. Moreover, even in early diabetic renal dis-
ease, several years of strict control may be required for
effective stabilization of renal function228. In one
study, strict metabolic control had no effect on the rate
of urinary albumin excretion after 1 year of therapy229,
but a significant decline in albuminuria was demon-
strated after 2 years of therapy in the same subjects221.

Two long-term studies involving large numbers of
subjects with IDDM have examined the effect of in-
tensified insulin treatment on the rate of development
of diabetic renal disease223,224. The Stockholm Diabetes

Table 16.11
Risk of ESRD in Patients with Diabetes, by Use 
of Acetaminophen, Aspirin, and Nonsteroidal 
Anti-Inflammatory Drugs

Number of pills taken Odds ratios of ESRD

Acetaminophen
<105 per year 1.0
105-365 per year 2.1 (1.1-3.8) 
≥366 per year 1.9 (0.9-3.8)

<1,000 in lifetime 1.0 
1,000-4,999 in lifetime 2.7 (1.6-4.7)
≥5,000 in lifetime 2.6 (1.2-6.0)

Aspirin
<105 per year 1.0 
105-365 per year 0.9 (0.5-1.5)
≥366 per year 0.9 (0.5-1.8)

<1,000 in lifetime 1.0
1,000-4,999 in lifetime 0.5 (0.3-0.7)
≥5,000 in lifetime 0.7 (0.3-1.4) 

Other nonsteroidal anti-inflammatory drugs
<105 per year 1.0
105-365 per year 0.9 (0.4-1.8)
≥366 per year 0.7 (0.3-1.8)

<1,000 in lifetime 1.0
<1,000-4,999 in lifetime 0.6 (0.3-1.4)
≥5,000 in lifetime 5.8 (0.6-56.2) 

ESRD, end-stage renal disease. Type of diabetes was not specified. Odds ratios
are adjusted for age, sex, race, use of the other analgesic drugs in the table, and
use of analgesic drugs possibly containing phenacetin. Values in parentheses
are 95% confidence intervals.

Source: Reference 205
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Intervention Study223 reported a 16% reduction in the
rate of development of nephropathy (≥200 µg albu-
min/minute) in 48 subjects undergoing intensified
treatment, compared with 54 subjects undergoing
standard insulin treatment during 7.5 years of fol-
lowup. Similarly, in the Diabetes Control and Compli-
cations Trial (DCCT) of 1,441 IDDM patients fol-
lowed for a mean of 6.5 years224, intensive insulin
therapy reduced the risk of macroalbuminuria (≥300
mg/24 hours) and microalbuminuria (≥40 mg/24
hours) by 54% and 39%, respectively. Figure 16.29
shows the cumulative incidence of macroalbuminuria
and microalbuminuria in patients in the DCCT.

The effect of metabolic control in NIDDM was exam-
ined in the University Group Diabetes Program230, a
long-term clinical trial to determine whether insulin

treatment was better than diet alone in altering the
course of vascular complications. Insulin treatment
was administered either as a fixed dose or adjusted to
maintain blood glucose levels within the normal
range. The mean serum creatinine concentration was
the same in each group at baseline. However, more
patients in the placebo treatment group developed
elevated serum creatinine levels than those in either
of the two insulin treatment groups (Table 16.13),
indicating that glycemic control with insulin reduced
the rate of development of renal insufficiency in
NIDDM. There was no relationship between type of
diabetes treatment and development of proteinuria. A
preliminary assessment of the effect of tolbutamide
suggests that it did not significantly alter the course of
microvascular complications in comparison with pla-
cebo, but treatment with tolbutamide was terminated

Figure 16.29
Cumulative Incidence of Elevated Urinary Albumin Excretion in IDDM Patients in the DCCT

DCCT, Diabetes Control and Complications Trial. Figure shows cumulative incidence (%) of two measures of elevated urinary albumin excretion: microalbuminuria (≥40
mg/24 hours, solid line) and macroalbuminuria (≥300 mg/24 hours, dashed line) in patients with IDDM receiving intensive or conventional insulin therapy. The left panel
shows results for the primary-prevention cohort (patients who began the study with no retinopathy, n=726); in this cohort, intensive insulin therapy reduced the risk of
microalbuminuria by 34% (p<0.04). The right panel shows results for the secondary-intervention cohort (patients with early retinopathy at the beginning of the study,
n=715); intensive therapy reduced the risk of macroalbuminuria by 56% (p=0.01) and the risk of microalbuminuria by 43% (p=0.001), compared with conventional therapy.

Source: Reference 224

Table 16.12
Clinical Trials of the Effect of Metabolic Control on the Course of Diabetic Nephropathy in IDDM

Ref.
No. of 
patients

Extent of urinary protein 
excretion at baseline

Treatment 
duration

Intensive treatment
method

Outcome in intensive treatment group vs.
conventional insulin therapy group

219 70 ≤500 mg protein/24 hours 8 months CSII     Decreased urinary albumin excretion 
220 12 Albustix ≥1+ 2 years CSII    No effect
221 36 30-300 mg albumin/24 hours 2 years CSII    Decreased urinary albumin excretion
222 45 30-300 mg albumin/24 hours 7 years CSII    Decreased urinary albumin excretion
223 102 ≤200 µg albumin/minute* 7.5 years Multiple insulin injections Decreased incidence of proteinuria
224 1,441 <200 mg albumin/24 hours 6.5 years CSII or multiple insulin Decreased incidence of microalbuminuria

injections and proteinuria

*Five of the 102 subjects had >200 µg albumin/minute. CSII, continuous subcutaneous insulin infusion. For all studies, intensive treatment is compared with conventional
insulin therapy. In the study in Reference 223, the intensive treatment group took ≥3 insulin injections per day along with intensive education; by the end of the study, >60%
of the conventionally treated group were receiving ≥3 insulin injections per day.

Source: References are listed within the table
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early because of increased numbers of cardiovascular
deaths in this treatment group231.

Blood Pressure Control and ACE 
Inhibitors

Reduction in blood pressure is a well-recognized
means of delaying the progression of renal disease in
diabetic patients with proteinuria, and a number of
drugs have been shown to be effective, including β-
blockers, calcium channel blockers, diuretics, and
ACE inhibitors. Considerable reduction in the rate of
decline of GFR was demonstrated in five men with
IDDM, hypertension, and proteinuria who were
treated with the β-blocker propranolol, alone or in
combination with hydralazine or furosemide42. Simi-
larly, treatment with metoprolol, hydralazine, and
furosemide or thiazide reduced urinary albumin ex-
cretion and the rate of decline in renal function in
young IDDM patients of either sex with diabetic neph-
ropathy (Figure 16.30)43. Thus, effective antihyper-
tensive therapy reduces blood pressure, albumin ex-
cretion, and the rate of decline in GFR in persons with
established diabetic renal disease.

Although several types of antihypertensive drugs are
effective in ameliorating the course of diabetic neph-
ropathy, the purported relationship between increased
intraglomerular pressure and diabetic renal disease
has prompted many investigators to examine the ef-
fect of ACE inhibitors on the progression of diabetic
renal disease. Studies of experimental diabetes in ani-
mals indicate that ACE inhibitors largely prevent the
development of glomerular injury if administered
continuously from the onset of diabetes232-234. ACE
inhibitors also reduce the level of urinary protein
excretion and the rate of decline of renal function in
normotensive and hypertensive human subjects with
either IDDM or NIDDM and with microalbuminuria

or proteinuria40,235-247. Moreover, patients with IDDM
who have the greatest reduction in urinary albumin
excretion shortly after the onset of treatment with an
ACE inhibitor have the greatest attenuation in the rate
of decline of GFR (Table 16.14)248.

Figure 16.30
Average Course of MABP, GFR, and Albuminuria 
in IDDM Patients with Nephropathy, by 
Antihypertensive Treatment

MABP, mean arterial blood pressure; GFR, glomerular filtration rate. Figure
shows average course before (open circles) and during (closed circles) long-
term effective antihypertensive treatment of nine IDDM patients with neph-
ropathy. Mean change in GFR during 2 to 0 years before start of treatment, 0.94
ml/min/month; at 0-3 years of treatment, 0.29 ml/min/month; and at 3-6 years,
0.10 ml/min/month.

Source: Reference 43

Table 16.13
Percent of NIDDM Patients Who Developed 
Proteinuria or Elevated Serum Creatinine in the
UGDP Followup 

Specified event PLBO ISTD IVAR

Serum creatinine ≥1.5 mg/dl 18.5 (34) 8.3 (16)* 10.2 (19)*

Urine protein ≥1 g/L 4.2 (8) 2.1 (4) 5.8 (11)

Urine protein ≥2+ at two
 consecutive quarterly
 followup examinations 11.8 (22) 7.9 (15) 8.0 (15) 

UGDP, University Group Diabetes Program; PLBO, diet plus placebo; ISTD,
standard fixed-dose insulin therapy; IVAR, variable dose insulin therapy. The
number of patients with a specified event are given in parentheses. Average
length of followup was 12.5 years. * p<0.05 vs. PLBO

Source: Reference 230
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ACE inhibitors have favorable effects in addition to
their effect on peripheral blood pressure239-242,246 , and
it is believed that reduction of the transcapillary hy-
draulic pressure is the primary mechanism of action7.
This class of drugs may also interfere with the promo-
tion of cellular and glomerular hypertrophy by
angiotensin II249-251 and may have a modulating effect
on the intrinsic membrane properties of the glomeru-
lar barrier with reduction in the size of glomerular
pores246,247. The ensuing reduction in the filtration of
macromolecules could diminish the accumulation of
mesangial matrix252.

Despite the benefits of ACE inhibitors on protein
excretion, demonstration of sustained preservation of
glomerular filtration without serious side effects is
needed before long-term treatment with these agents
can be advocated. A study of 409 subjects with IDDM
and urinary protein excretion ≥500 mg/24 hours, who
were randomized to receive either captopril or pla-
cebo and were followed for a median of 3 years, found
that the risk of doubling of serum creatinine concen-
tration was 48% lower in the captopril group than in
the placebo group253. Furthermore, the risk of the
combined endpoints of death, dialysis, and transplan-
tation was 50% lower (Figure 16.31)253. A significant
renoprotective effect of captopril, however, was lim-
ited to those with baseline serum creatinine concen-
trations ≥1.5 mg/dl. Thus, the effects of captopril at
lower creatinine concentrations is unclear. Moreover,
ACE inhibitors may offer less renoprotection in blacks
than in whites254. Long-term renoprotection by treat-
ment with ACE inhibitors has not been demonstrated
in NIDDM, and the renoprotective effects of treatment
at an earlier stage of renal disease in either type of
diabetes remain to be determined.

Dietary Modification

In animals with experimental diabetes, reduced pro-
tein intake protects against hyperfiltration and pro-
gressive sclerosis of functioning glomeruli255. In pa-
tients with IDDM and normal urinary albumin excre-
tion, short-term dietary protein restriction favorably
modifies glomerular hemodynamic function, and in
those with microalbuminuria it also reduces urinary
albumin excretion256-259.

The effects of reducing dietary protein have also been
examined in patients with IDDM and clinical prote-
inuria260-263. Results of these studies, presented in Ta-
ble 16.15, suggest that reduction in dietary protein
lowers urinary protein excretion and reduces the rate
of decline in GFR. In the largest of these studies263,
protein restriction led to a significant amelioration in

Figure 16.31
Effect of Captopril on Incidence of Renal Disease in
IDDM Patients with Nephropathy

Figure shows cumulative incidence (%) of events in patients with IDDM and
diabetic nephropathy in the captopril and placebo groups. Top panel shows the
cumulative percentage of patients with the primary endpoint: a doubling of the
baseline serum creatinine concentration and a final concentration ≥2.0 mg/dl.
Bottom panel shows the cumulative percentage of patients who died or re-
quired dialysis or renal transplantation. Treatment with captopril was associ-
ated with a significant reduction of both endpoints.

Source: Reference 253

Table 16.14
Effect of Relative Change in Urinary Albumin 
Excretion on Rate of Decline in GFR in IDDM 
Patients with Diabetic Nephropathy

Largest
reduction

(n=6)
Intermediate

(n=6)

Lowest
reduction

(n=6)

Range of percent
 change in urinary
 albumin excretion -86% to -58% -57% to -26% -25% to +49%

Rate of decline in
 GFR (ml/min/year)

1.5 
(-1.2 to 4.2)

4.0 
(1.0 to 7.1)

8.3 
(4.8 to 11.7)*

* p<0.01 largest vs. lowest reduction. GFR, glomerular filtration rate; diabetic
nephropathy was defined as urinary albumin >300 mg/24 hours; relative
change in urinary albumin excretion was defined as: (albumin excretion during
first year of treatment - baseline excretion)/(baseline excretion) x 100%; values
in parentheses are 95% confidence intervals for mean rate of decline in GFR.

Source: Reference 248
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the rate of decline in GFR, as shown in Figure 16.32.
The rates of decline in subjects receiving the standard
diet averaged 1.0 ml/min/month, and 0.3
ml/min/month in those receiving the protein-re-
stricted diet. Variability in the rate of GFR decline,
however, was considerable, suggesting that the re-
sponse to a low-protein diet is not homogeneous.
Furthermore, the benefits of such therapy may not
outweigh the inconveniences associated with a strict
dietary regimen.

All of the studies reviewed above were conducted in
patients with IDDM. No long-term trials assessing the
effect of low-protein diets on the progression of renal
disease have been done in NIDDM.

Survival of ESRD Patients

Once patients reach ESRD, death ensues unless renal
replacement therapy is provided. Five-year survival in
diabetic patients receiving dialysis is compared with
that in all dialysis patients in Figure 16.33121. Survival
is reduced in diabetic patients, as nearly half of the
diabetic patients die within 2 years of beginning dialy-
sis. However, diabetic blacks treated for ESRD survive
longer than whites (Figure 16.34)264. The longer sur-
vival in blacks was found only in dialysis patients after
adjusting for comorbidity and other factors that affect
survival. For renal transplant patients, survival is
much better both for cadaver donor and living-related
donor transplant diabetic patients than for dialysis-
treated patients (Figure 16.33)121, primarily because
patients selected for transplant have fewer coexistent

conditions than those selected for dialysis. However,
long-term survival among transplant recipients is sig-
nificantly higher than in dialysis patients who are
candidates for transplant, even though the transplant
candidates are presumably similar in other respects to
those who receive transplants. This suggests that the
type of renal replacement therapy (transplant versus
dialysis) may also influence long-term survival265.
Nevertheless, regardless of the type of renal replace-
ment therapy, survival is poorer in diabetic ESRD
patients than in those with nondiabetic diseases, pri-
marily because of co-existent diseases, mainly cardio-
vascular diseases266-269, which continue to advance
during the course of renal replacement therapy. Even
persons with renal failure due to hypertension, who
are generally older than those with renal failure from
diabetes, have better survival rates121. A noticeable

GFR, glomerular filtration rate. Figure shows progression of renal failure in 20
patients treated with a low-protein, low-phosphorus diet (top panel) and in 15
patients with diabetic nephropathy treated with normal dietary intake of
protein and phosphorus (bottom panel). Diets were assigned at random. The
GFR, based on measurements of iothalamate clearance, is shown as a function
of time in months. Dashed lines indicate the mean regression for each group
(p=0.22 for the difference between groups in the slope of the mean regression
line).

Source: Reference 263

Figure 16.32
Progression of Renal Failure, by Dietary Protein 
Intake

Table 16.15
Clinical Trials of the Effect of Dietary Protein 
Reduction on the Course of Diabetic Nephropathy
in IDDM Patients with Clinical Proteinuria

Ref.
No. of

patients 
Treatment
duration

Protein
restriction

Outcome in
treatment group

260 16 4.5 months 0.7 g/kg/day Decreased urinary
 albumin excretion

261 11 24 months 0.6 g/kg/day Decreased urinary 
 protein excretion

262 19 33 months 0.7 g/kg/day Decreased rate of 
 GFR decline;
 decreased urinary
 albumin excretion

263 35 34.7 months 0.6 g/kg/day Decreased rate of
 GFR decline;
 decreased urinary
 albumin excretion 

In the studies in References 260 and 263, a protein-restricted diet was com-
pared with a standard diet; in Reference 261, there was no control group; in
Reference 262, subjects were compared before and after dietary protein restric-
tion.

Source: References are listed within the table
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improvement in survival, however, has occurred in all
categories of ESRD, including diabetes, from 1982
through 1991 (Figures 16.35 and 16.36). Cause-spe-
cific death rates for patients receiving hemodialysis,
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Figure 16.34
Survival of IDDM and NIDDM End-Stage Renal 
Disease Patients, by Race, Michigan, 1974-88

Figure shows Kaplan-Meier survival rates.

Source: Reference 264

Figure 16.33
Survival of Dialysis Patients, by Primary Cause of
Renal Failure and Type of Therapy

Figure shows Kaplan-Meier survival estimates (%) at 1, 2, and 5 years for
dialysis patients by primary cause of renal failure and type of renal replacement
therapy. Data are for Medicare patients in the 1987 incident cohort and are
adjusted to the age, sex, and race of the 1991 incident cohort; patients in Puerto
Rico and U.S. territories are included in the estimates; 5-year survival estimates
are considered preliminary. Survival data for dialysis patients start at day 91
following the onset of end-stage renal disease and are censored at first trans-
plant; survival data for transplant patients start at the day of transplant.

Source: Reference 121
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Figure 16.35
Time Trends in Survival of U.S. Dialysis Patients,
by Primary Cause of Renal Failure and Year of
ESRD Incidence

ESRD, end-stage renal disease. Figure shows Kaplan-Meier 2-year survival (%)
of U.S. Medicare dialysis patients, by primary cause of renal failure and year of
incidence. Data are calculated starting at day 91 following onset of ESRD and
are censored at first transplant; data are adjusted for age, sex, and race; patients
in Puerto Rico and U.S. territories are included in estimates; data for 1990 are
preliminary.

Source: Reference 121
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peritoneal dialysis, and those with a functioning
cadaveric transplant are shown in Tables 16.16-16.18.
Additional data on renal replacement therapy in dia-
betes are found in the appendices.

Economic Impact of Renal Replacement
Therapy

Medicare insures the majority of patients receiving
renal replacement therapy in the United States, cover-
ing more than 92% of dialysis patients and 90% of
kidney transplant recipients121. The total number of
diabetic patients in the United States receiving renal
replacement therapy through Medicare in 1990 was
39,904, 83% of whom were on dialysis, and the rest
had functioning grafts270. Medicare expenditures per
diabetic dialysis patient, excluding secondary-payer
patients, averaged $49,040 annually. Thus, the total
cost of renal replacement therapy for persons with
diabetes presently exceeds $2 billion annually270, not
including the additional costs associated with reduced
productivity and unemployment. Although the cost of
transplantation is high, maintenance costs are sub-
stantially less than for dialysis, averaging $12,052 per
patient in 1990270. Due to its lower overall cost, im-
proved survival, and better quality of life than any
form of dialysis, renal transplantation is the generally
preferred treatment for diabetic patients with ESRD271.

Other Treatments

Modification of blood pressure, metabolic control,
diet, and dialysis and transplantation have been the
mainstays of treatment of renal disease in diabetic

Table 16.16
Cause-Specific Death Rates (per 1,000 Person-Years) for Medicare Hemodialysis Patients, by Age (Years), Race,
and Diabetes Status, U.S., 1989-91

Diabetic patients Nondiabetic patients

Cause of death Total Black White 20-44 45-64 Total Black White 20-44 45-64

Myocardial infarction 38.7 27.8 46.8 22.7 37.7 22.1 16.1 26.5 4.1 17.4
Pericarditis 1.2 <1.0 1.4 1.1 1.2 1.0 1.0 1.0 <1.0 <1.0
Other cardiac 83.3 62.6 98.0 56.5 70.7 57.5 45.7 66.4 17.2 40.5
Cerebrovascular 15.8 15.4 16.4 11.0 13.2 10.0 10.1 10.0 4.2 7.4
Pulmonary embolism 1.0 1.0 1.1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
GI hemorrhage 3.8 3.4 4.2 2.2 2.9 3.8 3.0 4.4 <1.0 2.9
Other hemorrhage <1.0 <1.0 <1.0 <1.0 <1.0 1.6 1.3 1.9 <1.0 1.4
Septicemia 26.3 25.1 27.7 17.5 21.8 16.8 16.4 17.1 7.5 13.7
Pulmonary infection 5.7 4.4 6.4 3.8 3.9 6.6 4.3 8.1 2.2 3.9
Other infection 2.5 2.1 2.7 3.5 2.5 2.3 3.0 1.7 3.5 1.8
Hyperkalemia 3.4 2.0 4.5 8.0 2.7 2.6 2.2 2.9 3.5 2.0
Malignancy 3.2 4.0 2.9 <1.0 2.8 8.1 6.8 9.1 1.5 7.0
Withdrawal from dialysis 36.0 18.5 48.6 18.4 25.8 25.9 11.7 36.0 4.1 12.3
Unknown cause 20.6 19.4 21.6 21.5 17.8 13.2 14.2 12.7 8.0 10.5
Other 19.1 15.6 22.0 18.5 15.2 17.9 15.1 19.9 8.6 13.8
Missing data 37.8 26.9 46.0 24.2 32.9 27.7 20.5 33.1 10.4 19.5
Total death rate 301.2 231.4 353.1 212.7 253.9 219.9 173.7 253.8 79.3 157.6
Total patient years at risk 68,238 25,821 38,124 9,957 32,500 173,889 67,069 100,587 39,584 59,966

Table includes dialysis patients with a prior kidney transplant unless the transplant failed during the year of study. Patients transplanted during the year of observation were
censored on the day of transplantation. GI, gastrointestinal.

Source: Reference 121
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Figure 16.36
Time Trends in Survival of U.S. Transplant Patients,
by Primary Cause of Renal Failure

Figure shows Kaplan-Meier 2-year percent survival of U.S. Medicare patients
with end-stage renal disease (ESRD) who received a first cadaveric transplant,
by year of transplant and primary cause of renal failure. Data are adjusted for
race, age, primary disease, and sex to the distribution of the 1991 ESRD
incident population; data for 1990 are preliminary.

Source: Reference 121
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patients, and a majority of the research into new
therapeutic approaches has focused on one or more of
these therapies. Nevertheless, a growing body of evi-
dence indicates that the development of diabetic com-
plications is related to specific metabolic derange-

ments induced by hyperglycemia, such as formation
of advanced glycosylation end-products, or the accu-
mulation of polyols, such as sorbitol. No definitive
studies on the role of these derangements and risk or
progression of nephropathy are currently available.

Table 16.17
Cause-Specific Death Rates (per 1,000 Person-Years) for Medicare CAPD/CCPD Patients, by Age (Years), Race, and 
Diabetes Status, U.S., 1989-91

Diabetic patients Nondiabetic patients

Cause of death Total Black White 20-44 45-64 Total Black White 20-44 45-64

Myocardial infarction 43.9 32.1 46.9 23.1 48.2 21.9 12.5 25.3 4.8 21.9
Pericarditis 1.5 <1.0 1.7 2.1 1.0 1.0 1.5 <1.0 1.2 <1.0
Other cardiac 92.6 73.3 97.6 51.5 83.1 51.6 35.5 57.6 13.5 46.7
Cerebrovascular 18.5 17.5 19.3 9.8 18.3 8.8 7.2 9.6 2.0 6.5
Pulmonary embolism 1.7 <1.0 1.9 <1.0 2.0 <1.0 <1.0 <1.0 <1.0 <1.0
GI hemorrhage 3.3 1.4 4.0 1.5 2.9 2.7 1.9 3.0 <1.0 2.9
Other hemorrhage <1.0 <1.0 1.0 <1.0 1.2 1.1 1.0 1.0 <1.0 <1.0
Septicemia 35.2 36.9 35.4 21.9 33.8 19.2 17.1 20.2 9.0 19.1
Pulmonary infection 4.4 4.2 4.4 2.1 2.9 4.7 2.9 5.3 2.3 3.3
Other infection 4.1 3.7 4.3 3.0 3.5 4.8 7.6 4.0 5.7 2.8
Hyperkalemia 1.6 1.4 1.6 1.8 1.4 <1.0 1.0 <1.0 <1.0 <1.0
Malignancy 1.8 <1.0 2.0 <1.0 2.0 4.6 2.9 5.4 <1.0 4.5
Withdrawal from dialysis 39.6 20.8 45.2 20.0 34.7 23.4 9.8 28.5 4.7 14.7
Unknown cause 21.6 18.4 22.4 12.9 23.2 11.7 11.3 12.0 4.8 9.8
Other 24.2 17.9 24.1 12.9 23.2 19.9 17.4 21.0 11.1 19.8
Missing data 38.8 27.9 42.8 17.6 39.9 22.1 17.0 24.1 7.9 19.2
Total death rate 334.8 259.7 357.6 183.4 322.3 200.4 148.4 220.9 71.8 175.3
Total patient years at risk 10,453 2,113 7,893 3,238 4,808 26,964 6,519 19,598 7,802 9,788

CAPD, continuous ambulatory peritoneal dialysis; CCPD, continuous cycling peritoneal dialysis; GI, gastrointestinal. Table includes dialysis patients with a prior kidney
transplant, unless the transplant failed during the year of study; patients transplanted during the year of observation were censored on the day of transplantation.

Source: Reference 121

Table 16.18
Cause-Specific Death Rates (per 1,000 Person-Years) for Medicare Patients with a Functioning Cadaveric 
Transplant After 1 Year, by Age (Years), Race, and Diabetes Status, U.S., 1986-88

Diabetic patients Nondiabetic patients

Cause of death Total Black White 20-44 45-64 Total Black White 20-44 45-64

Myocardial infarction 9.4 4.3 10.6 8.1 12.0 3.5 5.1 3.0 2.0 5.8
Pericarditis <1.0 1.0 <1.0 <1.0 1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Other cardiac 11.9 11.8 12.3 10.5 15.8 5.5 7.2 5.0 4.5 7.5
Cerebrovascular 5.8 3.2 6.4 5.4 7.1 1.1 1.4 1.0 <1.0 1.9
Pulmonary embolism <1.0 2.1 <1.0 <1.0 1.0 <1.0 <1.0 <1.0 <1.0 <1.0
GI hemorrhage <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Other hemorrhage <1.0 1.0 <1.0 <1.0 1.6 <1.0 <1.0 <1.0 <1.0 <1.0
Septicemia 4.7 8.6 4.1 4.2 6.0 2.8 3.8 2.6 2.1 4.0
Pulmonary infection 1.1 1.3 1.1 1.0 1.3 1.9 1.1 <1.0 2.4
Other infection 1.1 1.0 1.1 1.3 <1.0 <1.0 <1.0 <1.0 <1.0 1.0
Hyperkalemia <1.0 1.0 <1.0 1.3 <1.0 <1.0 <1.0 <1.0 <1.0
Malignancy <1.0 1.0 <1.0 <1.0 1.6 1.6 1.3 1.7 <1.0 2.9
Withdrawal from dialysis 3.6 1.0 4.1 3.6 3.8 <1.0 <1.0 <1.0 <1.0 <1.0
Unknown cause 6.4 9.7 5.6 6.5 6.0 2.4 4.1 1.8 2.4 2.6
Other 5.3 8.6 4.7 4.0 8.7 4.3 5.4 3.8 3.2 5.9
Total death rate 70.6 72.4 71.2 64.3 85.7 35.8 46.2 32.8 26.2 52.8
Total patient years at risk 6,340 925 5,274 4,443 1,830 25,187 6,035 18,104 13,731 8,701

GI, gastrointestinal.

Source: Reference 121
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Studies in experimental diabetes in animals suggest
that inhibition of aldose reductase may lead to preser-
vation of kidney function272-275, and studies in humans
with IDDM have demonstrated that aldose reductase
inhibitors reduce GFR276,277 and the rate of urinary
albumin excretion in those with elevated excretion277.
Nevertheless, much work remains in establishing a
role for aldose reductase inhibitors in the treatment or
prevention of diabetic nephropathy.

INFECTION

Diabetic patients may be more susceptible to infec-
tions of the urinary tract. Autopsy studies from the
pre-antibiotic era278-282 reported a prevalence of his-
tologic pyelonephritis of 10%-20% in persons with
diabetes, five times that of nondiabetic persons. Not
only was the frequency of urinary tract infection
greater in diabetic patients at that time, but the infec-
tions were often more serious and protracted279. With
the introduction of effective antimicrobial therapy, the
frequency and severity of urinary tract infections may
have diminished283. Tables 16.19 and 16.20 present
the prevalence of asymptomatic bacteriuria in diabetic
men and women from several different clinic- or hos-
pital-based populations. Diabetic women have about
three times the frequency of bacteriuria as nondiabetic
women284-295 , but among men most studies do not
report a higher prevalence in those with diabetes285-296.
A relationship between asymptomatic bacteriuria in

diabetic persons and the more frequent development
of genitourinary tract infections has not been estab-
lished283,296.

In most studies, the microorganisms causing asymp-
tomatic bacteriuria in persons with diabetes are simi-
lar to those causing bacteriuria in nondiabetic per-
sons283, but a survey of 514 diabetic and 405 nondia-
betic subjects found that nearly half of the diabetic
subjects with bacteriuria were infected by bacteria
other than E. coli, whereas all but one case of bacteri-
uria in the nondiabetic subjects were caused by E.
coli285. The prevalence of asymptomatic bacteriuria is
not influenced by the type or duration of diabetes or
by the level of glycemic control283.

RENAL PAPILLARY NECROSIS

Impaired blood flow to the inner medulla and papilla
of the kidney can lead to anoxic damage and ulti-
mately to renal papillary necrosis. Sloughing of the
renal papilla may ensue, which can obstruct the renal
pelvis. Patients may remain asymptomatic or develop
flank pain and renal colic.

The prevalence of renal papillary necrosis at autopsy
is 20-30 times as great in patients with diabetes as in
those without297. Among diabetic patients, it occurs
bilaterally in half of the cases and is 2.5 times as
frequent in women as in men279,280,298 . Moreover, dia-
betic patients with acute pyelonephritis are at particu-
larly high risk. In one study, 27% of diabetic subjects
with renal papillary necrosis at autopsy also had acute
fulminant pyelonephritis280.

Table 16.19
Prevalence of Asymptomatic Bacteriuria in Men, by Diabetes Status

Diabetic men Nondiabetic men

Ref. No.
Type of

population
Age range in
years (mean)

Prevalence 
no. (%) No.

Type of
population

Age range in
years (mean)

Prevalence 
no. (%)

286 67 Clinic <20->70 (45) 5 (7.5) 67 Clinic <20->70 (~45) 2 (3.0)
287 141 Clinic 0->70 (44.4) 1 (0.7) 146 Clinic 10->70 (38.6) 3 (2.1)
288 40 Clinic 16-77 (54) 1 (2.5)
289 154 Clinic 20-60 (~52) 2 (1.3) 159 Clinic 20-60 (~52) 1 (0.6)
290 87 Clinic Adult 7 (8.0) 68 Clinic Adult 2 (2.9)
291 103 Clinic Adult 2 (1.9)
292 411 Clinic 32-80 (55) 4 (1.0) 100 Clinic (54) 0
293 9 Hospital 17-79 1 (11.1) 9 Hospital 17-79 (>50) 2 (22.2)
294 58 Clinic 0->60 2 (3.4) 58 Emergency room 0->60 1 (1.7)
295 90 Clinic 10-69 (~40) 3 (3.3) 90 Clinic 10-69 (~40) 2 (2.2)
285 275 Clinic 46 (18-80) 5 (1.8) 79 Clinic 16-84 (30) 1 (1.3)
Total 1,435 33 (2.3) 776 14 (1.8)

Type of diabetes was not specified; for References 290 and 291, specific age data are not available; when all studies were combined, the prevalence in diabetic men was 1.3
times that in nondiabetic men.

Source: References are listed within the table

OTHER KIDNEY DISEASES ASSOCIATED
WITH DIABETES
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RADIOCONTRAST-INDUCED KIDNEY
FAILURE

A well-documented complication of radiocontrast ad-
ministration is acute and sometimes irreversible de-
crease in renal function. Such deterioration is prob-
ably more common in persons with diabetes than in
those without299-305 and may be influenced by poor
hydration and the volume of contrast medium admin-
istered. Although some reports300,306 suggest that dia-
betic patients with normal kidney function are not at
greater risk of contrast-induced nephropathy than
nondiabetic persons, more recent data indicate they
are305. Nevertheless, azotemic diabetic patients are at
substantially greater risk than azotemic nondiabetic
patients or nonazotemic diabetic patients299,300,305 , and
patients with IDDM may be at greater risk than those
with NIDDM301,305.

The incidence of diabetic nephropathy in persons
with IDDM appears to be declining100,103,104 , and im-
provements in glycemic control may be a major con-
tributing factor104. In addition, treatment with an ACE
inhibitor dramatically reduces the rate of progression
of renal disease in patients with IDDM, proteinuria,
and elevated serum creatinine concentration253. On
the other hand, the incidence of diabetic nephropathy
in NIDDM does not appear to be declining and may
actually be rising. An ever-increasing number of pa-
tients with diabetes, the majority of whom have
NIDDM121, are requiring renal replacement therapy, at
enormous cost to the patient and to society.

All authors are in the Phoenix Epidemiology and Clinical
Research Branch, National Institute of Diabetes and Diges-
tive and Kidney Diseases, Phoenix, AZ. Dr. Robert G. Nelson
is Special Expert, Dr. William C. Knowler is Chief of the
Diabetes and Arthritis Epidemiology Section, Dr. David J.
Pettitt is Assistant Chief of the Diabetes and Arthritis
Epidemiology Section, and Dr. Peter H. Bennett is Branch
Chief.

CONCLUSIONS

Table 16.20
Prevalence of Asymptomatic Bacteriuria in Women, by Diabetes Status

Diabetic women Nondiabetic women 

Ref. No.
Type of

population
Age range in
years, mean

Prevalence,
no. (%) No.

Type of
population

Age range in
years, mean

Prevalence,
no. (%)

286 81 Clinic <20->70 (~45) 15 (18.5) 81 Clinic <20->70 (~45) 3 (3.7)
287 128 Clinic 0->70 (31.1) 24 (18.8) 114 Clinic 10->70 (38) 9 (7.9)
288 20 Clinic 24-59 (42) 0 36 Clinic 61-88 (72) 1 (2.8)
288 40 Clinic 61-82 (68) 8 (20.0)
289 152 Clinic 10-60 (~55) 24 (15.8) 152 Clinic 20-60 (~55) 7 (4.6)
290 111 Clinic Adult 30 (27.0) 79 Clinic Adult 9 (11.4)
291 230 Clinic Adult 43 (18.7)
284 400 Clinic 15-65 (46) 38 (9.5)
292 341 Clinic 32-80 (55) 31 (9.1) 100 Clinic (54) 5 (5.0)
293 41 Hospital 17-79 12 (29.3) 41 Hospital 17-79 (>50) 9 (22.0)
294 92 Clinic 0->60 18 (19.6) 92 Emergency room 0->60 17 (18.5)
295 100 Clinic 10-69 (~40) 9 (9.0) 100 Clinic 10-69 (~40) 8 (8.0)
285 239 Clinic 20-80 (47) 12 (6.3) 326 Clinic 17-85 (48) 10 (3.1)
Total 1,975 264 (13.4) 1,121 78 (7.0)

Type of diabetes was not specified; for References 290 and 291, specific age data are not available; when all studies were combined, the prevalence in diabetic women was
1.9 times that in nondiabetic women.

Source: References are listed within the table
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APPENDICES

Appendix 16.1
Incidence Counts of Reported ESRD Therapy by Year, Age, Race, Sex, and Primary Disease Causing ESRD, 
U.S., 1982-91

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Age at ESRD (years)
0-4 100 97 109 117 113 121 114 127 107 130
5-9 100 81 102 90 109 114 88 104 131 101

10-14 211 193 209 204 188 191 194 169 214 206
15-19 428 425 393 402 418 451 432 477 445 385
20-24 695 658 739 753 738 766 798 801 789 815
25-29 1,078 1,054 1,133 1,197 1,292 1,221 1,308 1,413 1,444 1,437
30-34 1,328 1,345 1,437 1,469 1,649 1,568 1,714 1,927 1,932 1,982
35-39 1,270 1,347 1,450 1,668 1,807 1,860 2,092 2,178 2,315 2,439
40-44 1,263 1,420 1,487 1,635 1,774 2,041 2,149 2,408 2,709 2,962
45-49 1,421 1,621 1,696 1,896 1,954 2,140 2,368 2,694 2,776 3,113
50-54 1,993 2,021 2,083 2,233 2,374 2,611 2,880 3,076 3,297 3,458
55-59 2,423 2,543 2,791 2,998 3,093 3,313 3,580 3,871 4,142 4,425
60-64 2,747 3,088 3,413 3,810 3,921 4,362 4,671 5,006 5,437 5,929
65-69 2,588 3,278 3,408 3,829 4,225 4,803 5,177 6,054 6,707 7,253
70-74 2,062 2,792 2,813 3,337 3,605 4,059 4,370 5,120 5,828 6,648
75-79 1,181 1,774 1,906 2,183 2,593 2,902 3,276 3,912 4,328 5,048
80-84 447 747 769 999 1,149 1,376 1,607 1,969 2,289 2,539

≥85 167 249 273 341 408 487 578 760 919 1,039
Total 21,502 24,733 26,211 29,161 31,410 34,386 37,396 42,066 45,809 49,909

Race
White 15,001 16,855 17,901 19,919 21,461 23,260 25,166 28,269 30,611 33,337
Black 5,859 7,061 7,445 8,241 8,730 9,714 10,532 11,958 12,960 14,211
Asian 303 311 380 496 505 565 650 781 967 1,023
Native American 197 260 267 268 338 348 464 530 570 619
Other 95 138 143 151 240 367 476 434 614 631
Unknown 47 108 75 86 136 132 108 94 87 88
Total 21,502 24,733 26,211 29,161 31,410 34,386 37,396 42,066 45,809 49,909

Sex
Male 11,863 13,572 14,449 15,903 17,185 18,654 20,295 22,803 24,864 26,839
Female 9,639 11,161 11,762 13,258 14,225 15,732 17,101 19,263 20,945 23,070
Total 21,502 24,733 26,211 29,161 31,410 34,386 37,396 42,066 45,809 49,909

Primary diagnosis
Diabetes 4,960 5,824 7,014 8,121 9,244 10,273 11,478 13,928 15,651 17,888
Hypertension 5,438 5,849 6,585 7,513 7,962 9,139 10,220 12,059 13,176 14,495
Glomerulonephritis 3,805 4,016 4,250 4,493 4,621 4,860 5,129 5,537 5,673 5,782
Cystic kidney 1,016 1,050 1,071 1,144 1,210 1,236 1,236 1,266 1,381 1,456
Other urologic 1,701 1,850 1,905 2,168 2,168 2,047 2,062 2,269 2,248 2,449
Other cause 1,224 1,516 1,636 1,838 1,858 1,984 2,148 2,564 2,745 3,306
Unknown cause 1,901 1,942 2,061 2,163 2,319 2,760 2,608 2,402 2,356 2,651
Missing disease 1,457 2,686 1,689 1,721 2,028 2,087 2,515 2,041 2,579 1,882
Total 21,502 24,733 26,211 29,161 31,410 34,386 37,396 42,066 45,809 49,909

All ESRD patients
U.S. 21,502 24,733 26,211 29,161 31,410 34,386 37,396 42,066 45,809 49,909
Puerto Rico 303 308 379 391 399 431 477 529 533 552
Other non-U.S. 14 19 15 25 26 25 46 41 53 56
Unknown 44 60 29 34 31 39 33 18 19 123
Total 21,863 25,120 26,634 29,611 31,866 34,881 37,952 42,654 46,414 50,640

ESRD, end-stage renal disease. The reporting and coding of race changed in 1982; age is as of start of ESRD therapy.

Source: Reference 121

Appendices 16.1-16.19 contain selected tables adapted from the USRDS 1994 Annual Data Report121 with data
relevant to ESRD attributed to diabetes. The Hispanic population is not separated from the white population for
racial comparisons. In the tables, the USRDS does not show data in cells that contain one to nine patients because
of the possible ability to identify individual patients from the USRDS files.

386



Appendix 16.2
Incidence Counts of Reported ESRD Therapy Attributed to Diabetes, by Age, Sex, and Race, U.S., 1988-91

Males Females Both sexes
Age at
ESRD
(years) White Black Asian NA All White Black Asian NA All White Black Asian NA All

0-4 0 0 0 0 0 0 0 0 0 0 0
5-9 0 0 0 0 0 0 0 0 0 0 0

10-14 0 0 0 0 0 0 0 0 0 0 0
15-19 14 0 0 19 12 0 16 26 0 35
20-24 163 40 0 0 203 173 64 243 336 104 446
25-29 748 120 877 632 144 789 1,380 264 15 1,666
30-34 1,203 208 10 11 1,432 830 165 12 13 1,020 2,033 373 22 24 2,452
35-39 1,439 293 19 24 1,775 834 228 11 15 1,088 2,273 521 30 39 2,863
40-44 1,526 435 28 49 2,038 1,009 388 19 30 1,446 2,535 823 47 79 3,484
45-49 1,537 632 44 77 2,290 1,121 650 17 61 1,849 2,658 1,282 61 138 4,139
50-54 1,808 828 72 104 2,812 1,468 962 45 96 2,571 3,276 1,790 117 200 5,383
55-59 2,136 908 86 97 3,227 2,158 1,395 82 129 3,764 4,294 2,303 168 226 6,991
60-64 2,718 1,063 89 79 3,949 3,096 1,684 132 148 5,060 5,814 2,747 221 227 9,009
65-69 2,942 887 116 71 4,016 3,659 1,886 141 154 5,840 6,601 2,773 257 225 9,856
70-74 2,116 558 58 45 2,777 2,588 1,215 86 79 3,968 4,704 1,773 144 124 6,745
75-79 1,188 291 47 29 1,555 1,447 642 72 43 2,204 2,635 933 119 72 3,759
80-84 407 115 19 546 513 239 13 12 777 920 354 32 17 1,323

≥85 86 28 123 115 68 191 201 96 10 314
All ages 20,032 6,411 598 599 27,640 19,657 9,733 640 798 30,828 39,689 16,144 1,238 1,397 58,468

ESRD, end-stage renal disease; NA, Native American. Table includes residents of 50 states and the District of Columbia only; cases where race is "other" or "unknown" are
excluded from the table; incident cases for 1988-91 are combined to produce larger cell sizes; cells with no data shown are suppressed because they contain <10 patients.

Source: Reference 121

Appendix 16.3
Incidence per 10 Million Population of Reported ESRD Therapy Attributed to Diabetes, by Age, Sex, and Race,
U.S., 1988-91

Specific rates (unadjusted) Rates adjusted for

Age at Males Females Sex Race Sex
ESRD
(years) White Black Asian NA White Black Asian NA White Black Asian NA  Male Female

and
race

0-4 0 0 0 0 0 0 0 0 0 0 0
5-9 0 0 0 0 0 0 0 0 0 0 0

10-14 0 0 0 0 0 0 0 0 0 0 0
15-19 0 0 0 0
20-24 50 76 0 0 55 116 52 97 51 62 57
25-29 209 228 181 248 194 238 207 205 185 195
30-34 331 416 71 319 230 289 79 361 279 351 76 340 333 234 283
35-39 438 686 153 811 254 461 79 478 343 570 116 645 462 276 367
40-44 520 1,280 271 1,966 341 975 161 1,144 427 1,119 212 1,542 616 418 514
45-49 663 2,475 585 4,090 473 2,134 209 3,063 564 2,293 390 3,558 908 688 795
50-54 939 3,898 1,226 6,987 730 3,708 719 6,002 832 3,798 959 6,459 1,359 1,138 1,246
55-59 1,196 4,905 1,942 8,133 1,123 5,983 1,526 9,838 1,160 5,454 1,717 8,977 1,731 1,803 1,769
60-64 1,538 6,361 2,428 8,087 1,552 7,638 2,732 13,451 1,543 7,003 2,557 10,811 2,207 2,427 2,322
65-69 1,826 6,156 3,753 9,216 1,860 9,481 3,692 16,555 1,839 7,845 3,665 12,940 2,469 2,963 2,727
70-74 1,730 5,518 2,761 8,973 1,581 7,934 3,331 11,827 1,648 6,738 3,025 10,408 2,277 2,489 2,390
75-79 1,388 4,095 3,297 8,629 1,089 5,331 4,332 8,493 1,229 4,705 3,800 8,511 1,828 1,759 1,795
80-84 836 2,960 2,386 556 3,211 1,541 4,077 690 3,062 1,935 3,444 1,154 933 1,042

≥85 285 1,066 146 1,108 212 1,076 961 425 287 355
All ages 490 1,116 422 1,489 461 1,521 433 1,950 475 1,330 428 1,721 571 605 588
Age adj. 497 1,583 684 2,408 420 1,855 639 2,952 456 1,738 660 2,714 610 566 589

ESRD, end-stage renal disease; NA, Native American. Table includes residents of 50 states and the District of Columbia only; cases where race is "other" or "unknown" are
excluded from the table; incident cases for 1988-91 are combined to produce larger cell sizes; cells with no data shown are suppressed because they contain <10 patients.
Note that rates are per 10 million population rather than per 1 million because of the small cell sizes; the population base is U.S. resident population on July 1 of each year;
the standard population for adjustment is July 1, 1990, U.S. resident population.

Source: Reference 121

387



Appendix 16.4
Incidence of Reported ESRD Therapy, by Detailed Primary Disease, Age, and Race, U.S., 1988-91

Primary disease group
Total

1988-91*
Percent

distribution
Median age

(years) White (%) Black (%) Asian (%)
Native 

American (%)

All ESRD 177,660 100.0 62 100.0 100.0 100.0 100.0
Diabetes 60,052 33.8 61 34.0 32.5 36.8 63.9
Hypertension 50,347 28.3 68 25.2 37.9 23.0 11.9
Glomerulonephritis (GN) 22,517 12.6 54 13.6 10.2 20.0 9.7

Goodpasture’s syndrome 589 0.3 64 0.4 <0.1 0.1 0.2
Focal glomerulosclerosis, focal GN 2,637 1.4 40 1.2 2.1 1.1 0.6
Membranous nephropathy 846 0.4 55 0.5 0.3 0.1 0.1
Membranoproliferative GN 692 0.3 41 0.4 0.1 0.5 0.5
All other glomerulonephritis 17,753 9.9 56 10.9 7.3 18.0 8.0

Cystic kidney diseases 5,394 3.0 54 3.9 1.1 2.3 1.8
Interstitial nephritis 5,464 3.0 63 3.7 1.5 3.0 1.9

Analgesic nephropathy 1,449 0.8 64 0.9 0.4 0.6 0.5
All other interstitial nephritis 4,015 2.2 62 2.7 1.1 2.4 1.3

Obstructive nephropathy 3,716 2.0 68 2.5 1.1 1.4 1.3
Collagen vascular diseases 3,779 2.1 41 2.0 2.2 3.0 1.4

Lupus erythematosus 2,406 1.3 35 1.0 1.9 2.7 1.0
Scleredema 413 0.2 58 0.2 0.1 0.1 <0.1
Wegener’s granulomatosis 407 0.2 62 0.3 <0.1 <0.1 0.2
Hemolytic uremic syndrome/TTP 367 0.2 48 0.2 <0.1 <0.1 0.0
Polyarteritis 97 <0.1 58 <0.1 <0.1 <0.1 <0.1
Henoch-Schonlein purpura 68 <0.1 29 <0.1 <0.1 <0.1 <0.1
Rheumatoid arthritis 21 <0.1 63 <0.1 <0.1 <0.1 0.0

Malignancies 2,248 1.2 68 1.5 0.7 0.5 0.4
Multiple myeloma, light chain disease 1,502 0.8 68 0.9 0.5 0.4 0.3
Renal and urinary tract neoplasms 706 0.3 66 0.4 0.2 0.1 <0.1
Lymphomas 40 <0.1 66 <0.1 <0.1 0.0 0.0

Metabolic diseases 884 0.4 62 0.6 0.2 0.1 0.1
Amyloidosis 630 0.3 64 0.4 0.1 0.1 0.1
Gouty/uric acid nephropathy 87 <0.1 63 <0.1 <0.1 0.0 0.0
Oxalate nephropathy 63 <0.1 53 <0.1 <0.1 0.0 0.0
Cystinosis 37 <0.1 12 <0.1 <0.1 0.0 0.0
Fabry’s disease 36 <0.1 41 <0.1 <0.1 0.0 0.0
Macroglobulinemia 9 <0.1 65 <0.1 <0.1 <0.1 0.0

Congenital/other hereditary disease 1,331 0.7 22 0.9 0.3 0.4 0.8
Congenital obstructive uropathy 348 0.1 26 0.2 <0.1 <0.1 0.2
Renal dysgenesis, agenesis, dysplasia 338 0.1 23 0.2 <0.1 0.1 0.1
Alport’s syndrome 645 0.3 20 0.4 0.1 0.1 0.4

Sickle cell disease 154 <0.1 36 <0.1 0.2 0.0 0.0
AIDS-related 586 0.3 36 <0.1 1.0 <0.1 <0.1
Other ESRD 1,879 1.0 66 1.3 0.5 0.3 0.5
Cause unknown 10,145 5.7 65 6.0 4.9 6.7 4.7
Missing information 9,175 5.1 51 4.2 4.9 1.8 1.0

ESRD, end-stage renal disease. Table includes Medicare patients in the 50 states, the District of Columbia, Puerto Rico, and U.S. territories. * Divide total by four to determine
average annual counts.

Source: Reference 121
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Appendix 16.5
Point Prevalence Counts of Reported ESRD Therapy, by Year, Age, Race, Sex, and Primary Disease Causing ESRD,
U.S., 1982-91

Characteristics -    1982 -     1983 -     1984 -    1985 -    1986 -    1987 -    1988 -    1989 -    1990 -    1991

Age at ESRD (years)
0-4 155 187 212 241 257 262 259 267 269 296
5-9 260 293 342 375 443 484 509 551 611 637

10-14 625 684 736 756 778 834 886 921 1,025 1,073
15-19 1,503 1,570 1,634 1,762 1,849 1,969 2,020 2,087 2,086 2,107
20-24 2,973 3,243 3,483 3,664 3,780 3,870 3,975 4,067 4,244 4,517
25-29 4,329 4,917 5,387 5,846 6,373 6,755 7,103 7,443 7,877 8,092
30-34 5,513 6,265 7,055 7,772 8,616 9,087 9,733 10,522 11,241 12,207
35-39 5,254 6,285 7,389 8,614 9,669 10,617 11,562 12,482 13,742 14,948
40-44 5,279 6,283 7,054 7,846 9,008 10,089 11,321 12,918 14,800 16,633
45-49 5,666 6,655 7,447 8,259 8,964 10,079 11,280 12,641 13,873 16,024
50-54 6,876 7,490 8,262 8,975 9,839 10,726 11,826 13,004 14,476 15,991
55-59 8,088 8,956 9,846 10,542 11,346 12,121 12,869 13,959 15,516 17,382
60-64 7,912 9,270 10,388 11,444 12,259 13,561 14,694 15,907 17,764 19,605
65-69 6,684 8,049 9,137 10,227 11,381 12,920 14,220 15,954 18,060 20,294
70-74 4,842 6,137 7,027 7,818 8,807 9,697 10,636 12,113 14,286 16,963
75-79 2,598 3,585 4,330 4,973 5,718 6,555 7,353 8,436 9,657 11,448
80-84 879 1,359 1,651 2,041 2,456 2,960 3,424 4,042 4,922 5,781

≥85 285 418 507 638 753 972 1,202 1,455 1,832 2,263
Total 69,721 81,646 91,887 101,793 112,296 123,558 134,872 148,769 166,281 186,261

Race
White 46,547 54,223 60,937 67,454 74,305 81,483 88,481 97,411 108,274 120,707
Black 20,139 24,006 27,237 30,304 33,462 36,971 40,523 44,675 50,213 56,508
Asian 554 798 1,045 1,335 1,611 1,905 2,235 2,694 3,257 3,885
Native American 424 621 790 908 1,075 1,214 1,458 1,721 1,968 2,272
Other 1,300 1,242 1,218 1,185 1,232 1,397 1,591 1,711 2,027 2,364
Unknown 757 756 660 607 611 588 584 557 542 525
Total 69,721 81,646 91,887 101,793 112,296 123,558 134,872 148,769 166,281 186,261

Sex
Male 37,854 44,196 49,853 55,146 60,669 66,528 72,547 80,095 89,899 101,069
Female 31,867 37,450 42,034 46,647 51,627 57,030 62,325 68,674 76,382 85,192
Total 69,721 81,646 91,887 101,793 112,296 123,558 134,872 148,769 166,281 186,261

Primary diagnosis
Diabetes 9,043 11,871 15,117 18,376 21,852 25,424 29,294 34,731 40,972 48,274
Hypertension 12,173 15,232 18,050 20,827 23,608 26,669 29,683 33,608 38,358 43,724
Glomerulonephritis 13,311 15,940 18,323 20,615 22,848 24,858 26,803 29,034 31,504 34,329
Cystic kidney 3,795 4,510 5,140 5,692 6,254 6,853 7,308 7,809 8,466 9,244
Other urologic 5,281 6,308 7,154 7,985 8,598 8,964 9,359 9,918 10,615 11,478
Other cause 2,423 3,306 4,160 5,039 5,848 6,579 7,400 8,528 9,704 11,370
Unknown cause 6,595 7,388 8,184 8,785 9,505 10,515 10,926 11,039 11,493 12,312
Missing disease 17,100 17,091 15,759 14,474 13,783 13,696 14,099 14,102 15,169 15,530
Total 69,721 81,646 91,887 101,793 112,296 123,558 134,872 148,769 166,281 186,261

All ESRD patients
U.S. 69,721 81,646 91,887 101,793 112,296 123,558 134,872 148,769 166,281 186,261
Puerto Rico 657 874 1,082 1,203 1,310 1,448 1,577 1,792 2,005 2,153
Other non-U.S. 40 44 48 57 77 89 108 111 142 169
Unknown 88 96 74 79 67 64 54 40 48 162
Total 70,506 82,660 93,091 103,132 113,750 125,159 136,611 150,712 168,476 188,745
Lost to followup 12,881 11,898 11,871 12,579 12,857 13,679 14,519 14,997 13,192 10,408

ESRD, end-stage renal disease. Table includes patients alive on ESRD therapy and not lost to followup on December 31 of each year (with exception of last row detailing
lost to followup); the reporting and coding of race changed in 1982; age is as of December 31.

Source: Reference 121
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Appendix 16.6
Average Point Prevalence Rates per 10 Million Population of Reported ESRD Therapy Attributed to Diabetes, by
Age, Sex, and Race, U.S., 1988-91

Specific rates (unadjusted) Rates adjusted for

Age at Males Females Sex Race Sex
ESRD
(years) White Black Asian NA White Black Asian NA White Black Asian NA Male Female

and
race

0-4 0 0 0 0 0 0 0 0 0 0 0
5-9 0 0 0 0 0 0 0 0 0

10-14 0 0 0 0 0 0 0 0 0 0 0
15-19 0 0 11
20-24 89 127 0 0 105 207 97 168 90 116 103
25-29 553 519 91 266 538 688 159 483 545 604 126 377 532 544 538
30-34 1,268 1,288 232 1,000 1,001 997 295 1,176 1,130 1,137 264 1,085 1,236 979 1,104
35-39 1,836 2,157 429 2,325 1,317 1,566 170 1,504 1,566 1,848 295 1,912 1,833 1,311 1,565
40-44 2,128 3,995 608 5,008 1,310 2,781 557 3,112 1,703 3,360 576 4,001 2,327 1,477 1,890
45-49 2,280 6916 1,527 10,873 1,446 5,924 737 8304 1,847 6,391 1,113 9,550 2,888 2,025 2,446
50-54 2,498 11,660 2,795 20,078 1,744 10,746 1,857 16,034 2,110 11,175 2,300 17,873 3,769 2,965 3,357
55-59 2,839 14,546 4,446 21,787 2,433 16,616 3,862 27,423 2,630 15,589 4,108 24,542 4,474 4,417 4,449
60-64 3,149 17,388 6,086 18,974 3,160 22,385 5,360 37,276 3,150 19,907 5,655 28,218 5,101 5,853 5,494
65-69 3,310 16,823 7,216 21,256 3,455 25,257 7,804 39,998 3,375 21,101 7,428 30,744 5,216 6,543 5,909
70-74 3,002 14,343 5,909 20,087 3,057 22,963 7,709 38,090 3,018 18,699 6,754 29,139 4,602 5,902 5,282
75-79 2,208 10,243 6,074 16,159 1,940 14,143 8,626 20,244 2,060 12,188 7,315 18,158 3,407 3,769 3,599
80-84 1,258 5,585 5,787 7,064 1,037 7,807 4,321 12,695 1,138 6,676 4,940 9,833 1,957 2,047 2,007

≥85 480 2,342 2,349 278 2,561 374 2,433 1,655 761 598 678
All ages 1,264 3,133 956 3,781 1,114 4,276 1,007 5,287 1,187 3,735 982 4,540 1,497 1,543 1,521
Age adj. 1,264 4,389 1,500 5,887 1,040 5,204 1,452 7,968 1,149 4,858 1,479 7,065 1,576 1,455 1,520

ESRD, end-stage renal disease; NA, Native American. Table includes residents of 50 states and the District of Columbia only; it also includes only Medicare patients alive
on ESRD therapy and not lost to followup on December 31 of each year; cases where race is "other" or "unknown" are excluded from the table; prevalent cases for December
31, 1988, 1989, 1990, and 1991 are combined to produce larger cell sizes; cells with no data shown are suppressed because they contain <10 patients. Note that rates are
per 10 million population rather than per 1 million because of the small cell sizes; the population base is the U.S. resident population on December 31 of each year; the
standard population for adjustment is the July 1, 1990, U.S. resident population.

Source: Reference 121

Appendix 16.7
Patients with ESRD Who Were Alive on December 31, 1991, by Treatment Modality, Sex, Race, and Primary 
Disease Causing ESRD

Transplant
Other/unknown

dialysis
Center

hemodialysis
Home

hemodialysis CAPD and CCPD Total

Sex, race, and
primary disease Count % Count % Count % Count % Count % Count %

Total 50,468 26.7 5,950 3.1 111,121 58.8 1,917 1.0 19,289 10.2 188,745 100

Sex

Male 30,539 29.7 3,340 3.2 57,468 56.0 1,098 1.0 10,157 9.8 102,602 100

Female 19,929 23.1 2,610 3.0 53,653 62.2 819 0.9 9,132 10.6 86,143 100

Race

Native American 534 23.4 76 3.3 1,387 60.7 32 1.4 253 11.0 2,282 100

Asian 1,078 27.1 76 1.9 2,454 61.7 29 0.7 338 8.5 3,975 100

Black 7,829 13.7 1,468 2.5 42,606 75.0 378 0.6 4,525 7.9 56,806 100

White 40,455 32.9 3,862 3.1 62,960 51.3 1,441 1.1 13,949 11.3 122,667 100

Other/unknown 572 18.9 468 15.5 1,714 56.8 37 1.2 224 7.4 3,015 100

Appendix 16.7—Continued next page
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Appendix 16.7—Continued

Transplant
Other/unknown

dialysis
Center

hemodialysis
Home

hemodialysis CAPD and CCPD Total

Sex, race, and
primary disease Count % Count % Count % Count % Count % Count %

Disease groups
Diabetes 9,072 18.4 1,300 2.6 32,764 66.7 319 0.6 5,614 11.4 49,069 100
Hypertension 5,625 12.7 858 1.9 32,864 74.5 299 0.6 4,465 10.1 44,111 100
Glomerulo-
nephritis 14,110 40.4 755 2.1 15,890 45.5 443 1.2 3,725 10.6 34,923 100

Cystic kidney 3,679 39.4 239 2.5 4,241 45.5 187 2.0 974 10.4 9,320 100
Other urologic 3,668 31.5 262 2.2 6,487 55.8 159 1.3 1,044 8.9 11,620 100
Other cause 3,757 32.8 353 3.0 5,817 50.7 113 0.9 1,413 12.3 11,453 100
Unknown cause 3,858 30.9 268 2.1 7,005 56.2 144 1.1 1,187 9.5 12,462 100
Missing cause 6,699 42.4 1,915 12.1 6,053 38.3 253 1.6 867 5.4 15,787 100

ESRD, end-stage renal disease; CAPD, continuous ambulatory peritoneal dialysis; CCPD, continuous cycling peritoneal dialysis.  Table includes all ESRD patients except
those who were lost to followup on December 31. Age is computed as of December 31.  The coding of race changed in 1982, with patients who entered the system before
1982 retaining the old coding scheme in later years; therefore, comparisons by race across years must be treated with caution.

Source: Reference 121

Appendix 16.8
Counts of Renal Transplants, by Donor Type, Year of Transplantation, and Primary Disease Causing ESRD, U.S.,
1982-91

Donor type and
disease group 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Cadaver donor
Diabetes 446 561 781 993 1,298 1,279 1,288 1,395 1,521 1,623
Hypertension 415 535 615 753 914 959 983 928 1,124 1,092
Glomerulonephritis 893 1,054 1,414 1,457 1,787 1,777 1,701 1,643 1,838 1,804
Cystic kidney 205 241 354 395 522 580 560 522 605 582
Other urologic 212 303 329 400 475 446 355 381 385 423
Other cause 172 244 308 380 473 439 458 486 514 480
Unknown cause 306 396 431 469 553 521 489 481 503 507
Missing disease 625 582 568 511 608 547 595 630 582 593
Total 3,274 3,916 4,800 5,358 6,630 6,548 6,429 6,466 7,072 7,104

Living-related donor
Diabetes 258 277 299 334 374 352 306 320 363 453
Hypertension 137 129 127 131 144 139 126 145 142 204
Glomerulonephritis 483 550 508 523 500 529 497 504 541 591
Cystic kidney 50 58 66 64 67 72 66 67 90 104
Other urologic 124 139 119 159 148 132 115 132 156 172
Other cause 96 141 196 174 198 201 177 187 202 248
Unknown cause 153 137 149 166 132 135 103 117 119 139
Missing disease 281 207 139 164 180 177 221 201 202 211
Total 1,582 1,638 1,603 1,715 1,743 1,737 1,611 1,673 1,815 2,122

Total
Diabetes 704 838 1,080 1,327 1,672 1,631 1,594 1,715 1,884 2,076
Hypertension 552 664 742 884 1,058 1,098 1,109 1,073 1,266 1,296
Glomerulonephritis 1,376 1,604 1,922 1,980 2,287 2,306 2,198 2,147 2,379 2,395
Cystic kidney 255 299 420 459 589 652 626 589 695 686
Other urologic 336 442 448 559 623 578 470 513 541 595
Other cause 268 385 504 554 671 640 635 673 716 728
Unknown cause 459 533 580 635 685 656 592 598 622 646
Missing disease 906 789 707 675 788 724 816 831 784 804
Total 4,856 5,554 6,403 7,073 8,373 8,285 8,040 8,139 8,887 9,226

ESRD, end-stage renal disease.

Source: Reference 121
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Appendix 16.9
Annual Death Rates for All Dialysis Patients Not Yet Transplanted per 1,000 Person-Years at Risk in 1989-91, by
Age on January 1, Race, and Primary Disease

Age   All    Diabetes Hypertension Glomerulonephritis Other/unknown
(years) All NA Asian Black White Black White Black White Black White Black White

Total 235.9 212.7 170.1 186.5 269.3 233.5 351.1 180.2 341.1 126.0 177.8 188.3 217.8
0-14 58.1 0.0 96.3 65.5 54.1

15-19 32.4 64.5 19.0 50.2 22.3 111.7 62.3 31.9 15.4 43.2 24.3 62.5 20.0
20-24 56.7 56.1 15.2 61.9 53.4 135.5 153.7 56.5 31.2 37.1 29.8 83.7 56.5
25-29 79.6 94.6 41.6 95.1 71.4 192.7 154.0 70.4 59.6 56.0 42.4 124.6 45.2
30-34 103.9 110.2 62.3 105.2 105.5 167.0 198.0 69.0 64.5 92.9 53.3 130.8 76.8
35-39 114.8 117.3 35.6 116.4 116.9 165.5 219.1 88.0 82.9 104.3 59.8 153.2 72.3
40-44 124.3 103.1 56.9 110.5 139.3 172.9 254.0 79.1 100.3 102.6 70.7 140.1 99.3
45-49 136.5 131.2 83.9 117.0 154.0 168.0 270.6 93.9 125.1 104.8 87.1 119.3 104.8
50-54 165.6 153.1 122.5 141.2 188.1 175.6 279.1 122.0 167.2 109.3 127.3 150.2 139.9
55-59 198.6 206.1 146.7 159.8 228.9 194.6 315.1 137.4 221.4 137.3 162.1 147.8 170.8
60-64 243.9 225.4 190.1 192.9 278.4 212.5 372.9 186.1 275.9 153.1 197.0 178.3 219.3
65-69 295.4 298.7 218.5 248.1 320.9 273.0 417.9 227.3 321.9 221.2 236.0 260.2 271.2
70-74 352.9 304.8 294.7 288.9 381.8 316.8 481.0 268.0 395.4 267.0 307.1 309.4 332.1
75-79 426.1 458.6 352.4 364.2 450.5 386.4 551.4 350.7 457.2 316.5 373.6 392.0 423.4
80-84 498.4 459.8 372.4 423.3 527.0 476.9 614.0 414.6 547.7 411.5 476.8 396.7 486.2

≥85 607.7 525.9 492.0 524.2 640.7 589.8 647.0 506.5 655.4 404.3 558.4 579.9 647.5 

NA, Native American. Table includes all patients who had reached day 91 of end-stage renal disease (ESRD) by the end of the year; cells with no data shown are suppressed
because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121

Appendix 16.10
Annual Death Rates for Hemodialysis Patients Not Yet Transplanted per 1,000 Person-Years at Risk in 1989-91, by
Age on January 1, Race, and Primary Disease Causing ESRD

Age   All Diabetes Hypertension Glomerulonephritis Other/unknown
(years) All NA Asian Black White Black White Black White Black White Black White

Total 238.0 213.1 181.6 187.5 275.3 231.4 353.1 181.2 343.8 130.1 184.8 188.2 226.8
0-14 54.6 153.5 57.6 48.3

15-19 31.5 0.0 0.0 54.8 19.7 134.6 0.0 20.5 19.6 50.0 20.9 70.1 17.6
20-24 56.1 71.4 18.1 60.6 52.8 133.9 193.2 48.9 33.9 36.0 30.4 85.3 49.6
25-29 79.8 116.5 45.5 86.7 75.5 198.9 181.7 57.6 60.6 52.1 45.7 117.2 46.1
30-34 104.3 118.0 66.4 103.3 108.3 171.5 221.8 69.1 68.1 95.5 52.9 123.5 82.0
35-39 112.9 112.3 36.3 112.0 117.3 169.0 246.2 86.8 88.1 102.5 60.1 143.8 72.4
40-44 120.4 114.2 55.4 108.3 135.6 175.3 250.5 79.9 114.2 99.3 73.0 132.8 97.0
45-49 134.2 141.7 86.6 115.9 153.0 164.1 274.5 93.7 125.5 116.4 86.3 115.5 105.7
50-54 159.8 154.7 133.6 138.2 181.3 175.8 264.6 120.2 164.0 104.3 126.3 136.7 140.7
55-59 192.0 198.7 157.9 158.2 221.5 189.5 301.1 137.7 217.1 138.6 153.7 144.0 170.9
60-64 236.1 206.2 198.3 189.1 272.0 206.9 359.6 182.9 276.2 147.8 193.3 177.3 216.8
65-69 288.6 286.3 221.4 244.4 315.4 265.6 400.8 225.0 315.8 227.1 234.8 258.7 272.0
70-74 345.3 281.6 303.9 282.4 377.0 306.4 465.3 263.7 392.8 259.8 307.2 304.3 327.8
75-79 417.8 436.2 347.3 357.8 443.7 377.6 529.4 344.9 452.4 312.9 369.3 385.7 420.6
80-84 490.5 490.1 368.2 419.9 519.3 471.4 601.3 409.6 531.1 416.5 478.1 394.8 486.7

≥85 588.8 549.2 485.4 499.4 624.7 546.6 633.5 487.4 639.6 392.5 542.4 555.6 633.6

ESRD, end-stage renal disease; NA, Native American. Table includes all patients who had reached day 91 of ESRD by the end of the year; cells with no data shown are
suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121
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Appendix 16.11
Annual Death Rates for CAPD/CCPD Patients Not Yet Transplanted per 1,000 Person-Years at Risk in 1989-91, 
by Age on January 1, Race, and Primary Disease

Age    All Diabetes Hypertension Glomerulonephritis Other/unknown
(years) All NA Asian Black White Black White Black White Black White Black White

Total 238.3 243.7 118.3 176.4 260.6 259.7 357.6 156.9 335.1 106.1 166.2 176.3 187.9

0-14 68.0 0.0 75.2 116.4 57.0

15-19 33.3 138.2 0.0 43.2 25.8 89.8 0.0 38.6 30.0 42.7 17.9

20-24 53.1 0.0 0.0 52.1 53.5 167.9 69.3 30.0 32.1 45.7 22.4 57.1 72.2

25-29 68.7 36.7 38.7 110.8 53.3 111.2 94.2 108.0 46.6 78.6 23.8 144.3 35.5

30-34 96.9 91.3 59.1 99.8 96.5 171.9 156.5 48.0 63.7 66.7 48.5 153.0 46.5

35-39 116.0 134.0 18.1 111.1 123.2 132.1 194.1 73.7 65.4 105.4 65.1 158.0 64.6

40-44 137.2 53.9 59.8 113.9 152.6 189.1 263.7 70.6 68.4 104.9 61.7 137.2 109.2

45-49 151.4 106.5 91.2 122.3 167.9 192.0 273.3 100.1 130.0 51.3 98.3 157.5 110.2

50-54 202.4 179.3 98.4 157.1 227.2 176.3 354.3 120.1 191.7 140.1 147.7 228.2 140.6

55-59 236.4 306.9 63.6 174.3 260.2 237.7 356.5 125.7 244.8 131.3 208.9 178.1 181.7

60-64 289.2 359.1 114.5 241.7 303.2 279.3 457.1 226.8 282.7 206.9 213.5 194.8 230.0

65-69 346.2 516.1 228.9 292.3 355.3 364.9 546.6 234.7 354.9 212.7 247.2 299.8 269.2

70-74 410.7 614.8 249.2 406.2 411.7 589.5 596.1 339.1 414.2 393.6 304.1 382.2 358.3

75-79 495.2 879.7 440.2 456.3 496.7 714.6 756.8 402.3 484.2 140.0 430.4 483.6 426.2

80-84 573.4 390.5 514.3 580.8 504.9 654.3 660.2 666.9 500.8 440.4 489.9

≥85 830.9 1,171.3 782.3 834.8 1,088.0 764.7 762.3 778.0 

CAPD, continuous ambulatory peritoneal dialysis; CCPD, continuous cycling peritoneal dialysis; NA, Native American. Table includes all patients who had reached day 91
of end-stage renal disease by the end of the year; cells with no data shown are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate
<0.1.

Source: Reference 121

Appendix 16.12
Death Rates for All Patients with Functioning Cadaveric Donor Transplants per 1,000 Person-Years at Risk in First
3 Years Post-Transplant (1986-88), by Age on January 1, Race, and Primary Disease

Age   All Diabetes Hypertension Glomerulonephritis Other/unknown
(years) All NA Asian Black White Black White Black White Black White Black White

Total 86.9 127.6 72.2 81.6 88.8 141.0 127.4 75.9 94.1 64.7 67.6 60.6 74.0
0-4 147.3 73.8 170.2 121.9 0.0 131.5
5-9 89.3 119.0 79.9 102.4 197.4 67.3

10-14 34.4 71.1 27.7 123.0 13.2 37.2 34.9
15-19 28.7 0.0 35.9 26.2 0.0 62.6 10.7 15.3 32.3
20-24 42.3 0.0 54.0 39.7 120.8 55.7 24.4 0.0 31.2 31.8 56.5 42.8
25-29 59.8 0.0 21.8 61.5 62.2 177.0 95.1 38.5 45.2 9.2 44.2 63.8 54.4
30-34 60.3 0.0 48.7 38.8 68.3 37.9 118.6 33.5 0.0 41.8 35.4 33.0 48.9
35-39 74.6 117.7 109.4 59.5 78.7 109.5 112.6 39.4 91.5 41.8 39.6 93.7 60.9
40-44 79.9 77.3 35.3 70.1 84.6 125.8 116.5 61.7 56.4 71.2 76.9 38.9 64.0
45-49 103.3 347.2 122.6 103.4 98.8 135.7 166.8 93.4 63.7 145.5 90.6 53.4 65.7
50-54 105.9 192.9 36.0 97.7 111.1 159.7 163.8 99.5 110.1 81.4 83.9 65.0 96.0
55-59 151.2 163.2 268.3 186.0 137.6 247.6 153.0 181.0 173.6 147.6 125.3 77.3 133.7
60-64 146.3 246.1 64.6 147.7 146.8 154.7 203.9 139.5 162.4 404.2 176.1 105.5 104.4
65-69 197.4 146.4 215.1 594.8 68.6 288.1 116.5 204.7 169.1
70-74 210.5 206.3 363.0 121.7 266.1
75-79 

NA, Native American; cases with primary disease unknown/missing are included in the "All" category and are excluded from the "Other/unknown" category. Patients at
risk from transplant to death or 1 year.  Cells with no data shown are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121
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Appendix 16.13
Death Rates for All Patients with Functioning Living-Related Donor Transplants per 1,000 Person-Years at Risk in
First 3 Years Post-Transplant (1986-88), by Age on January 1, Race, and Primary Disease

Age        All Diabetes Hypertension Glomerulonephritis Other/unknown
(years) All NA Asian Black White Black White Black White Black White Black White

Total 34.5 54.3 56.2 37.9 33.6 50.5 54.1 42.8 41.0 11.4 25.2 60.9 29.8
0-4 53.8 0.0 59.2 46.9 59.7
5-9 7.5 0.0 8.7 0.0 16.8

10-14 25.0 51.7 24.0 18.7 75.1 8.3
15-19 14.7 0.0 17.7 90.5 0.0 8.9 0.0 23.4
20-24 13.7 15.3 14.0 19.0 0.0 0.0 16.6 55.2 15.5
25-29 21.4 15.5 22.4 29.0 70.0 0.0 0.0 18.9 0.0 27.8
30-34 36.1 0.0 101.9 30.0 58.3 50.1 28.5 36.3 16.9 181.5 0.0
35-39 32.0 65.7 13.6 34.4 0.0 69.7 0.0 0.0 0.0 13.9 81.3 30.4
40-44 49.2 36.9 53.1 60.8 49.8 72.5 0.0 51.1 63.3
45-49 50.3 66.1 38.9 0.0 66.6 118.7 0.0 35.9 38.8
50-54 83.8 65.1 75.3 82.7 0.0 127.2 49.8 59.8
55-59 52.9 0.0 64.3 110.5 0.0 66.0 71.1 43.8
60-64 108.1 180.0 95.4 42.9 118.4
65-69 91.7 91.7
70-74
75-79

NA, Native American; cases with primary disease unknown/missing are included in the "All" category and are excluded from the "Other/unknown" category. Patients at
risk from transplant to death or 1 year.  Cells with no data shown are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121

Appendix 16.14
Annual Death Rates for All ESRD Patients per 1,000 Person-Years at Risk in 1989-91, by Age on January 1, Race,
and Primary Disease

Age        All Diabetes Hypertension Glomerulonephritis Other/unknown
(years) All NA Asian Black White Black White Black White Black White Black White

Total 176.4 166.0 126.9 164.2 184.0 221.6 265.8 163.0 292.8 100.9 105.8 158.0 142.0
0-14 26.8 0.0 42.9 36.9 24.2

15-19 20.0 35.4 24.5 39.9 13.8 87.2 50.5 32.2 6.7 40.1 15.4 44.7 13.4
20-24 32.3 33.2 16.7 48.2 26.5 123.9 88.1 45.8 14.6 31.8 16.8 61.1 27.9
25-29 43.9 41.9 26.4 73.5 35.1 148.7 87.1 56.4 32.0 43.1 20.2 97.3 23.2
30-34 58.7 59.4 36.1 80.6 51.5 135.5 103.7 56.2 33.9 66.7 25.5 101.3 37.2
35-39 68.5 87.9 21.7 91.6 59.7 140.6 112.4 72.5 51.7 78.0 29.9 118.5 37.5
40-44 83.0 77.4 39.2 91.8 80.3 146.7 148.6 71.7 71.4 77.4 39.5 115.3 60.1
45-49 99.5 111.0 59.4 102.2 99.0 158.3 191.7 81.9 92.5 83.8 54.5 102.4 68.8
50-54 128.6 115.2 101.1 127.1 130.8 167.4 229.9 109.7 128.1 99.0 77.4 124.0 96.1
55-59 165.6 184.4 129.6 149.5 175.1 188.2 280.9 131.2 179.1 122.9 117.6 129.7 121.6
60-64 217.6 204.6 179.0 185.1 236.6 207.8 354.9 179.8 250.1 145.7 157.5 168.1 175.0
65-69 281.8 293.0 209.1 244.3 300.8 272.4 410.3 223.4 309.8 217.6 215.1 253.6 249.1
70-74 347.7 295.5 290.2 287.7 374.2 315.4 479.9 266.9 391.9 266.1 297.6 308.7 322.6
75-79 424.2 456.1 351.7 363.4 448.0 386.2 551.4 350.4 455.3 314.3 370.6 390.7 420.5
80-84 498.1 459.8 372.4 423.3 526.6 476.9 614.0 414.6 547.7 411.5 476.1 396.7 486.4

≥85 607.0 525.9 492.0 524.2 639.6 598.6 647.0 506.5 655.4 404.3 559.4 579.9 644.6

ESRD, end-stage renal disease; NA, Native American. Table includes all ESRD patients who had reached day 91 of ESRD by the end of the year; cells with no data shown
are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121

394



Appendix 16.15
Death Rates for All Dialysis Patients Not Yet Transplanted with ESRD Attributed to Diabetes per 1,000 Person-Years at Risk in 1989-91, by Cause of
Death, Age on January 1, Sex, and Race

All ages

Age
0-19
years Age 20-44 years Age 45-64 years Age ≥65 years

Cause of death -  All Male Female Asian Black -  NA White All All Male Female Black White All Male Female Black White All Male Female Black White

Total 304.5 308.0 301.7 245.0 233.5 246.6 351.1 131.9 202.3 209.0 193.2 170.4 215.2 263.6 274.0 254.8 192.7 320.8 410.6 439.3 393.4 316.3 472.0

Pericarditis 1.2 1.5 <1 <1 <1 1.3 1.4 1.3 1.3 1.4 1.4 1.4 1.2 1.4 <1 <1 1.5 1.1 1.6 <1 <1 1.2

Myocardial

infarction 39.2 43.8 35.4 33.4 28.1 25.4 46.3 0.0 23.2 23.4 22.9 15.3 26.3 38.9 44.9 33.8 26.1 48.7 47.5 57.5 41.4 35.5 55.5

Other cardiac 84.3 88.1 81.1 80.9 63.4 72.7 97.2 32.9 54.0 56.4 50.8 41.1 58.9 72.2 76.5 68.5 51.6 87.5 115.7 131.3 106.3 88.9 132.7

Cerebrovascular 16.2 14.3 17.7 11.7 15.8 12.2 16.9 10.6 10.8 10.4 9.3 11.2 14.0 13.2 14.7 12.6 15.6 22.0 19.0 23.8 22.8 21.9

Embolism, 

pulmonary 1.1 <1 1.3 1.1 1.0 <1 1.2 <1 <1 <1 <1 <1 <1 <1 1.3 <1 1.1 1.5 1.4 1.6 1.4 1.7

GI hemorrhage 3.6 4.0 3.3 4.4 3.1 <1 4.0 2.0 2.3 1.6 <1 2.5 2.8 3.4 2.3 2.6 3.2 5.5 6.4 5.0 4.8 5.9

Hemorhage, other <1 <1 1.1 1.1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1.2 <1 <1 1.0 1.1 1.0 <1 1.1

Pulmonary 

infection 5.5 6.7 4.4 4.4 4.4 7.8 5.9 0.0 3.2 3.2 3.2 1.9 3.8 3.8 4.8 2.9 3.1 4.2 8.9 12.7 6.6 7.2 9.4

Septicemia 27.4 24.5 29.7 21.2 26.0 17.0 28.8 0.0 17.6 16.7 18.7 18.4 17.4 23.6 22.1 25.0 21.8 26.1 37.3 34.5 39.0 35.0 39.1

Infection, other 2.8 2.6 2.9 2.7 2.3 3.9 3.0 3.3 3.6 2.9 3.9 3.2 2.7 2.4 2.9 2.3 2.8 2.7 2.1 3.0 1.7 3.2

Hyperkalemia 3.1 3.4 3.0 1.1 2.0 2.1 3.9 6.2 6.5 5.7 6.8 5.9 2.6 2.6 2.5 1.2 3.8 2.5 2.3 2.6 1.5 2.9

Malignancy 3.0 3.3 2.7 <1 3.7 2.1 2.8 0.0 <1 <1 <1 <1 <1 2.6 3.1 2.3 3.3 2.4 4.7 6.0 3.9 5.4 4.5

Withdrawal 

from dialysis 36.3 32.2 39.7 23.4 18.5 34.6 47.6 32.9 18.6 18.2 19.0 9.0 22.4 27.1 25.8 28.1 13.2 37.7 57.6 53.4 60.2 29.6 75.3

Suicide <1 1.1 <1 0.0 <1 1.0 <1 <1 <1 <1 <1 <1 1.2 <1 <1 1.3 <1 1.1 <1 <1 <1

Accident, not 

treatment related <1 <1 <1 0.0 <1 0.0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Unknown cause 20.6 21.4 19.9 17.8 19.2 19.7 21.6 19.2 20.9 16.9 20.4 18.5 18.4 18.5 18.2 15.5 20.7 24.4 26.7 23.0 24.3 24.6

Other 19.6 20.1 19.2 13.3 15.9 13.5 22.3 32.9 16.7 17.6 15.4 17.3 16.9 16.2 16.6 15.9 12.6 19.5 25.6 27.7 24.4 20.3 28.9

Missing data 37.9 38.1 37.8 26.7 27.0 31.1 45.2 32.9 22.6 24.3 20.3 21.8 22.6 34.0 35.1 33.0 23.1 42.6 50.9 53.4 49.3 34.7 62.1

Years at risk 82,516 37,103 45,413 1,791 28,839 2,282 48,766 30 14,352 8,216 6,136 3,525 10,331 39,175 18,015 21,159 15,137 21,395 28,958 10,860 18,097 10,168 17,019

No. of patients 118,912 54,403 64,509 2,562 38,470 3,117 73,597 53 21,496 12,397 9,099 4,785 15,995 54,922 25,672 29,250 19,834 31,478 42,441 16,313 26,128 13,839 26,085 

ESRD, end-stage renal disease; NA, Native American; GI, gastrointestinal. Table includes all patients who had reached day 91 of ESRD by the end of the year; the "Other" cause group includes air embolism, vascular access
hemorrhage, viral hepatitis, pancreatitis, and treatment-related accidents, each of which has a rate <1; cells with no data shown are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121



Appendix 16.16
Death Rates for Hemodialysis Patient Not Yet Transplanted with ESRD Attributed to Diabetes per 1,000 Person-Years at Risk in 1989-91, by Cause of
Death, Age on January 1, Sex, and Race

All ages

Age 
0-19
years Age 20-44 years Age 45-64 years Age ≥65 years

All Male Female Asian Black NA White - All All Male Female Black White All Male Female Black White All Male Female Black White

Total 301.2 307.1 296.6 253.0 231.4 244.1 353.1 91.9 212.7 218.1 205.0 173.9 232.4 253.9 265.4 244.6 189.1 311.4 395.1 427.8 376.5 308.2 456.3

Pericarditis 1.2 1.5 <1 <1 <1 1.5 1.4 1.1 1.0 1.2 1.0 1.2 1.2 1.6 1.0 <1 1.6 1.1 1.6 <1 <1 1.2

Myocardial

infarction 38.7 43.7 34.8 33.7 27.8 24.8 46.8 0.0 22.7 22.5 23.1 14.1 26.9 37.7 43.1 33.3 25.9 47.9 46.1 57.9 39.5 34.5 54.6

Other cardiac 83.3 86.6 80.7 83.5 62.6 68.7 98.0 0.0 56.5 58.1 54.2 41.7 63.6 70.0 74.0 66.8 50.0 86.1 110.4 124.0 102.7 86.5 127.3

Cerebrovascular 15.8 14.1 17.1 12.8 15.4 12.9 16.4 11.0 10.8 11.3 10.3 11.4 13.2 12.3 13.9 12.1 14.7 21.0 19.0 22.1 21.6 20.8

Embolism, 

pulmonary 1.0 <1 1.2 1.2 1.0 <1 1.1 <1 <1 <1 1.0 <1 <1 <1 1.1 <1 <1 1.4 1.3 1.5 1.4 1.5

GI hemorrhage 3.8 4.2 3.4 4.9 3.4 1.0 4.2 2.2 2.4 1.9 1.0 2.8 2.9 3.4 2.5 2.9 3.2 5.5 6.7 4.9 4.8 6.0

Hemorrhage, other <1 <1 1.1 1.2 <1 1.0 <1 <1 <1 <1 <1 <1 <1 <1 1.3 <1 <1 1.0 1.1 <1 <1 1.2

Pulmonary

infection 5.7 7.2 4.6 4.9 4.4 7.7 6.4 0.0 3.8 4.1 3.3 2.4 4.6 3.9 5.0 3.0 3.2 4.6 8.7 12.5 6.6 6.9 9.2

Septicemia 26.3 24.3 27.8 22.1 25.1 14.4 27.7 0.0 17.5 16.6 18.8 18.2 17.3 21.8 21.6 22.0 20.6 23.8 35.3 33.5 36.4 33.5 36.8

Infection, other 2.5 2.3 2.7 3.0 2.1 4.1 2.7 3.5 3.9 2.8 4.1 3.4 2.5 2.2 2.7 2.0 2.6 2.2 1.6 2.6 1.6 2.5

Hyperkalemia 3.4 3.8 3.1 1.2 2.0 2.0 4.5 8.0 8.4 7.4 8.2 7.8 2.7 2.8 2.7 1.1 4.3 2.6 2.5 2.6 1.4 3.2

Malignancy 3.2 3.7 2.9 <1 4.0 2.0 2.9 <1 <1 <1 <1 <1 2.8 3.2 2.5 3.6 2.5 4.8 6.3 3.9 5.6 4.5

Withdrawal from

dialysis 36.0 32.1 39.0 25.1 18.5 35.6 48.6 45.9 18.4 18.5 18.3 9.3 23.4 25.8 24.7 26.7 12.9 37.1 55.7 52.1 57.7 29.2 73.5

Suicide <1 1.0 <1 0.0 <1 <1 <1 <1 0.0 <1 <1 <1 1.2 <1 <1 1.3 <1 <1 <1 <1 <1

Accident, not treatment

related <1 <1 <1 0.0 <1 0.0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Unknown cause 20.6 21.7 19.8 17.8 19.4 19.6 21.6 21.5 23.4 19.0 22.0 21.0 17.8 17.5 18.0 15.3 19.8 23.9 27.1 22.0 24.4 24.0

Other 19.1 20.0 18.5 12.8 15.6 12.9 22.0 18.5 19.1 17.8 17.9 19.4 15.2 16.0 14.5 12.4 18.1 24.4 26.7 23.0 19.3 27.8

Missing data 37.8 38.2 37.5 27.0 26.9 34.6 46.0 45.9 24.2 25.4 22.4 20.3 25.4 32.9 34.5 31.6 23.1 41.3 49.3 52.0 47.8 34.1 60.6

Years at risk 68,238 29,771 38,466 1,628 25,821 1,933 38,124 21 9,957 5,811 4,145 2,897 6,641 32,500 14,611 17,888 13,375 16,862 25,759 9,341 16,417 9,541 14,608

No. of patients 96,838 43,065 53,773 2,324 34,186 2,625 56,688 34 14,579 8,594 5,985 3,913 10,064 44,955 20,567 24,388 17,384 24,484 37,270 13,892 23,378 12,879 22,118

ESRD, end-stage renal disease; NA, Native American; GI, gastrointestinal. The "Other" cause group includes air embolism, vascular access hemorrhage, viral hepatitis, pancreatitis, and treatment-related accidents, each of which
has a rate <1; patients at risk from transplant to death or 1 year; cells with no data shown are suppressed because they contain <10 patients or have missing values.

Source: Reference 121



Appendix 16.17
Death Rates for CAPD/CCPD Patients with ESRD Attributed to Diabetes per 1,000 Person-Years at Risk in 1989-91, by Cause of Death, Age on
 January 1, Sex, and Race

All ages

Age 
0-19
years Age 20-44 years Age 45-64 years Age ≥65 years

Cause of death All Male Female Asian Black NA White All All Male Female Black White All Male Female Black White All Male Female Black White

Total 334.8 322.4 348.2 228.4 259.7 306.9 357.6 296.6 183.4 190.8 174.4 159.5 187.9 322.3 322.9 321.6 224.6 366.6 564.1 516.2 611.2 461.4 594.0

Pericarditis 1.5 1.8 1.1 <1 1.7 2.1 2.8 1.3 2.2 2.1 1.0 <1 1.2 1.5 1.6 2.5 <1 2.2 1.6

Myocardial

infarction 43.9 46.5 41.0 45.6 32.1 37.9 46.9 23.1 26.0 19.6 20.5 23.6 48.2 55.7 40.2 29.9 55.0 63.3 58.0 68.5 50.5 67.6

Other cardiac 92.6 97.2 87.8 73.0 73.3 106.1 97.6 148.3 51.5 55.5 46.8 45.5 52.7 83.1 88.1 77.9 63.0 92.7 167.0 177.4 156.9 130.8 173.1

Cerebrovascular 18.5 16.0 21.3 0.0 17.5 11.3 19.3 9.8 11.3 8.1 2.2 11.2 18.3 18.1 18.4 15.3 20.0 30.8 18.4 42.9 39.0 30.2

Embolism, 

pulmonary 1.7 1.4 1.9 <1 3.7 1.9 <1 1.1 <1 0.0 1.0 2.0 1.6 2.5 <1 2.4 2.0 1.6 2.4 2.2 2.1

GI hemorrhage 3.3 3.8 2.7 1.4 4.0 1.5 1.6 1.3 0.0 1.8 2.9 4.4 1.2 <1 3.9 6.6 5.8 7.4 4.5 7.5

Hemorrhage, other <1 <1 1.1 <1 1.0 <1 1.3 <1 1.2 1.2 1.2 <1 1.5 <1 <1 <1 2.2 <1

Pulmonary

infection 4.4 4.4 4.5 4.2 11.3 4.4 2.1 1.1 3.3 0.0 2.5 2.9 3.2 2.5 2.4 2.4 10.8 11.7 9.9 13.7 10.8

Septicemia 35.2 27.9 43.2 9.1 36.9 34.1 35.4 21.9 21.5 22.4 25.0 21.4 33.8 25.4 42.8 35.5 34.3 56.2 42.8 69.3 52.8 58.4

Infection, other 4.1 3.1 5.1 3.7 3.7 4.3 3.0 2.8 3.3 2.2 3.2 3.5 2.0 5.1 4.0 3.3 6.6 5.8 7.4 4.5 7.5

Hyperkalemia 1.6 1.2 1.9 1.4 3.7 1.6 1.8 1.6 2.0 0.0 2.1 1.4 1.2 1.7 1.6 1.5 1.6 <1 2.4 2.2 1.0

Malignancy 1.8 2.0 1.5 <1 3.7 2.0 0.0 <1 0.0 1.3 <1 2.0 2.8 1.2 <1 2.7 2.9 3.3 2.4 2.2 2.7

Withdrawal from

dialysis 39.6 33.6 45.9 9.1 20.8 34.1 45.2 20.0 18.1 22.4 9.1 21.4 34.7 32.7 36.8 15.3 42.2 75.8 58.8 92.5 48.2 86.0

Suicide 1.3 2.0 <1 1.7 1.2 1.6 <1 1.4 1.2 1.6 <1 1.8 1.6 3.3 2.1

Accident, not treatment

related <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1.0

Unknown cause 21.6 21.1 22.0 27.4 18.4 22.7 22.4 12.9 14.7 10.8 9.1 13.8 23.2 24.6 21.8 19.3 26.1 30.0 23.5 36.3 25.2 28.6

Other 22.9 20.8 25.2 27.4 17.9 22.7 24.1 148.3 11.7 12.4 10.8 13.6 11.6 22.0 18.1 26.1 13.7 25.5 39.5 38.6 40.4 34.4 40.0

Missing data 38.8 37.5 40.2 36.5 27.9 11.3 42.8 0.0 17.6 17.5 17.6 29.6 15.6 39.9 40.4 39.4 21.0 48.9 65.4 61.3 69.3 45.9 72.4

Years at risk 10,453 5,430 5,022 109 2,113 263 7,893 6 3,238 1,765 1,472 438 2,750 4,808 2,473 2,334 1,237 3,289 2,399 1,189 1,210 435 1,848

No. of patients 15,606 8,063 7,543 162 2,941 372 12,031 12 4,686 2,563 2,123 588 4,030 6,997 3,606 3,391 1,678 4,933 3,911 1,890 2,021 673 3,058 

CAPD, continuous ambulatory peritoneal dialysis; CCPD, continuous cycling peritoneal dialysis; ESRD, end-stage renal disease; NA, Native American; GI, gastrointestinal. Table includes all patients not yet transplanted who
had reached day 91 of ESRD by the end of the year; the "Other" cause group includes air embolism, vascular access hemorrhage, viral hepatitis, pancreatitis, and treatment-related accidents, each of which has a rate <1; cells
with no data shown are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121



Appendix 16.18
Death Rates for All Patients with Functioning Cadaveric Transplants with ESRD Attributed to Diabetes per 1,000 Person-Years at Risk in 1986-88, by
Cause of Death, Age at Transplant, Sex, and Race

All ages

Age
0-19
years Age 20-44 years Age 45-64 years Age ≥65 years

Cause of death All Male Female Asian Black NA White All All Male Female Black White All Male Female Black White All Male Female Black White

Total 130.7 132.3 128.1 86.6 141.0 331.3 127.4 0.0 109.4 102.7 118.9 110.5 109.8 172.9 180.8 154.9 172.3 166.5 468.0 460.8 108.3 647.1

Pericarditis <1 <1 1.9 <1 1.3 3.8

Myocardial

infarction 17.1 19.0 14.0 28.8 13.3 30.1 17.6 16.6 18.7 13.7 11.8 17.5 17.9 20.3 12.3 15.3 17.1 36.0 53.9

Other cardiac 23.6 20.8 28.1 24.7 60.2 23.3 23.1 18.0 30.4 27.6 23.0 24.5 25.8 21.6 22.9 23.7 36.0 41.8 53.9

Cerebrovascular 4.2 4.0 4.4 1.9 4.7 4.0 3.4 4.9 3.9 4.1 4.7 5.4 3.0 6.6

Embolism, 

pulmonary 5.0 5.8 3.7 5.7 5.0 4.0 4.1 3.9 4.6 6.6 8.1 3.0 11.4 5.2 36.0 41.8 53.9

GI hemorrhage <1 <1 <1 1.8 2.7 2.6

Hemorrhage, other 1.1 <1 1.4 3.8 <1 <1 <1 <1 2.8 2.7 3.0 7.6 1.3

Pulmonary

infection 6.1 7.7 3.7 3.8 6.4 4.8 6.2 2.9 3.9 5.0 8.5 9.5 6.1 3.8 9.2 36.0 41.8 53.9

Septicemia 14.9 12.6 18.5 24.7 150.6 11.8 8.9 6.9 11.7 11.8 8.7 25.5 19.0 40.2 38.2 15.8 144.0 167.5 215.7

Infection, other 2.8 2.7 2.9 1.9 3.0 2.4 2.0 2.9 3.9 2.3 3.7 4.0 3.0 5.2

Hyperkalemia 1.1 <1 2.2 1.9 1.0 <1 1.9 <1 1.8 1.3 3.0 3.8 1.3

Malignancy <1 1.3 1.0 <1 <1 <1 1.8 2.7 2.6

Withdrawal from

dialysis 4.4 4.5 4.4 1.9 30.1 4.7 4.0 3.4 4.9 3.9 3.6 5.6 6.7 3.0 7.9

Accident, not treatment

related <1 <1 1.9 <1 <1 1.3 3.9 <1

Unknown cause 7.8 8.6 6.6 9.5 30.1 7.4 6.9 6.9 6.8 7.8 6.9 10.3 12.2 6.1 11.4 9.2

Other 10.9 10.8 11.1 57.7 7.6 30.1 10.8 9.3 9.7 8.8 7.8 8.7 14.1 12.2 18.5 7.6 15.8 36.0 41.8 53.9

Missing data 28.9 30.3 26.6 36.2 28.4 22.3 20.8 24.5 23.6 22.6 41.5 46.2 30.9 45.9 42.2 144.0 125.6 108.3 161.7

Years at risk 3,556 2,206 1,349 34 524 33 2,951 12 2,457 1,440 1,017 253 2,166 1,058 735 322 261 756 27 23 9 18

No. of patients 3,865 2,403 1,462 36 571 39 3,206 12 2,637 1,539 1,098 270 2,328 1,179 826 353 290 842 37 32 10 27

ESRD, end-stage renal disease; NA, Native American; GI, gastrointestinal. The "Other" cause group includes air embolism, vascular access hemorrhage, viral hepatitis, pancreatitis, and treatment-related accidents, each of which
has a rate <1; patients at risk from transplant to death or 1 year; cells with no data shown are suppressed because they contain <10 patients or have missing values.

Source: Reference 121



Appendix 16.19
Death Rates for Patients with Functioning Living-Related Donor Transplants with ESRD Attributed to Diabetes per 1,000 Person-Years at Risk in 
1986-88, by Cause of Death, Age at Transplant, Sex, and Race

All ages

Age
0-19
years Age 20-44 years Age 45-64 years Age ≥65 years

Cause of death -  All Male Female Asian - Black - NA White All - All Male Female Black White - All Male Female Black -White All Male White

Total 55.9 60.7 49.8 50.5 160.7 54.1 50.5 49.0 52.2 52.4 51.1 89.1 124.5 34.8 47.3 75.3

Myocardial infarction 10.9 10.7 11.3 16.8 10.8 10.5 10.6 10.4 26.2 9.9 13.7 11.3 17.4 16.7

Other cardiac 10.9 5.3 18.1 16.8 80.3 9.7 11.7 4.2 20.9 26.2 11.2 6.8 11.3

Cerebrovascular 3.9 7.1 4.3 2.3 4.2 2.4 13.7 22.6 16.7

Embolism, pulmonary 1.9 1.7 2.2 2.1 2.3 2.1 2.6 2.4

Hemorrhage, other <1 1.7 80.3 6.8 11.3

Pulmonary infection 2.9 5.3 3.2 3.5 6.4 3.7

Septicemia 1.9 1.7 2.2 2.1 2.3 2.1 2.6 2.4

Infection, other 1.9 3.5 2.1 2.3 4.2 2.4

Withdrawal from dialysis 1.9 4.5 2.1 1.1 2.6 1.2 6.8 17.4 8.3

Suicide 1.9 3.5 2.1 1.1 2.1 1.2 6.8 11.3 8.3

Unknown cause 2.9 5.3 3.2 3.5 6.4 3.7

Other 2.9 3.5 2.2 3.2 3.5 4.2 2.6 3.7

Missing data 9.9 10.7 9.0 16.8 8.6 5.8 2.1 10.4 6.2 34.2 56.5 47.3 25.1

Years at risk 1,000 559 441 59 12 923 851 468 382 38 800 145 88 57 21 119

No. of patients 1,032 578 454 62 14 950 875 480 395 40 823 153 95 58 22 124

ESRD, end-stage renal disease; NA, Native American. The "Other" cause group includes air embolism, vascular access hemorrhage, viral hepatitis, pancreatitis, and treatment-related accidents, each of which has a rate <1; patients
at risk from transplant to death or 1 year; cells with no data shown are suppressed because they contain <10 patients or have missing values.

Source: Reference 121



Appendix 16.20
Death Rates for All Patients with ESRD Attributed to Diabetes per 1,000 Person-Years at Risk in 1989-91, by Cause of Death, Age on January 1, Sex, 
and Race

All ages

Age 
0-19
years Age 20-44 years Age 45-64 years Age ≥65 years

All Male Female Asian Black NA White All All Male Female Black White All Male Female Black White All Male Female Black White

Total 251.3 242.2 259.8 231.9 221.6 227.3 265.8 82.0 121.1 126.9 113.5 142.3 117.2 236.4 235.5 237.3 185.2 272.0 407.8 433.0 392.3 315.4 467.5

Pericarditis <1 1.1 <1 <1 <1 1.1 1.0 <1 <1 <1 1.0 <1 1.0 1.1 <1 <1 1.2 1.1 1.6 <1 <1 1.2

Myocardial

infarction 32.1 34.1 30.3 30.4 26.5 23.8 34.8 16.4 13.6 14.4 12.5 12.4 13.9 34.6 38.0 31.4 25.0 41.0 47.0 56.5 41.3 35.3 54.9

Other cardiac 67.8 66.6 68.8 75.1 59.3 66.1 71.3 16.4 29.7 30.8 28.2 34.1 28.7 62.7 63.1 62.4 48.3 71.7 114.6 128.7 105.9 88.3 131.1

Cerebrovascular 13.4 11.5 15.3 10.6 14.9 11.3 13.0 6.5 6.5 6.4 7.8 6.2 12.6 11.6 13.6 12.0 13.5 21.9 18.9 23.7 22.7 21.8

Embolism, 

pulmonary 1.2 1.0 1.3 1.0 1.0 <1 1.3 1.1 1.1 1.1 1.0 1.1 1.0 <1 1.3 <1 1.1 1.5 1.4 1.5 1.4 1.6

GI hemorrhage 2.9 3.0 2.8 4.0 2.9 <1 2.9 1.1 1.2 <1 <1 1.2 2.4 2.7 2.1 2.4 2.6 5.5 6.3 5.0 4.7 5.9

Hemorrhage, 

other <1 <1 1.0 1.0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1.2 <1 <1 1.0 1.0 1.0 <1 1.1

Pulmonary

infection 4.6 5.4 3.9 5.0 4.3 7.0 4.6 0.0 2.3 2.4 2.1 1.9 2.4 3.5 4.1 2.9 3.1 3.7 8.8 12.5 6.6 7.2 9.3

Septicemia 22.4 19.2 25.3 19.2 24.6 16.4 21.5 0.0 10.0 9.7 10.3 14.8 9.0 21.1 18.9 23.1 21.0 21.8 37.1 34.2 38.8 34.8 38.9

Infection, other

Hyperkalemia 2.5 2.5 2.5 1.0 1.9 1.9 2.8 3.1 3.3 2.8 5.2 2.6 2.2 2.1 2.3 1.2 3.0 2.4 2.2 2.6 1.5 2.8

Malignancy 2.6 2.8 2.4 2.0 3.5 2.3 2.3 0.0 <1 <1 <1 <1 <1 2.5 2.9 2.2 3.1 2.3 4.7 5.9 3.9 5.4 4.4

Withdrawal

from dialysis 29.0 24.3 33.4 21.8 17.3 31.3 34.6 16.4 10.2 10.2 10.0 7.0 10.9 23.4 21.1 25.6 12.4 30.7 57.1 52.5 59.9 29.6 74.4

Suicide <1 1.0 <1 0.0 <1 <1 <1 <1 <1 <1 <1 <1 1.1 <1 <1 1.1 <1 1.0 <1 <1 <1

Accident, not treatment

related <1 <1 <1 0.0 <1 0.0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Unknown cause 17.0 17.0 17.0 16.7 18.3 17.9 16.4 11.0 12.5 8.9 17.5 9.5 16.4 16.0 16.7 14.8 17.5 24.1 26.1 23.0 24.2 24.3

Other 16.4 15.8 16.9 13.7 15.2 13.3 17.1 16.4 10.2 10.4 9.9 14.4 9.4 14.7 14.3 15.0 12.4 16.6 25.4 27.3 24.3 20.2 28.6

Missing data 33.5 33.0 34.0 26.3 26.6 28.5 37.1 16.4 17.3 18.7 15.3 19.2 16.7 32.9 33.7 32.2 23.5 39.7 51.0 53.6 49.5 34.9 62.1

Years at risk 105,376 50,851 54,525 1,970 31,220 2,555 68,693 60 29,789 16,992 12,796 4,566 24,482 46,263 22,738 23,524 16,412 26,924 29,263 11,095 18,167 10,230 17,241

No. of patients 140,153 67,197 72,956 2,724 40,618 3,359 92,193 79 35,801 20,522 15,279 5,719 29,145 61,541 30,105 31,436 20,984 36,693 42,732 16,538 26,194 13,900 26,296

ESRD, end-stage renal disease; NA, Native American; GI, gastrointestinal. Table includes all patients who had reached day 91 of ESRD by the end of the year; the "Other" cause group includes air embolism, vascular access
hemorrhage, viral hepatitis, pancreatitis, and treatment-related accidents, each of which has a rate <1; cells with no data shown are suppressed because they contain <10 patients or have missing values; "0.0" represents a rate <0.1.

Source: Reference 121



LEAD manifests itself by decreased arterial perfusion
to the lower extremities. This decreased perfusion
results in diminution or absence of peripheral pulses
and may lead to intermittent claudication (pain on
walking, relieved promptly by rest), proneness to in-
fection, ulcerations, poor healing of sores and ulcers,
gangrene, and ultimately to amputation. Intermittent
claudication is indicative of clinical occlusive LEAD.
LEAD is associated with increasing age and duration
of diabetes.

Assessment of peripheral vascular disease in diabetes
was addressed by an international workshop in 19921.
Palpation of peripheral pulses has been used as a
clinical tool to assess occlusive LEAD in diabetic and

nondiabetic patients, particularly when intermittent
claudication is present. However, it is sometimes dif-
ficult to interpret the significance of diminished pe-
ripheral pulses when symptoms are not present. Am-
bient temperature, anatomic variation, and expertise
in palpating peripheral pulses may contribute to vari-
ation in the clinical examination. Absence of pulses
remains a significant clinical finding. Absent posterior
tibial, popliteal, or femoral pulses with or without
bruits that persist on repeated examination are clini-
cally significant and indicate significant occlusive
LEAD whether intermittent claudication is present or
not. However, clinical findings such as diminution or
absence of peripheral pulses and presence of bruits are
more meaningful of occlusive disease in the context of
clinical symptoms such as intermittent claudication.
Because of anatomic variation, absence of the dorsalis
pedis pulse alone may not indicate LEAD. The Rose

Chapter 17

Peripheral Vascular Disease 
and Diabetes
P.J. Palumbo, MD, and L. Joseph Melton III, MD

SUMMARY

Lower extremity arterial disease (LEAD) is
clinically identified by intermittent claudica-
tion and/or absence of peripheral pulses in
the lower legs and feet. These clinical mani-

festations reflect decreased arterial perfusion of the
extremity. With the use of doppler technology and
blood pressure measurements of the extremity, LEAD
can be identified noninvasively before clinical mani-
festation. X-ray of the extremities can detect arterial
calcification that is indicative of arterial disease with
or without an occlusive component. Ultrasound with
duplex scanning can also detect occlusive LEAD non-
invasively, while angiography remains the gold stand-
ard for identification and diagnosis of LEAD.

The incidence and prevalence of LEAD increase with
age in both diabetic and nondiabetic subjects and, in
those with diabetes, increase with duration of diabe-
tes. Many elderly diabetic persons have LEAD at the
time of diabetes diagnosis. Diabetes is an important
risk factor for LEAD. Hypertension, smoking, and

hyperlipidemia, which are frequently present in pa-
tients with diabetes, contribute additional risk for
vascular disease. LEAD in diabetes is compounded by
the presence of peripheral neuropathy and by suscep-
tibility to infection. These confounding factors in dia-
betic patients contribute to progression of LEAD to
foot ulcerations, gangrene, and ultimately to amputa-
tion of part of the affected extremity. Diabetes ac-
counts for ~50% of all nontraumatic amputations in
the United States. A secondary amputation within
several years after the first is exceedingly common.

Mortality is increased in patients with LEAD, particu-
larly if foot ulcerations, infection, or gangrene occur.
Three-year survival after an amputation is <50%. Pre-
vention is an important component of LEAD manage-
ment. By the time LEAD becomes clinically manifest,
it may be too late to salvage an extremity, or it may
require more costly resources to improve the circula-
tory health of the extremity.

• • • • • • •
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questionnaire2 for identifying significant LEAD has a
high frequency of false negatives in our experience
and that of others and does not allow assessment of
whether one or both legs are involved. The question-
naire should be revised to correct these deficiencies1.

Measurement of the ankle-brachial index (ABI),
which represents the systolic blood pressure at the
posterior tibial or dorsalis pedal level compared with
brachial blood pressure, can be used to define clini-
cally significant occlusive LEAD. An index of <0.9 is
suggestive of occlusive LEAD, particularly if symp-
toms or clinical findings such as bruits or absent
pulses are present. ABI levels ≤0.8 indicate LEAD
regardless of symptoms. The lower the ABI, the more
significant the occlusion whether symptoms are pre-
sent or not. It is highly unlikely that symptoms would
not be present in patients whose ABI is <0.5. The ABI
may be more sensitive with exercise, and a 5-minute
exercise period with measurement of the ABI post-ex-
ercise may indicate significant occlusive LEAD before
the resting ABI becomes abnormal1,3,4. The post-exer-
cise ABI helps differentiate the etiology of exercise-in-
duced leg pain1.

X-ray of the extremities will identify calcified arteries
that may be associated with high ABI levels, indicating
noncompressible arteries. It is more difficult to iden-
tify occlusive LEAD in these patients because of the
high ABI levels and the continued presence of periph-
eral pulses. Velocimetry with continuous-wave Dop-
pler technique may be able to identify occlusive LEAD
in the presence of noncompressible vessels1. Also, the
toe systolic blood pressure index (TSPI) may be help-
ful in identifying occlusive LEAD in this circum-
stance. Otherwise, the first symptoms of occlusive
LEAD in these patients may be related to gangrene or
ulceration.

Measurement of toe pressures has received a great deal
of attention because of their predictability in defining
individuals at high risk of gangrene, ulceration, and
infection associated with occlusive arterial disease,
even in patients with noncompressible vessels. Re-
duced toe pressures are highly associated with pro-
gression of LEAD to gangrene, ulceration, and the
need for amputation1.

Velocimetry with continous-wave Doppler alluded to
above provides a qualitative measure of occlusive
LEAD, but the ABI and TSPI are the definitive quanti-
tative diagnostic indices for occlusive disease in com-
pressible arteries1.

Ultrasonic duplex scanning adds a new dimension to
assessment of LEAD. This technology is still evolving

and may help localize occlusive disease and determine
appropriate intervention strategies. There is no role
for duplex scanning at this time in screening or estab-
lishing the diagnosis of LEAD. Screening and diagno-
sis of LEAD are best accomplished with measurement
of ABI and TSPI1. Transcutaneous oxygen measure-
ment (Po2) may help assess the healing of ischemic
skin lesions. The measurement is not useful for
screening or diagnosis of LEAD1.

Angiography remains the gold standard for identify-
ing occlusive LEAD and the areas of occlusion in the
arterial system. Patients being considered for amputa-
tion because of occlusive LEAD should have angiog-
raphy performed to determine whether revasculariza-
tion may be effective in salvaging the limb or in low-
ering the level of amputation. 

The prevalence of LEAD is higher in diabetic than
nondiabetic patients in population-based and clinic-
based studies1,3-21. Because of selection in referral,
however, the prevalence of LEAD in patients seen at
secondary and tertiary medical centers is higher than
in diabetic patients in the general community (Table
17.1). Using pulse deficits as the criterion for LEAD,
8% of the Rochester, MN diabetic population diag-
nosed in 1945-69 had LEAD at the time of initial
diagnosis of diabetes. Among the prevalent diabetic
patients on January 1, 1970, 10.5% had LEAD and 3.2
per 1,000 Rochester residents had both diabetes and
LEAD on that date8. Using pulse deficits as the crite-
rion, 9.9% of prevalent diabetic patients in Kristian-
stad, Sweden, had LEAD; the comparable figure for
the nondiabetic population was 2.6%5. In the Kristian-
stad study, when the indicator of moderate or marked
arterial calcification was used, LEAD was detected in
16.4% of patients with diabetes of short duration
(mean duration 1.5 years) and 38.7% of patients with
diabetes of long duration (mean duration 20 years).
The comparable figure for the nondiabetic population
was 12.2%. The prevalence of LEAD in Mexican
Americans in San Antonio, TX is discussed in Chapter 32.

In the physician’s examination of a probability sample
of U.S. adults in the 1976-80 Second National Health
and Nutrition Examination Survey (NHANES II),
pulse deficits were determined. Prevalence of dimin-
ished or absent pulsation of the dorsalis pedis artery
was found in 16.2% of adults with diagnosed diabetes
age 35-54 years and 23.5% of those age 55-74 years
(Table 17.2). These rates were considerably higher
than those for nondiabetic subjects.

PREVALENCE
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Data for LEAD from the 1989-91 National Hospital
Discharge Survey (NHDS) for diabetic and nondia-
betic patients are shown in Table 17.3. The data are
based on diagnoses listed on the hospital discharge
record. The specific criteria for the diagnoses are not
provided. These data therefore have the inherent bias
of what the clinician judged or classified as LEAD. In
addition, the completeness of recording LEAD and
diabetes is unknown. Nevertheless, LEAD occurs
more frequently in diabetic than nondiabetic patients
on the basis of these data. LEAD is listed in ~3% of
diabetic hospitalizations versus 0.6% of nondiabetic
hospitalizations. LEAD is associated with an increased

frequency of hospitalization in males versus females
in patients with and without diabetes.

In the Rochester, MN population-based cohort of dia-
betic patients, the cumulative incidence of LEAD,
measured by pulse deficits, was 21.3 per 1,000 per-
son-years of diabetes for men and 17.6 per 1,000
person-years for women. The actuarially estimated
cumulative incidence of LEAD was 15% at 10 years
after the initial diagnosis of diabetes and 45% after 20
years. If the 8% of patients who already had LEAD at
the time of initial diagnosis of diabetes were included,
the overall cumulative incidence would be higher.
Using a history of intermittent claudication as the
criterion for LEAD, the Framingham, MA study iden-
tified a lower incidence of LEAD in diabetic persons
in that population (12.6 per 1,000 person-years for
men and 8.4 per 1,000 person-years for women)6.
Values for individuals without diabetes in the Fram-
ingham population were 3.3 and 1.1 per 1,000 person-
years for men and women, respectively. Sixteen years
after the diagnosis of diabetes, 18.8% of Framingham
diabetic subjects had developed intermittent claudica-
tion. In both the Rochester and Framingham studies,
incidence of LEAD was higher in men than in women.
Incidence in Framingham of abnormal peripheral ar-
terial findings increased with age in both diabetic and
nondiabetic subjects18. Much of the excess risk associ-
ated with diabetes was found in those age <70 years.

Table 17.1
Prevalence of Lower Extremity Arterial Disease in Diabetic Patients in Population-Based and Clinical Studies

Ref. Type of study Measurement No. % with LEAD

Population-Based Studies

5 Kristianstad, Sweden Pulse deficits 374 9.9

8 Rochester, MN Pulse deficits 724 10.5

17 Randomly selected newly diagnosed Intermittent claudication 70 8.8
diabetic males, Finland Absent foot pulses 70 30.1

Ankle-arm blood pressure ratio <0.9 70 7.3

Clinical Studies
7 UGDP subjects within 1 year of Arterial calcification 997 16.1

diabetes diagnosis Pulse deficits 1,018 13.1
Intermittent claudication 1,011 5.1

9 Diabetic volunteers History, physical exam, physiologic tests 430 28.6

10 Hospital outpatients Doppler ultrasound 623 15.9

11 Diabetic volunteers Physiologic tests 426 30.8

14 Diabetic volunteers Doppler and plethysmography 514 38.9

UGDP, University Group Diabetes Program.

Source: References are listed within the table

Table 17.2
Prevalence of Diminished/Absent Pulsation of 
Dorsalis Pedis Artery, U.S., 1976-80

Diabetes status No. Percent

Age 35-54
Medical history of diabetes 92 16.2
Newly diagnosed diabetes 29 0.0
Nondiabetic 959 8.6

Age 55-74
Medical history of diabetes 425 23.5
Newly diagnosed diabetes 154 16.5
Nondiabetic 1,482 13.7

Medical history of diabetes determined by interview; newly diagnosed diabetes
and nondiabetic determined by 75-g 2-hour oral glucose tolerance test using
World Health Organization criteria; IDDM were excluded based on age <30
years at diagnosis, lack of obesity, and continuous insulin use since diagnosis;
data were collected during a physician’s examination.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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The progression of LEAD was investigated in age- and
sex-matched cohorts of control subjects, subjects with
LEAD without diabetes, and subjects with diabetes
with and without LEAD4. Incidence rates for develop-
ment or progression of LEAD are shown in Table 17.4.
The rates of progression of LEAD in patients with
LEAD at baseline were similar for those with and
without diabetes. It thus appears that diabetic sub-
jects with LEAD do not have a greater progression rate
than nondiabetic subjects with LEAD. Even when

severity of the baseline LEAD was taken into account,
there was no significant difference in progression be-
tween diabetic and nondiabetic subjects with LEAD.

Many patient studies that are not population-based
also indicate the increased frequency of intermittent
claudication, LEAD, foot ulcers, gangrene, and ampu-
tations in diabetic versus nondiabetic subjects. Data
from patients enrolled in the University Group Diabe-
tes Program (UGDP) study of adult-onset diabetes

Table 17.3
Hospital Discharges Listing Diabetes and Lower Extremity Arterial Diseases, U.S., 1989-91

ICD9-CM code, race, and sex

Hospitalizations with diabetes Hospitalizations without diabetes

Average annual
no. (thousands)

% of total DM
discharges

Average annual
no. (thousands)

% of total non-DM
discharges

Diabetic peripheral circulatory diseases, 250.7
Total 81.6 2.8
White 51.7 2.5
Black 15.7 3.5
Other/not stated 14.3 3.2
Male 42.8 3.4
Female 38.8 2.3

Atherosclerosis of the extremity, 440.2
Total 40.4 1.4 80.0 0.25
White 30.3 1.5 58.3 0.27
Black 5.9 1.3 9.9 0.27
Other/not stated 12.5 2.8 11.9 0.19
Male 22.3 1.8 49.7 0.38
Female 18.1 2.0 30.3 0.16

Peripheral vascular disease, 443.89, 443.9
Total 97.3 3.3 188.6 0.59
White 73.4 3.6 144.0 0.66
Black 10.7 2.4 15.8 0.43
Other/not stated 13.2 3.0 28.8 0.45
Male 53.7 4.3 113.9 0.87
Female 43.6 2.6 74.8 0.40

Chronic leg ulcer, 707.1
Total 80.3 2.7 62.0 0.20
White 56.3 2.8 43.3 0.20
Black 11.7 2.6 9.3 0.25
Other/not stated 12.3 2.7 9.4 0.15
Male 41.6 3.3 30.9 0.24
Female 38.7 2.3 31.2 0.17

Gangrene, 785.4
Total 50.9 1.7 65.4 0.21
White 30.2 1.5 44.3 0.20
Black 10.3 2.3 12.0 0.32
Other/not stated 10.5 2.3 9.1 0.14
Male 26.8 2.1 37.5 0.29
Female 24.1 1.4 27.9 0.15

Percent of total refers to the percent of all discharges in the race or sex group. DM, diabetes; non-DM, no diabetes mentioned on the hospital discharge. Total average annual
number of discharges (in thousands) with any diabetes diagnosis in 1989-91 were age <17 years, 40.9; age 18-44 years, 346.8; age 45-64 years, 855.0; age ≥65 years, 1,682.4;
all ages, 2,925.1. ICD9-CM codes used to identify diabetes hospitalizations were 250.00-250.92, 251.3, 357.2, 362.00-362.02, 366.41, 648.00-648.04, and 775.10 as any
diagnosis listed on the hospital discharge record.

Source: 1989-91 National Hospital Discharge Surveys
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indicate a variable risk for LEAD, depending on the
diagnostic criteria employed. By 13 years after the
start of the study in 1961, the actuarially estimated
cumulative incidence of arterial calcification was 61%
among men and 32% among women16. The cumula-
tive incidence of pulse deficits was ~35%, while the
cumulative incidence of intermittent claudication was
>30%. In a separate study using a variety of more
sophisticated physiologic indicators, LEAD was found
in 7% of a group of diabetic patients free of the disor-
der 2 years earlier14.

Age, sex, diabetes, hyperlipidemia, hypertension, and
cigarette smoking are significant risk factors for
LEAD3,11-13,20,22. In patients with diabetes, vascular dis-
ease, ABI, current smoking, and arm systolic blood
pressure were identified as significant independent
risk factors for LEAD20. Surprisingly, serum lipid lev-
els, platelet function measures, platelet factor 4, and
platelet survival were not associated with progression
of LEAD. However, the platelet-derived specific pro-
tein, beta-thromboglobulin, was associated with pro-
gression of vascular disease, suggesting that platelet
activation has a role in disease progression, but the
mechanism(s) of platelet activation was not apparent
from the other platelet studies performed. The study
corroborated the long-standing clinical impressions
that smoking, hypertension, and presence of LEAD
are associated with progression of vascular disease in
diabetes.

The morbidity of LEAD includes intermittent claudi-
cation, foot ulcers, gangrene, and amputation. The

subject of amputations is discussed in Chapter 18.
Foot ulcers and gangrene are frequent comorbid con-
ditions with LEAD and are discussed below. Concur-
rent peripheral neuropathy with impaired sensation
make the foot susceptible to trauma, ulceration, and
infection. 

The progression of LEAD in diabetes is compounded
by such comorbidity as peripheral neuropathy and
insensitivity of the feet and lower extremities to pain
and trauma. With impaired circulation and impaired
sensation, ulceration and infection occur. Progression
to osteomyelitis and gangrene may necessitate ampu-
tation. Revascularization procedures have assisted
with improving perfusion and flow to the lower ex-
tremities but have apparently not decreased the fre-
quency of amputation23,24. Arterial calcification on X-
ray of the extremities identifies a group of individuals
who have developed significant LEAD, but these pa-
tients may or may not have occlusive LEAD. Foot
ulcers or gangrene or both, with or without infection,
may be the initial manifestation of occlusive LEAD in
these patients (see Definition and Assessment section
for techniques to identify such patients at risk of
occlusive LEAD).

DIABETIC FOOT ULCER

Diabetic foot ulcers may occur not only in conjunc-
tion with LEAD but also may be associated with
neuropathy, venous insufficiency (varicose veins),
trauma, and infection. LEAD contributes to these
other conditions in producing or precipitating foot
ulcers. Foot ulcers do not necessarily represent pro-
gression of LEAD, as they may occur in the presence
of adequate clinical peripheral arterial perfusion. Pa-
tient-based studies indicate an increased risk of foot
ulceration in diabetic patients who have peripheral
neuropathy and a high plantar foot pressure25.

The prevalence of a history of ulcers or sores on the
foot or ankles was 15% of all diabetic patients in the
population-based study in southern Wisconsin15. The
prevalence was higher for diabetic individuals diag-
nosed at age <30 years, was slightly higher in men
(16%) than in women (13%), and was greater in insu-
lin-treated diabetic patients (17%) than in patients
not taking insulin (10%). The prevalence increased
with age, especially in diabetic patients diagnosed at
age <30 years.

In patient studies from Europe, prevalence of foot
ulcers in diabetic patients was 3% in those age <50
years26, 7% in those age ≥60 years27, and 14% in those
age ≥80 years28. Prevalence was greater in males than

Table 17.4
Incidence of Lower Extremity Arterial Disease
(LEAD), Rochester, MN

Cohort
No. per 1,000
 person-years

95% confidence
interval

No diabetes, no LEAD 2.6 0.1-14.0
Diabetes, no LEAD 25.1 15.1-35.0
Diabetes, with LEAD 71.7 49.0-98.5
No diabetes, with LEAD 77.4 54.2-100.6

Peripheral occlusive arterial disease was assessed by clinical criteria and non-
invasive testing, including post-exercise ankle/brachial systolic blood pressure
ratio. Diabetes was determined by clinical criteria.

Source: Reference 4
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in females at age ≥70 years28.

Data related to chronic ulcer of the leg from hospital
discharge summaries are shown in Table 17.3. Hospi-
talization for this diagnosis is more frequent in dis-
charges listing diabetes in all ethnic categories com-
pared with nondiabetic discharges. In addition, ulcers
were more frequent in discharges of diabetic males
than diabetic females. Approximately 3% of diabetic
hospitalizations in 1989-91 listed chronic ulcer of the
leg as a diagnosis.

GANGRENE

Gangrene is defined as focal or extensive necrosis of
the skin and underlying tissue. However, this defini-
tion presents difficulties. There are several etiologies
for gangrene, as there are for foot ulcers. One is LEAD
of the large or small vessels, but infection and
neuropathy may also play a role. Gangrene is better
correlated with LEAD than is foot ulcer. The demon-
stration of clinical or subclinical LEAD is essential if
gangrene is to be considered a manifestation of the
progression of LEAD in the individual patient.

In the Rochester, MN population-based study8, the
incidence of new episodes of gangrene in diabetic
residents who were initially free of any LEAD was 4.5
per 1,000 person-years of study. In patients with
LEAD, the incidence of gangrene was much higher,
being 29.6 per 1,000 person-years in men and 37.1 per
1,000 person-years in women. In the Rochester, MN
study, the prevalence of gangrene in diabetic patients
was 0.8%. The prevalence of gangrene is greater in
selected diabetic patient populations than in the gen-
eral community. However, prevalence is not a satisfac-
tory indicator of the importance of gangrene in diabe-
tes, compared with incidence, because of the poor
survival experience of these patients and their conse-
quent loss from the prevalent population.

Risk factors for gangrene have not been adequately
quantified for diabetic patients. They include LEAD,
peripheral neuropathy, infection, trauma, and delayed
healing. Hospitalization data for gangrene in the
1989-91 NHDS are shown in Table 17.3 for discharges
in which diabetes was and was not listed. Approxi-
mately 2% of diabetic discharges listed gangrene ver-
sus 0.2% in nondiabetic patients. Hospitalization for
gangrene was more common in males than females in
both diabetic and nondiabetic discharges. Revascu-
larization procedures such as lower limb endarterec-
tomy (International Classification of Diseases, 9th Revi-
sion (ICD-9) code 381.8) and aorto-iliac-femoral by-
pass (ICD-9 code 392.5) were listed in ~0.3% of dia-

betic hospitalizations versus 0.1% in nondiabetic hos-
pitalizations in the 1989-91 NHDS.

There is increased mortality in patients with LEAD,
particularly in those with progressive disease and fol-
lowing amputation. This mortality is increased both
in population-based studies and in patient-based
studies. In Rochester, MN residents with diabetes and
LEAD, ~14% were alive 13 years after the diagnosis of
diabetes, compared with an expected 42.5% survival
rate in the general community. These rates indicate a
threefold excess death rate for diabetic patients. How-
ever, LEAD per se increases the mortality rate even in
the absence of diabetes. The mortality rate in Fram-
ingham, MA residents with intermittent claudication
without diabetes was 39.4 per 1,000 person-years for
men and 20.4 per 1,000 person-years for women,
which was 1.9 and 2.9 times greater than expected,
respectively29. Similarly, in the UGDP, mortality was
70%-80% greater in diabetic subjects with nonpalpa-
ble peripheral pulses at entry to the study than in
diabetic individuals with palpable pulses16. Medial ar-
tery calcification is an independent risk factor for
cardiovascular mortality in patients with non-insulin-
dependent diabetes mellitus (NIDDM)30.

In the Rochester, MN cohort with diabetes and gan-
grene, survival was poor with only 39% alive after 2
years, which was 45% of the expected survival rate8.
Gangrene was listed on U.S. death certificates in 1950-
67 20 times more often in diabetic than nondiabetic
individuals15. In 1978, 41% of all death certificates in
Louisiana that listed gangrene also listed diabetes15.

LEAD represents a major chronic complication of dia-
betes and a major health care delivery problem for
diabetic patients. Preventive measures at the primary
and secondary prevention levels are essential if mor-
bidity, mortality, and health care costs are to be re-
duced. Primary prevention of LEAD in diabetic pa-
tients consists of control of risk factors including
obesity, hyperglycemia, hyperlipidemia, smoking, and
hypertension. Secondary prevention after LEAD has
been clinically recognized consists of correction of
these risk factors in hope of delaying progression of
LEAD. The Diabetes Control and Complications Trial
(DCCT) showed a beneficial trend of glycemic control
on vascular disease in insulin-dependent diabetes
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mellitus (IDDM), but this trend was not statistically
significant21. Perhaps with longer followup the bene-
ficial effect on vascular disease could be demon-
strated.

Dr. P.J. Palumbo is Endocrinologist and Diabetologist, Mayo
Clinic, Scottsdale, AZ, and Dr. L. Joseph Melton III is Clinical
Epidemiologist, Department of Health Sciences Research,
Mayo Clinic, Rochester, MN.
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Chapter 18

Lower Extremity Foot Ulcers
and Amputations in Diabetes
Gayle E. Reiber, MPH, PhD; Edward J. Boyko, MD, MPH; and Douglas G. Smith, MD

SUMMARY

Lower extremity ulcers and amputations are an
increasing problem among individuals with
diabetes. Data from the 1983-90 National
Hospital Discharge Surveys (NHDS) indicate

that 6% of hospitalizations listing diabetes on the
discharge record also listed a lower extremity ulcer
condition. Chronic ulcers were present in 2.7% of all
hospitalizations that listed diabetes. The average
length of stay (LOS) for diabetes discharges with ulcer
conditions was 59% longer than for diabetes dis-
charges without them. Clinical epidemiologic studies
suggest that foot ulcers precede ~85% of nontraumatic
lower extremity amputations (LEAs) in individuals
with diabetes.

More than half of lower limb amputations in the
United States occur in people with diagnosed diabe-
tes, who represent only 3% of the U.S. population.
NHDS data indicate that there were ~54,000 diabetic
individuals who underwent ≥1 nontraumatic LEAs in
1990. Lower-level amputations (toe, foot, and ankle)
were more common in individuals with diabetes than
without diabetes, while the more disabling above-
knee amputations were performed with greater fre-
quency in nondiabetic individuals. Amputation rates
are greater with increasing age, in males compared
with females, and among members of racial and ethnic
minorities compared with whites.

Data from several states indicated that 9%-20% of
diabetic individuals experienced a new (ipsilateral) or
second leg (contralateral) amputation during a sepa-
rate hospitalization within 12 months after an ampu-
tation. Five years following an initial amputation,

28%-51% of diabetic amputees had undergone a sec-
ond leg amputation. Perioperative mortality among
diabetic amputees averaged 5.8% in 1989-92, accord-
ing to NHDS data. Five-year mortality following am-
putation was 39%-68% in various studies.

Several analytic or experimental studies have demon-
strated the beneficial effect of patient education on
reducing LEAs. A randomized trial showed that pa-
tient self-care contracting and health provider and
system interventions were effective in preventing seri-
ous foot lesions. Several amputation prevention pro-
grams have reported striking pre- and post-interven-
tion differences in amputation frequency after insti-
tuting comprehensive, multidisciplinary foot care
programs.

There are important differences between private in-
surers and Medicare in hospital reimbursement for
foot ulcers and amputations by Diagnosis Related
Group (DRG). Hospital reimbursement by Medicare is
frequently <50% of the amount reimbursed by private
insurers. Data from Colorado indicate that only 13%
of individuals undergoing amputation at age ≥75 years
were discharged to home or self-care, while the re-
mainder of the survivors required skilled and interme-
diate care facilities or other institutions for inpatient
care.

In summary, nontraumatic lower extremity diabetic
ulcers and amputations are an important and costly
problem. Systematic approaches to reducing the bur-
den from this complication are needed.

• • • • • • •
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Many of the estimated 14 million individuals in the
United States with diagnosed and undiagnosed diabe-
tes will experience pathologic changes of their lower
extremities that when combined with minor trauma
and infection may lead to serious foot problems. In
the United States, the full extent of the diabetic foot
problem is unknown, since this heterogeneous pa-
thology is not uniformly defined, classified, or re-
ported. This chapter presents incidence, prevalence,
and risk factor data describing diabetic individuals
who have experienced two major adverse foot out-
comes, lower extremity ulcers and amputations (see
definitions in Appendix 18.11). Also presented is in-
formation on subsequent ipsilateral and contralateral
amputation and ensuing mortality. Foot ulcer and
amputation preventive interventions are addressed,
and the chapter concludes with related economic con-
siderations. 

Data for this chapter are taken primarily from selected
population-based analytic and experimental studies.
Much of the population-based information is from the
NHDS, which samples ~1% of discharges from U.S.
short-stay hospitals2. This survey has certain draw-
backs (see Chapter 27 for a detailed discussion). The
individuals hospitalized are not followed longitudi-
nally because of the sampling strategies employed. It
is estimated that, of all hospitalizations of people with
diabetes, ~40% do not have diabetes listed on the
hospital discharge record3. It is not known which
hospitalizations of diabetic patients are omitted, but it
is likely that amputations are well ascertained. Also, a
substantial proportion of discharges are missing racial
classification; in 1990, race was unknown for 20% of
all NHDS discharges4. Because NHDS samples hospi-
tal discharges and not individual persons, NHDS hos-
pital discharge rates for diabetes-related diseases and
procedures may not necessarily reflect rates per per-
son, that is, persons who are hospitalized more than
once for the same condition may be counted more
than once. Data from NHDS may thus overcount diag-
noses when one person has multiple admissions in a
given year for the same problem. Of probable greater
importance, however, is the undercounting in NHDS
of hospitalizations of people with diabetes3. Diabetes
status may be misclassified based on discharge sum-
mary information, and differential hospitalization
rates by diabetes status may occur for conditions of
interest. Finally, not included in the NHDS are data

from 171 Department of Veterans Affairs (VA) hospi-
tals and from military, private charitable, and several
Indian Health Service hospitals.

A second data source is the National Health Interview
Survey (NHIS), an annual household survey of a prob-
ability sample of the U.S. population. In the 1989
NHIS, a special diabetes supplement was administered
to everyone who indicated they had physician-diag-
nosed diabetes. The supplement asked about diabetes
self-care, physician care, and complications5,6.

Diabetic foot ulcers are common and are estimated to
affect ~15% of all diabetic individuals during their
lifetimes7. The majority of foot ulcers are treated in
outpatient settings, where surveillance is limited.
NHDS data from 1983-90 indicated that 6% of all
hospitalizations that listed diabetes (~162,500 hospi-
talizations per year) also listed one of the lower ex-
tremity ulcer conditions in Table 18.18. Chronic ul-
cers, the most frequently observed condition, were
present in 2.7% of all hospitalizations that listed dia-
betes, and in 46% of all hospitalizations that listed any
ulcer condition8.

In the NHDS data, ulcer rates increased ~50% between
1983 and 1990 (Figure 18.1). The highest rates were
observed in individuals age 45-64 years. A consis-

Table 18.1
Hospital Discharge Abstracts Listing Diabetes and
Conditions Related to Foot Ulcer, U.S., 1983-90

Lower 
extremity
condition

ICD9-CM
codes

Hospital
discharges

listing
diabetes (%)

Distribution
of discharges
listing both
diabetes and

an ulcer
condition (%)

Lower extremity 
  abcess 682.6-682.7 2.3 38.0
Chronic ulcer 707.xx 2.7 46.1
Charcot foot 94.0 <0.1 0.8
Osteomyelitis 730.xx 1.0 17.3
Paronychia 681.1 0.4 7.5
Septic arthritis 711.06-.09 <0.1 0.8
Varicose ulcer 454.x 0.5 8.3
Any of the above 
  conditions 5.9 100.0 

ICD9-CM, International Classification of Diseases, Clinical Modification. Aver-
age annual number of hospitalizations listing diabetes, 2,744,100; average
annual number of hospitalizations listing ulcers, 162,500.

Source: Reference 8, 1983-90 National Hospital Discharge Surveys
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tently higher ulcer rate was found in males than in
females (Figure 18.2), but hospitalization rates for the
ulcer conditions were not widely divergent for white
versus nonwhite patients (Figure 18.3). Figure 18.4
presents average LOS information for hospital dis-
charges that listed diabetes, with and without a listing
of a foot ulcer condition. The average LOS for diabetes
discharges with these conditions was 59% longer than
for diabetes discharges without them. Rates of hospi-
tal discharges listing diabetes and lower extremity
ulcers are shown by U.S. region in Figure 18.5.
Slightly higher rates were found in the Northeast and
slightly lower rates in the West8.

In studies of diabetic outpatients, 6%-43% (depending
on ulcer severity) of patients with diabetic foot ulcers
ultimately have the most severe diabetic foot out-
come, amputation9-12. Of NHDS discharges listing dia-
betes and an amputation, 40% also listed a foot ulcer
condition. This is less than half the frequency re-
ported in two clinical epidemiologic studies that sys-
tematically assessed neuropathy, ulceration, ischemia,
and other factors before amputation. These two stud-
ies found that foot ulcers preceded 84% and 85% of
amputations, respectively13-15. In all likelihood, there
is underreporting of foot ulcer conditions in the
NHDS.
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Figure 18.3
Age-Standardized Proportion of Hospital Discharges
Listing Diabetes that List Lower Extremity Ulcers,
by Race, U.S., 1983-90

Figure 18.2
Age-Standardized Proportion of Hospital Discharges
Listing Diabetes that List Lower Extremity Ulcers,
by Sex, U.S., 1983-90

Figure 18.4
Average Length of Stay for Hospital Discharges 
Listing Diabetes and Lower Extremity Ulcers, 
U.S., 1983-90

Figure 18.1
Proportion of Hospital Discharges Listing Diabetes
that List Lower Extremity Ulcers, by Age, U.S.,
1983-90

Source: Reference 8, National Hospital Discharge Survey

Source: Reference 8, National Hospital Discharge SurveySource: Reference 8, National Hospital Discharge Survey

Source: Reference 8, National Hospital Discharge Survey
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Population-based studies investigating the incidence
and prevalence of lower extremity diabetic foot ulcers
are summarized in Table 18.216-20. In the population-
based Wisconsin Epidemiologic Study of Diabetic Ret-
inopathy (WESDR), the annual incidence of foot ul-
cers was 2.4% in insulin-taking younger-onset dia-
betic patients (diagnosed at age <30 years, primarily
insulin-dependent diabetes mellitus, IDDM) and 2.6%
in older-onset diabetic patients (diagnosed at age ≥30
years, primarily non-insulin-dependent diabetes mel-
litus, NIDDM)16.

In a population-based study of diabetic individuals
age 15-50 years in Umea, Sweden, annual incidence of
foot ulcers was 3% in patients with IDDM. In this
study, foot ulcer prevalence for IDDM, NIDDM, and
nondiabetic patients was 10%, 9%, and 0%, respec-

tively. In addition, higher frequencies of nonulcerative
pathology (hammertoes, callosities, fissures, and dry
feet) were observed in diabetic than in nondiabetic
patients17. In a population-based study in Stockholm,
Sweden, foot ulcer prevalence in diabetic subjects was
4.4%18. In British studies, diabetic foot ulcer incidence
was reported to be 1% and prevalence ranged from
5.3%-7.4%19,20.

In a prospective study of 754 diabetic individuals
followed at the Seattle VA General Internal Medicine
Clinic, an annual foot ulcer incidence of 5.6% was
found in a 3-year follow-up study21. In this clinic
population, 28% of patients reported a history of sores
on their feet and legs and 7% reported a prior LEA22.

Pathophysiologic, behavioral, and education risk fac-
tors have all been associated with development of foot
ulcers. A case-control study of risk factors for foot
ulcers from the Seattle VA clinic identified absence of
Achilles tendon reflexes, foot insensitivity to the 5.07
monofilament, and levels of transcutaneous oxygen
tension (TcP02) <30 mmHg as independent predictors
of foot ulcers; absent vibratory sensation and low
ankle-arm blood pressure index were not associated
with this outcome23. A positive association between
lower extremity neuropathy and history of diabetic
foot lesions was reported in a Florida clinic-based
study of 314 NIDDM subjects when those with past
history of foot ulcers were compared with diabetic
controls24 (Table 18.3). A small study of 35 diabetic
ulcer patients and 35 diabetic controls found a higher

Table 18.2
Foot Ulcer Incidence and Prevalence in Selected Population-Based Studies of Diabetic Patients 

Ref. Population studied Clinical assessment Annual incidence (%) Prevalence (%)

16 Cohort of 1,210 IDDM and 1,780 NIDDM Partial IDDM: 2.4 IDDM: 9.5
patients in southern Wisconsin NIDDM: 2.6 NIDDM: 10.5

17 298 IDDM and 77 NIDDM patients from Yes IDDM: 3 IDDM: 10
Umea County, Sweden, age 15-50 years NIDDM: 9

18 617 patients with unstated type of diabetes No 4.4
from Stockholm County, Sweden

19 811 NIDDM patients from three cities Yes 5.3
in the U.K.

20 212 IDDM and 865 NIDDM patients in Yes 7.4
10 U.K. general medicine practices

In Reference 16, IDDM are those with diabetes onset at age <30 years and taking insulin; NIDDM are those with diabetes onset at age ≥30 years.

Source: References are listed within the table
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Figure 18.5
Age-Standardized Proportion of Hospital Discharges
Listing Diabetes that List Lower Extremity Ulcers,
by Region, U.S., 1983-90

Source:  Reference 8, National Hospital Discharge Survey

RISK FACTORS FOR FOOT ULCERS 
FROM SELECTED ANALYTIC AND 

EXPERIMENTAL STUDIES

412



prevalence of absent ankle jerks, decreased light
touch sensation, and absent peripheral pulses in dia-
betic foot ulcer subjects compared with an equal num-
ber of controls25. These findings were confirmed in a
study of subjects with current or former diabetic foot
ulcers. Also identified as risk factors were longer dia-
betes duration and presence of retinopathy20 (Table
18.3).

The role of autonomic neuropathy in diabetic foot
ulcer etiology was explored in a small study in which
19 diabetic foot ulcer subjects had decreased heart
rate variation with deep breathing, compared with
diabetic controls without foot ulcers26. Similarly di-
minished cardiovascular reflexes (indicating auto-
nomic neuropathy) were reported in diabetic foot ul-
cer cases compared with diabetic controls27. These
cross-sectional data suggest that peripheral
neuropathy, arterial insufficiency, and foot deformity
may all contribute to the development of diabetic foot
ulcer. Since these studies did not collect data prospec-
tively, they cannot establish whether these phenom-
ena temporally preceded foot ulcer occurrence. Pro-
spective research is usually required to ascertain this
association. 

Several prospective studies of risk factors for diabetic
foot ulcers have been completed. The WESDR cohort
study protocol did not include lower extremity meas-
urements but did find that high glycosylated hemo-
globin levels were associated with an increased risk of
foot ulcer in all diabetic subjects16 (Table 18.3). Smok-

ing, presence of retinopathy, older age, longer diabetes
duration, presence of proteinuria, and low diastolic
blood pressure were associated with increased risk of
foot ulcer in the WESDR, depending on whether onset
of diabetes occurred before or after age 30 years16.
These results do not suggest any measures to prevent
specific lower extremity foot ulcers; however, they do
suggest that better glycemic control and, in younger
populations, smoking cessation might decrease foot
ulcer incidence.

In a prospective study of Chippewa Indians, the role
of clinically defined foot deformity and absence of
protective sensation based on monofilament testing
was assessed28. An increased risk of ulceration was
associated with both deformity and diminished sensa-
tion (Table 18.3). A prospective study of inner-city
patients with NIDDM found that neuropathy and
smoking history were significant risk factors for ul-
cers but that high levels of glycated hemoglobin were
of borderline significance29. Another prospective
study found high foot pressure to be positively associ-
ated with diabetic foot ulcer occurrence30 (Table
18.3). Foot pressure was measured using an expensive
and clinically impractical device, the Optical Pedo-
barograph30,31. The authors suggested that a simple
and inexpensive Harris Mat imprint could be substi-
tuted and yield the same information, but they did not
present supporting evidence. Risk factor information
regarding associations between ulcers and low ankle/
arm index and smoking has been inconsis-
tent16,20,23,25,28,32,33 .

Table 18.3
Risk Factors for Foot Ulcers in Diabetic Patients in Selected Analytic and Experimental Studies

Ref. Patient population
Long duration

of diabetes

Neuropathy
(vibration or

pressure)
Low ankle/arm

index
Smoking
history High HbA1c

23 368 clinic patients with IDDM and NIDDM 0 + 0

24 314 clinic patients with NIDDM + + 0

20 212 IDDM and 865 NIDDM patients in 10 
 U.K. general medicine practices + 0 0 0

25 35 ulcer patients with unspecified type of 
 diabetes and 35 controls + 0 0

16 Cohort of 1,210 IDDM and 1,780 NIDDM 
 patients in Wisconsin + (NIDDM) + (IDDM) +

28 358 Chippewa Indians with NIDDM + + +

29 396 clinic patients with NIDDM + + ≈

30, 31 135 clinic/emergency room patients with 
 IDDM and NIDDM + + 0

+, statistically significant association; 0, no statistically significant association; ≈, borderline statistically significant association.  In Reference 16, IDDM are those with
diabetes onset at age <30 years and taking insulin; NIDDM are those with diabetes onset at age ≥30 years.

Source: References are listed within the table
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Amputations are surgical procedures performed for
multiple indications including gangrene, peripheral
arterial occlusion, nonhealing ulcers, severe soft tis-
sue infections, osteomyelitis, trauma, tumors, and de-
formities. Based on NHDS data, there was an annual
average of ~110,000 discharges from U.S. short-stay
hospitals that listed an amputation in 1989-9234. Al-
most all (96%) of these amputations involved a lower
extremity. Of all discharges listing LEAs, ~51% listed
diabetes, even though persons with diabetes represent
only ~3% of the total U.S. population.

The average annual number of LEAs by level of ampu-
tation and whether diabetes was listed on the dis-
charge record, based on the 1989-92 NHDS, is shown
in Table 18.4. These data indicate that lower-level
amputations (toe, foot, and ankle) were more com-
mon in amputation discharges listing diabetes than in
amputation discharges without diabetes (54.8% ver-
sus 29.9%). Above-the-knee amputations, which are
more disabling than lower-level amputations, were
less frequent in amputation discharges that listed dia-
betes than in amputation discharges not listing diabe-
tes (16.0% versus 38.8%)34.

Selected hospital discharge data35-42 are shown in Ta-
ble 18.5. In statewide data, the age-adjusted amputa-
tion rate calculated per estimated diabetic or total
population is ~15-40 times higher for diabetic than for
nondiabetic individuals. The proportion of hospital
discharges listing an amputation that also listed diabe-
tes ranged from 45%-63% (Table 18.5). The highest
amputation rate was found in the Pima Indian cohort,
in which 95% of all amputations were in diabetic
subjects43. Table 18.5 also shows information on am-
putation level and average duration of hospitalization
for these studies.

In the 1989 NHIS, people with and without known
diabetes were asked whether they had ever had an
amputation. Despite the higher mortality of diabetic
amputees, there was a 10-fold higher amputation
prevalence for diabetic versus nondiabetic individuals
age ≥18 years (Table 18.6).

Table 18.4
Average Annual Number and Percent Distribution
of Hospital Discharges Listing Lower Extremity 
Amputations, by Amputation Level and Presence of
Diabetes on the Discharge Record, U.S., 1989-92

Amputation No diabetes Diabetes Total
level No. % No. % No. %

Toe 12,427 24.1 21,671 40.3 34,098 32.3

Foot/ankle 2,967 5.8 7,773 14.5 10,740 10.2

Below knee 11,048 21.4 13,484 25.1 24,527 23.3

Knee disar-

ticulation 778 1.5 704 1.3 1,482 1.4

Above knee 20,028 38.8 8,612 16.0 28,640 27.2

Hip/pelvis 386 0.7 87 0.2 473 0.5

Not specified 3,971 7.7 1,378 2.6 5,349 5.1
Total 51,605 100.0 53,709 100.0 105,309 100.0 

Source: Reference 34, 1989-92 National Hospital Discharge Surveys

Table 18.5
Nontraumatic LEA Findings from Selected Hospital Discharge and Cohort Studies

Age-adjusted number of LEAs
per 10,000 persons per year

Diabetes-specific findings

Ref. LEA
State or group

studied
No

diabetes Diabetes

Diabetes
among LEA
cases (%)

Below-knee 
and above-knee
of total LEA (%)

Mean duration
of hospital
 stay (days)

Hospital Discharge Studies
35 Any Colorado 37 55 45.5 15.4
36 Any Rhode Island 2.5 88 53 57 33
37 Any New Jersey 77 63 56 40
38 Any U.S., six states 2.0 58 45 65 30
39 Any U.S., NHDS 81 51 43 20.6
40 Any Washington 1.0 52 50
41 Any California 1.2 47 55 62 21
42 Any Veterans Administration 50 55

Cohort Studies
43 First Pima Indians 1.3 137 95 16

LEA, lower extremity amputation; NHDS, National Hospital Discharge Survey.

Source: References are listed within the table
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The number of hospital discharges listing an amputa-
tion and diabetes in the NHDS increased 29%, from
36,000 in 1980 to 54,000 in 199039. Although the
annual rates fluctuated between 5.1 and 8.1 per 1,000
diabetic population (estimated from the NHIS), there
was a 29% overall increase between 1980 and 199039.
During this period, the length of hospital stay for
discharges listing both diabetes and an amputation
decreased dramatically, from an average of 35.8 days
to 20.6 days (Figure 18.6). This is likely related to the
advent of the DRG system. Another source of relevant
hospital discharge data comes from the U.S. Depart-
ment of Veterans Affairs. During fiscal years 1986-90,
VA hospitals reported the average annual number of
hospital discharges in which both nontraumatic LEA
procedures and diabetes were listed was 8,997; the
number without diabetes listed was 8,22342. Both
groups averaged 1,300 amputation revisions annu-
ally42. These data are limited in that they reflect hos-
pital discharges rather than individuals; however, they
do suggest the importance of the amputation problem
in VA hospitals. 

AGE

The number of discharges listing diabetes and an am-
putation per 1,000 estimated diabetic population,
based on the NHDS and the NHIS, increases with
advancing age (Figure 18.7). In 1990, the estimated
amputation rate was 1.4 and 2.4 times higher for
individuals age 65-74 years and age ≥75 years, respec-
tively, compared with those age 0-64 years39. 

SEX

Figure 18.8, based on the NHDS and NHIS, indicates
that the estimated amputation rate in diabetic subjects
is higher for males than for females. This is a uniform
finding in most U.S. hospital discharge studies, with
1.4-2.7 times excess risk for males compared with
females38,39. In 1990, the age-adjusted amputation rate
for diabetes, computed from NHDS and NHIS data,
was 61% higher in males than females (10.3 per 1,000
versus 6.4 per 1,000)39. This amputation risk was
more pronounced in younger males. 

RACE/ETHNIC BACKGROUND

Amputation rates based on hospital discharges were
generally higher for blacks than for whites after ad-
justing for age, as shown in the 1980-90 NHDS data
presented in Figure 18.9. For Native Americans living
on the Gila River Indian Reservation, the incidence of

Table 18.6
Amputation Prevalence Reported by Individuals
Age ≥18 Years, U.S., 1989

Age (years) No diabetes (%) Diabetes (%)

18-44 0.17 1.6
45-64 0.36 2.4

≥65 0.61 3.6
Total 0.29 2.8

Sample sizes: no diabetes, n=20,062; diabetes, n=2,390.

Source: 1989 National Health Interview Survey
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Figure 18.6
Average Length of Stay for Hospital Discharges List-
ing Diabetes and Lower Extremity Amputation,
U.S., 1980-90

Source: Reference 39, National Hospital Discharge Survey
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Figure 18.7
Number of Hospital Discharges Listing Diabetes
and Lower Extremity Amputation per 100 Diabetic
Population, by Age, U.S., 1980-90

Source: Reference 39, National Hospital Discharge Survey
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amputations was 24.1 per 1,000 person-years com-
pared with 6.5 per 1,000 person-years for the general
U.S. diabetic population43. A statewide California hos-
pital discharge database was analyzed to determine
the incidence of LEAs and amputation revisions
(ICD9-CM codes 84.1 and 84.3) in diabetic individu-
als in California in 1991. The estimates of age-ad-
justed diabetic amputation rates for all amputation
levels were 44.4 per 10,000 in Hispanics, 56.0 per
10,000 in non-Hispanic whites, and 95.3 per 10,000
in African Americans44. Higher-level amputations
(e.g., above the ankle) were also reported to be per-
formed more frequently in African Americans than in
Hispanics or non-Hispanic whites. In San Antonio,

TX, amputation rates were 66.5 per 10,000 for whites,
120.1 per 10,000 for Mexican Americans, and 181.2
per 10,000 for African Americans. When compared
with LEA rates in nondiabetic subjects of similar eth-
nic status, the relative risks were 26.9, 29.1, and 25.3
for whites, Mexican Americans, and African Ameri-
cans, respectively45. Population-based data used to
determine amputation rates by racial/ethnic group sel-
dom have information that allows investigators to
control for the potentially confounding effects of so-
cioeconomic status and health care factors.

GEOGRAPHIC REGION

Age-adjusted amputation rates by U.S. region are
shown in Figure 18.10. Despite year-to-year variation,
the Northeast tends to have higher rates than the
West39.

PERIPHERAL NEUROPATHY

Several analytic studies have provided evidence for an
association between neuropathy and LEA. Impaired
vibratory perception was a statistically significant risk
factor for amputation after controlling for age, sex,
and diabetes duration in the cohort study of Pima
Indians43 and in the Seattle VA case-control study14

(Table 18.7). In the latter, the significance of this
predisposing condition in terms of population-attrib-
utable risk percent was high because of the higher
prevalence of hypoesthesia among cases (78%) than
among controls (18%). 
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Figure 18.9
Age-Standardized Number of Hospital Discharges
Listing Diabetes and Lower Extremity Amputation
per 100 Diabetic Population, by Race, U.S., 1980-90

Source: Reference 39, National Hospital Discharge Survey
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Figure 18.10
Age/Race-Standardized Number of Hospital 
Discharges Listing Diabetes and Lower Extremity
Amputation per 10,000 Total U.S. Population, by 
Region, 1980-90

Source: Reference 39, National Hospital Discharge Survey
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Figure 18.8
Age-Standardized Number of Hospital Discharges
Listing Diabetes and Lower Extremity Amputation
per 100 Diabetic Population, by Sex, U.S., 1980-90

Source: Reference 39, National Hospital Discharge Survey
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LOWER EXTREMITY ARTERIAL DISEASE

Lower extremity arterial disease has been considered
to be among the most important reasons for amputa-
tion in individuals with and without diabetes. Until
recently, clinicians made little distinction between the
relative adequacy of cutaneous circulation and its re-
lationship with major arterial circulation. The litera-
ture regarding healing of surgical amputation sites
strongly suggests that parameters that reflect princi-
pally arterial perfusion provide different clinical infor-
mation regarding cutaneous circulation than more di-
rect techniques for assessing this compartment7,46-48.
Furthermore, there is evidence that adequate cutane-
ous perfusion depends not only on the underlying
arterial circulation but may be critically influenced by
other factors, including skin integrity, mechanical ef-
fects of repetitive pressure, and presence of tissue
edema49.

Cutaneous circulation (measured using transcutane-
ous oxygen tension, TcPO2), reflects oxygen diffusion
across the skin barrier resulting from tissue equilibra-
tion after capillary delivery and tissue utilization at
the dermis50. TcPO2 values associated with below-
knee amputation healing potential suggest that values
<20 mmHg are associated with poor healing, values of
20-40 mmHg are associated with intermediate healing
potential, and values >40 mmHg are associated with
high likelihood of healing51. The Seattle VA study
showed that average below-knee and dorsal foot
TcPO2 values <20 mmHg, when compared with the
>40 mmHg reference group, yielded an odds ratio of

161 (95% confidence interval (CI) 55-469); for pa-
tients with values of 20-40 mmHg, the odds ratio was
7.5 (95% CI 4.0-14.1)14. This association persisted
after controlling for the potentially confounding ef-
fects of age, race, duration, diabetes type, socioeco-
nomic status, and diabetes severity.

The presence of intermittent claudication, used to
define atherosclerosis obliterans in the Framingham
Study in Massachusetts, was 3.8 and 6.5 times more
common in diabetic than in nondiabetic males and
females, respectively52. Rochester, MN data indicated
that arteriosclerosis obliterans, defined as peripheral
pulse deficits, was present in 8% of subjects at diabe-
tes diagnosis, in 15% after 10 years diabetes duration,
and in 45% after 20 years of clinical diabetes7. In
subjects in the University Group Diabetes Program
(UGDP), intermittent claudication seldom led to am-
putation, although the predicted 13-year cumulative
risk for intermittent claudication was 38% for males
and 24% for females53. The Seattle VA study compared
individuals with Doppler ankle/arm index values
<0.45 with those with values >0.70 (normal range
≥0.90) and found the unadjusted amputation odds to
be 55.8 (95% CI 15-209)14.

The major alterable risk factors implicated in
atherosclerosis development in nondiabetic subjects
are cigarette smoking, lipoprotein abnormalities, and
high blood pressure. These have all been assumed to
be similarly atherogenic in diabetic populations52,54,55.
The prevalence of smoking in the United States is well
described56,57. Smoking prevalence for individuals

Table 18.7 
Risk Factors for Nontraumatic Lower Extremity Amputation in Diabetic Individuals in Analytic and Experimental
Studies

Pathophysiologic factors Self care History

Ref. Study group     
Neuro-
pathy

PVD and/or
cutaneous
circulation

High blood
pressure

Total
cholesterol

High HbA1c
or glucose

History of
smoking

Foot
ulcer

Retino-
pathy

60 Cohort of 875 Oklahoma +(SBP, men) +(women) +(men) 0 + +
Indians with NIDDM +(DBP, women)

16 Cohort of 1,210 IDDM 
and 2,990 NIDDM 
patients in Wisconsin +(DBP, IDDM) + + + +

43 Cohort of 4,399 Pima
Indians with NIDDM + 0 0 + 0 +

14 Case-control study of
38 IDDM and 278
NIDDM in Seattle VA
hospital + + 0 0 + 0 + +

PVD, peripheral vascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; +, statistically significant association; 0, no statistically significant association.
In Reference 16, IDDM are those with diabetes onset at age <30 years and taking insulin, NIDDM are those with diabetes onset at age ≥30 years. 

Source: References are listed within the table
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with diabetes is shown in Chapter 7. No consistent
relationship, either positive or negative, has been re-
ported between smoking and diabetes itself 55. Al-
though many studies, including the Framingham
Study, show a relationship between smoking and coro-
nary heart disease, intermittent claudication, and ar-
teriosclerosis obliterans, direct evidence is more lim-
ited for the effect of smoking on lower leg lesions and
amputation in diabetes52,58. Smoking was a statistically
significant risk factor for amputation in an Indianapo-
lis, IN study29, was of borderline significance in the
WESDR study16, and was not a risk factor in two other
studies14,43 (Table 18.7).

Lipoprotein abnormalities, which include elevated
levels of plasma triglyceride, very low-density lipo-
protein (VLDL) cholesterol, and low-density lipopro-
tein (LDL) cholesterol and decreased levels of high-
density lipoprotein (HDL) cholesterol, may be more
prevalent in diabetic than in nondiabetic individuals.
Lipoprotein abnormalities have been associated with
peripheral vascular disease in diabetic patients59, but
there are few data evaluating direct effects on risk for
amputation. Two analytic studies examined the possi-
ble effect of serum cholesterol level on amputation
risk and reported no statistically significant associa-
tion between increasing levels of total cholesterol and
amputation14,43 (Table 18.7). Total cholesterol was a
significant risk factor for amputation in women in one
study60, and low levels of HDL subfraction 3 were
reported to be a statistically significant risk factor for
amputation in the Seattle, WA study14.

DIABETES TYPE

Diabetes is a heterogeneous disorder, with differing
etiologies, requirements for treatment, and manifesta-
tions in individuals with IDDM and NIDDM61. For
clinical and research purposes, characterizing diabe-
tes by type is important, although precise classifica-
tion may be problematic because of the lack of an
unequivocal marker. Four-year amputation incidence
was 2.2% for both insulin-taking individuals with
diabetes onset at age <30 years (predominantly
IDDM) and individuals with diabetes onset at age ≥30
years (predominantly NIDDM) in the WESDR cohort
study in southern Wisconsin16. In the population-
based Rochester, MN study, amputation risk was
lower for individuals with IDDM than NIDDM (28.3
per 10,000 versus 35.6 per 10,000)62. The Seattle VA
study found the odds ratio comparing individuals
with IDDM to NIDDM was 1.7; however the confi-
dence interval included unity14. Other analytic and
experimental studies with information on diabetes
type included exclusively NIDDM subjects29,43,53. 

GLYCEMIC CONTROL

In the Diabetes Control and Complications Trial
(DCCT), IDDM patients treated with intensive meta-
bolic control had HbA1c values that were substan-
tially lower than the conventional treatment group yet
were not in the nondiabetic range. This lowering was
associated with a reduction in the subsequent devel-
opment of several complications, including clinical
neuropathy63. Although the study was unable to ad-
dress LEA as a major outcome, fewer peripheral vas-
cular events occurred among members of the inten-
sively treated group63.

The relationship between glycemic control and ampu-
tation was addressed by West, who found a twofold
increased risk of leg lesions, including gangrene,
among diabetic individuals with higher blood glucose
levels compared with those with lower blood glucose
levels64. Analytic studies demonstrated statistically
significant increased amputation risk with elevated
fasting plasma glucose, 2-hour postload glucose, or
glycosylated hemoglobin14,16,43,60. In the prospective
WESDR study in southern Wisconsin, there was a
significant and substantial increase in the 10-year in-
cidence of amputation with increasing glycosylated he-
moglobin quartile measured at baseline (Figure 18.11).
The availability of health care should be evaluated as a
potential confounding factor when assessing the rela-
tionship between glycemic control and amputation.
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Figure 18.11
Ten-Year Incidence of Lower Extremity Amputation
by Glycosylated Hemoglobin Quartile in IDDM and
NIDDM

Data are from the Wisconsin Epidemiologic Study of Diabetic Retinopathy;
glycosylated hemoglobin was measured at baseline, and the cohort was fol-
lowed for 10 years with ascertainment of amputation.

Source:  Reference 91
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CLINICAL DURATION OF DIABETES

Diabetes diagnosis usually marks the onset of "clinical
disease"; however, disease processes could have been
ongoing prior to diagnosis, especially for NIDDM.
After adjusting for age and sex, clinical duration of
diabetes remained a statistically significant risk factor
for amputation in several analytic studies16,43. Popula-
tion-based amputation data from Rochester, MN indi-
cated that the risk of LEA following diabetes diagnosis
was 6% at 20 years and 11% at 30 years62.

HEALTH CARE FACTORS AND
HEALTH HISTORY

Visit frequency, provider practices, co-morbidity, and
other discrete measures reflecting parameters of
health care and health history have been found to be
significant protective or risk factors in experimental
and analytic amputation studies65,66. Prior history of
lower extremity ulcers was reported in several stud-
ies14,16,60. A positive history of retinopathy was signifi-
cantly associated with increased amputation risk in
four studies14,16,43,60 (Table 18.7). 

Statewide hospital discharge data for California, Colo-
rado, and New Jersey indicated that 9%-20% of indi-
viduals experienced subsequent amputation(s) on
separate hospitalizations within a year35,37,41. At 12
months post-operation, new (ipsilateral) or second
leg (contralateral) amputations occurred in 9% and
13% of amputees in New Jersey and California, re-
spectively37,41. Table 18.8 reviews reports on new am-
putations in amputees at 1-60 months following their
initial amputation. Although in the United States it is
difficult to monitor information on ulcer and amputa-
tion over time, other countries have registries to facili-
tate this tracking. Information from the Danish Am-
putation Register, which excludes toe amputations,
indicated that 19% of all patients undergoing major
amputation for arteriosclerosis and gangrene had a
new amputation within 6 months. At 48 months fol-
lowing amputation, this had increased only to
23%67,68.

Descriptive studies have reported that ~6%-30% of
amputees will undergo second leg amputations within
1-3 years of their initial amputation68-73. Table 18.9
reports the frequency of second leg amputations
among initial amputation survivors. The Danish reg-

istry reported that at 4 years, 38% of nondiabetic and
52.6% of diabetic amputees had undergone a second
leg amputation. The frequency of second leg amputa-
tions increased from 12% at 1 year to 28%-51% at 5
years68-73. There has been little improvement during
the last two decades in preventing this morbidity.
Even in individuals who have undergone an initial

Table 18.9
Reports from Selected Studies of Second Leg 
(Contralateral) Amputation Among Individuals 
Surviving an Initial Amputation

Ref.

Time 
interval

(months) Population

Second leg
(contralateral)

amputation
(%)

Study
population

with diabetes
(%) 

68 12 Denmark 11.9* 27
72 12 Birmingham, U.K. 12.2 100

72 24 Birmingham, U.K. 15.5 100

68 24 Denmark 17.8* 27

70 24 Los Angeles, CA 28.0 100

69 36 Newcastle, U.K. 6.0 100

72 36 Birmingham, U.K. 22.7 100

68 36 Denmark 27.2* 27

73 36 New York 30.0 100

72 48 Birmingham, U.K. 27.3 100

68 48 Denmark 52.6* 100
72 60 Birmingham, U.K. 28.2 100

70 60 Los Angeles, CA 46.0 100

73 60 New York 51.0 100

*Danish Amputation Register data, excludes toe amputations.

Source: References are listed within the table

Table 18.8
Reports from Selected Studies of New Amputation
(Ipsilateral) Among Individuals Surviving an Initial
Amputation

Ref.

Time
interval

(months) Population

New 
(ipsilateral)
amputation

(%)

Study 
population

with diabetes
(%)

68 1 Denmark 10* 27

74 6 Malmohus Co.,
Sweden

15 100

68 6 Denmark 19* 27

37 12 New Jersey 9 100

41 12 California 13 100

15 12 Lund, Sweden 14 100

69 36 Newcastle, U.K. 13 100

15 36 Lund, Sweden 30 100

67, 68 48 Denmark 23* 27

15 60 Lund, Sweden 49 100

*Danish Amputation Register data, excludes toe amputations.

Source: References are listed within the table
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amputation, the obvious increased risk for subsequent
amputation does not appear to be uniformly translated
into preventive patient and provider care actions. 

Peri-operative diabetic amputation mortality, defined
as death within 30 days following surgery, averaged
5.8% in the United States in 1989-92, according to
NHDS data8. In-hospital mortality has declined in

case-series reports from as high as 50% in the mid-
1930s to 1.5% in the mid-1980s. Mortality in ampu-
tees is not uniform across populations. The 1991
statewide California hospital discharge data indicated
an age-adjusted amputation mortality rate of 5.67% in
blacks, compared with 1.64% in Hispanics and 2.71%
in non-Hispanic whites44.

Table 18.10 outlines the interval between LEA and
mortality in several populations8,37,43,60,68-76 . The range
for 1-year mortality was 11%-41%, 3-year mortality
was 20%-50%, and 5-year mortality was 39%-68%.
Serious co-morbid conditions are common in this
population, and mortality in amputees is often attrib-
uted to cardiac or renal complications60. Higher over-
all mortality rates have also been reported in diabetic
amputees relative to nondiabetic or other diabetic
individuals in studies of Pima Indians in Arizona and
Native Americans in Oklahoma43,60.

Self-reported preventive practices have been linked
with decreased risk of lower extremity complications.
Among diabetic individuals identified in the 1989
NHIS, 22% of all patients stated that they never
checked their feet, but 52% checked their feet at least
daily (Table 18.11). Foot self-exams were reported
more frequently by subjects with IDDM and insulin-
treated NIDDM than by NIDDM subjects not treated
with insulin (Table 18.11). However, there was little
variation by age in the proportion who checked their
feet at least once per day (Table 18.12). The 1989
NHIS also provided information on the frequency of
foot examinations made by health professionals. Table

Table 18.10
Reports from Selected Studies on Mortality
Following Lower Extremity Amputation

Ref.
Time

interval Population

Mortality
following

amputation 
(%)

Study
population

with diabetes
(%)

71 Perioperative Scotland 5.0 26
8 " NHDS, 1989-92 5.8 100

74 " Malmohus Co., 
  Sweden

9.0 40

37 " New Jersey, 
  statewide

10.0 100

69 " Newcastle, U.K. 10.0 100
72 " Birmingham, U.K. 15.1 100
76 12 months Detroit, MI 10.5 100
75 " Lund, Sweden 15.0 100
72 " Birmingham, U.K. 16.3 100
68 " Denmark 18.4* 27
69 " Newcastle, U.K. 40.0 100
74 " Malmohus Co., 

  Sweden
41.0 40

68 24 months Denmark 19.2* 27
72 " Birmingham, U.K. 29.1 100
69 " Newcastle, U.K. 50.0 100
74 " Malmohus Co., 

  Sweden
51.0 40

68 36 months Denmark 20.3* 27
72 " Birmingham, U.K. 34.5 100
73 " New York 35.0 100
75 " Lund, Sweden 38.0 100
60 " Oklahoma Indians 40.2 100
76 " Detroit, MI 50.0 100
68 48 months Denmark 22.5* 27
71 " Scotland 50.0 26
74 " Malmohus Co., 

  Sweden
72.0 40

43 60 months Pima Indians 39.0 100
73 " New York 59.0 100
60 " Oklahoma Indians 59.6 100
76 " Detroit, MI 63.7 100
75 " Lund, Sweden 68.0 100

*Danish Amputation Register data, excludes toe amputations. NHDS, National
Hospital Discharge Survey.

Source: References are listed within the table

Table 18.11
Frequency of Foot Checks in the Past Week 
Performed by Individuals with Diabetes, Age ≥18
Years, U.S., 1989

No. of
times feet
checked
per week

All subjects
with diabetes

(%)
IDDM

(%)

NIDDM,
insulin-
treated

(%)

NIDDM, not
insulin-
treated

(%)

0 22.2 9.2 14.5 28.5
1-2 19.8 18.8 20.1 19.8
3-4 5.2 8.0 5.8 4.5
5-6 0.3 0.0 0.3 0.4
7-8 51.6 62.5 58.3 46.2

≥9 1.0 1.6 1.1 0.7 

Sample size, all diabetic subjects, n=2,261.

Source: 1989 National Health Interview Survey

MORTALITY FOLLOWING AMPUTATION

FOOT ULCER AND AMPUTATION 
PREVENTION STRATEGIES
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18.13 shows that 53% of diabetic patients reported no
foot exam by a health professional within the past 6
months, 27% had one to two exams, 10% had three to
four exams, and 10% received more than four foot
exams in the previous 6 months. The frequency of
having no foot exam was highest in NIDDM patients
not using insulin (59%). Table 18.14 provides infor-
mation on the proportion of diabetic subjects in the
1989 NHIS who reported seeing a podiatrist within
the previous year. Overall, only 17% reported that
they had seen this specialist.

A randomized 12-month trial evaluated the effective-
ness of comprehensive patient, health care provider,
and system interventions on risk factors for amputa-
tion in 352 patients with NIDDM65. Patients were
randomized to a foot-care education group that pro-
vided education, behavioral contracting for foot care,
and telephone and postcard prompts. Physicians as-
signed to intervention patients received practice
guidelines, information on amputation risk factors
and footcare practice, and prompts. Selected findings

from this study suggest that physicians detected ul-
cers in the intervention group more frequently when
an ulcer was present (Table 18.15). Similarly, foot
self-care behaviors were reported more frequently by
intervention than by control patients. Physicians of
intervention patients were more likely to document
lower extremity abnormalities in their patients than
were physicians of control patients65. The interven-
tion group was significantly more likely to report
appropriate foot care behaviors than the control
group. In a prospective randomized study, 203 pa-
tients at the Tucson VA hospital in Arizona were ran-
domized to an education or no education group77. The

Table 18.12
Percent of Diabetic Individuals Who Report 
Checking Their Feet at Least Once per Day, 
Age ≥18 Years, U.S., 1989

Age
(years)

All subjects
with diabetes

(%)
IDDM

(%)

NIDDM,
insulin-

treated (%)

NIDDM,
not insulin-
treated (%)

18-44 53.8 61.0 52.1 49.0
45-64 56.3 85.1 65.9 48.4

 ≥65 48.7 54.8 45.3

All ages 52.5 64.1 59.4 46.9 

Sample size, all diabetic subjects, n=2,261.

Source: 1989 National Health Interview Survey

Table 18.13
Frequency of Foot Checks in the Past 6 Months
Performed by Health Professionals, as Reported by
Individuals with Diabetes, Age ≥18 Years, U.S., 1989

No. of times
health 
professional
checked feet in
past 6 months

All subjects
with diabetes

(%)
IDDM

(%)

NIDDM,
insulin-
treated

(%)

NIDDM,
not insulin-

treated
(%)

0 52.7 51.4 43.5 59.1

1-2 27.3 34.0 29.8 25.0

3-4 10.0 8.9 12.6 8.4

>4 10.0 5.7 14.2 7.5

Sample size, all diabetic subjects, n=2,356.

Source: 1989 National Health Interview Survey

Table 18.14
Percent of Diabetic Individuals Who Report Having
Seen a Podiatrist in the Past Year, Age ≥18 Years,
U.S., 1989

Age
(years)

All subjects
with diabetes

(%)
IDDM

(%)

NIDDM, 
insulin-

treated (%)

NIDDM, not
insulin-

treated (%)

18-44 10.5 6.6 16.1 8.3
45-64 14.7 16.7 18.3 11.8

≥65 21.0 29.0 16.8
All ages 16.9 7.9 22.5 14.0

Sample size, all diabetic subjects, n=2,389.

Source: 1989 National Health Interview Survey

Table 18.15
Selected Findings from a Trial of NIDDM Patients
Randomized to 12-Month Multifaceted Foot-Related
Interventions

Odds ratio

95%
Confidence

interval

Patient outcomes
Serious foot lesions 0.41 0.16-1.00
Dry or cracked skin 0.62 0.39-0.98
Ingrown nails 0.59 0.39-0.92

Self-foot care behaviors
Wash feet 0.51 0.30-0.87
No soaking of feet 0.67 0.45-0.99
Inspect feet 0.23 0.12-0.42
Inspect shoes 0.64 0.40-1.00
Dry between toes 0.27 0.10-0.75

Intervention
(%)

Control 
(%) p-value

Physicians’ documentation
Ulcers present 23.8 11.1 <0.01
Pulse examination 9.2 3.0 <0.01
Dry or cracked skin 8.7 2.0 <0.01
Callus or corn 6.5 1.0 <0.01 

Source: Reference 65
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intervention consisted of a 1-hour class and patient
instructions for foot care. Clinical care for both
groups was identical. After ~1 year of followup, there
was a threefold excess risk for both foot ulcers and
amputations in the group receiving no education. In a
case-control study, a threefold increased amputation
risk was observed in patients who had not received
targeted foot or general outpatient diabetes education
compared with those who had14. Patient education
provided at the time of diabetes diagnosis and in
hospital settings did not show the same benefit as
formal outpatient diabetes education more proximal
in time to amputation14.

Appropriate footwear has the potential to decrease
diabetic foot ulcers in individuals with diabetes and
foot insensitivity11,78. In 1987, Congress mandated a
Medicare demonstration project to determine whether
provision of a shoe benefit to enrollees with severe
diabetic foot disease would be "cost-neutral." This
demonstration project enrolled 4,373 Medicare pa-
tients who applied for therapeutic shoe coverage and
randomized them to extra therapeutic shoe coverage
or standard Medicare coverage. In a sample of 3,428
patients followed for 12 months, overall Medicare
payments were $451 (3.8%) higher for the treatment
than for the control group, and payments specifically
for foot care services were $318 (14.6%) higher for the
treatment than for the control group, notably exceed-
ing the entire allowable $118 shoe benefit. The study
concluded, however, that there was a reasonable
chance that the benefit was cost-neutral, and thus
therapeutic shoes became a covered Medicare benefit
in 199379. 

Over the past two decades, studies focusing on ampu-
tation prevention used pre- and post-program com-
parisons80,81. A multidisciplinary diabetic foot clinic
was established at King’s College in London, England,
and for 3 years the staff provided treatment and foot-
wear to 239 diabetic patients with foot ulcers. Healing
was achieved in 86% of neuropathic ulcers and 72% of
ischemic ulcers. Ulcer recurrence was reported for
26% of patients with special shoes compared with
83% who wore their own shoes. A 50% reduction in
amputation was observed comparing pre- and post-
program amputation frequency11. 

In Memphis, TN, 556 individuals with diabetes were
discharged from central hospital clinical care to an
outpatient clinic close to their residence. After 7 years
of followup, the pre- and post-intervention data sug-
gested that total hospitalization was decreased by 47%
and amputations by 69%. Costs were considerably
lower due to reduced need for hospitalization82. A
diabetes detection and control center, inpatient ward,

outpatient clinics, and professional and patient teach-
ing were implemented at Grady Memorial Hospital in
Atlanta, GA. Amputation frequency decreased almost
50% comparing pre- and post-intervention findings
over several years83. In summary, the preventive and
educational interventions described above suggest
available strategies to reduce development of diabetic
foot ulcers and amputations. 

Although the actual cost of diabetic foot problems in
the United States is not known, several studies pro-
vide helpful information on related utilization and
cost. Foot ulcers are an expensive problem, and, in
fiscal year 1992 under DRG reimbursement code 271
(skin ulcer), Medicare received 23,352 inpatient
claims averaging $10,171 and reimbursed hospitals
on average $4,683 per case, or 46% of this amount
(Table 18.16). Under DRG 271, private insurance pa-
tients were hospitalized nearly 50% longer, and the
average reimbursement was $11,655 to hospitals and
$434 to providers84,85. In one study of the U.S. eco-
nomic costs of NIDDM, it was estimated that in 1986
"chronic skin ulcers" alone accounted for $150 mil-
lion of the estimated $11.6 billion direct NIDDM
costs86. This study did not report costs for peripheral
neuropathy, peripheral vascular disease, or amputa-
tion. 

The discharge status of diabetic individuals who un-
derwent amputation in 1989-91 was monitored in
Colorado35. The percentage of patients discharged to
home or self-care declined from 66% for those age <45
years to 23% for those age ≥75 years. Conversely, as
age increased, an increasing proportion required
transfers from home or self-care to acute, skilled, and
intermediate care facilities and other institutions for
inpatient care35.

The total charges and reimbursements for inpatients
with LEAs are shown in Table 18.17 for private insur-
ance and Medicare patients. These data indicate that
the majority of all amputation claims submitted to
Medicare are for DRG 113. The average hospital reim-
bursement for this DRG by private insurers was
$26,940, compared with the Medicare reimbursement
of $10,969. The average LOS was ~10% longer for
private patients with lower limb amputations (DRG
113) than for Medicare patients, was similar for pri-
vate and Medicare patients with toe and upper limb
amputation (DRG 114), and was 14% shorter for pri-
vate patients with "lower limb endocrinology amputa-
tions" than for Medicare patients84,85. The DRG gen-
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eral rehabilitation code 462 is widely used for all
patients, including those with amputations who re-
quire subsequent hospitalization for physical therapy,
gait training, and assistance to restore activities of
daily living. The LOS is longer and reimbursement is
greater for private insurance patients than for Medi-
care patients. 

Systematic modifications in care of patients present-
ing with limb-threatening ischemia in 1984-90 were

made at the New England Deaconess Hospital in Bos-
ton, MA. Based on the experience of 100 patients in
1984 and 96 patients in 1990, the frequency of dia-
betic amputation decreased from 44% to 7%, the fre-
quency of popliteal and tibial bypass grafts remained
constant, and the frequency of dorsalis pedis bypass
grafts increased. The length of hospitalization de-
creased from 44.1 days for amputees and 34.1 days for
bypass grafts recipients in 1984 to 22 days for both
groups in 1990. The average bypass graft cost was

Table 18.17
Charges and Reimbursements for Inpatients with Lower Extremity Conditions and Rehabilitation, 1992

Private Insurance, 1992 Medicare FY 1992

DRG
code Code description    

Average $
physician
payment

Average
LOS

(days)

Average $
reimbursed

hospital
No. of
bills

Average
LOS

(days)
Average $
charged

Average $
reimbursed

hospital
113 Lower limb amputation 2,436 20.3 26,940 39,287 18.4 23,978 10,969
114 Toe and upper limb amputation 1,215 11.9 12,879 8,119 11.6 13,107 6,003
285 Lower limb endocrinology amputation 1,545 16.1 19,911 6,064 18.4 22,444 11,115
462 Rehabilitation 976 23.9 21,536 197,876 16.0 14,413 7,719

LOS, length of stay; DRG, diagnosis related group. Private insurance excludes patients with Medicare and Medicaid and workers compensation claims.

Source: References 84 and 85

Table 18.16
Charges and Reimbursements for Inpatients with Lower Extremity Conditions, 1992

Private Insurance, 1992 Medicare, FY 1992

DRG
code Code description 

Average $ 
physician 
payment

Average
LOS

(days)

Average $
reimbursed

hospital
No. of 
bills

Average
LOS

(days)
Average $
charged

Average $
reimbursed

hospital
12 Degenerative nervous system 

disorders, including Charcot foot 695 23.4 16,473 52,324 12.0 10,373 5,234

130 PVD, with complications, 
including varicose ulcer 566 7.8 7,406 77,251 7.8 7,781 3,354

131 PVD, without complications, 
including varicose ulcer 353 5.9 5,023 26,178 6.3 5,040 2,162

238 Osteomyelitis 560 9.3 9,162 7,139 13.2 12,651 5,945

263 Skin graft and/or debridement of
ulcer or cellulitis, with
complications 1,705 18.1 17,379 30,835 19.3 21,288 10,942

264 Skin graft and/or debridement of
ulcer or cellulitis, without
complications 1,663 10.2 10,972 3,946 11.1 10,845 4,994

271 Skin ulcers 434 17.8 11,655 23,352 12.0 10,171 4,683

277 Cellulitis, age >17 years, with 
complications, including septic
arthritis 411 6.2 5,677 76,623 8.2 7,612 3,379

278 Cellulitis, age >17 years, without 
complications, including septic
arthritis 271 4.5 3,992 25,514 6.1 4,917 2,143

287 Skin graft, debridement for 
endocrine disorders 1,290 14.4 14,037 6,939 18.4 19,708 9,501

LOS, length of stay; PVD, peripheral vascular disease; DRG, diagnosis related group. Private insurance excludes patients with Medicare and Medicaid and workers
compensation claims. 

Source: References 84 and 85
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$19,808 in 1984 and $15,981 in 1990, while amputa-
tion costs were $20,248 in 1984 and $18,341 in 1990.
The authors concluded that, despite the fact they were
able to improve quality of care, maximize limb sal-
vage, and reduce LOS and overall cost, their Medicare
reimbursement was insufficient and resulted in an
average loss of $7,480 per admission87.

A southern California referral hospital computed
costs for 94 patients undergoing lower extremity by-
pass graft procedures (35% with diabetes) and 53
patients undergoing primary below-the-knee amputa-
tion (56% with diabetes). The average cost (in 1985
dollars) was $23,500 for each subject having bypass
surgery compared with $24,700 for those undergoing
primary amputation, while the LOS averaged 17.6
days and 21.0 days, respectively88. 

Costs in 1984 dollars were reported in a follow-up
study of 106 patients (diabetes status not specified)
treated at a New England medical center for limb-
threatening ischemia89. The average cumulative cost
of care was $40,769 for a lower extremity bypass with
a mean followup of 2.2 years, versus $40,563 for an
amputation with a mean followup of 1.8 years, al-
though subjects undergoing these procedures differed
in severity of lower extremity ischemia. After present-
ing information on charges and costs, the authors
concluded that DRG reimbursement closely approxi-
mated current cost (which equals 73.6% times the
charge), or $19,932 for reconstruction and $19,241
for amputation89. 

The results of prospective research on diabetic foot
ulcers indicate this outcome is related to poor gly-
cemic control and longer diabetes duration. High foot
pressure also appears related to this outcome, al-
though inexpensive clinical means to measure this
phenomenon have not been tested. Neuropathy in the
lower extremities is also associated with the develop-
ment of diabetic foot ulcers. The following important
potential risk factors for diabetic foot ulcer have not
been well studied prospectively: micro- and
macrovascular circulation in the lower extremities,
presence of autonomic neuropathy, foot anatomy and
range of motion, abnormal plantar pressure, skin con-
dition of lower extremities (edema, dry skin), gait
abnormalities, x-ray deformities, self-care factors, and
visual acuity. Examination of these factors is crucial to
enhance understanding of diabetic foot ulcer patho-
physiology and to enable the design of effective pre-
ventive interventions.

The analytic studies on pathophysiologic risk factors
for LEA indicate strong evidence linking this outcome
to lower extremity ischemia and peripheral
neuropathy. Although relative risks are higher for fac-
tors related to ischemia, population-attributable risks
may be higher for neuropathy, due to the high fre-
quency of foot insensitivity in at-risk populations.
Other documented risk factors include elevated gly-
cated hemoglobin levels, history of foot ulcers, and
retinopathy. Associations between diabetic amputation
and smoking, hypertension, and total cholesterol are
not conclusive. Although these factors may be very
important early in the development of atherosclerotic
disease, other risk factors more proximal in time to the
amputation have higher relative risks.

Important standardization is needed in amputation
data collection. Population-based numerator data cur-
rently do not indicate whether the left or right extrem-
ity was involved or whether an amputation is a first-
event amputation, reamputation, new amputation,
second leg amputation, or bilateral amputation.
Greater precision in data collection would enhance
our understanding of the problem in populations and
increase our ability to target interventions to persons
and groups at highest risk.

Additional prospective research is needed to address
factors leading to amputation such as ulcer healing,
management, and recurrence. Population-based re-
search would benefit from modifications in NHDS
sampling strategies to allow tracking of patients in
selected areas over time. In nonrandomized analytic
studies, control of co-morbidity and diabetes severity
is needed to minimize bias. Population-based studies
are needed to address rehabilitation aspects and long-
term quality-of-life issues related to LEAs.

Nontraumatic lower extremity diabetic ulcers and am-
putations are an important and costly problem to
patients, health care systems, and the U.S. govern-
ment. To move toward the U.S. goal of a 40% reduc-
tion in amputations by the year 2000, as outlined in
Healthy People, 200090, coordinated agency, interdisci-
plinary, clinician, and patient efforts are needed to
implement strategies shown to be effective in reduc-
ing the impact of this problem.
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Associate Professor, Department of Medicine, and Dr. Douglas
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at the Seattle Veterans Affairs Medical Center; Drs. Reiber
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APPENDIX

Appendix 18.1
Definitions

Ulcer: A cutaneous erosion characterized by a loss of epithelium that can extend to or through the dermis to involve deeper tissues. Although 
ulcers may result from various etiologic factors, they are characterized by an inability to self-repair in a timely and orderly manner.

Amputation: Removal of the terminal, nonviable portion of an extremity. 

First-event amputation: The first primary amputation in an individual irrespective of side and level. 

Reamputation: Amputation of an extremity with a prior unhealed amputation that involves limb shortening. 

Amputation revision: Modification of an existing amputation not involving important bone shortening, e.g., scar revision or removal of bone spur.

New amputation: Amputation of an extremity with a prior healed amputation (ipsilateral). 

Second leg amputation: Amputation in a patient with prior contralateral leg amputation.

Bilateral amputation: Simultaneous amputation of both lower extremities, irrespective of level.

Source: Amputation definitions are adapted from Reference 1.
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In the 1985 edition of Diabetes in America1, the chap-
ter on diabetes and heart disease noted the lack of
studies based on a standard diagnosis of diabetes, the
failure to distinguish IDDM from NIDDM, and prob-
lems related to the definition of heart disease. Since
then, publications on the relation between diabetes
and heart disease have improved in both quantity and
quality.

One of the most important advances is the availability
of standardized criteria for the definition of diabetes,
promulgated by the U.S. National Diabetes Data
Group2 and the World Health Organization3

(WHO)(Chapter 2). These criteria have permitted

meaningful comparisons of individuals with and
without diabetes and across studies. Screening with
oral glucose tolerance tests (OGTTs) in population-
based studies reduces the serious problems of selec-
tion bias for who is diagnosed in a clinical setting
(e.g., obese adults are more likely to be tested for
diabetes than normal-weight individuals, Chapter 2)
and of Berkson’s bias (e.g., patients seen in clinics or
hospitals may be there because they have another
condition in addition to clinically recognized diabe-
tes). These types of bias pertain particularly to the
epidemiologic study of NIDDM, in which ~50% of
those affected are unrecognized until glucose toler-
ance testing4,5. If only the sickest, most obese, or
otherwise selected diabetic persons are in the study
population, the risk of complications, including heart
disease, may be exaggerated.

Chapter 19

Heart Disease and Diabetes

Deborah L. Wingard, PhD, and Elizabeth Barrett-Connor, MD

SUMMARY

Based on the 1989 U.S. National Health Inter-
view Survey (NHIS), 3% of men and women
age 18-44 years who reported having diabetes
also reported having ischemic heart disease.

This increased to 14% of those age 45-64 years and
20% of those age ≥65 years. The most common cause
of death in adults with diabetes is coronary heart
disease. The only national incidence data for the
United States come from a 9-year follow-up of the
1971-75 First National Health and Nutrition Exami-
nation Survey (NHANES I), in which the age-adjusted
death rate per 1,000 person-years was 28.4 for dia-
betic men and 10.2 for nondiabetic men age 40-77
years at baseline, and 10.5 and 4.1 for diabetic and
nondiabetic women, respectively. The excess risk of
heart disease occurs with both insulin-dependent dia-
betes mellitus (IDDM) and non-insulin-dependent
diabetes mellitus (NIDDM). In contrast to people
without diabetes, heart disease in diabetic individuals
appears earlier in life, affects women almost as often
as men, and is more often fatal. As presented in Chap-

ter 7, adults with diabetes are more likely than those
without diabetes to have hypertension and
dyslipidemia (low levels of high-density lipoprotein,
HDL, and high levels of triglycerides and small dense
low-density lipoprotein, LDL), but some of the in-
creased risk of heart disease associated with diabetes
appears to be independent of these factors. Insulin
and glucose may act as cardiovascular disease risk
factors, but data are inconsistent. The Diabetes Con-
trol and Complications Trial (DCCT) found that im-
proved control of blood glucose levels in young adults
with IDDM reduced their risk of renal and retinal
complications and may have also reduced their excess
risk of heart disease. In contrast, preliminary results
from the Feasibility Trial of the VA Cooperative Study
on Glycemic Control and Complications in Type II
Diabetes found an increased risk of cardiovascular
events in insulin-treated patients with NIDDM. Fur-
ther studies are needed to determine the role of insu-
lin in the risk of cardiovascular disease.

• • • • • • •

METHODOLOGICAL PROBLEMS IN
ASSESSING DIABETES AND HEART DISEASE
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Unfortunately the criteria for ischemic (also called
coronary) heart disease have been less well stand-
ardized and still vary from study to study. Further, the
most definitive diagnostic methods, such as coronary
angiography, are too invasive for population-based
studies. Use of history and clinical records is not
entirely satisfactory because silent myocardial is-
chemia or infarction, based on the electrocardiogram,
is more common in diabetic persons than in nondia-
betic persons6,7. The limitations of death certificates
are well known. For example, among known diabetic
subjects with suspected ischemic heart disease in one
study8, only 41% of death certificates listed diabetes.
In a review of 15 other studies of known diabetic indi-
viduals8, 32%-92% of death certificates listed diabetes.

Clinical studies of patients with diabetes usually have
the advantages of multiple and more invasive diagnos-
tic tests but suffer from the bias that only sympto-
matic patients are selected for such investigations;
these patients may have more severe disease or symp-
toms than the general patient population. Clinic
populations are prone to selection bias, in that dia-
betic clinics attract patients with more severe diabetes
and cardiology clinics attract those with more severe
heart disease.

Prevalence studies suffer from survivor bias by ex-
cluding subjects with diabetes who have already died
due to heart disease. Unless there has been screening

of the population for both heart disease and diabetes,
prevalence studies are also subject to ascertainment
bias because diabetes may be more often sought in
persons with heart disease and vice versa.

U.S. SURVEY ESTIMATES

Based on the 1989 NHIS, the prevalence of self-re-
ported ischemic heart disease, heart and rhythm dis-
orders, and arteriosclerosis in the United States was
higher among adults with self-reported diabetes than
without (Table 19.1). The overall prevalence of heart
disease increased with age, but the differential be-
tween those with and without diabetes was greater
among those age <65 years. Among adults with
NIDDM, self-reported prevalence of angina and other
heart trouble and visits to a cardiologist at age ≥45
years were greater among those using insulin than
those not (Table 19.2). Among diabetic individuals
age 18-44 years, those with IDDM reported less an-
gina and other heart trouble and fewer visits to a
cardiologist than those with NIDDM. Based on the
1989-91 National Hospital Discharge Surveys, men
and women age ≥55 years with a discharge diagnosis

Table 19.1
Percent of Adults Reporting Heart Conditions, by
Diabetes Status and Age, U.S., 1989

18-44 years 45-64 years ≥65 years
% No. % No. % No.

Ischemic heart disease
IDDM 14 4 2
NIDDM 3.9 34 14.8 145 20.2 167
All diabetic persons 2.7 48 14.3 150 20.0 169
All nondiabetic persons 0.2 7,880 4.7 3,454 11.6 2,068

Heart and rhythm disorders
IDDM 14 4 2
NIDDM 1.8 34 7.3 145 7.1 167
All diabetic persons 1.2 48 7.1 150 7.0 169
All nondiabetic persons 1.9 7,880 4.0 3,454 6.6 2,068

Arteriosclerosis
IDDM 14 4 2
NIDDM 6.8 34 7.0 145 7.6 167
All diabetic persons 4.8 48 6.8 150 7.6 169
All nondiabetic persons 0.0 7,880 1.2 3,454 3.6 2,068

IDDM defined as diagnosis at age <30 years and continuous insulin use since
diagnosis and body mass index <27 for men and <25 for women; NIDDM, all
others identified as having physician-diagnosed diabetes.

Source: Harris MI, National Diabetes Data Group, data from a 1/6 subset of the
1989 National Health Interview Survey

Table 19.2
Percent of Adults Reporting Heart Conditions, by
Type of Diabetes, Insulin Use, and Age, U.S., 1989

18-44 years 45-64
years

≥65 years

% No. % No. % No.

Angina
IDDM 1.9 101 19 3
NIDDM using insulin 4.9 116 11.5 406 20.0 386
NIDDM not using insulin 3.8 133 11.1 531 14.8 653
All diabetic persons 3.9 354 11.2 963 16.6 1,044

Other heart trouble
IDDM 10.6 101 19 3
NIDDM using insulin 20.1 115 23.7 410 35.4 386
NIDDM not using insulin 10.9 132 21.1 532 32.3 655
All diabetic persons 14.0 352 21.8 968 33.4 1,046

Cardiologist visit past
 12 months

IDDM 3.6 102 18 3
NIDDM using insulin 13.2 116 25.0 408 32.6 386
NIDDM not using insulin 15.7 132 20.9 536 24.8 670
All diabetic persons 11.2 354 22.3 969 27.6 1,061

IDDM defined as diagnosis at age <30 years and continuous insulin use since
diagnosis and body mass index <27 for men and <25 for women; NIDDM, all
others identified as having physician-diagnosed diabetes (13 diabetic subjects
were unclassified). 

Source: Harris MI, National Diabetes Data Group, data from the 1989 National
Health Interview Survey Diabetes Supplement

PREVALENCE OF HEART DISEASE IN U.S.
DIABETIC VERSUS NONDIABETIC PERSONS
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of diabetes were more likely than those without this
diagnosis to have at least one of all heart disease
diagnoses except cardiac dysrhythmia (Table 19.3).

Based on the 1976-80 NHANES II, the most recent
NHANES for which data are available, the prevalence
of angina by Rose questionnaire was higher among
men and women with than without diabetes, as diag-
nosed by an OGTT (Table 19.4). History of a myocar-
dial infarction as determined by Rose questionnaire
was also higher among men (age 55-74 years) and
women (age 35-74 years) with diabetes than without.
Among diabetic people, the prevalence of angina (age
55-74 years) and history of myocardial infarction (age

35-74 years) was more common among those with
known diabetes compared with those diagnosed at the
visit with an OGTT.

COMMUNITY-BASED PREVALENCE STUDIES

Several recent population-based studies from the
United States have reported the prevalence of coro-
nary heart disease among white, non-Hispanic white,
and Hispanic adults who received a standardized
OGTT6,9,10 (Table 19.5). Those with NIDDM generally
had the greatest prevalence of myocardial infarction,
ischemic ECGs, and coronary heart disease, while

Table 19.3
Prevalence of Heart Disease Diagnoses in U.S. Hospitalizations by Diabetes Diagnosis, Age ≥55 Years, 1989-91

Percent with heart disease diagnosis
Diabetes diagnosis No diabetes diagnosis

Men Women Men Women
Heart disease diagnosis (ICD number) (No.=0.92 million) (No.=1.3 million) (No.=5.2 million) (No.=6.1 million)

Hypertensive heart disease (402) 2.5 4.2 1.5 2.1
Acute myocardial infarction (410) 7.3 5.3 5.7 3.5
Other acute ischemic heart disease (411) 7.2 6.5 5.7 4.4
Old myocardial infarction (412) 5.0 3.5 3.6 1.9
Angina pectoris (413) 4.5 4.9 3.8 3.4
Other chronic ischemic heart disease (414) 27.3 20.9 19.7 13.3
Cardiomyopathy (425) 3.4 2.1 2.3 1.3
Cardiac dysrhythmias (427) 18.1 15.1 19.3 15.5
Heart failure (428) 20.1 20.4 11.8 13.1

Data are weighted to represent all U.S. short-stay hospitalizations; all hospitalizations in which a diabetes or heart disease diagnosis was listed on the discharge summary
are included in the table.

Source: Harris MI, National Diabetes Data Group, data from the National Hospital Discharge Surveys for 1989-91 (with diabetes diagnosis) and 1990 (without diabetes diagnosis)

Table 19.4
Prevalence of Angina and Myocardial Infarction by Oral Glucose Tolerance Status, U.S., 1976-80

35-54 years 55-74 years
Men Women Men Women

% No. % No. % No. % No.

Angina
Diagnosed diabetes 6.7 37 8.6 57 8.6 190 10.3 239
Undiagnosed diabetes 14.1 10 12.4 20 6.7 68 8.1 88
All diabetes 10.0 47 10.5 77 7.6 258 9.1 327
IGT 10.1 49 3.8 75 6.9 172 9.3 182
Normal OGTT 2.3 391 5.3 457 6.4 563 8.0 579

Myocardial infarction
Diagnosed diabetes 6.7 37 11.6 57 16.5 190 14.0 239
Undiagnosed diabetes 0.0 10 5.2 20 4.6 68 9.0 88
All diabetes 3.7 47 8.4 77 10.6 258 11.3 327
IGT 5.9 49 5.6 75 7.3 172 6.3 182
Normal OGTT 7.1 391 4.6 457 7.3 563 5.7 579

Angina and previous myocardial infarction were measured by Rose questionnaire; previously diagnosed diabetes determined by medical history; other categories were ascertained
by World Health Organization criteria applied to the results of 2-hour 75-g oral glucose tolerance tests after exclusion of IDDM; IGT, impaired glucose tolerance; OGTT, oral
glucose tolerance test.

Source: Harris MI, National Diabetes Data Group, data from the 1976-80 National Health and Nutrition Examination Survey
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those with normal glucose tolerance had the lowest
prevalence (Figure 19.1). This was also true in a study
of Japanese-American volunteers who received an
OGTT11,12. In the Rancho Bernardo Study, prevalence
of myocardial infarction was higher among diabetic
persons diagnosed prior to the study than among
those newly diagnosed by OGTT during the study13.
Adults with NIDDM had an increased prevalence of
silent ischemia as well as total ischemia (Table 19.5).
Approximately half of all ischemic ECG abnormalities
were silent. While this proportion is the same in dia-
betic and nondiabetic persons, the prevalence of both
asymptomatic and symptomatic ischemia was in-
creased in adults with NIDDM. Among patients with
IDDM from the Joslin Clinic14, silent ischemia also
accounted for at least half of all coronary artery dis-

ease. The association of glucose intolerance with
coronary heart disease or myocardial infarction by
history or ECG was as great or greater among women
as men (Table 19.5, Figure 19.1).

CLINICAL STUDIES

Congestive Heart Failure

Approximately 1% of the U.S. population overall and
10% of the population age >75 years have congestive
heart failure (CHF), most commonly due to previous
myocardial infarction15. Population-based studies
such as Framingham, MA16 and Rochester, MN17 have
reported an excess of CHF in women with diabetes. In

Table 19.5
Age-Adjusted Prevalence of Coronary Heart Disease Among Adults by Oral Glucose Tolerance Status, 
U.S. Population-Based Studies

Glucose
Tolerance

Myocardial infarction (%) Ischemic ECG (%) Coronary heart
diseased (%)Ref. Population      Race         Sex No. History History or ECGa Totalb Silentc

6 Rancho Bernardo, CA
 (population-based,
 1984-87, age 50-89 years)

White M NIDDM
IGT
Normal

159
237
591

17.1
18.4*
13.2

34.7**
28.2
22.3

20.9*
13.0
12.0

43.1**
38.5
32.0

F NIDDM
IGT
Normal

157
347
732

13.7**
9.5
7.2

30.0**
23.3
19.6

13.7*
12.0

8.8

41.9***
34.3*
28.5

9 San Luis Valley, CO
 (population-based,
 1984-88, age 25-74 years)

Non-Hispanic
White

M NIDDM
IGT
Normal

79
34

307

12.3*
11.6

4.8

26.5*
18.1
12.8

16.7
19.0

9.7

7.7
7.4
4.5

36.9*
37.7
23.1

F NIDDM
IGT
Normal

66
48

345

4.4
1.4
2.0

14.2*
9.5
7.0

25.5*
18.3
15.5

17.8
15.3
11.8

50.6*
40.1*
24.6

Hispanic M NIDDM
IGT
Normal

107
35

214

5.6
8.8
6.7

11.3
18.0
16.3

14.2
13.3
12.5

12.2*
2.4
5.2

29.7
29.1
29.7

F NIDDM
IGT
Normal

177
56

226

2.8
2.5
0.4

12.4
11.6

8.7

18.5
20.9
14.9

13.6
16.7
10.3

44.5*
36.4
32.6

10 San Antonio, TX
 (population-based,
 1979-88, age 25-64 years)

Non-Hispanic
White

M NIDDM
Other

37
790

13.3
4.0

29.9
8.2

F NIDDM
Other

41
995

7.2
1.2

11.7
2.5

Hispanic M NIDDM
Other

154
1,230

12.6
3.1

21.6
5.6

F NIDDM
Other

240
1,654

4.2
1.1

10.7
3.1

11 King County, WA
 (volunteers, 1983-85,
  age 45-74 years)

Japanese-
American

M NIDDM
IGT
Normal

78
72
79

29.5***
23.6

6.3

16.7**
12.5

3.8

41.0***
27.8

8.9

12 King County, WA
 (volunteers, 1986-88, 
  age 45-74 years)

Japanese-
American

F NIDDM
IGT
Normal

52
67
72

36.5*
35.8*
19.4

M, male; F, female; ECG, electrocardiogram; IGT, impaired glucose tolerance.  aHistory or ECG criteria: Rancho Bernardo — Minn. code 1.1; San Luis Valley — history or
ECG Minn. code 1.1-1.2; San Antonio — history or ECG Minn. code 1.1-1.3.  bTotal ischemic ECG criteria: Rancho Bernardo and San Luis Valley — Minn. code 1.1-1.3, 4.1-4.3,
5.1-5.3, 7.1; San Antonio and King County — Minn. code 1.1-1.3, 5.1-5.3, 7.1.  cSilent ECG criteria: ischemic ECG without history of MI, angina, or chest pain.  dCHD criteria:
Rancho Bernardo — possible MI, angina, or ischemic ECG; San Luis Valley — heart attack, angina, or ischemic ECG; King County — MI, bypass, angina, or ischemic ECG.
*p ≤0.05; **p ≤0.01; ***p ≤0.001 compared with normal glucose tolerance group.

Source: References are listed within the table
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the Multicenter Investigation of the Limitation of In-
farct Size (MILIS) Trial18, insulin-treated diabetes was
an independent risk factor for post-infarction CHF,
with a stronger effect in women than in men.

The amount of myocardial necrosis is a major deter-
minant of congestive heart failure and death after an
acute myocardial infarction. Some studies19,20 suggest
the excess CHF in diabetes is caused by a larger
amount of postinfarction myocardial necrosis, com-
pared with nondiabetic persons, but others found an
increase in CHF in diabetic versus nondiabetic pa-
tients despite comparable infarct size21-23. For exam-
ple, in a prospective study of 100 patients with clini-
cally diagnosed diabetes and 426 patients without
diabetes, CHF was found twice as frequently in dia-
betic as nondiabetic patients (31.2% versus 15.7%)
despite smaller infarct size as estimated enzymati-
cally21. In another study using radionuclide angiogra-
phy to study patients with a first acute Q wave ante-
rior myocardial infarction, the 17 noninsulin-treated
diabetic patients had more left ventricular regional
dysfunction of the noninfarcted area at every QRS
score (an index of infarct size) than the 28 nondia-
betic patients23.

The pathogenesis of CHF in diabetes is not well un-
derstood. The studies cited above provide evidence
for a nonatherosclerotic determinant of outcome that
is peculiar to diabetes. It is known that atherosclerotic
arteries respond paradoxically to acetylcholine, com-
promising myocardial perfusion. A comparison was
made of seven control subjects and 11 patients who

had either IDDM or NIDDM and who had normal
coronary arteries and normal left ventricular systolic
function24. In control subjects, acetylcholine caused a
progressive increase in the diameter of epicardial ar-
teries; in all diabetic subjects there was diffuse con-
striction of the coronary arteries. These observations
are compatible with the thesis that nonatherosclerotic
alterations in the coronary circulation in diabetic pa-
tients damage the myocardium. A recent review con-
cluded that there is both pathologic myocardial dam-
age and myocellular dysfunction due to diabetes25.

Cardiomyopathy

In addition to myocardial dysfunction and failure con-
sequent to atherosclerosis, increasing evidence sug-
gests that diabetic individuals have a cardiomyopathy
that is independent of atherosclerosis. Most of these
clinical investigations have been reviewed26,27. Several
lines of research suggest that myocardial dysfunction
occurs in persons reasonably presumed to be without
atherosclerotic heart disease. Echocardiographic stud-
ies in children and adolescents with IDDM28,29 and
exercise testing or radionuclide angiography in young
adults with IDDM30-32 suggest myocardial dysfunction.

Two-dimensional echocardiography and stress perfu-
sion scintiography was used to study 88 well-charac-
terized patients with diabetes and 65 volunteers with-
out diabetes33. Patients with IDDM or NIDDM had
restrictive cardiomyopathy as manifest by mildly re-
duced left ventricular end-diastolic volume and al-
tered left ventricular compliance independent of coro-
nary artery disease. Cardiac function was compared in
125 patients with IDDM and 50 age- and sex-matched
healthy controls34. Echocardiography showed signifi-
cantly increased septal and posterior wall thickness
and abnormalities in diastolic function. Echocardiog-
raphy was used to study 157 young patients who had
IDDM and no cardiac symptoms35. The patients had
more ventricular dysfunction than 54 age- and sex-
matched controls. Among diabetic persons, diastolic
dysfunction was more than twice as common as sys-
tolic dysfunction and occurred earlier (8 versus 18
years after diagnosis of diabetes).

The interpretation that abnormal test results reflect
diabetic cardiomyopathy has been challenged by com-
paring 20 normotensive young adults who had IDDM
for an average of 15 years with 20 age-matched non-
diabetic individuals36. By radionuclide angiography,
all normal subjects had an increased ejection fraction
with exercise, compared with 45% of those with
IDDM. However, when left ventricular systolic per-
formance was assessed by load and rate independent
indices, all subjects had normal baseline ventricular
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Figure 19.1
Age-Adjusted Prevalence of Coronary Heart Disease
in Diabetic and Nondiabetic Adults

Definition of CHD: Rancho Bernardo—possible MI, angina, ischemic ECG; San
Luis Valley—heart attack, angina, ischemic ECG; King County—MI, bypass,
angina, ischemic ECG.

Source: References 6, 9, 11, 12
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contractility, which provides evidence against
cardiomyopathy. Some studies have failed to adjust for
the lower activity levels of people with diabetes.
When 11 boys with IDDM (diabetes of 4.5 years dura-
tion) were compared with 11 nondiabetic boys
matched for age, body size, and physical activity, no
evidence of functional myocardial disease was
found37.

Population-based studies of myocardial function by
diabetic status are rare. Echocardiographic evidence
for cardiomyopathy in nearly 5,000 adult men and
women from the Framingham, MA studies have been
reported38. Their evaluation did not include an OGTT,
and only 69 men and 42 women had diabetes by
Framingham criteria. Nevertheless, women (but not
men) with diabetes had significantly increased left
ventricular wall thickness and mass, independent of
hypertension and other confounders. Subjects with
overt cardiovascular disease were excluded, but myo-
cardial dysfunction secondary to occult infarction re-
mains a possibility for this finding, suggested by the
observation that younger diabetic women had no ap-
parent increase in left ventricular mass.

Other evidence that diabetes increases the risk of
cardiomyopathy comes from the Washington, DC Di-
lated Cardiomyopathy Study39. Cases defined by idi-
opathic ventricular dilatation and hypokinesis were
compared with neighborhood controls. Individuals
who had a history of myocardial infarction or coro-
nary artery stenosis were excluded, and diabetes was
defined as physician-diagnosed with 90% confirma-
tion by hospital record review. Twenty-nine percent of
case patients and 14% of controls had a history of
diabetes. Diabetes was associated with dilated
cardiomyopathy before and after adjusting for covari-
ates (multiply adjusted relative odds 2.6, 95% confi-
dence interval (CI) 1.5-4.3).

AUTOPSY STUDIES

Although the etiology (some would say existence) of
diabetic cardiomyopathy remains unresolved40, sur-
prisingly few autopsy studies have specifically exam-
ined the diabetic heart41-45. In the only recent popula-
tion-based autopsy study, protocol autopsies were
evaluated in 83 diabetic and 159 nondiabetic Japa-
nese-American men from the Honolulu Heart Pro-
gram19. Diabetic individuals had an excess of coronary
atherosclerosis and of acute, healing, or fibrotic myo-
cardial lesions; the latter but not the former associa-
tion was independent of major coronary heart disease
risk factors (Figure 19.2). This suggests that the
atherosclerotic process is mediated by blood pressure,

cholesterol, and smoking, while one or more
nonatherosclerotic processes also account for some of
the excess heart disease in men with diabetes. Unfor-
tunately, in this study the diagnosis of diabetes was
made without study-wide glucose tolerance tests and
the protocol autopsy appears not to have included a
systematic search for microvascular disease.

Autopsy evidence for diabetic cardiomyopathy is
sparse. In one study, hearts obtained at autopsy from
67 patients with diabetes, hypertension, or both were
examined44. Patients with both diabetes and hyperten-
sion had the most microscopic fibrosis, but diabetic
subjects without hypertension had more fibrosis than
patients with hypertension only. It was postulated that
myocardial fibrosis contributed to the diastolic dys-
function observed in patients with IDDM.

Although it is plausible that cardiac microvascular
disease plays a role in the pathogenesis of diabetic
cardiomyopathy, there is little evidence for an excess
of small vessel heart disease in people with diabetes.
In the only recent autopsy study that looked for mi-
crovascular pathology, diabetic subjects who had a
myocardial infarction had more microangiopathy
compared with diabetic subjects without ischemic
heart disease or normoglycemics with myocardial in-
farction45. Microangiopathy was defined by low capil-
lary density. Only 10 diabetic hearts were examined
and no appropriate controls without ischemic heart
disease or diabetes were studied. Recent studies of
endomyocardial biopsies in large numbers of patients
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Figure 19.2
Prevalence of Atherosclerotic and Myocardial 
Lesions in Diabetic and Nondiabetic Men, 1965-84

Data are from the Honolulu Heart Program Autopsy Study; risk factors in-
cluded in adjustment of the prevalence were age, cigarette smoking, choles-
terol, and systolic blood pressure (and body mass index, where indicated);
sample size—diabetic 83, nondiabetic 159.  

Source: Reference 19
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have not confirmed an association between diabetes
and small vessel disease46,47.

Since the 1985 edition of Diabetes in America, only
four occupational/population-based studies have been
published comparing the incidence of heart disease in
adults with and without diabetes in the United
States48-51 (Table 19.6). All found an increased risk of
incident heart disease (fatal and nonfatal combined)
among diabetic individuals. The Nurses’ Health
Study50 also reported a twofold higher risk among
women with IDDM (onset at age <30 years) compared
with women with NIDDM (onset at age ≥30 years).
The age-adjusted relative risks for diabetic versus
nondiabetic women were 12.2 for IDDM and 6.7 for
NIDDM. The higher relative risks for both diabetic
groups in the Nurses’ Health Study may in part reflect
the inclusion of only clinically diagnosed diabetic
persons, who presumably have more severe disease
than unrecognized cases. Alternatively, the Nurses’
Health Study women are relatively young; because
heart disease is uncommon in younger women with-
out diabetes, the relative risk for those with diabetes
could be higher than in studies of older women.

Several occupation/population-based studies have
been published comparing the risk of fatal ischemic
heart disease among diabetic and nondiabetic adults.
Table 19.7 presents summaries of studies in white

adults in the United States50-56. The Wisconsin Study56

relied on physician diagnosis of diabetes and reported
data for NIDDM and IDDM separately. The Rancho
Bernardo Study55 relied on an abnormal fasting plasma
glucose or history of diabetes and included very few
subjects with IDDM. The other five50-54 were based on
self-reported diabetes. In every study, the risk of fatal
ischemic heart disease was significantly greater
among those with diabetes than those without. In
most cases, the increased risk of heart disease mortal-
ity associated with diabetes was greater among
women than men (Figure 19.3).

Table 19.6
Risk of Incident Coronary Heart Disease in Diabetic versus Nondiabetic Adults, U.S. Occupation/Population-Based
Studies

Years
followup

Number Adjusted risk ratio† 
Ref. Population       Type of diabetes Sex Diabetic Nondiabetic Age Multiple

48 Framingham Study
 (population-based,
 1969-79, age 45-84 years)

Unspecified; history
 or casual glucose

2 M
F

1,382
 2,094

2.3
2.9

49 Honolulu Heart Study
 (Japanese Americans,
 1970-72, age 51-72 years)

NIDDM and IGT;
 history or nonfasting
 glucose challenge

18 M 376 2,042 1.7

50 Nurses’ Health Study
 (registered nurses,
 1976, age 30-55 years)

NIDDM; self-report
IDDM; self-report

8
8

F
F

1,483
226

114,694
114,694

6.7*
12.2*

3.1*

51 New Haven, CT
 (population-based,
 1982, age 65+ years)

Unspecified;
 self-report

6 M
F

156
230

994
1,388

1.8
    3.2**

M, male; F, female; IGT, impaired glucose tolerance.  †Framingham, Honolulu, Nurses Health studies — risk of nonfatal myocardial infarction and fatal coronary heart
disease; New Haven — nonfatal and fatal MI; prevalent heart disease at baseline was excluded in all four studies.  *95% confidence interval does not contain 1.0; **p ≤0.01

Source: References are listed within the table

INCIDENCE OF HEART DISEASE IN U.S.
DIABETIC VERSUS NONDIABETIC PERSONS
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Figure 19.3
Multiply Adjusted Risk of Fatal Coronary Heart 
Disease in Diabetic Compared with Nondiabetic
Adults, by Sex

Definition of risk: Alameda–relative risk; Chicago, NHANES, Rancho Ber-
nardo–relative hazard; New Haven–odds ratio.

Source: References 51-55 
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Diabetic individuals who have had a myocardial in-
farction are more likely than nondiabetic people to
experience another infarction or death (Table
19.8)18,57-65. In a series of thrombolytic trials, diabetic
patients had twice the risk of having another in-
farction before they left the hospital57. In Framing-
ham, MA diabetic men had a 40% increased risk of
reinfarction within 2 years of their first infarction,
whereas diabetic women had three times the risk
(p≤0.001) compared with those without diabetes64.

Data from the National Hospital Discharge Surveys60

suggest that in-hospital deaths may be increased only
for diabetic individuals age <55 years (Table 19.8).
While these data also suggest that the increased risk
of in-hospital death among diabetic patients is greater
for men than women (relative risks of 1.8 and 1.4,
respectively), studies of patients with acute myocar-
dial infarction in the MILIS18 suggest the opposite
(relative risks of 1.6 for men and 2.6 for women).
Similarly, among patients who were treated with
thrombolytic agents57, the risk of in-hospital death
was lower for diabetic men than for diabetic women
(relative risks of 3.2 and 3.8, respectively). In Fram-
ingham64, the increased risk of death within 2 years of

a myocardial infarction was also greater for diabetic
women than for diabetic men (relative risks of 2.6 and
1.8, respectively).

The population-based studies summarized in Table
19.8 also indicate that the increased mortality risk
among diabetic persons who experience a myocardial
infarction persists well past hospitalization. In the
Corpus Christi Heart Project63, diabetic persons had
twice the risk of death within 28 days of a myocardial
infarction and a 60% increased risk within 44 months
compared with nondiabetic persons. In the Minnesota
Heart Survey61, adults with diabetes had a 40% in-
creased risk of death within 6 years of a myocardial
infarction, and in the Worcester Heart Attack Study62,
diabetic persons had twice the mortality risk 12 years
later. In the Framingham cohort65, death following a
myocardial infarction was significantly increased for
diabetic individuals from the time of their first hospi-
talization through 30 years of followup.

Few studies have examined determinants of the
poorer prognosis in patients with diabetes. A compari-
son was made of 228 patients admitted to a Boston,
MA intensive care unit with myocardial infarction and
NIDDM and a similar number of nondiabetic patients
with infarction58. The patients with diabetes had an
increased 30-day and 150-day mortality, but they also
were older and had more cardiovascular disease before

Table 19.7
Risk of Fatal Coronary Heart Disease in Diabetic versus Nondiabetic White Adults, U.S. Occupation/Population-Based
Studies

Type of
diabetes

Years
followup

Number Adjusted risk ratio† 

Ref. Population           Sex Diabetic Nondiabetic Age Multiple

52 Alameda County, CA (population-
 based, 1965, age ≥40 years)

Unspecified; self-report 9 M
F

51
70

1,648
1,982 3.5**

1.5
3.1**

53 Chicago, IL (employees, 1967-73,
 age 35-64 years) 

Unspecified; self-report 9 M
F

377
170

10,843
7,860

4.0***
5.9***

3.8***
4.7***

54 NHANES I (population-based,
 1971-75, age 40-77 years)

Unspecified; self-report
 of physician diagnosis

9 M
F

189
218

3,151
3,823

2.3
2.8

2.4††
2.6††

55 Rancho Bernardo, CA (population-
 based, 1972-74, age 40-79 years)

NIDDM; history or
 fasting glucose

14 M
F

207
127

893
1,224

1.8**
3.3***

1.9**
3.3***

50 Nurses’ Health Study (registered
 nurses, 1976, age 30-55 years)

NIDDM; self-report of
 physician diagnosis

8 F 1,483 114,694 6.9††

56 Wisconsin (population-based,
 1980)

NIDDM; physician
 diagnosis

8.5 M
F

797
975

Wisconsin
statistics

2.4††
2.2††

IDDM; physician
 diagnosis

8.5 M
F

626
574

Wisconsin
statistics

9.1††
13.5††

51 New Haven, CT (population-based,
 1982, age ≥65 years)

Unspecified; self-report
 of physician diagnosis

6 M
F

156
230

994
1,388

1.6
4.5**

NHANES, National Health and Nutrition Examination Survey.  †Risk ratio for diabetic versus nondiabetic:  Alameda and Nurses studies—relative risk; Chicago, NHANES
I, Rancho Bernardo—relative hazard; Wisconsin—standardized mortality ratio; New Haven—odds ratio; ischemic heart disease, ICD9 codes 410-414, with prevalent heart
disease at baseline excluded (NHANES I, Nurses’ study) or adjusted (New Haven). *p ≤0.05; **p ≤0.01; ***p ≤0.001; ††95% confidence interval does not contain 1.0

Source: References are listed within the table
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the infarction. The relative risk was greatest among
diabetic patients with the lowest baseline risk (Figure
19.4).

A followup was made of 60 insulin-treated patients
admitted to eight hospitals in Arizona, Missouri, and
New York and 721 nondiabetic patients, all with myo-
cardial infarctions59. Among all subjects, pulmonary
rales, ejection fraction <40%, symptoms before myo-
cardial infarction, and >10 ventricular premature
complexes per hour predicted mortality. Among dia-
betic patients, only pulmonary rales were significantly
associated with 1-year mortality rates. In a followup

of patients hospitalized for their first myocardial in-
farction in Finland, patients with NIDDM had a
poorer prognosis than patients without diabetes; how-
ever, they did not differ in infarct size65b.

The records of 832 consecutive patients in Denmark
who were hospitalized for an acute myocardial in-
farction during a 3-year period were reviewed for
mortality66. Patients with NIDDM were twice as likely
to die within 1 month than nondiabetic patients (42%
versus 20%). Among diabetic patients, those who died
had significantly higher fasting plasma glucose levels
in the 3 years before infarction than those who sur-

Table 19.8
Risk of Reinfarction and Death Following Acute Myocardial Infarction in Diabetic versus Nondiabetic White
Adults, U.S. Studies

Type of
diabetes 

Length of
followup

Sex
(age)

Number Risk ratio‡

Ref. Population         Diabetic Nondiabetic Reinfarction Death     

Clinical Studies

57 Thrombolytic Trials
 (1985-89)

Unspecified;
 physician diagnosis

In hospital
In hospital
In hospital
5 years

M
F
M and F
M and F

110
38

148
131

746
177
923
826

2.0

1.6
2.6
1.8*
increased**

58 Mass. General Hosp.
 (1977-82)

NIDDM; physician
 diagnosis

30 days
30 days
30 days
150 days

M
F
M and F
M and F

122
106
228
228

142
54

196
196

2.1
1.0
1.6*
1.6**

59 8 hospitals in MPIP
 (1979-80)

Insulin-treated 36 months M and F 60 721 3.1***

18 5 hospitals in MILIS
 study (1978-83)

Unspecified; history
 or diagnosis

In hospital
In hospital
In hospital
4 years
4 years
4 years

M
F
M and F
M
F
M and F

52
33
85
49
30
79

330
85

415
324

83
407

3.2
3.8
3.7**
1.0
2.5**
1.8**

Population-Based Studies

60 National Hospital
 Discharge Survey
 (1979-87)

Unspecified;
 physician diagnosis

In hospital
In hospital
In hospital
In hospital

M (35-54)
F (35-54)
M (≥55)
F (≥55)

(from >500 hospitals) 1.8††
1.4
1.0
1.0

61 Minneapolis-St. Paul,
 MN (1970, 1980, 1985)

Unspecified;
 physician diagnosis

In hospital
6 years

M and F
M and F

384
155

2,196
294

1.5**
1.4**

62 Worcester, MA (1975,
 1978, 1981, 1984, 
 1986)

Unspecified;
 physician diagnosis

In hospital
In hospital
In hospital
12 years
12 years
12 years

M
F
M and F
M
F
M and F

467
476
943
379
353
732

2,060
1,100
3,160
1,751

846
2,597

1.2
1.2*
1.4††
1.6††
1.6††
2.0††

63 Corpus Christi, TX
 (1988-90)

Unspecified; history
 or diagnosis

28 days
44 months

M and F
M and F

523
523

676
676

2.0***
1.6***

64 Framingham, MA
 (1948-81)

Unspecified; history
 or casual glucose

2 years
2 years

M
F

55
37

359
158

1.4
3.1***

1.8**
2.6**

65 Framingham, MA
 (1948-80)

Unspecified; history
 or casual glucose

30 years
30 years

M and F
M and F

50
33

294
242 2.0††

2.6††

M, males; F, females; MILIS, Multicenter Investigation of the Limitation of Infarct Size; MPIP, Multicenter Postinfarction Program. ‡Risk ratio for diabetic versus nondiabetic:
relative risk—Thrombolytic, Mass. Gen., MPIP, MILIS, NHDS, Worcester; odds ratio—Minneapolis, Framingham; relative hazard—MILIS, NHDS, Minneapolis, Worcester,
Corpus Christi; Kaplan-Meier curves—Thrombolytic, MPIP, MILIS, Corpus Christi; data in Minneapolis, Worcester, Corpus Christi, Framingham are adjusted for age and
selected covariates. *p ≤0.05, **p ≤0.01, ***p ≤0.001; ††95% confidence interval does not contain 1.0.

Source: References are listed within the table
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vived (178 versus 143 mg/dl, p<0.05). Glucose levels
were similar in those who were treated with oral
agents or insulin, but the latter group was less likely
to die (p<0.02).

In contrast, studies in England67 and Malta68 found
that prognosis was unrelated to glycemic control. In
the case-control study from Malta, the 196 patients
with NIDDM and a myocardial infarction had higher
mortality, less reperfusion, and more pump failure and
cardiogenic shock than the 196 nondiabetic patients

with infarctions68. Absent heart rate variability, pre-
sumably related to autonomic neuropathy, was predic-
tive of both mortality and left ventricular failure.
These observations are reminiscent of studies that
found that 91% of patients with long-standing IDDM
had cardiac autonomic neuropathy; left ventricular
function was depressed in 59% of IDDM patients with
neuropathy and only 8% of those without69.

AGE AND DURATION OF DIABETES

The risk of coronary heart disease increases with age
in persons with or without diabetes, but diabetes ap-
pears to accelerate the process. Nevertheless, coro-
nary heart disease is uncommon before age 30 years in
patients with IDDM, even when diabetes began in
childhood14,70. Data from the Pittsburgh Epidemiology
of Diabetes Complications Study71 show an associa-
tion between fatal cardiovascular disease and the du-
ration of IDDM (Figure 19.5), suggesting either that
diabetes accentuates atherosclerosis only in the pres-
ence of existing coronary artery disease or that a
minimum duration of exposure to diabetes is required
to cause cardiovascular disease. The onset of NIDDM
is less obvious than IDDM, and it has been difficult to
distinguish between an effect of age and an effect of
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Figure 19.4
Death Rate Within 30 Days After Admission for
Acute Myocardial Infarction

Figure 19.5
Causes of Death in IDDM Patients by Duration of
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Figure 19.6
Relative Risk of Combined Nonfatal Myocardial 
Infarction and Fatal Coronary Heart Disease in 
Diabetic versus Nondiabetic Women, by Duration of
Diabetes

Data are from the Pittsburgh Epidemiology of Diabetes Complications Study.

Source: Reference 71
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duration of diabetes on heart disease risk. However, in
the Nurses’ Health Study50, a longer duration of clini-
cally recognized maturity onset diabetes in women
was found to be associated with an increased risk of
coronary heart disease, even after age adjustment
(Figure 19.6).

GLUCOSE CONTROL

While some studies have found a significant associa-
tion between glucose levels and the prevalence72 or
incidence73, 73b of heart disease, others have not11,48,71,

74,75. Some of this variation may reflect population
differences in age or duration of diabetes and adjust-
ment for these factors. Even within a single cohort73,74,
different associations emerge depending on the gen-
der of the subsample and the covariates included in
multivariate models. The Pittsburgh Epidemiology of
Diabetes Complications Study has examined the asso-
ciation between glucose levels and heart disease in
individuals with IDDM71. Glycemic control, as meas-
ured by glycosylated hemoglobin, was not associated
with 4-year incidence of coronary heart disease, after
adjustment for either age or duration of diabetes. A
Finnish study examined the association of glycosy-
lated hemoglobin and heart disease in individuals
with NIDDM73b. After adjustment for duration of dia-
betes, glycemic control was significantly associated
with 3.5-year coronary heart disease mortality but not
with incidence. It is very difficult to separate the effect
of glycemic control from age and duration of diabetes.

SEX

Diabetes is the only condition that causes women to
have heart disease rates similar to those of men. The
reason for this effect is uncertain. It is unlikely that it
reflects differential loss of men with coronary heart
disease through excess mortality. In the Rancho Ber-
nardo Study55, diabetic women had ischemic heart
disease mortality rates similar to both nondiabetic and
diabetic men, while nondiabetic women had a clear
longevity advantage (Figure 19.7). In addition, case-
fatality rates following a myocardial infarction are as
great or greater for diabetic women relative to nondi-
abetic women as for diabetic men (Table 19.8). The
increased heart disease risk of diabetic women could
be mediated in part by the loss of women’s usually
favorable lipoprotein profile in the presence of diabe-
tes76 (see Chapter 7).

HEART DISEASE RISK FACTORS

As noted in Chapter 7, adults with diabetes are more
likely than those without diabetes to have heart dis-
ease risk factors, especially high blood pressure, low
levels of HDL cholesterol, and high levels of
triglycerides77. However some of the increased risk of
heart disease associated with diabetes appears to be
independent of these factors. As shown in Tables 19.6
and 19.7, the incidence of heart disease is significantly
increased among diabetic individuals in five occupa-
tional/population-based studies after adjustment for
major heart disease risk factors50,51,53-55. In the Multiple
Risk Factor Intervention Trial (MRFIT)78, men with
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diabetes had a fivefold increased risk of cardiovascular
mortality over a 12-year period compared with men
without diabetes, even in the absence of high blood
pressure, hypercholesterolemia, and cigarette smok-
ing (Figure 19.8). Diabetes was also associated with
an increased risk of cardiovascular death in the presence
of any one, two, or all three of these heart disease risk
factors (relative risks of 4.8, 4.0, and 2.6, respectively).

MICROALBUMINURIA

In 1984, two groups79,80 reported an excess mortality
in prospectively studied patients with NIDDM who
also had microalbuminuria. Although neither study
reported cause-specific mortality, 50% and 88% of
deaths, respectively, were attributed to cardiovascular
disease. There are now at least six publications79-84, all
from the United Kingdom or Denmark, describing an
increased risk of death from all causes combined in
patients who have NIDDM and microalbuminuria
(Table 19.9). Only one of these studies, a population-
based study from Oxford, England, separately exam-
ined coronary heart disease mortality: a significantly
increased risk of death from all causes and from coro-
nary heart disease was found for men and women who
had microalbuminuria84.

Most information on the relation of microalbuminuria
to coronary heart disease in patients with diabetes
comes from cross-sectional studies (Table 19.10)82,84-87.

In three of five studies, microalbuminuria was signifi-
cantly associated with prevalent coronary heart dis-
ease based on history or electrocardiogram. The other
two studies resulted in statistically nonsignificant re-
sults. One found a nearly twofold risk of coronary
heart disease in a small sample86; in the other, preva-
lent ischemic heart disease was not associated with
increasing gradients of proteinuria84.

It is uncertain whether the microalbuminuria-coro-
nary heart disease association is independent of an
association between microalbuminuria and blood
pressure, lipids, or lipoproteins. Microalbuminuria in
adults with NIDDM from the San Antonio Heart Study
was associated with higher blood pressure but not
with a more atherogenic lipid or lipoprotein pattern88.
In contrast, investigators from Finland found that
NIDDM patients with microalbuminuria had higher
LDL and very low-density lipoprotein (VLDL) choles-
terol levels and lower HDL cholesterol levels com-
pared with nondiabetic subjects but no differences in
blood pressure89. These divergent results are unex-
plained.

Microalbuminuria occurs in older adults without dia-
betes, in whom it predicts an increased risk of vascu-
lar disease83,90. Studies in nondiabetic individuals sug-
gest that microalbuminuria may be a marker for heart
disease rather than a risk factor. For example, von
Willebrand factor antigen, a marker for damaged vas-
cular endothelium, was present in higher amounts in

Table 19.9
Prospective Association of Microalbuminuria and Mortality in Adults with NIDDM, International Studies

Ref. Population
Ascertainment

of diabetes
Years

followup Sex No.
Microalbuminuria

(µg/ml)
Mortality

end points
Mortality

risk†

Clinical Studies

79 London, England
 (1966-67, age 33-60 years)

Physician diagnosis 14 M and F 44 ≥31
(versus ≤30)

All cause
(88% CVD)

3.3**

80 Denmark
 (1973, age 50-75 years)

Physician diagnosis 9.5 M and F 76 30-140
(versus <15)

All cause
(50% CVD)

1.8

81 Denmark
 (1973, age 50-75 years)

Physician  diagnosis 10 M and F 503 41-200
(versus ≤15)

All cause
(58% CVD)

2.3***

82 London, England
 (1985-87, age 31-64 years)

Physician  diagnosis 3.4 M and F 141 20-200
(versus  <20)

All cause
(57% CVD)

4.1*

Population-Based Studies

83 Fredericia, Denmark
 (1981-82, age 60-74 years)

Self-report and
 physician diagnosis
 or fasting glucose

8-9 M and F 211 Continuous All cause coef=0.333***

84 Oxford, England
 (1982, age 28-89 years)

Self-report and
 physician diagnosis
 or fasting glucose

6 M and F 246 40-200
(versus ≤15)

CHD
All cause
(41% CVD)

Increased
2.2††

M, males; F, females; CVD, cardiovascular disease; CHD, coronary heart disease; NIDDM, noninsulin-dependent diabetes mellitus †Mortality risk: Denmark, (Reference
80)—univariate relative risk; adjusted relative hazard—all other studies *p<0.05, **p<0.01, ***p<0.001, ††95% confidence interval does not include 1.0.

Source: References are listed within the table
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nondiabetic hypertensive men who had microalbu-
minuria compared with nondiabetic hypertensive
men without microalbuminuria91.

ENDOGENOUS INSULIN

Hyperinsulinemia or insulin resistance has been the
leading candidate for the risk factor that explains the
excess risk of cardiovascular disease in patients with
diabetes92. This hypothesis is compatible with studies
showing that insulin covaries with dyslipidemia and
central obesity, and in some populations, with hyper-
tension. Because hyperinsulinemia (or insulin resis-
tance) precedes the onset of diabetes93, its role as a
cardiovascular disease risk factor is also compatible
with the observation that cardiovascular disease risk
factors often precede the onset of clinically manifest
diabetes94-96.

All three prospective population-based studies of in-
sulin and cardiovascular disease presented in the 1985
edition of Diabetes in America found insulin to be an
independent predictor of coronary heart disease or
cardiovascular disease in men97-99. However, in the
only study that included women97, no association was
found. Since that time, two more cross-sectional
population-based studies100,101 and nine more prospec-
tive studies102-109, including extended followup of the
original cohorts, have been reported. Both cross-sec-
tional studies and three of the prospective studies

included women. These new data have not consis-
tently confirmed the association of hyperinsulinemia
and heart disease in men, and none have found an
association in women.

The two cross-sectional studies yield different results.
Postchallenge hyperinsulinemia was associated with
cardiovascular disease in men but not women in a
study of 1,263 adults age 40-70 years chosen as a
representative sample of an Israeli cohort100. In con-
trast, among a representative sample of 1,069 men and
women age 65-74 years from Kuopio, Eastern Fin-
land, 2-hour postchallenge insulin was associated
with known previous myocardial infarction in women
but not men101. No association of fasting insulin with
previous myocardial infarction was found.

The prospective studies of insulin levels and cardio-
vascular disease or coronary heart disease in nondia-
betic subjects are shown in Table 19.11. In Finland, 1-
and 2-hour insulin levels, but not fasting insulin, were
associated with coronary heart disease in men at 5 and
9.5 years followup98,103, while in South Wales, fasting
insulin was associated with coronary heart disease in
men at 5 years followup104b. In contrast, the Paris
Prospective Study found that fasting but not 2-hour
insulin predicted coronary heart disease in men at 5
years, while the reverse was true for the 15-year fol-
lowup99,104. In Busselton, Australia, post-challenge in-
sulin levels were associated with cardiovascular dis-
ease in men age 60-69 years after 12 but not after 13

Table 19.10
Cross-Sectional Association of Microalbuminuria and Heart Disease in Adults with NIDDM, International Studies

Ref. Population        
Ascertainment            

of NIDDM              Sex     No.
Microalbuminuria

(µg/ml)
Heart disease

endpoints       Association

Clinical Studies

85 London, England
 (1985-87, age 35-64 years)

Physician diagnosis M
F

78
52

continuous
up to 200

Angina, MI,
 abnormal ECG

p=0.007 (positive)
p=0.008 (positive)

82 London, England
 (1985-87, age 31-64 years)

Physician diagnosis M
F

82
59

20-200 Angina, MI,
 abnormal ECG

p<0.05*(positive)
p<0.01*(positive)

86 Edinburgh, Scotland
 (1987?, adults)

New NIDDM,
 physician diagnosis

M and F 149 >30 estimated
(ACR>2.5
g/mol)

Angina, MI,
 abnormal ECG

ns

Population-Based Studies

87 UKPDS
 (1982-87, age 25-65 years)

New NIDDM,
 physician diagnosis

M and F 2,337† continuous Abnormal ECG,
 history of MI

p<0.001*(positive)
ns*

ACR>2.5 g/mol Abnormal ECG, 
 history of  MI

p<0.01 (positive)
ns

84 Oxford, England
 (1982, age 28-89 years)

Known NIDDM, self-report
 and physician diagnosis
 or fasting plasma glucose

M and F 246 40-200 Angina, MI,
 CHD mortality
  (ICD 410-414)

ns*

ACR, albumin/creatinine ratio; ECG, electrocardiogram; CHD, coronary heart disease; MI, myocardial infarction; UKPDS, United Kingdom Prospective Diabetes Study; ns,
not statistically significant. *Univariate. †Subjects excluded were those with MI during past year, current angina or heart failure, more than one major vascular episode,
serum creatinine >175 µmol/l, severe retinopathy, malignant hypertension.

Source: References  are listed within the table

441



years of followup97,102. No association was found in
women at either followup.

All five of the more recent studies shown in Table
19.11 found no association between high insulin lev-
els and increased coronary heart disease risk. This was
true in men from Gothenberg, Sweden105, in men from
the MRFIT107, and in two studies that presented data
on men and women combined: the study of Pima
Indians106 and the San Luis Valley Study108. The Ran-
cho Bernardo Study109 found no association between
insulin levels and cardiovascular disease in women
and a negative association between post-challenge in-
sulin levels and cardiovascular disease in men (a high
insulin was "protective").

Some of these differences among studies may reflect
ethnic or geographic variations. Thus far, significant
differences have been found only in Caucasian popu-

lations, with the strongest and most consistent asso-
ciation in the Helsinki Study98,103. In the MRFIT, hy-
perinsulinemia was a risk factor only in men with apo
E 3/2 phenotype, rather than the more usual apo E 3/3
phenotype107. The Finnish population is at high risk
for cardiovascular disease and dyslipidemia, perhaps
reflecting a different distribution of apo E phenotypes.

Some of the variation in Table 19.11 may reflect which
diabetic individuals were excluded. Only three studies
excluded all diabetic persons defined by current WHO
criteria106,108 ,109 ; none of these found a positive asso-
ciation between insulin and heart disease. While some
of the other studies adjusted for hypertension, which
is more common among individuals with diabe-
tes98,99,103,104 , they did not adjust for differences in the
use of antihypertensive medications that are associ-
ated with higher insulin levels110-112.

Table 19.11
Prospective Association of Endogenous Insulin and Heart Disease in Nondiabetic Adults, International Studies

Ref. Population
Diabetics
excluded†

Years
followup Sex No.  

End           
Points           

Multivariate association of
insulin with heart disease

97 Busselton, Australia
 (1966, age ≥21 years)

?
?

12
12

M
F

1,634
1,697

CHD/CVD
CHD/CVD

1-hour
1-hour

p<0.05/.01 (positive)
ns/ns

102 Busselton, Australia
 (1966, age 40-74 years)

?
?

13
13

M
F

840
724

CHD/CVD
CHD/CVD

1-hour
1-hour

ns/ns
ns/ns

98 Helsinki, Finland
 (1971-72, age 35-64 years)

known 5 M 1,042 MI/CHD Fasting
1-hour
2-hour

ns
p<0.01/ns* (positive)
p<0.01/.01 (positive)

103 Helsinki, Finland
 (1971-72, age 35-64 years)

known 9.5 M 982 MI and CHD Fasting
1-hour
2-hour

ns
p<0.05 (positive)
p<0.01 (positive)

99 Paris, France
 (1968-73, age 43-54 years)

known 5 M 7,246 MI and CHD Fasting
2-hour

p<0.01 (positive)
ns

104 Paris, France
 (1968-73, age 43-54 years)

insulin-
 treated

15 M 7,028 CHD Fasting
2-hour

ns
p<0.01** (positive)

104b Caerphilly, South Wales
 (1979-83, age 45-59 years)

known and
 borderline

5 M 2,022 MI and CHD Fasting p=0.04 (positive)†

105 Gothenburg, Sweden
 (1980, 67 years)

known 8 M 563 MI and CHD Fasting
1-hour

ns*
ns*

106 Pima Indians, USA
 (1975, age ≥25 years)

new and
 known

15  
 (mean=6.7)

M and F 589 Abnormal ECG Fasting
2-hour

ns
ns

107 MRFIT, USA
 (1973-76, age 35-57 years)

known 7-10
7-10

M
M (with Apo E 3/2)

622
58

MI and CHD
MI and CHD

Fasting
Fasting

ns
p=0.02 (positive)

108 San Luis Valley, USA
 (1984-88, age 25-74 years)

new and
 known

4 M and F 626 MI and CHD Fasting
Area

ns
ns

109 Rancho Bernardo, USA
 (1984-87, age 50-89 years)

new and
 known

5 M 538 CHD/CVD Fasting
2-hour

ns/ns
ns/p=0.01 (negative)

new and
 known

5 F 705 CHD/CVD Fasting
2-hour

ns/ns
ns/ns

MRFIT, Multiple Risk Factor Intervention Trial, a nested-case control study within a clinical trial; MI, nonfatal myocardial infarction; CHD, fatal coronary heart disease;
CVD, fatal cardiovascular disease; ns, not statistically significant. †Known, previously diagnosed diabetics; new, NIDDM by OGTT according to WHO criteria; *univariate
analysis; **highest quintile vs. lower quintiles; †age-adjusted, ns after adjustment for triglycerides, prevalent heart disease, or body mass index.

Source: References are listed within the table
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The lack of a positive association between endo-
genous insulin levels and coronary heart disease is
shown in Table 19.12 for four prospective population-
based or employee-based studies of adults with diabe-
tes or impaired glucose tolerance106,113-115 . In the Bed-
ford cohort113, there was a significant inverse associa-
tion: 2-hour insulin was "protective" for nonfatal
coronary heart disease.

Not shown in Table 19.12 are preliminary results from
the Diabetes Intervention Study, a German clinical
trial of patient education, clofibric acid, and antihy-
pertensive treatment in patients with newly diagnosed
NIDDM116. In that study, fasting insulin levels in 357
men showed a graded association with new ECG ab-
normalities (p<0.05) and myocardial infarction (not
significant) over 10 years; no associations were seen

Table 19.12
Prospective Association of Endogenous Insulin and Heart Disease in Adults with Diabetes or IGT, International
Studies

Ref. Population        
Type of     
diabetes     

Years
followup Sex No. 

End  
Points†  

Multivariate association of
insulin with heart disease

113 Bedford, UK (population-
based, 1962, adults)

Borderline
 diabetic

10 M and F 241 Fatal CHD
Nonfatal CHD

2-hour
2-hour

ns
p<0.01* (negative)

114 Paris, France (employees,
1968-73, age 43-54 years)

IGT and
 NIDDM

11 M 943 Fatal CHD Fasting
2-hour

ns
ns

115 Kuopio, Finland
(population-based, 1979-
81, age 45-64 years)

New NIDDM 5 M and F 109 Nonfatal MI Fasting
2-hour

ns
ns

106 Pima Indians, USA
(population-based, 1975,
age ≥25 years)

NIDDM 15
(mean=6.7)

M and F 405 Abnormal ECG Fasting
2-hour

ns
ns

IGT (impaired glucose tolerance) and NIDDM diagnosed by OGTT according to WHO criteria; ns, not statistically significant. †Subjects were free of heart disease at baseline;
CHD, coronary heart disease; ECG, electrocardiogram; MI, myocardial infarction. *A high insulin was "protective."

Source: References are listed within the table

Table 19.13
Prospective Association of Insulin Treatment and Cardiovascular Disease in Diabetic Adults, International Studies

Ref. Population          
Type of
diabetes

Years
followup Sex No.  

End            
points            

Association of insulin
treatment with heart disease

Observational Studies

54 NHANES I, USA
 (1971-75, age 40-77 years)

Unspecified 9 M and F 207 Fatal CVD Insulin/diet ns (positive)

106 Pima Indians, USA
 (1975, age ≥25 years)

NIDDM 15   
(mean=6.7)

M and F 824 Abnormal ECG* Insulin (yes/no) ns**

75 Pima Indians, USA
 (1975, age ≥45 years)

NIDDM 9 M and F 689 Fatal CHD Insulin (yes/no) significant**
(positive)

117 Schwabing, Germany
 (1980?, age 17-84 years)

Unspecified 5 M and F 197 Nonfatal CVD Insulin dose p<0.001
(positive)

118 Pittsburgh, USA
 (1981, adults)

IDDM 6 M and F 548 Fatal CHD Insulin dose ns

Randomized Clinical Trials

119 UGDP, USA
 (1961-65, adults)

NIDDM*** 9-13 M and F 619 Fatal and nonfatal CVD Insulin standard/diet
Insulin variable/diet

ns
ns

120 DCCT, USA
 (1983-89, age 13-39 years)

IDDM 6.5 M and F 1,441 Macrovascular disease Insulin intensive/
conventional

ns (negative)

121 VA Trial, USA
 (1991?, age 40-69 years)

NIDDM ≥2 M 153 CVD Insulin intensive/
conventional

p=0.04
(positive)

UGDP, University Group Diabetes Program; NHANES, National Health and Nutrition Examination Survey; DCCT, Diabetes Control and Complications Trial; VA, Veterans
Administration; ECG, electrocardiogram; CHD, coronary heart disease; ns, not statistically significant; CVD, cardiovascular disease. *Free of ECG abnormalities at baseline;
**adjusted for duration of diabetes; ***diagnosed within 12 months of first exam.

Source: References are listed within the table

443



in 203 women. Insulin levels were measured after
randomization and may have been altered by antihy-
pertensive treatment.

EXOGENOUS INSULIN

If endogenous insulin is a heart disease risk factor, one
might expect an increased risk of heart disease in
patients treated with insulin. On the other hand, if
glucose levels are sufficiently reduced by insulin ther-
apy, the risk of heart disease might decrease. In the
absence of a trial, it is difficult or impossible to distin-
guish the effects of insulin use and dose from the
severity of diabetes.

As shown in Table 19.13, there have been five obser-
vational studies and three randomized clinical trials
that have investigated the prospective association be-
tween insulin treatment and cardiovascular dis-
ease54,75,106,117-121 . Three of the observational studies
found an increased risk of heart disease associated
with insulin use; this was statisticially significant in
the Pima Indians75 and in Germany117. The Pima In-
dian study adjusted for differences in duration of dia-
betes, as insulin use may be a marker for disease of
longer duration.

In the DCCT120, young adults with IDDM who were
randomly assigned to the stricter of two insulin treat-
ment protocols had a significant 34% reduction in
LDL cholesterol and a nonsignificant 41% reduction
in macrovascular disease (Table 19.13). The improve-

ment was not explained by differences in the duration
of diabetes, which was similar in the two randomized
groups, but could have been due to unmeasured dif-
ferences in diet or meal frequency in the group as-
signed to more rigid control.

In contrast is the preliminary report from the Feasibil-
ity Trial of the VA Cooperative Study on Glycemic
Control and Complications in Type II Diabetes121. In
this trial, 153 NIDDM patients were followed for 27
months. Those randomly assigned to intensive treat-
ment with insulin experienced significantly more car-
diovascular events than those assigned to conven-
tional treatment (p=0.04) (Table 19.13). In the first
randomized clinical trial of adults with NIDDM, the
University Group Diabetes Program119, there was no
difference in cardiovascular disease risk during 9-13
years followup between those receiving diet or insulin
in either standard or variable doses, despite lower
glucose levels in adults assigned to variable insulin
doses. All subjects had been diagnosed within 12
months of baseline, so duration of diabetes was not a
confounding issue. As recently reviewed, the role of
insulin as a heart disease risk factor remains contro-
versial122.

Dr. Deborah L. Wingard is Associate Professor and Dr. Eliza-
beth Barrett-Connor is Professor and Chair, Department of
Family and Preventive Medicine, School of Medicine, Univer-
sity of California at San Diego, La Jolla, CA.
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In 1992, cerebrovascular disease (stroke) was the
third leading cause of death in the United States.
There were 143,640 deaths with stroke listed as the
underlying cause of death, of which ~100,000 (70%)
occurred in people age >75 years1. Stroke death rates
are higher in African Americans than in whites2, but
the age-adjusted stroke death rates for Asian-Pacific
Islanders, Native Americans, and Hispanics are lower
than for whites (Table 20.1)3. The lower death rates
for Native Americans and Hispanics are somewhat
unusual, given the high prevalence of diabetes in
these two populations. Stroke death rates are highest
in the southeastern United States, the so-called
"stroke belt"2.

The death rate due to stroke has declined in the
United States as well as in other countries. The de-
cline in stroke mortality in the United States began in
the 1930s and has continued. Stroke death rates de-
clined 32.7% during 1979-892; this was the greatest

decrease of any of the major causes of death (Figure
20.1). Stroke death rates have been declining ~5%-6%
per year in all age, race, and sex groups. The reasons
for the substantial decrease in stroke mortality are not
completely determined. The decline, however, is
clearly related to improved recognition and treatment
of hypertension, decreased cigarette smoking, and im-
proved treatment of stroke patients. It is not known
whether the decline in stroke mortality has been simi-

Chapter 20

Stroke and Diabetes

Lewis H. Kuller, MD, DrPH

SUMMARY

Stroke death rates have declined substantially
in the U.S. population and in populations of
other countries during the past 40-50 years.
This decline has accelerated in the past 20

years. Diabetes is an important cause of stroke. Diabe-
tes is more common in the African-American popula-
tion than in the white population in the United States
and contributes to the increased risk of stroke among
African Americans. Persons with diabetes may have a
worse prognosis after a stroke.

Elevated blood pressure is the major risk factor for
stroke. Other risk factors for stroke, besides diabetes,
include cigarette smoking and a high level of low-den-
sity lipoprotein (LDL) cholesterol. Stroke is substan-
tially increased in individuals who have other vascular

diseases, especially coronary heart disease, left ven-
tricular hypertrophy, atrial fibrillation, and peripheral
vascular disease.

Preventing stroke in people with diabetes is feasible
through identifying and treating risk factors, espe-
cially hypertension, cigarette smoking, and high LDL
cholesterol. It is unknown whether reduction of blood
glucose levels by either pharmacological or nonphar-
macological methods will reduce the risk of stroke.
Planned clinical trials may answer this question. It is
also possible to identify individuals with
atherosclerosis in other vascular beds and to more
aggressively intervene to reduce the risk of stroke by
a combination of surgical, pharmacological, and non-
pharmacological therapies.

• • • • • • •

STROKE IN THE U.S. POPULATION

Table 20.1
Mortality from Stroke in the U.S. Population, 
Age ≥45 Years, 1988-90

Men Women

White 103 88
Black 200 155
Asian/Pacific Islander 97 81
Native American 80 63
Hispanic 84 69

Mortality rates are age-adjusted number per 100,000 population.

Source: Reference 3
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lar for diabetic and nondiabetic patients.

The decrease in stroke mortality has not been paral-
leled by a similar decline in hospitalizations for
stroke4. In 1990, there were 812,000 hospital dis-
charges in which stroke was the first-listed diagnosis,
an increase from the estimated 519,000 discharges in
1970. The discharge rate with a first-listed diagnosis
of stroke in 1990 was 3.3 per 1,000 population, vary-
ing from 0.2 per 1,000 for persons age <45 years to
42.3 per 1,000 for those age ≥85 years.

Based on the 1990-92 National Health Interview Sur-
veys (NHIS), the prevalence of persons in the U.S.
population who report a medical history of stroke
increases with age, from 1.7% of those age 45-64 years
to 8.1% of those age ≥75 years5-7.

The first edition of Diabetes in America documented
the strong association of diabetes with risk of stroke,
especially strokes due to vascular disease and in-
farction8. The relationship between transient cerebral
ischemia and stroke was less consistent than that for
completed stroke. Subsequently, the relationship be-
tween diabetes and stroke has been substantiated fur-
ther in various racial and ethnic groups and among
women and older individuals. Studies have also
shown a strong relationship between subclinical vas-
cular disease, both in the carotid and lower extremi-
ties and diabetes, and higher risks of stroke.

Bell9 has reviewed the literature describing the rela-
tionship between diabetes and stroke. Most ischemic
strokes in diabetic patients are due to occlusion of
small paramedial penetrating arteries. The occlusions

cause small infarcts within the white matter of the
brain. Diabetic autonomic neuropathy may contribute
to the development of cerebrovascular disease in peo-
ple with diabetes.

The improved clinical diagnosis of stroke by comput-
erized tomography and magnetic resonance imaging
has probably increased the measured incidence of
stroke in the population, especially among older indi-
viduals who receive more frequent and intensive
medical care. Further, there is probably a very high
prevalence of "silent" cerebral infarction that can be
documented by these new noninvasive techniques.
The incidence and prevalence of stroke among dia-
betic patients may, therefore, be higher now than was
suggested in the past.

There is a high prevalence of undetected diabetes in
the U.S. population, especially among older individu-
als10,11. The incidence of stroke also increases with
increasing age. Thus, many stroke patients may have
undetected diabetes at the time of the stroke; sub-
sequent examination in the hospital or following
treatment for stroke may identify the previously unde-
tected diabetes. The reported prevalence of diabetes
among stroke patients as compared with those with-
out a stroke may therefore be inflated by differences in
ascertainment.

It should be noted that, because of the substantial
mortality in patients with stroke, prevalence data do
not adequately represent the magnitude of stroke in
the population.

In the 1989 NHIS Diabetes Supplement, 9.3% of all indi-
viduals reporting a medical history of physician-diag-
nosed diabetes also reported a medical history of stroke
(Table 20.2). The percentage increased from 2.0% for
those age 18-44 years to 12.7% for those age ≥65 years.

Table 20.2
Prevalence of a Medical History of Stroke in Diagnosed
Diabetes, U.S., 1989

Age (years) No. subjects studied Percent with stroke

18-44 353 2.0
45-64 970 8.4

≥65 1,056 12.7
≥18 2,379 9.3

Source: 1989 National Health Interview Survey Diabetes Supplement
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Age-Adjusted Death Rates for Stroke, 1950-89

Source: Reference 2
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Based on the National Ambulatory Medical Care Sur-
vey, in the United States during 1990-91 there was an
annual average of 3.43 million physician visits in
which cerebrovascular disease (ICD 430-438) was
listed as a diagnosis. In 10.2% of these (350,000), the
stroke patient was also listed as having a history of
diabetes.

Based on the National Hospital Discharge Survey, in
the United States during 1989-91 there was an annual
average of 327,746 hospitalizations that listed both
diabetes and stroke as a discharge diagnosis (Table
20.3). These represented 11.2% of all hospital dis-
charges in which diabetes was listed. In addition,
19.8% of all hospitalizations that listed stroke as a

discharge diagnosis also listed a diabetes discharge
diagnosis (Table 20.3).

In the Multiple Risk Factor Intervention Trial
(MRFIT) in 1973-75, 12-year mortality was deter-
mined for 5,163 men age 35-57 years who reported
taking medication for diabetes and 324,815 men with-
out a history of diabetes12. The risk of mortality from
stroke was increased 2.8-fold (95% confidence inter-
val (CI) 2.0-3.7) among those with diabetes, even
after adjusting for age, race, income, and cardiovascu-
lar risk factors (Table 20.4). The risk of stroke mortal-
ity was greatest for nonhemorrhagic stroke (relative
risk 3.8) than for subarachnoid (1.1) or intracranial
hemorrhage (1.5)13.

The risk of cardiovascular disease, including stroke,
increased among both diabetic and nondiabetic men
with increasing blood pressure levels (systolic and
diastolic), blood cholesterol level, and number of
cigarettes smoked12. An analysis limited only to stroke
deaths was not included in the reports. The results are
consistent with the hypothesis that among diabetic
persons, the risk of stroke is directly related to other
risk factors, especially smoking, blood pressure, and
lipoprotein levels.

In the Nurses Health Study, the risk of stroke and
cardiovascular disease was determined in 116,177 fe-
male registered nurses who were free of coronary
heart disease, stroke, and cancer at baseline14. There
was an 8-year followup during 1976-84. Sixteen non-
fatal and eight fatal stroke cases were reported in the
1,483 women with diabetes, and 167 and 68 cases,
respectively, among the nondiabetic women. The age-
adjusted risk of stroke for diabetic versus nondiabetic

Table 20.3
Average Annual Number of Hospital Discharges for
Stroke that Included a Diabetes Diagnosis, U.S.,
1989-91

Stroke diagnosis Number

Subarachnoid hemorrhage 1,631
Intracerebral hemorrhage 8,373
Intracranial hemorrhage 2,167
Precerebral occlusion 39,505
Cerebral artery occlusion 76,218
Transient cerebral ischemia 38,541
Cardiovascular accident 46,483
Other cerebrovascular disease 35,050
Late effects of cerebrovascular disease 79,779
Total 327,746

All stroke discharges, percent
 with diabetes diagnosis 19.8%
All diabetes discharges, percent
 with a stroke diagnosis 11.2%

Table includes all hospitalizations in which stroke (ICD9CM 430-438) and
diabetes (ICD9CM 250, 251.3, 357.2, 362.0, 366.41, 648.0, and 775.1) were
both listed as a discharge diagnosis.

Source: 1989-91 National Hospital Discharge Surveys

RISK OF STROKE IN DIABETIC PATIENTS

Table 20.4
Mortality from Stroke by Diabetes Status in MRFIT Screenees

Cause of death
(ICD9 code)

Men with diabetes Men without diabetes Adjusted relative risk,
diabetic versus nondiabetic

(95% CI)
No. of
deaths

Rate per 10,000
person-years

No. of
deaths

Rate per 10,000
person-years

CVD (390-459) 603 85.13 8,965 22.88 3.0 (2.8-3.3)

CHD (410-414,429.2) 469 65.91 6,681 17.05 3.2 (2.9-3.5)

Stroke (430-438) 48 6.72 685 1.75 2.8 (2.0-3.7)
Other CVD 86 12.49 1,599 4.08 2.3 (1.8-2.9)

All deaths 1,092 160.13 20,867 53.20 2.5 (2.4-2.7)

Relative risk is adjusted for age, race, income, serum cholesterol level, systolic blood pressure, and number of cigarettes per day. MRFIT, Multiple Risk Factor Intervention
Trial; CI, confidence interval; diabetes status was ascertained at initial screening; n=5,163 (diabetes), n=342,815 (no diabetes).

Source: Reference 12
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women was 4.1 (95% CI 2.8-6.1). The risk was similar
for fatal (5.0) and nonfatal (3.8) strokes.

In the community of Rancho Bernardo, CA, 3,778
men and women who were age 50-79 years in 1972-74
were evaluated during the next 12 years for fatal and
nonfatal stroke15. The risk of stroke was significantly
higher among diabetic men and women compared
with those without diabetes (Table 20.5). The risk of
stroke among both diabetic and nondiabetic individu-
als increased substantially with higher systolic blood
pressure. For diabetic men and women, the risk of
stroke among those with systolic blood pressure ≥160
was about two times that of those with systolic blood
pressure <160 (Table 20.5).

The followup of the 1971-75 National Health and

Nutrition Examination Survey included 1,298 African
Americans and 7,814 whites age 35-74 years16. For all
subjects, African Americans had a higher stroke inci-
dence than whites during the 8-year followup. The
relative risk of stroke among those with a medical
history of diabetes at baseline compared with nondia-
betic persons was about 2.5 and was similar for the
four race/sex groups (Table 20.6).

Table 20.5
Age-Adjusted Percent Developing Stroke by Sex and Diabetes Status, Rancho Bernardo, CA 1972-85

Nondiabetic subjects, by SBP Diabetic subjects, by SBP p value
<160 ≥160 All <160 ≥160 All

All subjects
Men

Number of subjects 1,178 357 1,535 139 55 194
Stroke deaths (%) 3.0 5.1 3.7 3.1 9.5 5.2 0.45
Stroke deaths and new cases (%) 5.6 8.6 6.3 6.6 14.7 9.4 0.17

Women
Number of subjects 1,577 346 1,923 92 34 126
Stroke deaths (%) 2.5 5.3 3.2 7.1 11.2 7.4 0.03
Stroke deaths and new cases (%) 4.5 8.6 5.3 8.9 17.8 10.5 0.02

Excluding all persons with
 history of CHD
Men

Number of subjects 1,027 296 1,323 114 47 161
Stroke deaths (%) 2.6 6.4 3.9 2.7 9.7 5.0 0.21
Stroke deaths and new cases (%) 4.5 8.1 4.7 6.0 11.6 8.1 0.09

Women
Number of subjects 1,496 314 1,810 82 28 110
Stroke deaths (%) 2.4 3.9 2.7 8.5 6.8 7.0 0.03
Stroke deaths and new cases (%) 3.8 6.6 4.4 9.5 14.1 9.8 0.02

SBP, systolic blood pressure in mmHg; CHD, coronary heart disease; p value is for comparison between diabetic and nondiabetic persons; diabetes was determined in 1972-74
from medical history or fasting plasma glucose ≥140 mg/dl; stroke was ascertained by death certificate, self-report, and medical record review.

Source: Reference 15

Table 20.6
Diabetes as a Risk Factor for Stroke, NHANES I 
Followup, 1971-84

Relative risk,
diabetes/no diabetes

95% confidence
interval  

Black men 2.5 1.6-4.0
Black women 2.4 1.7-3.4
White men 2.5 2.0-3.1
White women 2.5 2.0-3.1

Source: Reference 16
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In the 12-year followup of Japanese men in the Hono-
lulu Heart Program, the risk of stroke increased with
age for both diabetic and nondiabetic subjects17. The
risk was substantially higher among diabetic com-
pared with nondiabetic individuals at almost all ages
(Figure 20.2).

Wolf described a "health risk appraisal function" for
the prediction of stroke based on the Framingham
cohort study18. During a 10-year followup between
examinations 9 and 14 in the Framingham Study for
individuals age 55-84 years, there were 472 stroke
events among 2,372 men and 3,362 women. Approxi-
mately 11% of men and 8% of women had diabetes.
The risk of stroke was adversely related to a history of
diabetes in both men (relative risk 1.40) and women
(relative risk 1.70). The estimated probability of
stroke increased dramatically in relation to the num-
ber of risk factors for stroke (Figure 20.3).

The Copenhagen City Heart Study evaluated 3,015
men and 3,501 women age 55-84 years19. There were
474 strokes over a 10-year period. Only 3% of men
and 2% of women had a history of diabetes. The risk
of stroke was greater for diabetes in the Copenhagen
study than in the Framingham study, probably due to
the restriction of diagnosis of diabetes to those with a
reported clinical history, whereas the Framingham
study included a casual blood glucose >150 mg/dl as
part of the diagnosis for diabetes.

Peripheral vascular disease is much more common

among diabetic than nondiabetic individuals. In the
Framingham Study, the 2-year incidence of carotid or
femoral bruits or nonpalpable pedal pulses was higher
among diabetic than nondiabetic subjects20. The 2-
year incidence of stroke was highest for women with
both carotid bruits and diabetes, about a fivefold dif-
ference compared with women with neither diabetes
nor bruits. The results for men were similar, with a
relative risk of ~2.5 (Figure 20.4). The presence of a
nonpalpable pedal pulse or femoral bruit and diabetes
was also associated with a substantially increased risk
of stroke among women.
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Source: Reference 20

Figure 20.4
Incidence of CHD and Stroke by Diabetes and Carotid
Bruits Status
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An increase in carotid artery intima medial wall thick-
ness, or carotid stenosis, has been associated with an
increased risk of stroke. In the Atherosclerosis Risk in
Communities Study, the carotid artery medial wall
thickness increased with age and was greater in men
than in women. There was a direct relationship of
carotid artery wall thickness with both blood glucose
levels and diagnosed diabetes, for both African-
American and white men and women (Figure 20.5)21.

In the Cardiovascular Health Study of ~5,000 indi-
viduals age ≥65 years, the maximum internal and
common carotid artery wall thickness (as well as the
extent of carotid artery stenosis) was higher among
diabetic than nondiabetic subjects (Figure 20.6)22. 

The relationship between blood glucose levels and
risk of stroke is less certain than the strong relation-
ship between diabetes and stroke. In the 12-year fol-
lowup of the Honolulu Heart Program, the risk of
stroke was elevated for nondiabetic persons with
blood glucose in the 80th versus the 20th percentile
(199 mg/dl versus 115 mg/dl)17. The blood glucose
measurements, however, were nonfasting. In the 6-
year followup of this study, the incidence of stroke was
lowest among individuals in the lowest quartile of blood
glucose (<122 mg/dl) 1 hour after a 50-g glucose load.

Stroke death rates are highest in the southeastern
United States2. In the Three Area Study conducted in

the early 1970s, both fasting and 2-hour blood glu-
cose levels were higher in Savannah, GA, which had
high stroke death rates, than in Hagerstown, MD and
Pueblo, CO, which had low death rates23. Blood glu-
cose levels were also higher in blacks than whites,
consistent with the higher stroke rates in African
Americans. Elevated blood glucose was the only risk
factor that correlated with both the geographic vari-
ations and the race-sex differences in stroke incidence
and mortality.

The 30-year followup of the Framingham Study found
that blood glucose level was an independent risk fac-
tor for stroke in multiple logistic regression analysis
among women but not men. The risk of stroke was
increased for both diabetic men and women24.

In the MRFIT, there were 43 stroke deaths during the
first 10.5 years of followup. In multiple logistic regres-
sion analysis, fasting blood glucose level was an inde-
pendent predictor of stroke mortality13. This associa-
tion, however, was found in cigarette smokers only.

McCall25 has noted that a higher blood glucose level
at hospital admission predicts a poorer prognosis after
a stroke, irrespective of whether the patient is diabetic
or not. Also, the degree of disability after the stroke
may be worse among individuals with elevated blood
glucose at the time of the stroke. Animal models
showed that hyperglycemia alone worsens the is-
chemic brain damage from a stroke.

There are several approaches that can reduce the risk
of stroke26. Treatment of hypertension is effective in
decreasing stroke incidence and mortality. There is no
evidence that the treatment of hypertension is less
effective among patients with diabetes27. Hyperten-
sion is a key risk factor for stroke among both diabetic
and nondiabetic individuals. Clinical trials have docu-
mented that lowering blood pressure substantially re-
duces the risk of stroke, especially among older indi-
viduals28. The number of subjects with diabetes in
most of these trials has been small, however, so the
ability to specifically compare diabetic and nondia-
betic individuals is difficult. In the Systolic Hyperten-
sion in the Elderly trial, the treatment effect (reduced
risk of stroke) in the intervention compared to the
control group was similar for diabetic and nondiabetic
subjects. Complications of treatment also did not appear
to vary between diabetic and nondiabetic individuals.
The American Diabetes Association29 and the National
High Blood Pressure Education Program Working
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Group 30,31 have presented recommendations for the treat-
ment of hypertension among patients with diabetes.

Antiplatelet aggregating agents such as aspirin are
effective in decreasing the incidence of stroke, espe-
cially among individuals with existing cardiovascular
disease or transient ischemic attack32. At least one
study has shown beneficial effects in both diabetic and
nondiabetic individuals. Smoking cessation will also
decrease the risk of stroke.

Surgical therapy for carotid artery stenosis ≥70% will
reduce the risk of stroke. There is no evidence that the
surgical therapy is better or worse among patients
with diabetes.

An important unanswered question is whether reduc-
tion of blood glucose levels in either insulin-depend-
ent diabetes mellitus (IDDM) or non-insulin-depend-
ent diabetes mellitus (NIDDM) will reduce the risk of
stroke. The increase of older individuals in the U.S.
population, as well as the prolonged survival of both
diabetic patients with cardiovascular disease and of
stroke patients, will result in a higher prevalence of
diabetic patients who have experienced a stroke and asso-

ciated disability and comorbidity in the community.

It is possible to reduce the risk of stroke among people
with diabetes. Both the systolic and diastolic blood
pressure should be monitored based on the recom-
mendations of the National High Blood Pressure Edu-
cation Working Group30. Blood lipoprotein levels
should be monitored and LDL cholesterol lowered to
at least 130 mg/dl and probably to 100 mg/dl in most
diabetic subjects by diet or drug therapy. An attempt
to raise HDL cholesterol by increasing exercise and/or
weight reduction should be considered. Smoking ces-
sation must be achieved. Careful evaluation of asymp-
tomatic vascular disease and symptomatology, espe-
cially transient cerebral ischemia, atrial fibrillation,
and peripheral vascular disease, should be encour-
aged. The view that stroke is an inevitable conse-
quence of diabetes and aging should be replaced by
aggressive efforts to prevent stroke.

Dr. Lewis H. Kuller is Professor and Chair, Department of
Epidemiology, Graduate School of Public Health, University
of Pittsburgh, Pittsburgh, PA.
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The digestive tract plays a unique role relative to
diabetes: Not only is every digestive organ potentially
affected by diabetes, but the liver and exocrine pan-
creas may also have a modulating if not causal role in
the development of diabetes. Physiological abnor-
malities associated with diabetes have been described
in every part of the digestive tract where measure-
ments can be made1-9.  This chapter focuses on the
relationships between diabetes and common or other-
wise significant digestive disorders. The first sections
examine associations of diabetes with digestive disor-
ders in three national surveys that provide U.S. popu-
lation-based data. The remaining sections evaluate
and summarize the clinical and epidemiologic litera-
ture that pertains to diabetes and selected digestive

diseases. For each digestive disease the discussion is
organized to address two issues: whether diabetic sub-
jects are at greater risk than nondiabetic subjects, and
what characterizes the minority of diabetic people
who develop the digestive disease. A similar approach
has been taken for the few digestive diseases that may
increase the risk of developing diabetes, such as liver
cirrhosis and chronic pancreatitis.

NATIONAL HEALTH INTERVIEW SURVEY

The National Health Interview Survey (NHIS) is an
ongoing household survey conducted by the National
Center for Health Statistics to provide information on

Chapter 21

Digestive Diseases and Diabetes

James E. Everhart, MD, MPH

SUMMARY

This chapter focuses on the relationships of
common digestive disorders with diabetes.
National data on self-reported diabetes and
digestive diseases indicate that diabetic sub-

jects are more likely than the general U.S. population
to report a number of digestive conditions, including
ulcers, diverticulitis, symptoms of irritable bowel syn-
drome (IBS), abdominal pain, constipation, diarrhea,
and gallstones. Data from a national survey using oral
glucose challenge criteria for diabetes confirm an as-
sociation with gallstones. Although subject to a num-
ber of biases, national hospitalization data suggest
that diabetic patients may also be more prone than the
general population to gastrointestinal infections, can-
cers of the liver and pancreas, gastritis and other
stomach disorders, intestinal impaction, liver disease,
pancreatitis, and hematemesis.

Review of published clinical and epidemiologic stud-
ies reveal that it is difficult to demonstrate that people
with diabetes are at much higher risk of digestive

conditions than the general population, even for well
characterized syndromes such as diabetic gastropathy
and diabetic diarrhea. Reaching conclusions regarding
relationships between diabetes and most digestive
conditions is limited by inconsistent case definitions
and the cross-sectional nature of most studies. Given
such limitations, the data suggest that diabetic sub-
jects are more likely than the general population to
have constipation, but evidence is inconsistent re-
garding other gastrointestinal symptoms. People with
diabetes may have increased risk of liver disease and
gallstones, although these relationships are entangled
with those of obesity and hyperinsulinemia. Patients
with insulin-dependent diabetes mellitus (IDDM)
have an increased risk of celiac disease, and those with
non-insulin-dependent diabetes mellitus (NIDDM)
have an increased risk of pancreatic cancer. The risk
of developing diabetes is markedly increased by dis-
eases of the exocrine pancreas, particularly pancreatic
cancer and chronic pancreatitis, and may also be in-
creased by chronic liver disease.

• • • • • • •

INTRODUCTION

NATIONAL SURVEYS
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health and health care for representative samples of
the U.S. population. Supplements, termed Current
Health Topics, are incorporated into the survey yearly.
The 1989 NHIS contained Current Health Topics on
diabetes and on digestive diseases10, which provided a
unique opportunity to study their associations in a
large national sample. Every adult with diabetes iden-
tified in the survey was selected for interview. One
randomly selected adult from each household was
also selected for the digestive disease component. Of
the 2,405 diabetic subjects who were interviewed,
1,412 also received the digestive diseases component.
There were 40,980 persons without diagnosed diabe-

tes who answered the digestive disease questions.

The purpose of the digestive diseases Current Health
Topic was to gain better information about the preva-
lence of common conditions such as ulcers and to
obtain information regarding common symptoms of
gastrointestinal disturbance, particularly those char-
acteristic of IBS. Table 21.1 summarizes the results of
the analyses according to diabetes status. Age stand-
ardization to the U.S. population distribution tended
to reduce the prevalence of conditions whose associa-
tion with diabetes is confounded by older age. For
example, the prevalence of a history of physician-di-

Table 21.1
Prevalence and Age-Standardized Prevalence and Prevalence Ratios for Digestive Conditions, by Sex and Diabetes
Status, U.S., 1989

Prevalence (%)
Age-standardized 

prevalence (%)
Age-standardized

prevalence ratio and 
Condition Diabetic Nondiabetic Diabetic Nondiabetic 95% CI

Both sexes
Ever had physician-diagnosed gallstones or 
gallbladder trouble 20.2 7.2 12.7 7.3 1.7 (1.4-2.1)

Physician-diagnosed gallstones or gallbladder 
trouble in past 12 months 2.8 1.4 2.0 1.4 1.4 (0.75- 2.6)

Ever had physician-diagnosed ulcer 17.0 10.1 13.7 10.1 1.4 (1.1-1.7)
Physician-diagnosed ulcer in past 12 months 5.9 3.3 5.4 3.2 1.7 (1.1-2.5)
Ever had physician-diagnosed diverticulitis 7.8 2.6 3.7 2.8 1.4 (1.0-1.7)
Physician-diagnosed diverticulitis in past 12 
months 4.6 1.4 2.1 1.4 1.5 (1.1-2.0)

Ever hospitalized overnight for diverticulitis 3.2 0.8 1.6 0.8 1.9 (1.2-3.1)
Ever had physician-diagnosed IBS 7.9 5.4 6.8 5.4 1.3 (0.90-1.7)
Physician-diagnosed IBS in past 12 months 4.8 3.4 4.9 3.4 1.5 (0.96-2.2)
IBS by symptom criteria* 6.7 3.5 5.6 3.5 1.6 (1.1-2.2)
Physician-diagnosed hemorrhoids in past 12 
months 11.2 8.4 8.4 8.5 1.0 (0.76-1.3)

Ever had hemorrhoid surgery 30.1 20.9 15.5 18.5 0.84 (0.62-1.1)
Abdominal pain ≥3 times in past 12 months 16.4 9.7 17.2 9.7 1.8 (1.5-2.2)
Physician visit for abdominal pain ≥3 times 
in past 12 months 11.8 6.8 12.6 6.8 1.9 (1.4-2.4)

Pain caused restricted activity in past 30 days† 28.0 22.0 18.1 21.6 0.84 (0.62-1.1)
<3 bowel movements per week 6.5 6.2 7.7 6.1 1.3 (0.87-1.8)
≥3 bowel movements per day 6.4 3.9 7.2 3.9 1.9 (1.2-2.9)
Hard stools at least some of the time 40.3 38.5 44.1 38.3 1.2 (1.0-1.3)
Straining at least some of the time 27.0 15.5 25.5 15.6 1.6 (1.4-1.9)
Incomplete evacuation at least some of the time 19.9 13.6 18.9 13.6 1.4 (1.2-1.7)
Constipated at least some of the time 27.1 17.0 24.4 17.1 1.4 (1.2-1.7)
Diarrhea at least some of the time 17.2 13.8 18.9 13.8 1.4 (1.1-1.7)
Laxative use in past 30 days 22.7 9.9 14.8 10.1 1.5 (1.2-1.9)
Daily laxative use 6.1 2.0 3.0 2.1 1.4 (1.1-1.9)

Men
Ever had physician-diagnosed gallstones or 
gallbladder trouble 9.9 3.7 5.2 4.1 1.3 ( 0.86-1.9)

Physician-diagnosed gallstones or gallbladder 
trouble in past 12 months 1.9 0.8 0.6 0.9 0.73 (0.35-1.5)

Ever had physician-diagnosed ulcer 15.6 10.7 10.7 10.9 0.98 (0.69-1.4)
Physician-diagnosed ulcer in past 12 months 4.7 3.0 4.2 3.0 1.4 (0.69-2.9)
Ever had physician-diagnosed diverticulitis 4.4 1.8 2.2 2.0 1.1 (0.62-1.9)

Table 21.1—Continued next page
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Table 21.1 Continued

Prevalence (%)
Age-standardized 

prevalence (%)
Age-standardized

prevalence ratio and 
Condition Diabetic Nondiabetic Diabetic Nondiabetic 95% CI

Men
Physician-diagnosed diverticulitis in past 12 
months 2.1 0.9 0.9 1.0 0.89 (0.49-1.6)

Ever hospitalized overnight for diverticulitis 2.0 0.6 1.2 0.7 1.9 (0.77-4.7)
Ever had physician-diagnosed IBS 4.4 3.1 2.7 3.2 0.83 (0.48-1.4)
Physician-diagnosed IBS in past 12 months 2.6 1.8 1.8 1.8 1.0 (0.50-2.0)
IBS by symptom criteria* 3.5 2.8 2.8 2.8 1.0 (0.48-2.2)
Physician-diagnosed hemorrhoids in past 12
months 11.0 6.6 7.6 6.8 1.1 (0.80-1.6)

Ever had hemorrhoid surgery 29.5 28.8 13.0 23.7 0.55 (0.38-0.79)
Abdominal pain ≥3 times in past 12 months 11.0 7.5 10.2 7.5 1.4 (0.94-2.0)
Physician visit for abdominal pain ≥3 times in
past 12 months 7.9 4.9 7.5 5.0 1.5 (0.92-2.4)

Pain caused restricted activity in past 30 days† 24.8 20.3 16.1 20.2 0.80 (0.49-1.3)
<3 bowel movements per week 3.8 3.3 3.9 3.3 1.2 (0.59-2.4)
≥3 bowel movements per day 5.4 4.7 6.8 4.7 1.5 (0.63-3.4)
Hard stools at least some of the time 37.6 38.0 43.3 37.7 1.2 (0.92-1.4)
Straining at least some of the time 21.0 10.8 16.6 11.0 1.0 (1.1-2.1) 
Incomplete evacuation at least some of the time 12.1 10.5 10.5 10.5 1.0 (0.67-1.5)
Constipated at least some of the time 20.1 10.6 14.1 10.8 1.3 (0.98-1.7)
Diarrhea at least some of the time 11.8 12.0 11.4 11.9 0.96 (0.61-1.5)
Laxative use in past 30 days 15.5 6.0 8.2 6.5 1.3 (0.97-1.7)
Daily laxative use 4.8 1.4 2.2 1.5 1.5 (0.88-2.5)

Women
Ever had physician-diagnosed gallstones or 
gallbladder trouble 28.0 10.2 19.2 10.2 1.9 (1.5-2.4)

Physician-diagnosed gallstones or gallbladder 
trouble in past 12 months 3.7 1.9 3.2 1.9 1.7 (0.80-3.5)

Ever had physician-diagnosed ulcer 18.0 9.5 16.5 9.5 1.8 (1.3-2.3)
Physician-diagnosed ulcer in past 12 months 6.9 3.5 6.5 3.5 1.8 (1.2-2.9)
Ever had physician-diagnosed diverticulitis 10.4 3.4 5.0 3.3 1.5 (1.1-2.0)
Physician-diagnosed diverticulitis in past 12 
months 6.5 1.7 3.0 1.7 1.8 (1.2-2.5)

Ever hospitalized overnight for diverticulitis 4.1 1.0 1.9 1.0 2.0 (1.2-3.3)
Ever had physician-diagnosed IBS 10.5 7.4 10.7 7.5 1.4 (0.97-2.1)
Physician-diagnosed IBS in past 12 months 6.5 4.8 7.9 4.8 1.6 (0.99-2.7)
IBS by symptom criteria* 9.1 4.2 8.0 4.2 1.9 (1.3-2.8)
Physician-diagnosed hemorrhoids in past 12 
months 11.4 10.0 9.1 10.1 0.90 (0.65-1.3)

Ever had hemorrhoid surgery 30.5 16.3 17.9 13.8 1.3 (0.83-2.0)
Abdominal pain ≥3 times in past 12 months 20.5 11.7 23.8 11.8 2.0 (1.6-2.6)
Physician visit for abdominal pain ≥3 times 
in past 12 months 14.9 8.4 17.5 8.4 2.1 (1.4-2.4)

Pain caused restricted activity in past 30 days† 29.3 23.0 20.1 22.8 0.88 (0.62-1.1)
Fewer than 3 bowel movements per week 8.6 8.8 11.3 8.8 1.3 (0.87-1.8)
≥3 bowel movements per day 7.1 3.1 7.2 3.9 1.9 (1.5-4.0)
Hard stools at least some of the time 42.3 38.9 44.8 38.9 1.2 (0.99-1.3)
Straining at least some of the time 31.5 19.8 33.7 19.8 1.7 (1.4-2.1)
Incomplete evacuation at least some of the time 25.8 16.4 26.7 16.4 1.6 (1.3-2.1)
Constipated at least some of the time 32.4 22.9 34.1 22.8 1.5 (1.2-1.8)
Diarrhea at least some of the time 21.2 15.5 25.9 15.5 1.7 (1.3-2.1)
Laxative use in past 30 days 28.1 13.5 20.7 13.4 1.6 (1.2-2.0)
Daily laxative use 7.2 2.7 3.6 2.6 1.4 (0.93-2.0)

CI, confidence interval; IBS, irritable bowl syndrom. Data are standardized to the 1989 U.S. population distribution, age ≥18 years, using the following weights: men, age
18-34, 0.1863; 35-44, 0.0980; 45-54, 0.0667; 55-64, 0.0563; 65-74, 0.0442; ≥75, 0.0234; women, age 18-34, 0.1936; 35-44, 0.1024; 45-54, 0.0708; 55-64, 0.0631; 65-74,
0.0551; ≥75, 0.0400. *Pain ≥3 times in past year that was relieved by defecation or was accompanied by more frequent or looser bowel movements and at least one of the
following: hard stools, straining, incomplete evacuation, or mucus in the stool at least some of the time, or ≥3 bowel movements per day or ≤3 bowel movements per week.
†Among persons with pain ≥3 times in previous year.

Source: 1989 National Health Interview Survey

459



agnosed gallstones or gallbladder trouble in diabetic
subjects was reduced from 20.2% to 12.7% with age
standardization.

Most digestive conditions were positively associated
with diabetes. However, the ratio of age-adjusted
prevalence of digestive conditions in subjects with
diabetes versus those without was generally <2. The
ratio tended to be greater for women than men. A
reporting bias could be partly responsible for the posi-
tive associations, because diabetic patients receive
greater medical attention than the general population.
The higher prevalence of gastrointestinal symptoms
reported by diabetic subjects would not have been
affected by this bias, but it could be affected by label-
ing, in which people once labeled as having a disease
think of themselves as sick and may report problems
that "healthy" people would ignore. Keeping in mind
this potential limitation, the conditions of abdominal
pain, infrequent bowel movements, frequent bowel
movements, hard stools, straining, incomplete evacu-
ation, constipation, diarrhea, and laxative use were all
reported more often by diabetic than by nondiabetic
subjects (Table 21.1).

Interestingly, a collection of symptoms compatible
with IBS (i.e., abdominal pain with altered bowel
habits) had approximately the same elevation in
prevalence as a doctor visit for IBS. The associations
of diabetes with ulcer and diverticulitis in Table 21.1
have not been adequately evaluated in other
epidemiologic studies and would be worthy of further
investigation. Most of the other associations in Table
21.1 are discussed in the sections on individual dis-
eases that follow.

SECOND NATIONAL HEALTH AND
NUTRITION EXAMINATION SURVEY

Until the results of the 1988-94 Third National Health
and Nutrition Examination Survey (NHANES III) are
analyzed, the 1976-80 NHANES II will remain unique
among national surveys in that oral glucose tolerance
tests (OGTTs) were administered to determine the
prevalence of undiagnosed diabetes in the adult U.S.
population11. By including the ~50% of diabetic peo-
ple not previously known to have diabetes, less biased
estimates of the association of diabetes and other con-
ditions can be made. Information on digestive condi-
tions and digestive tract procedures was self-reported.
Of these conditions and procedures, only five were
common enough to compute prevalence ratios and
95% confidence intervals (CI): a history of hiatus
hernia, ulcers, gallstones, gallbladder operation
(cholecystectomy), and hernia repair other than for

hiatus hernia (Table 21.2). Only a history of gall-
stones was reported significantly more commonly by
diabetic than by nondiabetic subjects. With the excep-
tion of gallbladder operation, the diabetic to nondia-
betic age-adjusted prevalence ratios were higher for
women than for men. The age-standardized preva-
lence of hernia repairs was actually lower for diabetic
than nondiabetic men due to an absence of hernia
surgery reported by diabetic men age 20-44 years.

NATIONAL HOSPITAL DISCHARGE 
SURVEY

Diabetes and digestive diseases are both common rea-
sons for hospitalization. Based on the National Hospi-
tal Discharge Survey (NHDS) over the 5-year period
1987-91, there was an annual average of 2.48 million
short-stay nonfederal hospitalizations with a diagno-
sis of diabetes in persons age ≥45 years. Of these
hospitalizations, 32.0% also had at least one digestive
disease diagnosis (32.5% when age- and sex-adjusted
to the 1990 U.S. population). A digestive disease diag-
nosis was found on 40.8% (40.0% age- and sex-ad-
justed) of the 14.4 million hospital discharge records
per year without mention of diabetes as a diagnosis.
As a result, a digestive disease diagnosis was only 81%
as likely to be found on discharge records with a
diabetes diagnosis as on discharge records without a
diabetes diagnosis (Table 21.3). Because diabetic pa-
tients are unlikely to be at lower risk of most digestive
diseases compared with people without diabetes,
other reasons should be considered for the generally
negative associations of diabetes and digestive dis-
eases in hospital discharge records. First and most
important, the percentages are of hospitalizations, not
of a defined population. For hospital discharges, an
association of diabetes and another disease will be
unbiased only if at least one of two conditions is met:
1) the rate of admission for diabetic patients is equal
to the rate of admission for the general population,
and 2) the other disease does not affect hospitaliza-
tion, that is, no person is hospitalized simply because
of the presence of the disease12. Failure to meet these
two conditions is called selection or Berksonian bias.
Berkson’s original description of selection bias was
illustrated by an apparently protective effect of diabe-
tes for cholecystitis in hospitalized patients13. Simi-
larly, this bias occurs in the NHDS because persons
with diabetes are more likely to be hospitalized than
nondiabetic subjects and because having a digestive
disease also increases hospitalization risk. The result
is a spuriously low percentage of digestive diseases
among discharges with diabetes relative to the per-
centage of digestive diseases among discharges with-
out diabetes.
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The second major reason for the low ratios in Table
21.3 is due to misclassification: Diabetes diagnoses
are underreported on hospital discharge records.
Thus, an unknown portion of the hospitalizations
failed to mention diabetes as a discharge diagnosis,
either because diabetes was undetected or simply not
reported. This bias would particularly affect dis-
charges for surgical conditions such as gallbladder
disease and hernia, in which few other conditions are
likely to be noted, and potentially terminal conditions
such as stomach cancer, in which only directly related

complications and conditions affecting outcome are
likely to be noted. Quantifying the effects of selection
and misclassification bias is not possible without
other external sources of information. In the 1971-75
NHANES I Epidemiologic Followup Survey, diabetes
was recorded as a discharge diagnosis for only 61.5%
of hospitalizations of persons known to have diabe-
tes14. This percentage would likely be lower if re-
stricted to discharges with a digestive disease diagno-
sis. For a condition such as gallstones, which would
be strongly affected by these biases, the true ratio

Table 21.2
Prevalence of Self-Reported Physician-Diagnosed Hiatus Hernia, Ulcers, and Gallstones and of Gallbladder and 
Non-Hiatal Hernia Operations, by Sex, Age, and Diabetes Status, U.S., 1976-80

Physician-diagnosed Gallbladder 
Sex Age (years) Diabetes Hiatus hernia Ulcers Gallstones operation Hernia repair

Both sexes 20-44 yes 2.1 10.0 7.4 3.2 0.0
no 1.4 6.3 2.8 2.4 4.3

45-54 yes 9.3 13.8 11.0 11.7 12.6
no 6.1 11.8 6.4 6.3 11.1

55-64 yes 8.0 16.2 11.2 12.1 13.0
no 6.3 14.9 8.7 7.4 11.3

65-74 yes 10.3 11.0 16.5 13.3 12.5
no 10.5 16.7 12.6 11.4 12.8

20-74 yes 8.0 13.0 12.1 10.9 10.6
no 3.8 9.4 5.2 4.6 7.2

Age-adjusted prevalence ratio*
95% CI

1.27
0.86-1.87

1.21
0.81-1.80

1.60
1.01-2.53

1.20
0.84-1.72

0.74
0.47-1.18

Men 20-44 yes 0.0 8.6 1.1 0.0 0.0
no 1.4 8.9 0.7 0.8 5.8

45-54 yes 10.1 13.7 6.0 8.9 7.4
no 5.7 14.0 4.9 2.8 18.3

55-64 yes 12.1 22.0 4.4 2.7 18.7
no 6.9 18.9 5.4 4.3 17.1

65-74 yes 8.2 14.5 15.2 10.2 20.8
no 7.9 20.9 8.4 5.9 20.9

20-74 yes 8.4 15.4 8.1 6.5 14.0
no 3.4 12.2 2.7 2.0 10.8

Age-adjusted prevalence ratio*
95% CI

1.22
0.59-2.53

0.97
0.63-1.49

1.34
0.81-2.22

1.39
0.82-2.36

0.56
0.33-0.97

Women 20-44 yes 3.3 10.8 10.8 5.0 0.0
no 1.5 3.9 4.7 4.0 2.8

45-54 yes 8.6 13.8 15.1 13.9 16.5
no 6.5 9.7 7.8 9.5 4.2

55-64 yes 5.9 13.1 14.8 17.1 9.9
no 5.8 11.2 11.8 10.3 6.0

65-74 yes 12.2 7.8 17.6 16.0 4.8
no 12.4 13.5 15.9 15.6 6.5

20-74 yes 7.7 11.4 14.9 13.9 8.2
no 4.1 6.9 7.4 7.0 3.9

Age-adjusted prevalence ratio*
95% CI

1.32
0.73-2.39

1.60
0.90-2.85

1.71
0.98-2.99

1.33
0.88-2.02

1.24
0.60-2.55

*Prevalence ratio is adjusted to the 1976-80 U.S. population distribution, age 20-74 years, using the following weights: men, age 20-44, 0.2739; 45-54, 0.0832; 55-64,
0.0719; 65-74, 0.0471; women, age 20-44, 0.2929, 45-54, 0.0892; 55-64, 0.0804; 65-74, 0.0614. CI, confidence interval.

Source: 1976-80 Second National Health and Nutrition Examination Survey 
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Table 21.3
Age- and Sex-Adjusted Percent of Hospital Discharges with Selected Digestive Disease Diagnoses, According to 
Diabetes Diagnosis, Age ≥45 Years, U.S., 1987-91

Digestive disease diagnosis (ICD9-CM code)

Diabetes diagnosis present: 
percent with digestive

disease diagnosis

Diabetes diagnosis absent: 
percent with digestive

disease diagnosis Ratio

All digestive diseases 32.5 40.0 0.81
Intestinal infections NEC (008) 0.44 0.35 1.26*

Other bacterial (008.49) 0.15 0.15 1.03*
Other viral (008.8) 0.27 0.17 1.56*

Malignant neoplasm stomach (151) 0.12 0.23 0.51
Malignant neoplasm colon (153) 0.56 0.89 0.63

Sigmoid colon (153.3) 0.13 0.22 0.60
Colon NOS (153.9) 0.16 0.28 0.57

Malignant neoplasm rectum/anus (154) 0.27 0.39 0.67
Rectosigmoid junction (154.0) 0.13 0.14 0.91
Rectum (154.1) 0.11 0.22 0.52

Malignant neoplasm liver (155) 0.11 0.09 1.23*
Malignant neoplasm pancreas (157) 0.39 0.27 1.43*

NOS (157.9) 0.19 0.14 1.40*
Other benign gastrointestinal neoplasm (211) 0.50 0.66 0.75

Colon (211.3) 0.34 0.51 0.67
Hemorrhoids (455) 0.37 1.07 0.35
Bleeding esophageal varices in diseases classified elsewhere  
  (456.2) 0.11 0.10 1.13*
Diseases of esophagus (530) 1.76 2.45 0.71

Esophagitis (530.1) 1.24 1.64 0.76
Ulcer of esophagus (530.2) 0.12 0.17 0.72
Esophageal stricture (530.3) 0.13 0.22 0.58
Dyskinesia of esophagus (530.5) 0.11 0.18 0.60

Gastric ulcer (531) 0.81 0.91 0.90
Chronic gastric ulcer with hemorrhage (531.4) 0.30 0.30 0.99
Gastric ulcer NOS (531.9) 0.27 0.31 0.87

Duodenal ulcer (532) 0.56 0.75 0.75
Chronic duodenal ulcer with hemorrhage (532.4) 0.22 0.24 0.92
Duodenal ulcer (NOS) (532.9) 0.16 0.22 0.71

Peptic ulcer, site NOS (533) 0.83 0.82 1.01*
Peptic ulcer NOS (533.9) 0.60 0.59 1.02*

Gastritis and duodenitis (535) 2.02 2.31 0.88
Acute gastritis (535.0) 0.44 0.46 0.95
Atrophic gastritis (535.1) 0.12 0.15 0.76
Other specified gastritis (535.4) 0.33 0.39 0.84
Gastritis or duodenitis NOS (535.5) 0.82 0.81 1.01*
Duodenitis (535.6) 0.28 0.37 0.75

Disorders of stomach function (536) 0.91 0.43 2.13*
Persistent vomiting (536.2) 0.12 0.08 1.46*
Functional stomach disorder NEC (536.8) 0.67 0.23 2.85*

Other gastroduodenal disorders (537) 0.18 0.26 0.72
Acute appendicitis (540) 0.18 0.35 0.52

Acute appendicitis with peritonitis (540.0) 0.10 0.13 0.73
Inguinal hernia (550) 0.34 1.22 0.28

Unilateral inguinal hernia (550.90) 0.18 0.75 0.24
Other abdominal hernia with obstruction (552) 0.20 0.27 0.76
Other abdominal hernia without obstruction (553) 1.93 2.48 0.78

Umbilical hernia (553.1) 0.17 0.21 0.82
Ventral hernia NOS (553.20) 0.17 0.18 0.98 
Incisional hernia (553.21) 0.18 0.26 0.67
Diaphragmatic hernia (553.3) 1.36 1.74 0.78

Idiopathic proctocolitis (556) 0.11 0.12 0.91
Vascular insufficiency of intestine (557) 0.25 0.26 0.97

Acute (557.0) 0.10 0.13 0.80

Table 21.3—Continued next page
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Table 21.3—Continued

Digestive disease diagnosis (ICD9-CM code)

Diabetes diagnosis present: 
percent with digestive

disease diagnosis

Diabetes diagnosis absent: 
percent with digestive

disease diagnosis Ratio

Other noninfectious gastroenteritis and colitis (558) 1.49 1.45 1.03*
Other and unspecified (558.9) 1.46 1.38 1.06*

Intestinal obstruction (560) 1.34 2.12 0.63
Other impaction (560.39) 0.26 0.22 1.14*
Intestinal adhesions with obstruction (560.81) 0.14 0.38 0.37
Unspecified (560.9) 0.39 0.68 0.57

Diverticula of intestine (562) 1.51 2.26 0.67
Diverticulosis of colon (562.10) 0.94 1.25 0.75
Diverticulitis of colon (564.11) 0.53 0.94 0.56

Functional digestive disorders NEC (564) 0.69 0.90 0.77
Constipation (564.0) 0.35 0.37 0.94
Irritable colon (564.1) 0.24 0.37 0.65

Anal tissue or fistula (565) 0.10 0.19 0.54
Anal or rectal abscess (566) 0.18 0.13 1.40*
Peritonitis (567) 0.31 0.31 1.00

Other suppurative peritonitis (567.2) 0.21 0.19 1.11*
Other peritoneal disorders (568) 0.33 0.57 0.58

Peritoneal adhesions (568.0) 0.31 0.54 0.58
Other intestinal disorders (569) 0.52 0.92 0.57

Hemorrhage of rectum and anus (569.3) 0.11 0.19 0.58
Chronic liver disease and cirrhosis (571) 1.78 1.40 1.27*

Alcoholic cirrhosis (571.2) 0.49 0.45 1.07*
Other chronic hepatitis (571.49) 0.11 0.06 1.66*
Cirrhosis without mention of alcohol (571.5) 0.76 0.39 1.93*
Other chronic liver disease (571.8) 0.14 0.06 2.26*

Sequelae of chronic liver disease (572) 0.62 0.49 1.27*
Hepatic coma (572.2) 0.31 0.21 1.48*
Portal hypertension (572.3) 0.18 0.12 1.43*

Other liver disorders (573) 0.35 0.33 1.05*
Hepatitis, unspecified (573.3) 0.14 0.10 1.31*

Cholelithiasis (574) 2.82 3.64 0.78
With acute cholecystitis (574.0) 0.56 0.72 0.78
With other cholecystitis (574.1) 1.05 1.72 0.61
Without mention of cholecystitis (574.2) 0.89 0.84 1.05* 
Choledocholithiasis with other cholecystitis (574.4) 0.12 0.14 0.85

Other gallbladder disorders (575) 0.57 0.69 0.83
Acute cholecystitis (575.0) 0.20 0.17 1.19*
Other cholecystitis (575.1) 0.16 0.21 0.76

Other disorders of biliary tract (576) 0.28 0.38 0.74
Cholangitis (576.1) 0.11 0.12 0.90

Diseases of pancreas (577) 1.31 1.00 1.31*
Acute pancreatitis (577.0) 0.80 0.74 1.09*
Chronic pancreatitis (577.1) 0.29 0.17 1.76*
Other specified diseases (577.8) 0.16 0.03 5.19*

Gastrointestinal hemorrhage (578) 2.05 2.24 0.92
Hematemesis (578.0) 0.22 0.19 1.19*
Melena (578.1) 0.54 0.59 0.91
Unspecified (578.9) 1.29 1.46 0.88

Other abdominal/pelvic symptoms (784) 1.54 1.75 0.88
Gastrointestinal symptoms (787) 0.86 1.21 0.71

Nausea and vomiting (787.0) 0.62 0.89 0.70
Dysphagia (787.2) 0.19 0.23 0.83

Abdominal pain (789.0) 0.92 1.12 0.82
Ascites (789.5) 0.44 0.41 1.06* 

Diabetes diagnoses identified by ICD9-CM code 250; only conditions listed on at least 0.1% of discharges with diabetes are included in the table; NEC, not elsewhere
classified; NOS, not otherwise specified. *Digestive condition diagnosis found on a higher percentage of discharge records that included diabetes as a discharge diagnosis
than on records that did not include diabetes.

Source: 1987-91 National Hospital Discharge Surveys
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might actually be ~50%-100% higher than the 0.78
that was found (Table 21.3). Thus, ratios of <1.0
should not be considered evidence of a negative asso-
ciation; ratios of at least 1.0 may deserve further in-
vestigation. 

The digestive diseases in Table 21.3 include only
those that were found on at least 0.1% of discharges
that recorded diabetes during the 5-year period 1987-
91 (at least ~82 sample records, representing ~12,000
discharges). Some groups of diagnoses stand out. The
higher ratios for International Classification of Dis-
eases, 9th Revision, Clinical Modification (ICD9-CM)
code 008.8, other viral intestinal infections not else-
where classified (ratio of 1.56) and ICD9-CM 558.9,
other noninfectious gastroenteritis and colitis (1.06)
(which, despite the name, is often a self-limited gas-
trointestinal infection15) suggest that an increased fre-
quency of hospitalizations for gastrointestinal infec-
tions in diabetes is possible. The associations of liver
disease and its consequences (ICD9-CM 155, 571-
572, 789.5) and pancreatic diseases (ICD9-CM 157
and 577) with diabetes, which also have ratios >1.0,
are considered later in this chapter. Peptic ulcer is not
generally considered to be common in diabetic pa-
tients, and only the least specific ulcer diagnosis
(ICD9-CM 533) had a ratio greater than unity (1.01).
On the other hand, diabetic gastropathy is a well
known complication of diabetes and would charac-
teristically be coded as a disorder of stomach function
not elsewhere classified (ICD9-CM 536.8), which had
a ratio of 2.85. Higher ratios for anal or rectal abscess
(ICD9-CM 566) (1.40) and other suppurative perito-
nitis (ICD9-CM 567.2) (1.11) also indicate a possible
greater risk of infection with diabetes. In a study of
the 12-year hospital experience of a defined cohort of
77 Navajo Indians with diabetes and their 77 matched
controls, 22 of 26 hospitalizations for gastroenteritis
occurred in those with diabetes16. Because few studies
have dealt with diabetes and the occurrence of gastro-
intestinal infections, the issue will not be considered
further in this chapter.

Hematemesis (ICD9-CM 578.0) is a consequence of a
number of upper gastrointestinal disorders. One pro-
spective cohort study of >8,000 elderly men and
women found that diabetes was a risk factor for gas-
trointestinal hemorrhage (relative risk=1.8), although
not specifically for hematemesis17. An association of
gastrointestinal bleeding with diabetes would suggest
that diabetes is related to one or more of the major
diseases that result in gastrointestinal bleeding or that
diabetic patients with these conditions are particu-
larly prone to bleeding.

Physiological abnormalities of the esophagus, stom-
ach, and intestines are common in patients with dia-
betes and may result in gastrointestinal syndromes
such as diabetic gastropathy and diabetic diarrhea. It
remains to be shown that gastrointestinal abnormali-
ties are appreciably more common in diabetic subjects
than in the general population. In addition, there are
few indicators as to why a small number of diabetic
patients develop severe gastrointestinal symptoms
and the majority do not.

Five mechanisms have been proposed to account for
gastrointestinal abnormalities in diabetes18,19. Auto-
nomic neuropathy resulting in motor weakness and
hypotonia is considered the most important mecha-
nism. The others are diabetic microangiopathy, elec-
trolyte imbalances that accompany uncontrolled dia-
betes, altered hormonal production of glucagon and
insulin resulting in depression of gastrointestinal mo-
tility and secretion, and an increased susceptibility to
gastrointestinal infections. These mechanisms are all
biologically plausible, and experimental evidence ex-
ists to support their existence. However, evidence is
largely lacking for their effect on symptomatic gastro-
intestinal complications in diabetic patients.

GASTROPATHY

Diabetic gastropathy, a term that has supplanted the
more melodious gastroparesis diabeticorum, was
originally described in six patients with difficult-to-
manage diabetes and no upper gastrointestinal symp-
toms20. More typically, the symptoms are similar to
those of gastric outlet obstruction: nausea and vomit-
ing, early satiety, bloating, and abdominal pain21. Di-
agnosis is confirmed through radiologic tests with an
upper gastrointestinal series or ingestion of a radiola-
beled meal that shows delayed gastric emptying in the
absence of obstruction21. Most patients with diabetic
gastropathy have autonomic neuropathy and other
chronic complications of diabetes.

The prevalence of diabetic gastropathy is unknown.
Of 43,900 diabetic patients hospitalized at the New
England Deaconess Hospital in Boston, MA in 1954-
67, only 35 had a confirmed diagnosis of diabetic
gastropathy22. In a group of 136 diabetic outpatients,
nausea and vomiting were reported by 29%, but al-
most no information was supplied regarding the pa-
tients or how the history of symptoms was obtained21.
In a study of 114 diabetic outpatients, about half with
IDDM, a history of either nausea or vomiting in the

GASTROINTESTINAL DISTURBANCES
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previous year was found in 28%23. This prevalence
was the same for patients with and without peripheral
neuropathy.

Upper gastrointestinal symptoms have not been found
more commonly in patients with diabetes than in the

general population. In a population-based study in
Finland, 538 middle-aged persons with well-charac-
terized NIDDM or IDDM did not report more frequent
nausea or vomiting than age-matched nondiabetic
controls (Table 21.4)24. Nausea was reported by 56%
of those with diabetes and 55% of controls, and vom-

Table 21.4
Prevalence, Odds Ratios for Diabetes Relative to Nondiabetic Controls, and 95% Confidence Intervals for Various
Gastrointestinal Symptoms, According to Type of Diabetes

Nondiabetic
control

IDDM NIDDM

Symptom
Weekly

frequency
prevalence

(%)
Prevalence

(%) OR 95% CI
Prevalence

(%) OR 95% CI

Nausea ≥1
 0-<1

Never

15
 40
 45

6
 52
 42

0.47
1.39
1

0.14-1.26
0.85-2.29

18
37
45

1.39
0.97
1

0.95-2.02
0.74-1.28

Vomiting ≥1
0-<1

Never

5
25
70

2
31
69

0.45
1.30
1

0.05-1.86
0.76-2.18

6
25
69

1.05
1.01
1

0.58-1.88
0.75-1.35

Dysphagia ≥1
0-<1

Never

6
13
81

7
8

85

1.19
0.60
1

0.39-3.00
0.22-1.36

9
18
73

1.82*
1.60*
1

1.10-3.03
1.12-2.28

Odynophagia ≥1
0-<1

Never

4
18
78

5
15
80

1.01
0.83
1

0.25-3.03
0.40-1.58

6
15
79

1.34
0.85
1

0.74-2.44
0.60-1.21

Globus ≥1
0-<1

Never

9
26
65

9
14
77

0.87
0.46*
1

0.34-1.94
0.22-0.90

10
26
64

1.13
1.04
1

0.72-1.77
0.77-1.41

Heartburn ≥1
0-<1

Never

24
45
31

9
45
46

0.26*
0.69
1

0.10-0.60
0.41-1.11

26
44
30

1.16
1.06
1

0.82-1.64
0.78-1.42

Regurgitation ≥1
0-<1

Never

11
44
45

5
38
57

0.32*
0.68
1

0.08-0.91
0.41-1.11

12
37
51

0.96
0.74*
1

0.63-1.45
0.56-0.97

Belching ≥1
0-<1

Never

39
40
21

34
32
34

0.56
0.51
1

0.31-1.01
0.28-0.93

38
35
27

0.76
0.68*
1

0.54-1.06
0.49-0.95

Abdominal pain ≥1
0-<1

Never

29
41
30

18
60
22

0.89
1.97*
1

0.41-1.90
1.10-3.67

27
42
31

0.92
0.99
1

0.66-1.29
0.73-1.34

Flatulence ≥1
0-<1

Never

62
30

8

62
32

6

1.45
1.40
1

0.54-4.94
0.49-4.90

68
23

9

1.90
0.61
1

0.57-1.44
0.37-1.03

Abdominal  
 distension

≥1
0-<1

Never

29
40
31

26
40
34

0.80
0.95
1

0.42-1.52
0.54-1.68

29
39
32

0.93
0.89
1

0.67-1.30
0.66-1.21

Urgency ≥1
0-<1

Never

20
23
57

17
17
66

0.77
0.67
1

0.39-1.45
0.34-1.24

30
20
50

1.79*
1.04
1

1.31-2.44
0.75-1.43

Diarrhea ≥1
0-<1

Never

7
43
50

1
38
63

0.13*
0.69
1

0.01-0.78
0.42-1.13

10
45
45

1.39
1.14
1

0.85-2.20
0.87-1.49

Constipation Usual/aways
Seldom

Never

14
39
47

21
36
43

1.65
0.97
1

0.81-3.31
0.56-1.65

20
37
43

1.51*
1.01
1

1.04-2.20
0.76-1.34

Laxative use ≥1/month
<1/month or

never

8

92

16

84

2.13*

1

1.05-4.38 17

83

2.35*

1

1.57-3.53

OR, odds ratio; CI, confidence interval. *Significantly different (p<0.05), diabetic versus control subjects. Odds ratios were computed for at least weekly or less than weekly
relative to never; laxative use comparison was computed for at least monthly relative to less than monthly or never.

Source: Adapted from Reference 24; prevalence, sex-adjusted odds ratios, and exact confidence intervals were calculated from data in the published reference
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iting was reported by 31% and 30%, respectively. As a
result, the odds for these conditions did not differ
between diabetic subjects and controls.

Diabetic gastropathy is usually ascribed to the effects
of autonomic neuropathy on the parasympathetic va-
gus nerve25,26, and a prevalence of neuropathy of ≥50%
has been found in groups of patients with this condi-
tion22,27. However, autonomic neuropathy is common
in diabetes and is not a good predictor of gastropare-
sis28-31. One study found that affective disorders and
anxiety states were predictive of upper gastrointesti-
nal symptoms, whereas neuropathy was not23. There
are more reports of diabetic gastropathy in patients
with IDDM than NIDDM, but a direct comparison of
prevalence of gastropathy in the two types of diabetes
has not been made. It is not known whether duration
of diabetes has an effect on the risk of gastropathy.
Acute hyperglycemia delays gastric emptying32, but
whether prolonged hyperglycemia directly affects
emptying is unknown. This is a difficult issue to
study: because gastropathy itself may worsen blood
glucose control, an association of the two does not
necessarily suggest a causal direction. 

Symptomatic diabetic gastropathy is unlikely to im-
prove spontaneously22. Prokinetic drugs are standard
treatment, but their effectiveness beyond a year is not
known. Gastric bezoars are persistent concretions of
food associated commonly with motility disorders
and are therefore an important complication of dia-
betic gastropathy. Although bezoars were found in
only 14 of 3,247 patients (0.4%) undergoing gastro-
duodenoscopies at one hospital, four of these 14 pa-
tients had diabetes with autonomic neuropathy33.

DIARRHEA AND FECAL INCONTINENCE

Chronic diarrhea may be clinically defined as stool
output of ≥200 g per day for ≥3 weeks34. More practi-
cally, diarrhea may be considered an abnormal in-
crease in stool weight, stool liquidity, or stool fre-
quency34,35. Patients are more likely to focus on dis-
turbing symptoms of stool looseness and frequency
than on increased mass. The diarrhea associated with
diabetes characteristically occurs at night following
meals and is watery. Clinical evaluation should distin-
guish diarrhea from fecal incontinence, the recurrent
uncontrolled passage of fecal matter36, because a pa-
tient with fecal incontinence may complain of diar-
rhea even though stool volume and consistency are
unaltered34.

The diarrhea of diabetes may have a number of mecha-
nisms. In a series of 33 diabetic patients with chronic

diarrhea seen in a tertiary referral practice37, auto-
nomic neuropathy was thought to underlie the more
direct cause in 22 patients. These direct causes were
bacterial overgrowth in the small bowel in eight pa-
tients, anorectal dysfunction in seven patients, and
intestinal motility or secretory disorder in seven pa-
tients. Two conditions associated with diabetes, celiac
sprue and bile acid malabsorption, caused five cases.
Incidental causes not related to diabetes were found in
three patients, and no cause could be found in three
patients. Of note, in only seven patients was a definite
diagnosis based on the demonstration of a mechanism
and response to treatment of that specific disturbance.

Diarrhea is considered a common gastrointestinal
complication of diabetes and was found in ~20% of
two groups of patients21,23. However, there is conflict-
ing evidence whether diarrhea is much more common
in people with diabetes than in the general popula-
tion. In the 1989 NHIS, 17.2% of those with diabetes
reported diarrhea at least some of the time, which
when age-adjusted was 1.4 times the prevalence of
diarrhea in nondiabetic subjects (Table 21.1). Dia-
betic subjects were also more likely than nondiabetic
subjects to report ≥3 bowel movements per day. In
contrast, in a Finnish case-control study, diarrhea de-
fined as abnormally liquid stools or stool frequency ≥3
times per day was reported to occur at least once per
week by only 1% of patients with IDDM, 10% of
patients with NIDDM, and 7% of population controls
(Table 21.4)24. The odds of diarrhea were actually
substantially lower for IDDM patients than for con-
trols. Self-reported diarrhea was slightly more com-
mon in 200 British diabetic patients than in their age-
and sex-matched nondiabetic controls (Table 21.5)38.
The higher prevalence approached statistical signifi-
cance (p=0.09) for patients without autonomic
neuropathy. 

Diarrhea may be produced by the ingestion of large
amounts of sorbitol, a popular sugar substitute used
as a sweetener in dietetic foods. A group of 100 con-
secutive patients referred to a diabetic clinic and 100
age- and sex-matched controls without diabetes were
interviewed regarding sorbitol ingestion and history
of diarrhea, defined as ≥3 loose bowel movements per
day for ≥10 days per month39. Thirty-six percent of the
diabetic patients and 10% of the controls reported
sorbitol intake. Of those ingesting sorbitol, 56% of
diabetic patients and no controls reported diarrhea. Of
those not ingesting sorbitol, 9.4% of diabetic patients
and 2.2% of controls reported diarrhea (p<0.001 for
differences between diabetic and control rates). Thus,
diabetic patients reported considerably increased diar-
rhea, the majority of which was associated with sorbi-
tol intake.
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Diarrhea, defined as ≥2 unformed stools per day, was
reported by 8% of 85 diabetic patients in a large British
referral clinic and 8% of 150 nondiabetic patients
attending other, nongastrointestinal clinics40. How-
ever, diarrhea was found in 20% of diabetic patients
treated with the oral hypoglycemic agent metformin.
Several of these patients had symptoms more sugges-
tive of fecal incontinence than of diarrhea. This report
and the sorbitol report demonstrate that gastrointesti-
nal disturbances may be associated with diabetic treat-
ment and are not necessarily directly caused by diabe-
tes.

Lactose malabsorption, a common cause of diarrhea in
adults due to lactase deficiency, is more difficult to
diagnose in diabetic patients because the conven-
tional lactose tolerance test consists of serial blood
glucose determinations after an oral lactose load. Nev-
ertheless, more specific tests have demonstrated that
lactose malabsorption is not more common in diabetic
than nondiabetic subjects41.

As noted above, patients may report fecal inconti-
nence as diarrhea. Although diarrhea may accentuate
the problem, the pathophysiology of fecal inconti-
nence is largely different. The problem is not so much
with motility as with impaired sensation of anorectal
contents and diminished resting anal sphincter pres-
sure37,42-45. Fecal incontinence was reported by 20% of
a group of 136 diabetic outpatients, but no definition
was given21. This high prevalence has not been sub-
stantiated in other studies of diabetic patients. For
example, in a British study, fecal incontinence was
reported by only two of 59 diabetic subjects with

autonomic neuropathy and none of 141 diabetic sub-
jects without autonomic neuropathy38. A German
study comparing 12 incontinent and 15 continent
diabetic patients found no correlation of peripheral or
autonomic neuropathy with the presence or degree of
incontinence46.

CONSTIPATION AND OTHER BOWEL 
DISTURBANCES

Constipation is one of the most common and least
well defined symptoms of gastrointestinal distur-
bance. Although constipation should be defined by
persistent symptoms of difficult, infrequent, or seem-
ingly incomplete defecation, individuals have a vari-
ety of perceptions as to what constitutes constipa-
tion35. Hyperglycemia may directly inhibit intestinal
transit32, but autonomic neuropathy is most often
considered the major cause3,21,26,47. Despite differences
in definition, the majority of studies have found an
association of diabetes and constipation. In the 1989
NHIS, diabetic subjects were more likely than subjects
without diabetes to report constipation, hard stools,
straining, incomplete evacuation, and laxative use
(Table 21.1). In the 1987-91 NHDS, intestinal impac-
tion, which can be a consequence of severe constipa-
tion, was found in a higher percentage of discharges
with diabetes than without diabetes (Table 21.3).
Constipation that was usual or always was reported
more often by both NIDDM and IDDM patients than
controls in a Finnish population-based study (Table
21.4)24. These diabetic patients were also more than
twice as likely as nondiabetic subjects to report at

Table 21.5
Functional Bowel Symptoms in Diabetic and Age- and Sex-Matched Controls

Autonomic Prevalence (%)
Symptom neuropathy Diabetic Control Prevalence ratio 95% CI

Irritable bowel syndrome +
-

8.5
16.3

3.4
12.1

2.50
1.35

0.50-12.38
0.76-2.42

Abdominal pain +
-

18.6
21.3

15.3
22.0

1.22
0.97

0.55-2.73
0.62-1.51

Distension +
-

23.7
38.3

16.9
28.4

1.40
1.35

0.68-2.90
0.97-1.89

Abnormal bowel habit +
-

33.9
26.2

11.7
23.4

2.86
1.12

1.31-6.24
0.75-1.68

Constipation +
-

22.0
9.2

6.8
14.2

3.25
0.65

1.12-9.39
0.34-1.26

Diarrhea +
-

5.1
11.3

3.4
5.7

1.50
2.00

0.26-8.65
0.88-4.52

Alternating constipation 
  and diarrhea

+
-

6.8
5.7

1.7
3.5

4.00
1.60

0.46-34.73
0.54-4.77

CI, confidence interval; +, autonomic neuropathy present, -, absent; sample sizes were 200 diabetic subjects (59 with autonomic neuropathy and 141 without) and 200
control subjects.

Source: Adapted from Reference 38; prevalence ratios and 95% CIs were calculated from data in the published reference
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least monthly laxative use. Constipation and laxative
use were reported more commonly by women than
men, as found in other studies48. Laxative use was 4.3
times as frequent in diabetic than in nondiabetic sub-
jects in an audit of outpatient pharmaceutical usage at
U.S. Public Health Service clinics49. This figure was
not age-adjusted, but in every age group diabetic per-
sons had 50%-100% greater use of laxatives. 

It has been hypothesized that diabetic patients with
autonomic neuropathy might have fewer functional
bowel symptoms than controls if an intact autonomic
nervous system were needed to manifest these com-
mon symptoms38. To investigate this, functional bowel
symptoms were elicited from 200 diabetic patients
screened for autonomic neuropathy and 200 age- and
sex-matched nondiabetic controls38. In contrast to the
hypothesis, the 59 diabetic patients with autonomic
neuropathy tended to report such symptoms more
commonly than controls. Abnormal bowel habit and
its principle component, constipation, were reported
significantly more commonly by the diabetic patients
with autonomic neuropathy than controls (Table
21.5, p<0.05). In a study of 114 diabetic outpatients,
neither peripheral neuropathy nor psychiatric symp-
toms were predictive of constipation23. Too few pa-
tients had neurologic testing to evaluate an associa-
tion of autonomic neuropathy with constipation.

CELIAC DISEASE

Gluten-sensitive enteropathy, or celiac disease, results
from the sensitization of T-lymphocytes of the small
bowel mucosa to gliadin and related proteins found in
wheat, rye, barley, and oats50. The disorder is mani-
fested by malabsorption that results in varying de-
grees of diarrhea, flatulence, weight loss, and, among
diabetic persons, poor glycemic control. Extraintesti-
nal symptoms involving several organs may result
from defective absorption of nutrients from the gut. A
firm diagnosis requires characteristic jejunal biopsy
findings and their improvement while on a gluten-free
diet51. The presence of circulating antibodies to en-
domysium, gliadin, or reticulin is supportive of the
diagnosis and may be useful as screening tests in
high-risk groups. 

Celiac disease is rare except in northern Europe,
where >0.1% of the population may be affected52.
Among patients with diabetes, it is most commonly
found in children subsequent to the diagnosis of
IDDM and is not associated with NIDDM. Figure 21.1
summarizes the prevalence of celiac disease in pa-
tients with IDDM in Europe and Australia53-60. Preva-

lence ranged from 1.1% to 11%, which was many
times higher than the prevalence in the background
populations and was approximately the prevalence
found in first-degree relatives of patients with celiac
disease61. IDDM has also been reported in a high
proportion of patients with celiac disease: 5.4% of 335
cases versus 1.5% of age- and sex-matched controls in
one study62. The common link between the two disor-
ders is the high prevalence of the HLA-DR3 and HLA-
DQ2 histocompatibility phenotypes63,64. These pheno-
types are common in northern Europeans with IDDM,
but are more common in patients who have both
IDDM and celiac disease57,65. People with diabetes
who develop celiac disease tend to be younger when
diabetes occurs53,55, but duration of diabetes does not
appear to be strongly associated with celiac disease. It
is possible that other risk factors or the metabolic
abnormalities of IDDM may lead more frequently to
celiac disease, particularly since only a minority of
persons with the known genetic predispositions de-
velop either condition. The degree of association of
IDDM and celiac disease in the United States is un-
known but could be evaluated at centers that see large
numbers of patients with IDDM. Certainly IDDM pa-
tients with unexplained chronic diarrhea and highly
varying glycemia should be evaluated for celiac dis-
ease66.
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Figure 21.1
Prevalence of Celiac Disease Following Antibody
Screening in Patients with IDDM in Europe and 
Australia

Sample sizes are: Reference 53, 1,024; Reference 54, 180; Reference 55, 498;
Reference 56, 146; Reference 57, 201; Reference 58, 215; Reference 59, 195;
Reference 60, 54. The percents shown for References 53, 56, and 57 are
minimum percents and assume that no patients who refused jejunal biopsy had
celiac disease.

Source: References are listed in parentheses within the figure
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SPECTRUM OF LIVER DISEASE

Liver diseases found in either obese subjects or dia-
betic patients are similar to alcoholic liver dis-
eases67,68. Histologic findings of steatosis (fat accumu-
lation in hepatocytes), steatohepatitis (steatosis with
necrosis and inflammation and the presence of Mal-
lory’s hyaline in hepatocytes), and fibrosis and cirrho-
sis have all been described69,70. These conditions can-
not be differentiated by histologic appearance from
alcoholic liver disease71-73. Elevation of liver-associ-
ated enzymes is a frequent finding in liver disease, but
this is not accurate in predicting either the type or
extent of liver tissue abnormalities74-77. Liver biopsy is
necessary to make a specific diagnosis. Liver ultra-
sonography may be a useful noninvasive test to iden-
tify steatosis or fibrosis as a "bright" liver echo pat-
tern, but it is unable to differentiate between the two
conditions78-80.

Many clinical case series and a few epidemiologic
studies suggest that diabetes and liver disease occur
together more often than would be expected by
chance. For example, in the 1987-91 NHDS, the diag-
nosis of chronic liver disease and cirrhosis (ICD9-CM
571) was found on a higher percentage of discharge
records of diabetic patients (1.78%) than  nondiabetic
patients (1.40%) (Table 21.3). As was discussed in the
section on the NHDS, this finding indicates that liver
disease is commonly associated with diabetes but does
not provide quantitative certainty. Sequelae of chronic
liver disease and other liver disorders (ICD9-CM 572
and 573) were also found more commonly with dia-
betic discharges than with discharges that did not
mention diabetes (Table 21.3).

Beyond this apparent association, it cannot be cate-
gorically stated that either diabetes causes liver dis-
eases or liver disease causes diabetes, although it is
quite possible that they cause or at least potentiate
each other. Likewise, the clinical significance of the
association is unknown. For example: What is the risk
of developing liver disease with diabetes or diabetes
with liver disease? Should people with diabetes be
advised not to drink alcohol? Should people with
chronic liver disease be tested for diabetes? For pa-
tients with NIDDM, would effective glycemic control
or weight loss prevent liver disease? Does the occur-
rence of liver disease in diabetic patients increase the
likelihood of other diabetic complications or death?

DOES DIABETES CAUSE LIVER DISEASE?

A causal role for diabetes in liver disease would be
indicated if a high incidence and rate of progression of
liver disease occurred in people with diabetes who did
not have other causes of liver disease (particularly
high alcohol consumption), or if prevention or im-
provement in liver disease occurred in patients during
effective therapy for diabetes. Such studies have not
been conducted, but less compelling evidence does
exist for a causal relationship. 

It is understandable that only a few studies have de-
termined the prevalence of liver disease in persons
with diabetes. Such studies require examination of
liver tissue from persons who do not necessarily have
an indication for liver biopsy. A special circumstance
in which hepatic tissue can be easily obtained is dur-
ing gastrointestinal surgery for morbid obesity. In a
study of liver biopsies performed in 100 consecutive
patients undergoing gastric bypass, 46 patients had
normal glucose tolerance, 23 had impaired glucose
tolerance (IGT), and 31 had diabetes according to
National Diabetes Data Group criteria75. Although
steatosis was common in all groups, every diabetic
patient had some steatosis, and 42% had severe stea-
tosis. Steatosis was more severe in the diabetic sub-
jects than the other two groups (p=0.04). Compared
with persons with normal glucose tolerance, fibrosis
(found in 81% of diabetic patients) but not cirrhosis
(found in 10% of diabetic patients) was significantly
associated with diabetes (p=0.001). A similar study of
118 morbidly obese men and women undergoing je-
junoileal bypass found odds ratios for extensive
(>25%) steatosis of 11.2 (95% CI 1.6-25.6) and for
fibrosis of 17.3 (95% CI 5.5-54.9) for diabetic women
relative to women with normal glucose tolerance81.
No association of liver abnormalities and diabetes was
reported for men. Among 100 middle-aged diabetic
patients with stable weight, a cytological diagnosis of
steatosis was found in only three of 32 normal-weight
subjects but in 75% of subjects who were >20% over-
weight, indicating that steatosis is common in diabe-
tes only in the presence of obesity82.

Raised serum activities of liver enzymes, particularly
alanine amino transferase and γ-glutamyl transpepti-
dase, occur in diabetic subjects more frequently than
in the general population. In stable diabetes, these
elevations are typically mild, not more than two times
the upper limit of the normal range77,78. Elevations of
these enzymes have been found more commonly in
patients with NIDDM than in patients with IDDM and
are associated with overweight. In a Finnish study of
diabetic outpatients, serum activities of both alanine
amino transferase and γ-glutamyl transpeptidase were

LIVER DISEASE
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raised in ~23% of the 118 patients with NIDDM,
which was a significantly higher percentage than for
the 57 patients with IDDM77. Similarly, a study in
Scotland of 166 diabetic outpatients found elevations
in alanine amino transferase activity in 21% and γ-glu-
tamyl transpeptidase activity in 31% of patients with
NIDDM, but in no more than 5% of either controls or
patients with IDDM83. For the diabetic patient with
persistent enzyme activity elevation and after exclu-
sion of other causes of liver diseases, it must be de-
cided if liver biopsy and other expensive and invasive
tests are necessary. As indicated above, most of these
patients can be expected to have steatosis and some
will also have fibrosis77.

Whether nonalcoholic fatty liver or steatohepatitis
proceed to cirrhosis is controversial. Several cross-
sectional studies found a small number of patients
with severe fibrosis or cirrhosis among patients with
steatosis72,75,84-86. More persuasive are long-term stud-
ies that found progression to severe liver disease
among obese patients with steatosis. Because these
studies each followed ≤6 patients, it can only be con-
cluded that progression to cirrhosis may occur, but
the risk is unknown87-91. It is also not clear from these
studies whether progression of liver disease occurs
more quickly or is more likely in the presence of
diabetes. A disturbing finding was progression of fatty
liver to fibrosis in five of 41 patients treated with
intensive, short-term weight loss92. In contrast, results
from a controlled clinical trial of nondiabetic, over-
weight, hypertensive men treated with either diet or
antihypertensive drugs for a year indicated that
weight loss improves hepatic enzyme abnormalities93.
In the diet-treated group, 10 of 31 patients had ele-
vated serum alanine aminotransferase activities at en-
try, decreasing to four patients after weight loss
(p=0.04). No changes in enzyme activities were ob-
served in the drug-treated group. A similar clinical
trial conducted in diabetic patients would be informa-
tive regarding cause as well as treatment of liver dis-
ease in diabetes.

Cirrhosis and diabetes are associated in autopsy stud-
ies, with cirrhosis being found at least twice as com-
monly in diabetic than in nondiabetic patients94,95. It
is impossible to infer causation from these studies.
For example, alcohol abuse could cause cirrhosis, and
cirrhosis could then affect glucose tolerance. Presum-
ably, cirrhosis due to obesity or diabetes would have
similar consequences as that caused by alcohol or
other exposures. Liver cancer, a sequela of cirrhosis,
and diabetes were associated on hospital discharge
records (Table 21.3) and in a longitudinal population-
based study in Sweden96. A large Italian case-control
study of primary liver cancer found a significant asso-

ciation of diabetes with liver cancer (odds ratio 2.5,
95% CI 1.7-3.8) which persisted after controlling for
cirrhosis97. In a long-term followup of >1,200 Japa-
nese diabetic subjects, the observed number of deaths
from cirrhosis was 2.7 times and from liver cancer was
3.6 times the expected number based on rates in the
general population98. Mortality followup of a Paris,
France prospective cohort study revealed that 10 of 80
deaths of diabetic subjects were due to cirrhosis99.
Relative to persons with normal glucose tolerance,
persons with diabetes had 13 times and persons with
IGT seven times the cirrhosis mortality rates.

Not all studies have shown a relationship of diabetes
to liver disease mortality. For Pima Indians, deaths
from chronic liver disease were not more common in
diabetic than nondiabetic subjects100. Despite the high
prevalence of alcoholism in this community, a higher
rate of liver disease mortality in diabetic than in non-
diabetic people might have been expected if diabetes
were a contributor to cirrhosis.

DOES LIVER DISEASE CAUSE DIABETES?

Direct evidence for liver disease causing diabetes
would come from prospective studies that demon-
strate a higher incidence of diabetes in persons with
liver disease than in persons without. This increased
risk would be independent of or additive to the effects
of obesity and other common risk factors for diabetes.
Such a study has not been performed, although there
is less direct evidence for liver disease causing diabe-
tes. In a population-based study of urban Swedish
men age 54 years, the risk of diabetes 13.5 years after
a baseline examination was higher with increasing
serum glutamic pyruvic transaminase activity and se-
rum bilirubin, both of which are markers of liver
disease101. Although there was no testing for diabetes
at baseline, the analysis did control for body mass
index (BMI) and a family history of diabetes. A study
of 100 patients with liver cirrhosis in Naples, Italy
who had normal glucose tolerance at a baseline ex-
amination found a 20% cumulative incidence of dia-
betes diagnosed by OGTT within 4 years102. There was
no comparison group, no reporting of BMI or other
risk factors, and, oddly, no one who developed IGT.
Nevertheless, a 20% risk of NIDDM over 4 years in
persons with initially normal glucose tolerance would
be considered high in almost any population. 

Figure 21.2 shows the prevalence of diabetes in clini-
cal studies of persons with liver disease71-73,84,90,103-109 .
The liver disease ranged from steatosis to cirrhosis.
The prevalence of diabetes ranged from 10% to 75%
but did not appear related to the severity of liver

470



disease. Being cross-sectional, these results demon-
strate that liver disease and diabetes are associated,
but not a causal direction. A similar conclusion can be
made about the association of OGTT results and ab-
normal serum γ-glutamyl transpeptidase activity
(GGT), which is a sensitive marker of alcohol con-
sumption and liver injury110,111. One such study per-
formed an OGTT on >4,000 middle-aged men without
fasting hyperglycemia in a multiphasic screening pro-
gram in Malmö, Sweden110. Based on a dose of 30 g
glucose/m2 body surface area and 2-hour blood glu-
cose of ≥7.0 mmole/l, the prevalence of abnormal
glucose tolerance was determined for three groups:
2,196 men with a serum GGT activity lower than the
median (9% with abnormal glucose tolerance), 35
men with elevated GGT but with a negative history of
alcohol consumption (17% with abnormal glucose
tolerance), and 136 men with elevated GGT and his-
tory of moderate to heavy alcohol consumption (26%
with abnormal glucose tolerance). Although the
authors argued that it was alcohol consumption and
not underlying liver disease that caused the abnormal
glucose tolerance, similar results could have occurred
if diabetes promoted liver injury. Other studies have
found at least a modest association of alcohol and
diabetes112-114, but this has not been a universal find-
ing115,116. Because chronic alcohol consumption has
effects throughout the body, an association of alcohol
consumption with diabetes does not necessarily mean
that liver injury is the cause of the diabetes.

Considerable inquiry has been made into the metabo-
lic basis for diabetes as a consequence of cirrhosis.
The more informative studies have found abnormali-
ties of glucose metabolism in cirrhotic patients with-
out diabetes117-126. These studies indicate that the pri-
mary metabolic defect is peripheral insulin resistance
and that inadequate insulin secretion and hepatic in-
sulin resistance appear to be later phenomena, just as
occurs in NIDDM unrelated to liver disease. Although
its underlying cause remains to be determined, it has
been suggested that peripheral insulin resistance may
develop as compensation for hyperinsulinemia due to
diminished hepatic insulin metabolism118. This hyper-
insulinemia is more likely due to liver cell damage
than to porto-systemic shunting, because surgical
shunts have not been found to affect insulin resistance
in cirrhosis122. Not all studies support the hypothesis
that cirrhosis leads to insulin resistance. For example,
30 nondiabetic alcoholic subjects had similarly ele-
vated fasting and post-OGTT plasma insulin concen-
trations regardless of whether they had histological
liver disease127.

Persons with diabetes, particularly in developing
countries, have a history of hepatitis B more com-
monly than do persons without diabetes128. Contami-
nated needles used for injecting insulin do not seem
to be the only cause, since the seroprevalence of hepa-
titis B was similar for patients using and not using
insulin128. Such unexpected associations suggest that
it may be instructive to compare glucose tolerance and
insulin levels in persons with differing causes and
stages of liver disease. Two common conditions sug-
gest themselves: heavy drinkers and persons with
chronic viral hepatitis with or without cirrhosis or
other chronic liver disease.

Gallstones are classified according to their predomi-
nant constituents into three types: cholesterol, black
pigment, and brown pigment gallstones. Possibly 80%
of gallstones in the United States are cholesterol gall-
stones, although the exact percentage is not known.
Increasing age, female sex, and overweight are
strongly associated with risk of developing gall-
stones129. Cholecystectomy is the main treatment for
symptomatic gallstones; gallstone disease refers to
having the condition of gallstones or a history of
cholecystectomy. Currently, three metabolic factors
are considered important in the development of cho-
lesterol gallstones: 1) a high proportion of cholesterol
in the bile relative to solubilizing bile acids and phos-
pholipids, 2) an imbalance of pro-nucleating factors
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Figure 21.2
Prevalence of Diabetes According to Liver Pathology

NASH, non-alcoholic steatohepatitis. Sample sizes are: Reference 71, 16; Ref-
erence 108, 49; Reference 72, 20; Reference 104, non-alcoholic steatosis, 64;
Reference 104, alcoholic steatosis, 206; Reference 73, 39; Reference 90, NASH,
42; Reference 90, fibrosis, 15; Reference 84, 6; Reference 109, NASH, 13;
Reference 109, fibrosis/cirrhosis, 8; Reference 105, NASH, 8; Reference 105,
fibrosis, 7; Reference 105, cirrhosis, 7; Reference 106, hepatitis, 48; Reference
106, cirrhosis, 50; Reference 107, hepatitis, 6; Reference 107, cirrhosis, 10;
Reference 103, 851.

Source: References are listed in parentheses within the figure
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relative to anti-nucleating factors in the bile, and 3)
diminished gallbladder motility, which prolongs the
opportunity for cholesterol nucleation in the gallblad-
der130-132. Potentially, diabetes could increase the like-
lihood of gallstones through each of these processes.
Biliary cholesterol supersaturation is associated with
diabetes, particularly among the overweight and insu-
lin-treated133-136. However, it has not been shown that
this association is independent of the strong associa-
tion of cholesterol supersaturation with over-
weight137,138. Long-standing diabetes is associated with
impaired gallbladder motility, particularly if auto-

nomic neuropathy is present139-143, whereas obesity
has not been associated with impaired motility144-147.
Whether diabetes accelerates cholesterol nucleation
has not been adequately investigated.

Gallstones may be detected by oral cholecystography,
but abdominal ultrasonography has become the fa-
vored diagnostic test because of its safety and accu-
racy148,149. The results of four cross-sectional studies
that combined one of these diagnostic tests with
OGTTs were inconclusive regarding an increased
prevalence of gallstone disease in diabetic patients

Table 21.6
Prevalence and Relative Risk of Gallstone Disease (Gallstones or Cholecystectomy), According to Diabetes Status

Ref. Diagnosis of GSD Diabetes status No. GSD (%) Adjusted RR 95% CI

Studies with glucose tolerance testing
150 Oral  

  cholecystogram
Diabetes
No diabetes

128
206

63.2
64.1

1.06
1

0.59-1.90

151 Ultrasonography Women
Diabetes
IGT
Normal OGTT

1.9
1.4
1

0.9-3.9
0.9-2.2

Men
Diabetes
IGT
Normal OGTT

0.9
1.3
1

0.3-2.9
0.5-3.3

152 Ultrasonography Men
Diabetes
IGT
Normal OGTT

165
302

2,272

3.0
6.0
3.3

0.8
1.6
1

0.3-2.1
0.9-2.7

153 Ultrasonography Diabetes
Nondiabetic OGTT

67
791

11.9
3.9

2.59
1

1.12-5.96

154 Self-report Women
Diabetes
Nondiabetic OGTT

1.83
1

1.07-3.14

Men
Diabetes
Nondiabetic OGTT

1.71
1

0.63-4.65

155 Self-report Women
Diabetes
Nondiabetic OGTT

171
1,485

35.7
12.5

1.60
1

1.00-2.37

Men
Diabetes
Nondiabetic OGTT

97
1,153

7.2
3.0

1.19
1

0.46-2.09

156 Prospective  
 development of 
 clinical GSD

serum glucose
(mmole/L)
≥10.50
8.30-10.49
8.77-8.29
<6.77

per mole/L
serum glucose

1,824
1,835
1,827
1,849

7.0
7.1
6.1
5.3

1.4*
1.3*
1.1*
1.0

1.2
1

1.0-1.8
1.0-1.7
1.1-1.8

0.9-1.6

NHANES II† Self-report Diabetes
Nondiabetic OGTT

948
3,521

12.1
5.2

1.60*
1

1.01-2.53

Table 21.6—Continued next page
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(Table 21.6)150-153. Two of these studies were con-
ducted in the United States. In Pima Indians, in whom
gallstone disease was diagnosed by oral
cholecystography or history of cholecystectomy, no
association was found between diabetes and gallstone
disease150. A recalculation of the age- and sex-adjusted
odds ratio of diabetes as a risk factor for gallbladder
disease confirms the lack of association: the odds ratio
and 95% CI were 1.06 (0.59-1.90). In women in the
1982-84 Hispanic Health and Nutrition Examination
Survey (HHANES), the odds ratio of gallstone disease
for diabetic glucose tolerance relative to normal glu-
cose tolerance was 1.9 (95% CI 0.9-3.9) and for IGT
relative to normal glucose tolerance was 1.4 (95% CI
0.9-2.2)151. The odds ratios were adjusted for age,
BMI, ethnicity, and other factors. Persons who re-
ported previously diagnosed diabetes were not in-
cluded in the analysis. Such people generally have had
diabetes for a longer time and are more likely to have
complications than newly diagnosed diabetic patients.
For men in HHANES, no association was found be-
tween diabetes or IGT and gallstone disease, although
the number of men with gallstone disease (n=53) was
only about one-fifth the number of women with gall-
stone disease (n=253) and may have been too few to
detect an association.

Glucose tolerance tests using standard World Health
Organization (WHO) criteria and gallbladder ultra-
sonography were conducted in >2,700 Japanese men

age 48-56 years152. IGT was associated with gallstone
disease after adjustment for BMI and other risk factors
(odds ratio 1.6, 95% CI 0.9-2.7) whereas diabetes was
not associated (odds ratio 0.8, 95% CI 0.3-2.1). This
study stands out because of its large size and the
elimination of any confounding effect of age.

The study with the strongest association of gallstones
with diabetes employed a standard glucose tolerance
test and ultrasonography in a population-based sur-
vey of three villages in Taiwan153. The relative risk of
diabetes for gallstone disease declined from 3.22 to
2.59 with control for other risk factors, including age
and percent body weight, but remained strongly sig-
nificant.

Other studies of the association of gallstone disease
and diabetes have been subject to selection or meas-
urement bias because either one or both conditions
were ascertained by self-report or medical history24,154-

163. For several of the studies, the risk of gallstone
disease for diabetic relative to nondiabetic subjects
was not provided in the paper but could be calculated
from frequency counts and prevalence, although ade-
quate adjustment for age and overweight could not be
made.

The results in Table 21.6 indicate that diabetes may be
a risk factor for gallstone disease in some populations,
such as eastern Asians, but not in other populations.

Table 21.6 Continued

Ref. Diagnosis of GSD Diabetes status No. GSD (%) Adjusted RR 95% CI

Studies without glucose tolerance testing
157 Self-report Diabetes

No diabetes
105

4,900
6.7 1.25

1
0.5-2.3

158 Cholecystectomy Diabetes
No diabetes

60
2,023

0.66
1

0.35-1.19

159 Ultrasonography Diabetes
No diabetes

54
2,266

11.1
8.7

1.31
1

0.45-3.11

160 Ultrasonography Diabetes
No diabetes

41
1,738

17.1
10.8

1.12
1

0.57-2.21

161 Ultrasonography Diabetes
No diabetes

67
3,350

13.4
9.1

1.80*
1

0.77-3.73

162 Self-report Diabetes
No diabetes

76
462

32.9
16.2

2.13*
1

1.18-3.92

163 Self-report Diabetes
No diabetes

262
1,026

21.8
11.8

1.07
1

0.81-1.40

24 Self-report IDDM
NIDDM
No diabetes

87
451
588

2.3
18.8
11.0

0.18
1.98
1

0.02-0.74
1.35-2.88

GSD, gallstone disease; RR, relative risk; CI, confidence interval; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test. *Not adjusted for overweight; †1976-80
Second National Health and Nutrition Examination Survey, see Table 21.2; adjusted relative risk values of 1 are the reference group.

Source: Reference are listed within the table
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Such inconsistent results may relate to the cross-sec-
tional nature of most of the studies but could also
indicate that confounding factors may be influencing
the observed associations with diabetes. Also, the
clinical characteristics of diabetes have not had a con-
sistent relationship with gallstone disease. For exam-
ple, a followup of patients with NIDDM in one study
that had found a positive association with gallstones
reported the following: self-reported gallstone disease
was associated with duration of diabetes, was in-
versely associated with fasting glucose concentration,
and was unrelated to the type of diabetic therapy164.

It may be that hyperinsulinemia has a greater role in
gallstone development than diabetes itself. Hyperin-
sulinemia is more common in people with clinically
identified gallstone disease than in controls155,165-167.
Thus, an increased risk of gallstone disease in persons
with NIDDM may depend on the insulin resistance
and hyperinsulinemia that characterizes the develop-
ment of NIDDM.

Gallstones appear to be a more dangerous condition
for persons with diabetes than for the general popula-
tion. People with diabetes have higher morbidity and
mortality for both elective and emergency cholecys-
tectomy168,169. Diabetic subjects with gallstones are
also more likely to be older than other persons with
gallstones and have other medical problems that may
contribute to higher rates of complications168,170. For
example, one study found that diabetic patients had
more frequent postoperative complications (24.6%
versus 12.5%) and higher mortality (7.9% versus
3.0%) than nondiabetic patients, but the increased
morbidity was due to older age and greater comorbid-
ity in those with diabetes168. A decision analysis that
compared no immediate surgery with prophylactic
cholecystectomy in diabetic patients with asympto-
matic gallstones recommended against cholecystec-
tomy171, but it was based on the assumption of high
mortality rates for elective surgery (at least 1%) and
without consideration of the impact of laparoscopic
alternatives to open cholecystectomy.

CONCURRENT DIABETES AND 
PANCREATIC CANCER 

Diabetes or IGT has been found in the majority of
patients with pancreatic cancer172,173. In one study, a
standard OGTT was conducted in 44 patients with
pancreatic adenocarcinoma evaluated at a referral cen-
ter in Sweden172. Two patients had known diabetes for

at least 7 years, seven had had a diagnosis of diabetes
within the previous 14 months, 19 had previously
undiagnosed diabetes, and five had IGT. Thus, 33 of
the 44 patients had abnormal glucose tolerance. Al-
though these results are not necessarily representative
of all patients with pancreatic cancer, they are consis-
tent with other reports of the co-occurrence of clini-
cally recognized diabetes and pancreatic cancer.
Among 305 patients with pancreatic cancer and diabe-
tes in five reports, 34.8% had diabetes diagnosed
within a year of the diagnosis of pancreatic cancer174-

178. In addition, pancreatic cancer was overrepresented
in the discharge diagnoses of diabetic patients in the
1987-91 NHDS, with a co-occurrence that was 43%
higher than discharges without diabetes mentioned
(Table 21.3).

Patients with diabetes and cancer of the pancreas do
not usually have a limited ability to secrete insulin
due to pancreatic tumor infiltration. In fact, serum
insulin in these patients is typically higher than in
controls, and the metabolic profile is similar to that of
patients with NIDDM: peripheral insulin resistance
with diminished insulin and C-peptide response to a
glucose challenge179,180. One study observed that, fol-
lowing subtotal pancreatectomy for pancreatic cancer,
patients had either resolution of diabetes or lower
insulin requirements, marked by improved insulin
sensitivity and diminished insulin secretion181. How-
ever, all of these patients had lost weight prior to
post-operative testing, and nearly all were jaundiced
prior to surgery, which may in itself be a cause of
glucose intolerance182. Islet amyloid polypeptide, a
hormone secreted by beta cells that reduces insulin
sensitivity, is elevated in patients with pancreatic can-
cer and declines with improved glucose tolerance fol-
lowing resection of the tumor183. Further investiga-
tion into the mechanisms of the hyperglycemia of
pancreatic cancer may provide insight into NIDDM
pathogenesis. Accordingly, the high risk of diabetes in
patients with pancreatic cancer may be of more inter-
est to diabetes researchers than to oncologists.

DIABETES AS A RISK FACTOR FOR 
PANCREATIC CANCER

Because pancreatic cancer may present with diabetes,
reviewers have refrained from concluding that diabe-
tes is a risk factor for the occurrence of pancreatic
cancer3,7,184-186. To address this issue, a meta-analysis
was conducted with the consideration that diabetes
may also be a consequence of pancreatic cancer187.
Twenty of 30 case-control and cohort studies met the
two inclusion criteria: diabetes duration of ≥1 year
prior to either diagnosis of or death from pancreatic
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cancer, and the provision of age-adjusted relative risks
and estimates of their precision. Of the nine cohort
studies96,177,188-194 and the 11 case-control studies174-

176,195-202, 18 demonstrated a positive association be-
tween preexisting diabetes and the occurrence of pan-
creatic cancer (Figures 21.3 and 21.4). The pooled
relative risk of pancreatic cancer for diabetic relative
to nondiabetic subjects was 2.1 (95% CI 1.6-2.8). The
exclusion of persons with diabetes of <5 years dura-
tion also resulted in an elevated relative risk of 2.0
(95% CI 1.2-3.2).

A weakness common to most studies of diabetes and
pancreatic cancer is the poor characterization of dia-
betes. Only two of the studies included in the meta-
analysis diagnosed diabetes by glucose tolerance test-
ing177,194; all other studies based the diagnosis on
medical history. A clear distinction was made between
IDDM and NIDDM in only two studies175,194. This
distinction might be important because pancreatic
duct cells, from which most pancreatic tumors arise,
are exposed to low levels of exogenously administered
insulin in IDDM, but generally to high levels of insu-
lin for years both before and after the development of
NIDDM. The majority of cases of pancreatic cancer
occur after age 70 years, when NIDDM is the predomi-
nant form of diabetes. Studies that presumably had a
higher proportion of patients with IDDM, including
cohorts from the Joslin Clinic in Boston, MA178 and
insulin-treated diabetic patients in Denmark203, had
lower relative risks than most of the studies in the
meta-analysis. A potential role of hyperinsulinemia in
the pathogenesis of pancreatic cancer would be
through increases in local blood flow and cell division
within the pancreas204.

EXOCRINE PANCREAS

Worldwide, there is a strong association of tropical or
nutritional pancreatitis and diabetes. Because this
form of pancreatitis is largely found in tropical coun-
tries, it has a negligible effect on diabetes prevalence
in developed countries. With no data available from
the United States on this condition, it will not be
considered further.

The major function of the exocrine pancreas is secre-
tion of digestive enzymes and bicarbonate into the
duodenum. Secretory abnormalities of the exocrine
pancreas are common in diabetes. For example, a
study of 55 diabetic patients without pancreatitis
found that 73% had diminished bicarbonate output in
response to secretin administration205. But while this
and other studies206-210 have shown that abnormal exo-
crine pancreatic function occurs in a high proportion
of diabetic patients, correlation with malabsorption or
other clinically significant abnormality has been diffi-
cult to demonstrate205,210,211, perhaps because of the
high secretory capacity of the pancreas. For example,
none of a group of 33 patients with chronic diarrhea
and diabetes had the cause attributed to pancreatic
insufficiency37. Nevertheless, the association of exo-
crine and endocrine pancreatic disorders is interest-
ing; diminished exocrine activity found with diabetes
has been considered evidence that pancreatic islets
and acini do not function independently212. In particu-
lar, exocrine pancreatic atrophy in IDDM may be
caused by insulin deficiency212,213. Sized by ultra-
sonography, the pancreas in patients with IDDM has
been found, on average, to be smaller than in patients
with NIDDM and in controls214.
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Figure 21.3
Relative Risk and 95% Confidence Interval of 
Pancreatic Cancer for Patients in Cohort Studies

Figure 21.4
Relative Risk and 95% Confidence Interval of 
Pancreatic Cancer for Patients in Case-Control 
Studies

RR, relative risk.

Source: References are listed within the figure

RR, relative risk.

Source: References are listed within the figure
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The diagnoses of acute and, in particular, chronic
pancreatitis were found on a higher percentage of
hospital discharges with diabetes than on hospital
discharges without diabetes (Table 21.3). Hyperglyce-
mia complicating acute pancreatitis is considered a
prognostic sign for early mortality215. Diabetes diag-
nosed prior to pancreatitis may also be an important
prognostic factor. Among 405 deaths due to acute
pancreatitis, diabetes was present in 23.2%, about
twice as often as in a control group216. Little has been
published on long-term followup of glucose tolerance
following acute pancreatitis. In a study of Italian pa-
tients with the severe necrohemorrhagic form of acute
pancreatitis, three of 27 patients reported diabetes
prior to pancreatitis, whereas four had a diabetic glu-
cose tolerance test and 12 had IGT 1-2 years following
resolution of the acute pancreatitis217.

The risk of developing diabetes with chronic pancrea-
titis is quite high. A prospective study in Germany of
335 patients with chronic pancreatitis followed for a
median of 10 years found that diabetes was present in
8% at diagnosis of pancreatitis and in 78% by the
conclusion of followup (Table 21.7)218. Half of the
diabetic patients were treated with insulin. Alcohol-
ism was a significant predictor of diabetes develop-
ment: the odds of diabetes were elevated for patients
with alcoholic pancreatitis relative to patients with
other causes, and patients with alcoholic pancreatitis

who continued to consume alcohol had higher odds
of diabetes than abstainers. Diabetes was also corre-
lated with the degree of pancreatic exocrine insuffi-
ciency: at the end of the study, patients with severe
exocrine insufficiency had an odds of insulin-treated
diabetes that was 24.5 times that of patients with
slight insufficiency. Studies in France, Switzerland,
Japan, and Finland have also found a high risk of
diabetes in patients with chronic pancreatitis219-222. A
similar longitudinal study of a cohort of patients with
chronic pancreatitis has not been reported for patients
in the United States, but there is no reason to believe
the risk of diabetes would be low.

The cause of the diabetes in chronic pancreatitis is
most likely fibrosis and vascular insufficiency that
affects the entire pancreas223. It is also possible that
significant nonlocal effects may occur, particularly in
alcoholic persons, many of whom also have chronic
liver disease. It has been suggested that peripheral
insulin resistance is a cause of diabetes in chronic
pancreatitis224, but patients have not been sequentially
studied with standard tests for insulin-mediated glu-
cose disposal to verify this hypothesis.

Dr. James E. Everhart is Chief, Epidemiology and Clinical
Trials Branch, Division of Digestive Diseases and Nutrition,
National Institute of Diabetes and Digestive and Kidney Dis-
eases, National Institutes of Health, Bethesda, MD.

Table 21.7
Diabetes in 335 Patients with Chronic Pancreatitis Followed for a Median of 10 Years

Diabetes absent
 No. (%)

Diabetes, not 
insulin-treated 

No. (%)

Diabetes, 
insulin-treated 

No. (%)

OR (95% CI), any
diabetes vs. no 

diabetes

OR (95% CI), 
insulin-treated 
diabetes vs. no 

diabetes

At pancreatitis onset 307 (92) 13 (4) 15 (5)
At followup 75 (22) 127 (38) 133 (40)

Nonalcoholic pancreatitis 35 (33) 36 (34) 34 (33) 1 1
Alcoholic pancreatitis 40 (17) 91 (40) 99 (43) 2.4 (1.4-4.2) 2.6 (1.3-4.8)

Alcohol abstainers 22 (33) 19 (29) 25 (38) 1 1
Nonabstainers 18 (12) 66 (42) 72 (46) 3.8 (1.8-8.3) 3.5 (1.5-8.2)

Severe exocrine insufficiency 5 (5) 51 (50) 46 (45) 7.6 (2.4-27.8) 24.5 (5.7-113.8)
Moderate exocrine
insufficiency 14 (21) 35 (53) 17 (26) 1.5 (0.6-3.6) 3.2 (0.9-12.7)

Slight exocrine insufficiency 16 (28) 35 (61) 6 (11) 1 1

OR, odds ratio; CI, confidence interval.

Source: Adapted from Reference 218
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Clinicians often express the belief that diabetic pa-
tients are at higher risk for various infections than
nondiabetic patients. Reviews of this subject have
concluded that data supporting a higher risk for many
infections in diabetes are inadequate1-3 . Immunologic
research has, however, demonstrated several defects
in host immune defense mechanisms in diabetic sub-
jects. Phagocytic capabilities of polymorphonuclear
leukocytes (PMN) are adversely affected by hypergly-
cemia in rat models4. Several PMN defects occur in
diabetic subjects, including impaired migration,
phagocytosis, intracellular killing, and chemotaxis5,
which may be due to decreased PMN membrane fluid-
ity6. Generalized immunologic defects such as these 

raise the suspicion that diabetic patients may be at an
overall increased risk for infection.

Besides generalized impairments of immunity, other
nonimmunologic, anatomically specific factors may
contribute to an increased infection risk. Macrovascu-
lar disease and microvascular dysfunction may result
in compromised local circulation leading to delayed
response to infection7 and impaired wound healing8.
Unawareness of lower extremity trauma due to sen-
sory neuropathy may result in inadequate attention to
minor wounds and subsequent increased infection
risk9. Incomplete bladder emptying due to autonomic
neuropathy permits urinary colonization by microor-
ganisms10,11 . High glucose concentration in the urine
promotes the growth of some microorganisms12.

Chapter 22

Infection and Diabetes

Edward J. Boyko, MD, MPH, and Benjamin A. Lipsky, MD

SUMMARY

To summarize the evidence for and against a
higher infection risk in diabetic subjects,
several terms will be used. "Probable"
means that the data support the presence of

this association, "possible" indicates that presence
or absence of an association cannot be established
from current data, and "doubtful" indicates that data
argue for no association.

Diabetic subjects probably have a higher risk of the
following infections: asymptomatic bacteriuria,
lower extremity infections, reactivation tuberculosis
in American Indians, infections in surgical wounds
after sternotomy and total hip replacement, and
group B streptococcal. Support for these associations
comes from controlled observational studies in all
cases, except for lower extremity infections, where
the magnitude of the association between foot and
ankle infection and diabetes from hospital-based
data appears too great to be explained by detection,
selection, or other potential biases. Local and sys-

temic immunologic defects probably account for
higher infection rates in diabetic patients. Auto-
nomic and sensory neuropathy probably account for
higher bacteriuria and lower extremity infection
rates, while systemic immunologic effects of diabetes
may be responsible for the increased propensity to
surgical wound infection and tuberculosis reactiva-
tion. Population-based data support a probable
higher influenza/pneumonia mortality rate in pa-
tients with diabetes.

There is a possible association between diabetes and
prevalence of the following infections: cystitis,
pyelonephritis, candida vulvovaginitis and cystitis,
pneumonia, influenza, chronic bronchitis, bactere-
mia, primary tuberculosis, reactivation tuberculosis
in non-American Indians, mucormycosis, malignant
otitis externa, and Fournier’s gangrene. Doubtful as-
sociations exist between diabetes and prevalence of
chronic sinusitis or S. aureus colonization.

• • • • • • •

INTRODUCTION
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Although these immunologic and anatomical factors
would seem to put diabetic subjects at higher risk for
infection, only a few infectious diseases have been
shown to occur more frequently in diabetic subjects
on the basis of studies that used a nondiabetic control
group. 

Several types of urinary tract infections occur more
commonly in diabetic patients. These include, in in-
creasing clinical severity, asymptomatic bacteriuria,
cystitis, emphysematous cystitis, pyelonephritis, em-

physematous pyelonephritis, and perinephric abscess.
Asymptomatic bacteriuria is usually considered to be
significant if ≥105 microorganism colonies per ml
grow in urine culture in the absence of cystitis symp-
toms (dysuria, frequency, urgency). Since upper uri-
nary tract infection (pyelonephritis) is thought to
usually occur by bladder organisms ascending the
ureters, one would suspect higher rates of bladder
colonization or infection to be associated with higher
rates of pyelonephritis. Several severe and less com-
mon urinary tract infections are thought to occur
more frequently in diabetes. Emphysematous infec-
tions refer to those complicated by gas formation due
to bacterial fermentation13. This may occur in the
bladder (cystitis) or in the renal pelvis or parenchyma

GENITOURINARY INFECTION

Table 22.1 
Studies on the Association Between Diabetes and Bacteriuria

Outcome Description of subjects Outcome prevalence (%) Adjustment
definition Diabetic     Nondiabetic Diabetic     Nondiabetic factors Comments Ref.

Asymptomatic 
  bacteriuria

Outpatients; Outpatients; F=18.0 F=6.0 15

F=54, M=37 F=337, M=102 M=5.0 M=4.0 None

Bacteriuria Outpatients; Casualty dept.; F=19.8 F=18.7 Similar age and Nondiabetic subjects presented to casualty  21

F=91, M=59 F=91, M=59 M=3.3 M=1.7 sex distribution department with minor trauma; friends

and relatives of nondiabetic subjects also

selected for the nondiabetic group

Asymptomatic Outpatients; Outpatients; F=18.5 F=7.5 Age and sex Subjects with recent antibiotic use were 19

bacteriuria F=81, M=67 F=81, M=67 M=7.5 M=3.0 matched excluded

Bacteriuria Consecutive Casualty dept.; F=18.8 F=7.9 Similar age and 25

outpatients;
F=128, M=141

F=114, M=146 M=0.7 M=2.1 sex distribution

Asymptomatic
  bacteriuria

Outpatients;
F=97, M=149

Outpatients;
n=100 (sex not
specified)

F=11.3
M=10.7

Combined
M&F=3.0 None

18

Asymptomatic
  bacteriuria

Outpatients;
F=60, M=40

Outpatients;
F=36 (all age
>60 years)

F>60yrs=20
F<60yrs=0
M=2.5

F=2.8
None

20

Asymptomatic Outpatients; Outpatients; F=15.8 F=4.6 Matched on age Subjects with diastolic blood pressure 22

bacteriuria F=152, M=154 F=152, M=159 M=1.3 M=0.7 in decades, sex, ≥100mm were excluded; subjects with

and parity known renal disease were excluded from
the nondiabetic group

Bacteriuria Outpatients; Outpatients; F=27.0 F=11.4 Subjects with known urinary tract disease 23

F=111, M=87 F=79, M=68 M=8.0 M=2.9 None were excluded from the nondiabetic group

Asymptomatic Not specified; Not specified; F=10.6 F=8.3 Age and sex Subjects with urinary symptoms were 26

bacteriuria F=47, M=53 F=48, M=52 M=3.8 M=1.9 matched excluded

Asymptomatic Outpatients; Outpatients; F=9.0 F=8.0 Matched on age Subjects with urinary complaints or known 17

bacteriuria F=100, M=90 F=100, M=90 M=3.3 M=2.5 by decade and renal diseases were excluded from the non-

sex diabetic group; all subjects with antibiotic

use in the past month were excluded

Bacteriuria Outpatients; Outpatients; F=9.1 F=5.0 24

F=341, M=411 F=100, M=100 M=1.0 M=0 None

Chemstrip LN Population- Population- M&F= 5.8 M&F= 1.7 Age, ethnicity, Chemstrip LN used to assess presumptive 16

based diabetic based nondiabetic sex, county of bacteriuria prevalence; antibiotic use was 

sample; n=206 sample; n=418 residence an exclusion criterion

(sex not
specified)

(sex not
specified)

Source: References are listed within the table
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(pyelonephritis). Perinephric abscess occurs when
kidney infection extends into surrounding tissues.
Renal papillary necrosis may result from an infectious
etiology.

BACTERIURIA

More controlled studies have examined the preva-
lence of bacteriuria in diabetic compared with nondi-
abetic subjects than any other infection (Table 22.1)14-26.
Bacteriuria (defined above) predisposes to cystitis and
upper urinary tract infection27. Of the 12 studies in
Table 22.1, 75% reported a higher (two- to fourfold
increase) bacteriuria prevalence in diabetic subjects.
Nearly all these studies chose cases from diabetic
subjects attending outpatient clinics. Since clinic at-
tendance is probably related to underlying disease
severity, it is possible that these studies included dia-
betic subjects with more severe illness and comorbid
conditions, who were thus at higher risk for bacteri-
uria. One study that sampled diabetic (including
those previously undiagnosed) and control nondia-
betic subjects from a defined community still found a
higher bacteriuria prevalence associated with diabe-
tes16. These data therefore support a higher prevalence
of bacteriuria in diabetic subjects. No data exist on the
incidence of bacteriuria associated with diabetes.

Several uncontrolled case series demonstrate a low
prevalence of bacteriuria in children with insulin-de-
pendent diabetes mellitus (IDDM). In two such stud-
ies, bacteriuria prevalences of 1.6-2.0% were found in
266 girls age 6-15 years attending a diabetes summer
camp28, and 1% in 304 girls and 0% in 337 boys
attending regular follow-up appointments at a diabe-
tes clinic29. Although these female rates may exceed
those of nondiabetic children, the data suggest that
bacteriuria in girls and boys with IDDM occurs very
infrequently.

Longer duration of diabetes, but not glucose control,
is associated with bacteriuria prevalence. A statisti-
cally significant longer diabetes duration was found
for diabetic subjects with bacteriuria than without
(9.9 versus 5.4 years)24. Bacteriuria prevalence in-
creased 1.9-fold with each 10-year increase in diabetes
duration16. However, there was no association be-
tween long-term glucose control, as reflected by gly-
cosylated hemoglobin level, and bacteriuria preva-
lence16,24 .

CYSTITIS

Significant bacteriuria associated with lower urinary
tract symptoms is thought to occur more commonly
in diabetic subjects, but few studies have addressed

Table 22.2
Frequency of Infectious or Possibly Infectious Conditions by Diabetes Status, U.S., 1989

Nondiabetic All diabetic IDDM
NIDDM, taking 

insulin
NIDDM, not 
taking insulin

Condition and age (years) No. % No. % No. % No. % No. %

≥1 urinary tract infection in past 
12 months (women)

18-44 6,417 14.8 205 30.0 47 18.6 72 37.4 84 30.1
45-64 2,656 8.9 537 23.3 230 23.6 293 23.4

≥65 2,457 10.4 651 20.8 237 26.0 412 18.2
≥18 11,530 12.6 1,393 23.2 539 26.5 789 21.3

All NIDDM

Chronic sinusitis No. %

18-44 1,921 18.4 58 28.4 21 34.1 37 25.1
45-64 793 18.7 173 17.6 169 18.0

≥65 632 15.4 159 14.7 159 14.7
≥18 3,346 18.0 390 18.0 365 17.2

Chronic bronchitis 
18-44 1,921 4.5 58 6.6 21 4.5 37 7.9
45-64 793 6.1 173 7.6 169 7.7

≥65 632 5.9 159 8.7 159 8.7
≥18 3,346 5.2 390 7.9 365 8.2

The table shows self-reported data from the 1989 National Health Interview Survey; No., total number of subjects surveyed; %, percentage reporting the condition, adjusted
for survey sampling scheme; nondiabetic subjects include people who reported no medical history of diabetes; IDDM includes people who reported a medical history of
diabetes diagnosed by a physician at age <30 years, who were taking insulin since diagnosis, and whose percent desirable weight was <120; all other subjects with
physician-diagnosed diabetes were classified as NIDDM; data for IDDM for age ≥45 years is not shown due to small numbers of subjects surveyed.

Source: 1989 National Health Interview Survey
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this question. The 1989 National Health Interview
Survey (NHIS) Diabetes Supplement obtained popula-
tion-based self-reported data on the prevalence of
symptomatic urinary tract infection (Table 22.2). One
or more self-reported infections occurred more fre-
quently over the previous 12 months in diabetic
women, compared with nondiabetic women. Since
most urinary tract infections occur in the lower tract,
these data probably reflect largely cystitis prevalence.
This difference was seen in each of the three age strata

examined (18-44, 45-64, ≥65 years). Both women
with IDDM and women with non-insulin-dependent
diabetes mellitus (NIDDM) appeared to have higher
rates of urinary tract infection over the past 12
months, although the rate was highest in NIDDM
women. In the 1976-80 Second National Health and
Nutrition Examination Survey (NHANES II), diabetic
men and women age 20-44 years more frequently
reported bladder and urinary tract infections, com-
pared with nondiabetic subjects (Table 22.3). At age

Table 22.3
Prevalence of Self-Reported Medical History of Infections by Diabetes Status, U.S., 1976-80

Age 20-44 years Age 45-54 years Age 55-64 years Age 65-74 years Age 45-74 years

Infection and diabetes  status Men Women Men Women Men Women Men Women Men Women

Bladder infection Percent with self-reported infection
Diagnosed diabetes 3.1* 37.3 9.7 20.3 6.7 16.4 5.3 14.9 7.0 16.8
Undiagnosed diabetes 0.0* 44.3* 0.0* 9.1* 0.0* 35.5 0.0 12.9 0.0 21.4
IGT 2.1 27.1 1.9 17.2 3.0 22.1 4.4 10.4 3.1 16.2
Normal glucose tolerance 2.2 21.0 1.5 20.3 4.5 22.5 5.4 20.1 3.3 21.1

Bladder infection (physician diagnosed)
Diagnosed diabetes 3.2* 34.4 11.2 27.0 6.0 17.3 4.4 16.5 6.9 19.4
Undiagnosed diabetes 0.0* 44.3* 0.0* 16.9* 2.2* 31.0 0.0 14.6 0.6 22.3
IGT 2.1 32.5 1.9 15.8 1.3 20.8 5.4 12.1 2.8 15.9
Normal glucose tolerance 2.6 21.9 1.9 21.4 4.7 22.8 5.3 18.4 3.6 21.2

Urinary tract infection
Diagnosed diabetes 9.1* 24.0 5.5 14.2 9.1 11.3 2.4 10.6 5.6 11.8 
Undiagnosed diabetes 0.0* 0.0* 0.0* 16.9* 2.3* 8.0 7.0 7.2 3.8 10.1
IGT 11.6 14.4 1.9 10.5 2.6 4.2 5.3 4.8 3.2 6.7
Normal glucose tolerance 5.1 13.2 3.3 12.6 5.3 8.9 5.1 8.6 4.4 10.4

Urinary tract infection (physician diagnosed)
Diagnosed diabetes 6.3* 26.7 4.6 17.4 6.3 8.5 4.0 14.4 4.9 12.9
Undiagnosed diabetes 0.0* 24.9* 0.0* 13.7* 2.2* 14.9 6.9 4.8 3.8 11.5
IGT 11.6 13.6 1.9 10.5 1.2 5.6 8.1 5.0 3.7 7.2    
Normal glucose tolerance 4.6 14.0 2.9 13.2 4.7 8.5 5.5 6.6 4.0 10.0

Kidney infection
Diagnosed diabetes 29.2* 27.0 3.1 26.5 6.8 13.5 8.8 12.7 6.5 16.4
Undiagnosed diabetes 0.0* 6.4* 21.6* 19.7* 2.6* 27.7 1.0 10.2 7.1 20.2
IGT 7.6 15.9 4.2 8.7 1.3 10.3 2.8 8.5 2.7 9.1
Normal glucose tolerance 5.1 17.8 5.6 13.4 7.3 12.2 5.0 15.3 6.1 13.4

Kidney infection (physician diagnosed)
Diagnosed diabetes 18.4* 22.9 8.4 33.2 4.2 16.5 9.4 16.8 7.4 20.7
Undiagnosed diabetes 0.0* 14.5* 21.6* 19.7* 2.8* 30.0 1.0 15.1 7.1 22.8
IGT 7.6 22.3 4.2 11.9 1.3 15.0 5.7 8.7 3.6 11.7
Normal glucose tolerance 5.3 19.7 4.9 17.1 6.5 13.5 6.6 17.4 5.8 15.9

Bronchitis (physician diagnosed)
Diagnosed diabetes 6.5* 13.8 21.5 14.4 4.5 11.4 7.4 9.1 10.6 11.3
Undiagnosed diabetes 0.0* 14.1* 0.0* 6.0* 2.8* 8.7 9.2 3.6 4.9 6.4
IGT 0.0 6.0 0.0 11.9 5.9 6.5 10.7 9.6 5.6 9.6
Normal glucose tolerance 4.0 6.7 3.0 7.1 4.8 8.0 11.3 9.9 5.2 8.1

Tuberculosis (physician diagnosed)
Diagnosed diabetes 0.0* 4.2 1.5 5.6 3.9 1.6 1.5 0.6 2.3 2.2
Undiagnosed diabetes 0.0* 0.0* 0.0* 0.0* 0.0* 6.1 3.5 0.0 1.6 2.7
IGT 0.0 0.0 3.7 4.8 0.6 0.0 2.6 1.8 2.2 2.4
Normal glucose tolerance 0.2 0.5 0.2 0.6 2.4 1.0 1.5 0.5 1.2 0.7

*Indicates unstable prevalence estimate due to small number of subjects. Diagnosed diabetes defined as medical history of diabetes diagnosed by a physician; undiagnosed
diabetes defined as no medical history of diabetes with fasting plasma glucose ≥140 mg/dl or plasma glucose ≥200 mg/dl at 2 hours after a 75-g glucose challenge; IGT,
impaired glucose tolerance, defined as no medical history of diabetes and fasting plasma glucose <140 mg/dl and 2-hour plasma glucose 140-199 mg/dl; normal glucose
tolerance defined as no medical history of diabetes and fasting plasma glucose <140 mg/dl and 2-hour plasma glucose <140 mg/dl.

Source: 1976-80 Second National Health and Nutrition Examination Survey
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45-74 years, diabetic men more frequently reported
bladder and urinary tract infections than nondiabetic
men, while diabetic women reported a lower fre-
quency of bladder infection but a higher frequency of
urinary tract infection, compared with nondiabetic
women (Table 22.3). Although validation of reported
urinary tract infection was not performed by medical
record review, these data support other evidence for a
higher cystitis prevalence in diabetic subjects. No pro-
spective incidence data are available for cystitis in
diabetic subjects. Emphysematous cystitis is pur-
ported to occur more frequently in diabetic subjects,
but no direct comparison of the incidence or preva-
lence of this disorder in persons with and without
diabetes has been performed. A high proportion of
subjects with diabetes, ranging from 49%-79%, has
been noted in case series that have included more than
five patients13,30,31 .

OTHER URINARY TRACT INFECTION

Few population-based data exist on pyelonephritis,
emphysematous pyelonephritis, perinephric abscess,
or renal papillary necrosis incidence or prevalence in
diabetic persons compared with a suitable nondiabetic
control group. Diabetic men and women in the
NHANES II survey reported a higher prevalence of
kidney infection than nondiabetic subjects in the 20-
44 year and 45-74 year age groups (Table 22.3). An
autopsy study found acute pyelonephritis in 6.8% of
diabetic subjects versus 1.6% of nondiabetic subjects,
suggesting a higher prevalence of this disorder in
diabetes32.

Hospital discharge data from the 1989-91 National
Hospital Discharge Surveys (NHDS) permit estima-
tion of the proportion of hospitalizations due to a
particular diagnosis in persons who have and do not
have diabetes listed as a discharge diagnosis (Table
22.4). These data do not permit direct comparison of
disease prevalence by diabetes status, because no in-
formation is present in these data on the number of
persons with and without diabetes. The only denomi-
nator available in the NHDS is total number of hospi-
talizations by diabetes status. This denominator may
lead to biased estimates of relative disease prevalence
for several reasons. Higher number of hospitalizations
in diabetes, as would be expected in a group with an
important chronic disease, would bias comparisons of
prevalence by inflating the diabetic denominator.
Since ~10% of all hospital discharges have an associ-
ated diabetes mellitus discharge diagnosis, it is clear
that people known to have diabetes (who comprise
~6% of adults in the U.S. population) are admitted to
hospital more frequently than nondiabetic subjects.

Other potential biases include overcounting of diag-
noses when one person has multiple admissions in a
given year for the same problem, overascertainment of
diabetes status in patients presenting with infections
thought to be diabetes-associated, misclassification of
diabetes status based on discharge summary informa-
tion, and different hospitalization rates for the condi-
tion of interest by diabetes status. As shown in Table
22.4, a higher proportion of diabetic, compared with
nondiabetic, discharge summaries noted acute
pyelonephritis (diabetic, 0.401%; nondiabetic, 0.295%).
The relative frequency of acute pyelonephritis as a pro-
portion of all hospital discharges in diabetic patients
increased with increasing age, but the opposite trend
was noted for nondiabetic patients (Table 22.4). Be-
cause of the potential biases noted above, one cannot
conclude from these data that acute pyelonephritis
occurs more frequently in diabetic subjects.

Case series of subjects with emphysematous
pyelonephritis have reported that 72%-89% of these
subjects have diabetes33,34 . Similarly, 37% of subjects
with perinephric abscess have been reported to have
diabetes35. Renal papillary necrosis occurs as a result
of an infectious or noninfectious insult to the kidney
interstitium. It is thought to occur more frequently in
diabetes, with ~30% of subjects with this condition
reported to have diabetes36-42 . Whether diabetes pre-
disposes to a higher risk for these conditions cannot
be determined from available data due to the lack of
controlled studies. Since detection of all these condi-
tions requires imaging technology or direct inspection
via surgery or autopsy, seemingly higher proportions
of diabetes among persons with these conditions may
be the result of detection bias (when diabetes status is
known).

CANDIDA VULVOVAGINITIS AND 
CYSTITIS

Many physicians believe that diabetes increases the
risk of vulvovaginitis due to Candida albicans and
other Candida species43. Hyperglycemia promotes
yeast adhesion and diminishes its phagocytosis44. De-
spite these laboratory-based results, no clinical data
demonstrate a higher risk for this condition in diabe-
tes45. Incidence and prevalence of vulvovaginitis in
diabetic women are unknown. Vulvovaginal candidi-
asis would rarely cause hospital admission for treat-
ment but might be listed on a discharge summary as
an associated condition. A discharge diagnosis of can-
dida vaginitis occurred 5.6 times more frequently in
diabetic than nondiabetic hospital discharges in the
1989-91 NHDS (Table 22.4, 0.356% versus 0.064%),
with the greatest difference noted in the youngest age
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Table 22.4
Average Annual Frequency of Infection Diagnoses in Hospital Discharge Summaries, U.S., 1989-91

Diabetic hospitalizations Nondiabetic hospitalizations Relative 
Infection diagnosis, 
ICD9-CM code and age (years) 

Unweighted
no.

Weighted 
no.

Weighted 
%

Unweighted
no.

Weighted 
no.

Weighted 
%

hospitalization
frequency

Acute pyelonephritis, 590.10
Total 228 11,724 0.401 562 80,098 0.295 1.4
Age 18-44 37 1,393 0.362 364 53,174 0.407 0.9
Age 45-64 71 3,320 0.388 96 11,811 0.219 1.8
Age  ≥65 120 7,011 0.417 102 15,113 0.174 2.4

Candida vaginitis (females), 112.1
Total 129 5,971 0.356 99 10,660 0.064 5.6
Age 18-44 64 3,147 1.407 76 7,322 0.082 17.2
Age 45-64 39 1,294 0.286 10 1,012 0.038 7.5
Age  ≥65 26 1,531 0.153 13 2,326 0.048 3.2

Urogenital candidiasis, 112.2
Total 69 2,737 0.094 79 10,290 0.038 2.5
Age 18-44 11 484 0.126 16 2,488 0.019 6.6
Age 45-64 19 739 0.086 9 1,053 0.020 4.3
Age  ≥65 39 1,514 0.090 54 6,749 0.078 1.2

Osteomyelitis
Acute, leg, 730.06 8 265 0.009 19 1,991 0.007 1.3
Acute, ankle or foot, 730.07 152 6,497 0.222 31 5,216 0.019 11.7
Chronic, leg, 730.16 8 126 0.004 29 3,229 0.012 0.3
Chronic, ankle or foot, 730.17 92 4,552 0.156 29 4,892 0.018 8.7
NOS, leg, 730.26 17 318 0.011 45 6,092 0.022 0.5
NOS, ankle or foot, 730.27 317 14,111 0.483 65 7,784 0.029 16.7

Cellulitis, 681.0-682.9 2,575 119,915 4.104 2,790 351,189 1.294 3.2
Finger, 681.00 38 2,363 0.081 90 11,254 0.041 2.0
Leg, 682.6 925 43,626 1.493 1,222 144,368 0.532 2.8
Foot, 682.7 789 35,218 1.205 334 36,376 0.134 9.3
Toe, 681.10 267 12,120 0.415 79 7,912 0.029 13.7

Viral (excluding influenza) and 
  bacterial pneumonias, 480-83, 485, 486

Total 3,148 160,920 5.507 9,925 1,356,227 4.998 1.1
Age 18-44 237 11,195 2.911 3,057 382,662 2.930 1.0
Age 45-64 698 32,785 3.835 1,561 218,836 4.056 1.0
Age ≥65 2,213 116,940 6.951 5,307 754,729 8.693 0.8

Bacteremia, 36.2-38.9
Total 1,609 77,290 2.645 2,989 380,532 1.402 1.9
Age 18-44 102 4,687 1.219 625 79,009 0.605 2.0
Age 45-64 395 18,283 2.138 533 68,815 1.275 1.7
Age  ≥65 1,112 54,320 3.229 1,831 232,708 2.680 1.2

Tuberculosis, 10.0-18.9
Total 75 3,616 0.124 236 32,246 0.119 1.0
Age 18-44 14 721 0.187 126 17,546 0.134 1.4
Age 45-64 35 1,808 0.211 55 7,780 0.144 1.5
Age  ≥65 26 1,087 0.065 55 6,920 0.080 0.8

Mucormycosis, 117.7 3 48 0.0016 3 202 0.0007

Malignant otitis externa, 380.14
Total 6 97 0.003 4 1,098 0.004
Total male 5 91 0.007 2 304 0.003
Total female 1 6 0.000 2 794 0.005
Age 18-44 0 3 781 0.006
Age 45-64 3 68 0.008 1 317 0.006
Age ≥65 3 29 0.002 0

ICD9-CM, 9th Edition of the International Classification of Diseases, Clinical Modification; NOS, not otherwise specified; Diabetes hospitalizations are those in which any of
the following diabetes conditions were listed on the hospital record: ICD9-CM codes 250, 251.3, 357.2, 362.0, 366.41, 648.0, and 775.1. Nondiabetic hospitalizations were
hospitalizations in which these codes were not listed. Unweighted number refers to actual number of hospitalizations counted, while weighted number is adjusted to
represent all discharges from U.S. short-stay hospitals.  The relative hospitalization frequency refers to the weighted frequency in diabetic versus nondiabetic hospitaliza-
tions. Diabetic discharges are pooled from 1989 through 1991 survey data, while nondiabetic numbers are derived from 1990 data only. Therefore "Diabetic weighted
number" has been divided by 3 to reflect an average annual number of discharges. Weighted total number of discharges are: diabetes, 8,766,194 in 1989-91 (3 years,
2,922,065 annually on average); nondiabetic, 27,137,276 in 1990. Note that the percent columns are percentages and not proportions. For example, 0.401% of diabetes
discharges had acute pyelonephritis recorded on the hospital discharge summary, compared with 0.295% of hospitalizations that did not mention diabetes. Where data are
not entered for relative hospitalization frequency, the ratio was not calculated due to the small number of discharges.

Source: 1989-91 National Hospital Discharge Surveys
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group (18-44 years, 1.407% versus 0.082%, Table 22.4).
Of the annual number of 16,631 discharges listing
candida vaginitis in women, 36% also listed diabetes.

Candidal urinary tract infection due to Torulopsis
glabrata is frequently mentioned in the literature as an
infectious complication of diabetes. The proportion of
subjects with clinically important infection due to this
microorganism who have diabetes ranges from 18-
82%46,47. Comparative studies of the rate of this infec-
tion in diabetic and nondiabetic subjects have not
been performed.  A discharge diagnosis of urogenital
candidiasis occurred 2.5 times more frequently in dia-
betic than nondiabetic hospital discharges in the
1989-91 NHDS (0.094% versus 0.038%). Differences
diminished with increasing age (Table 22.4). These
data suggest a higher candidal infection prevalence in
diabetes patients.

Diabetes results in a number of foot and lower extrem-
ity disorders that are described in greater detail in
Chapter 18. These disorders are believed to lead to a
higher risk of infection of skin, soft tissue, and bone.
Although no study has directly compared lower ex-
tremity skin, soft tissue, and bone infection incidence
or prevalence in diabetic versus nondiabetic subjects,
a plausible case for more frequent infection in diabetic
subjects can be made from available data. Diabetic
subjects have a ~15-fold higher rate of lower extrem-
ity amputation than nondiabetic subjects48. About
59% of diabetic lower extremity amputations are pre-
ceded by an infected foot ulcer8. Infection was the
second most frequent indication (next to gangrene)
for diabetic lower extremity amputation in a review of
31 published studies on the topic49. It was cited by
71% of authors as a criterion for amputation. Given
that diabetes increases risk of lower extremity ampu-
tation and that infection frequently leads to limb loss,
it is plausible that diabetes predisposes to lower ex-
tremity infection.

The microbiology of diabetic lower extremity infec-
tion varies depending on the patient population stud-
ied. Among hospitalized patients, infections are often
polymicrobial, with aerobic gram-positive and gram-
negative organisms, as well as obligate anaerobes9.
Most of these patients have limb- or life-threatening
infection and have received antibiotics prior to hospi-
talization. Among diabetic outpatients with lower ex-
tremity infection who have not received antibiotics,
cultures yielded a mean of only 2.1 different microor-
ganisms per case9. Aerobic gram-positive cocci were

isolated as the sole pathogen in 42% of cases, while
anaerobes and aerobic gram-negative bacilli were in-
frequently recovered9. Thus, infection severity ap-
pears related to number and type of infecting organism.

Hospital discharge data support more frequent lower
extremity skin and bone infections in diabetic sub-
jects. Table 22.4 contains the number and relative
frequency of  hospital  admissions involving
osteomyelitis and cellulitis by whether diabetes was
mentioned on the discharge summary from the 1989-
91 NHDS. Osteomyelitis at more distal lower extrem-
ity locations (ankle or foot) accounted for a greater
proportion of all diabetic hospitalizations, compared
with this infection at a more proximal location (leg).
For example, the relative proportion of all hospitaliza-
tions with mention of acute ankle or foot osteomyeli-
tis was 11.7 times greater in diabetic than nondiabetic
hospitalizations, whereas acute leg osteomyelitis com-
prised a similar proportion of hospitalizations in dia-
betic and nondiabetic patients (relative frequency =
1.3, Table 22.4). Similarly, the relative hospitalization
frequency for cellulitis in diabetic compared with
nondiabetic patients increases in a seemingly linear
fashion as one proceeds from finger (relative fre-
quency = 2.0) to toe (relative frequency = 13.7). These
data support higher osteomyelitis and cellulitis preva-
lence of the distal lower extremity in diabetic subjects.

Colonization by pathogenic bacteria in diabetic pa-
tients has been investigated as a potential mechanism
for their probable higher rate of lower extremity skin
infection. Colonization, also referred to as carriage,
refers to the presence of microorganisms in specified
bodily locations. Most study has focused on Staphylo-
coccus aureus carriage, which is associated with a
higher rate of postoperative infection, and infections
associated with peritoneal and hemodialysis50-53. Six
studies have compared the prevalence of S. aureus

Table 22.5
Staphylococcus aureus Carriage (Colonization)
Rates, by Diabetes Status

Diabetic, 
insulin-treated

Diabetic, not
 insulin-treated              Nondiabetic    

Ref. No. % No. % No.    %

55 144 53 180 35 254 healthy adults 34

56 29 24 30 27 44 clinic patients 9

54 35 23 36 8 55 medical students 4

57 19 53 11 36 30 clinic patients 17

59 71 47 0 116 medical students 50

58 83 27 105 27 363 population-based
nondiabetic subjects

21

Source:  References are listed within the table
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carriage in the anterior nares or elsewhere in diabetic
subjects with nondiabetic subjects (Table 22.5)54-59.
Four outpatient clinic-based studies reported a sig-
nificant 1.6- to 6.3-fold higher carriage rate in diabe-
tes54-57. The only population-based study that ad-
dressed this question found no significant differences
in S. aureus nasal carriage in diabetic subjects, either
treated or not treated with insulin, and community-
based nondiabetic controls58. These data suggest that
diabetic clinic attendees have a higher carriage rate for
this microorganism. Thus, clinic-based studies of S.
aureus nasal colonization may lead to biased conclu-
sions about carriage frequency. Since population-
based studies are generally more credible than studies
of clinic patients, the data do not support a higher S.
aureus colonization rate in persons who have diabetes.
Therefore, one would not expect diabetic subjects to
experience a higher rate of staphylococcal infections,
particularly of lower extremity skin, soft tissues, or
bone, due to higher colonization with this microor-
ganism.

PNEUMONIA AND INFLUENZA

Few controlled data exist comparing pneumonia inci-
dence in diabetic and nondiabetic subjects. Diabetes
was examined as a potential risk factor for pneumo-
coccal infection in a case-control study in male veter-
ans60. Pneumonia was the most frequent type of pneu-
mococcal infection (92% of cases), and pneumococcal
infection risk was virtually identical in diabetic and
nondiabetic subjects. Diabetic subjects were 15.8-
25.6 times more likely to be hospitalized for pneumo-
nia during the influenza season (the first 13 weeks) of
4 consecutive years61. These data suggest a higher
pneumonia incidence in diabetic patients but do not
exclude a lower threshold for hospitalization for treat-
ment of complicated pneumonia in diabetic subjects.
Also, it is not clear whether the nondiabetic control
group, comprising patients with duodenal ulcer, re-
flects the population from which the diabetic subjects
were derived with regard to either pneumonia inci-
dence or severity. In the 1989-91 NHDS, pneumonia
of bacterial or viral (excluding influenza) etiology
accounted for a nearly identical proportion of hospi-
talizations in patients discharged with diabetes, com-
pared with nondiabetic hospitalizations (Table 22.4).
Relative hospitalization frequency ranged from 0.8-
1.0 in diabetic versus nondiabetic patients. Thus, no
data strongly suggest a higher pneumonia incidence
or prevalence in diabetic versus nondiabetic subjects.

No direct comparison of influenza incidence in dia-
betic subjects versus nondiabetic controls has been
performed. The incidence of hospitalization for influ-
enza has been compared for diabetic and nondiabetic
patients hospitalized for duodenal ulcer61. During in-
fluenza epidemic years, the relative risk of hospitali-
zation for influenza was 5.7-6.2 times greater in dia-
betic than nondiabetic subjects. Higher in-hospital
mortality rates for influenza and ketoacidosis were
seen for diabetic patients during epidemic years, and
higher relative mortality in diabetic subjects occurred
during influenza epidemics62,63 . Whether this mortal-
ity increase is directly attributable to influenza or to
some other factor is not clear. Good evidence for
higher influenza and pneumonia mortality in diabetic
subjects comes from a Wisconsin prospective popula-
tion-based study that established cause of death by
death certificate data64. Mortality due to pneumonia
and influenza for 1,772 subjects who had diabetes
diagnosed at age ≥30 years was 1.7 times higher than
for nondiabetic subjects. Younger-onset patients with
diabetes (age <30 years) were 7.6 times more likely to
die from these infections over an average follow-up
period of 8.5 years. It cannot be determined from
these data whether this increased mortality from
pneumonia/influenza is attributable to higher disease
incidence, higher case-fatality rate, or both.

BRONCHITIS AND SINUSITIS

No controlled comparisons have been published on
the incidence or prevalence of acute bronchitis or
sinusitis in diabetic versus nondiabetic subjects. Data
from the 1989 NHIS and the 1976-80 NHANES II
included questions about the presence of chronic
bronchitis and sinusitis (Tables 22.2 and 22.3), which
may or may not be of infectious etiology. No valida-
tion was made of self-reported chronic bronchitis or
sinusitis. In the NHIS, 5.2% of nondiabetic subjects,
compared with 7.9% of diabetic subjects, reported a
history of chronic bronchitis. A higher self-reported
prevalence of this condition was also seen in persons
with diagnosed diabetes compared with persons with
normal glucose tolerance in the NHANES II survey
(Table 22.3). These data suggest a higher chronic
bronchitis prevalence in diabetes, but further research
is required to confirm these associations. These data
do not consider potential confounding by smoking
habit or increased medical surveillance and greater
likelihood of disease detection in diabetic subjects.
The overall prevalence of self-reported chronic sinusi-
tis was identical for diabetic and nondiabetic subjects
age ≥18 years in the 1989 NHIS (18.0%), although at
age 18-44 years those with diabetes more frequently
reported this condition than nondiabetic subjects
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(28.4% versus 18.4%) (Table 22.2).

Many reports have considered whether diabetes pre-
disposes to a higher incidence or case fatality rate for
bacteremia, but few have employed adequate study
designs. In 1968, a diabetes prevalence of 14% was
found in a case series of 185 subjects with S. aureus
bacteremia65. It is not clear whether diabetic persons
were overrepresented in this series, since the propor-
tion with diabetes in nonbacteremic subjects was not
stated. The mortality rate due to bacteremia in the
diabetic patients (69%) exceeded that of the nondia-
betic patients (38%). A more recent study included all
cases of bacteremia in four major metropolitan hospi-
tals, with diabetes status determined by medical re-
cord information66. The prevalence of bacteremia
caused by S. aureus and enteric organisms in diabetic
subjects exceeded that in nondiabetic subjects by a
large margin (3.0% versus 0.12% for S. aureus; 1.0%
versus 0.3% for enterobacteriaceae). Similar mortality
rates were seen in diabetic and nondiabetic patients
(13.0% versus 14.9%). This comparison is subject to
several potential biases, including reliance on the
medical record to assess diabetes status, which prob-
ably underestimated diabetes prevalence, and inabil-
ity to include nonhospitalized cases of bacteremia that
occurred in the geographic area studied. Mortality
rates due to S. aureus bacteremia were compared in 27
diabetic and 34 nondiabetic patients at one medical
center67. Mortality rates were somewhat lower in
those with diabetes (25.9% versus 44.1%), but the
difference was not statistically significant. A signifi-
cantly higher mortality in diabetic patients was found
in 612 bacteremic patients (p<0.05), but actual mor-
tality rates were not provided68. Similar mortality rates
occurred in 124 episodes of bacteremia in diabetic
patients and 508 episodes in nondiabetic patients
(28% and 29%)69.

A few studies have addressed relative rates of bactere-
mia by diabetes status using adequately controlled
study designs. A review was conducted of 18 months
of hospitalization data to identify all diabetic and
nondiabetic subjects undergoing an operative proce-
dure70. Postoperative gram-negative shock developed
in 7.1% (7/98) of diabetic and 0.4% (17/4,207) of
nondiabetic subjects, for a relative risk of 18. Diabetic
and nondiabetic subjects had identical median age (72
years). Using NHDS data on 5,457 nosocomial infec-
tions that occurred in eight hospitals, the gram-nega-
tive bacteremia rate without a known primary site in
diabetic patients was 0.003 per hospital admission,

compared with 0.001 in nondiabetic patients71. It is
unclear whether accurate denominator data were used
to estimate incidence rates by diabetes status. A sig-
nificantly higher (p=0.040) proportion of febrile pa-
tients admitted to an internal medicine inpatient serv-
ice had bacteremia if they had diabetes (44%, 23/52)
than if they did not (6%, 12/192)72. The contribution
of diabetes became nonsignificant in a multivariate
model, but this was likely due to insertion of interven-
ing variables in the regression model (urinary tract
infection, renal failure) that were likely to have been
related to diabetes. For 880 adults evaluated for acute
fever in an emergency room, diabetes was related to a
2.5-fold increased risk of bacteremia73. These studies
indicate that there is an increased risk of bacteremia
due to diabetes, but a relatively higher hospitalization
rate in febrile diabetic patients with bacteremia can-
not be excluded as the source of the difference.

Bacteremia is found in a 1.9-fold higher proportion of
diabetic versus nondiabetic hospitalizations in the
1989-91 NHDS (Table 22.4). The greatest difference
was seen in the youngest age group (18-44 years,
relative frequency = 2.0), with a gradual decline as age
increased (Table 22.4).

An extensive literature review indicates a higher risk
of tuberculosis (TB) in people with diabetes. Several
controlled studies of this subject have been con-
ducted, but for the most part the choice of the nondi-
abetic control group was not optimal by current
standards for observational research. A cumulative
incidence for TB of 1.6% was found for 1,126 diabetic
patients age <15 years, compared with 0.12% in a
school survey of 140,000 children, for a relative preva-
lence of ~14. The selection process was not adequately
described for either diabetic or TB cases. It is not clear
if a defined cohort of diabetic subjects was followed,
or if diabetic subjects were added to a case series. In
the latter instance, the presence of TB might have
increased chances for inclusion and thereby falsely
elevated the prevalence. A survey of 3,029 diabetic
subjects in the Philadelphia, PA area was conducted in
1945-47 using chest radiography75. TB prevalence in
this group was compared with results of a survey of
71,767 Philadelphia industrial workers conducted in
1942-45, and TB prevalence in those with diabetes
was approximately twofold higher than nondiabetic
subjects. The definition of TB included fibro-calcific
pulmonary lesions that may have represented inactive
disease. The prevalence of radiographic features of
active pulmonary disease, present in only 30.7% of
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diabetic subjects, was not provided for the nondia-
betic controls. Also, the industrial worker control
group probably enjoyed better health and living
standards than the average population and may un-
derrepresent TB prevalence.

Pulmonary TB prevalence by chest radiograph screen-
ing was 3.6% of all known diabetic subjects in a
defined community, compared with an overall rate of
0.88%76. The screening methods were similar for the
two groups, but the nondiabetic subjects had been
screened earlier. Screening was conducted in 96% of
the diabetic subjects but in an unspecified proportion
of those without diabetes. The higher prevalence in
diabetes may therefore represent an overestimate due
to differences in TB screening intensity. 

In 1957, the TB prevalence in 1,851 diabetic first-time
clinic attendees at University College Hospital, Lon-
don, UK who routinely received a screening chest
radiograph, was compared with nondiabetic control
subjects who were referred when entering the hospital
or from practitioners for a chest radiograph77. The
pulmonary TB rate in the controls was 4.9%
(290/58,867), compared with 18.2% (40/1,851) in
diabetic subjects. A higher TB prevalence was seen
across all age and sex strata. This control group may
overestimate TB prevalence because they may have
been referred for evaluation of symptoms. Even so,
the prevalence of TB in diabetic subjects was higher.
The literature therefore suggests a higher TB preva-
lence in association with diabetes, although optimal
study designs have not been used to address this
question.

A recent case-control study examined diabetes as a
risk factor for reactivation of TB in tuberculin-positive
American Indians78. Forty-six active TB cases were
compared with an identical number of controls who
all tested tuberculin positive. A relative odds of 4.9
(95% confidence interval 1.3-15.5) was found for TB
reactivation in association with diabetes. This study
suggests that diabetes (or an associated condition) is
strongly related to higher risk of TB reactivation in
American Indians but does not address the question of
whether primary TB incidence differs by diabetes
status.

The NHANES II survey inquired about TB history and
determined diabetes status by medical history and
oral glucose tolerance test (Table 22.3). The interview
did not clearly distinguish between active tuberculo-
sis and tuberculin skin test positivity. Rates of TB are
somewhat higher in those with diabetes, but this may
be due to more frequent skin testing in a group con-
sidered by clinicians to be at higher risk for this

infection. This could not explain the somewhat higher
TB prevalence in undiagnosed diabetes, who presum-
ably would not have been more intensively scruti-
nized. In the 1989-91 NHDS, TB had an overall rela-
tive hospitalization frequency of 1.04 in diabetic com-
pared with nondiabetic hospital discharges (Table
22.4). TB accounted for a higher proportion of dia-
betic hospitalizations in the younger age groups (Ta-
ble 22.4).

In sum, no convincing data exist to argue that people
with diabetes are at higher risk for TB, except that
diabetic American Indians are at higher risk for TB
reactivation78.

Mucormycosis (also referred to as zygomycosis or
phycomycosis) is usually caused by the fungal species
Mucor or Rhizopsus, but Absidia and Cunninghamella
species are occasionally implicated. Several distinct
patterns of infection occur, including rhinocerebral
infection and invasive pulmonary or gastrointestinal
disease.

Diabetes, particularly ketoacidosis, is frequently men-
tioned as a risk factor for this disease, but incidence
and prevalence of mucormycosis in diabetic and non-
diabetic populations is unknown and no controlled
research has been performed. Of all 33 cases of mucor-
mycosis in the past 50 years at Johns Hopkins Hospi-
tal in Baltimore, MD, 42% had diabetes79. A compre-
hensive literature review found a total of 179 cases of
mucormycosis in 109 publications80. Prevalence of
diabetes in these cases was 70.4%. Overall mortality
was 50%, with a somewhat lower rate in the 126
subjects with diabetes (40.5%). An even lower mortal-
ity rate was observed in the 67 diabetic subjects who
received amphotericin B treatment (20.9%). Immu-
nologic research has demonstrated that human alveo-
lar macrophages from patients with diabetes have de-
creased ability to attach to the hyphae of the fungus
Rhizopsus oryzae, which might impair immune re-
sponses directed against this microorganism81. Data
strongly suggest an increased risk in diabetes for these
infections but do not exclude the possibility that se-
lection bias may account for the high proportion of
diabetes in these subjects. Mortality due to this infec-
tion appears to be no greater, and perhaps may be
lower, in diabetic than nondiabetic subjects. In the
1989-91 NHDS, mucormycosis (zygomycosis) was
listed in only 16 per million diabetic hospitalizations
and 7 per million of nondiabetic hospitalizations (Ta-
ble 22.4).
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Extension of external ear infection to adjacent soft
tissue, mastoid bone, and central nervous system pro-
duces malignant or invasive external otitis. It is
caused almost exclusively by Pseudomonas aeruginosa
and rarely by Aspergillius82-84. 

Incidence and prevalence of this condition in diabetic
and nondiabetic populations is unknown. In 151 re-
ported cases, prevalence of diabetes was 89%83. The
mean age of infected patients was 68.5 years, and 65%
were male. Mortality ranged from 23%-75%85. Data
strongly suggest an increased risk in diabetes for this
infection but do not exclude the possibility of selec-
tion bias.

Malignant external otitis accounted for a very small
proportion in the NHDS of diabetic hospitalizations
(3 per 100,000) and nondiabetic hospitalizations (4
per 100,000) (Table 22.4).

Unlike most infections, several controlled studies
have addressed the issue of whether patients with
diabetes experience higher surgical wound infection
rates. The National Academy of Sciences-National Re-
search Council Cooperative Study found a similar
age-adjusted rate of surgical wound infection in 354
diabetic subjects (7.2%), compared with nondiabetic
subjects (7.1%)86. Similar infection rates were noted
for clean orthopedic operations performed on 203
diabetic and 3,414 nondiabetic subjects matched on
age, sex, and operation duration (3.4% versus 3.6%)87.
On the other hand, in a study of 23,649 surgical
wounds from a variety of operative procedures, the
unadjusted clean wound infection rate was 10.7% for
diabetes, compared with 1.8% overall88. The wound
infection rate for subjects who underwent total hip

replacement was 11% of 42 diabetic patients, com-
pared with 2% of 1,180 similarly aged nondiabetic
patients89. A higher combined sternal, leg, or vascular
access wound infection rate was found in 146 diabetic
patients who had undergone coronary artery bypass
grafting (CABG), compared with 565 nondiabetic
subjects (7.5% versus 0.9%)90. These two groups were
similar with respect to mean age, but mean body mass
index (a measure of obesity) was slightly higher in
diabetic subjects (28.7 versus 26.6). Other studies on
the increased incidence of leg and sternal infection in
diabetes following CABG or open heart surgery are
shown in Table 22.691-93 .

A twofold increased risk of median sternotomy infec-
tion associated with diabetes was reported in a case-
control study of 1,704 patients matched on age and
type of operation94. A nonsignificant diabetes-associ-
ated increase (relative risk=1.24, p=0.80) in risk of
severe bacterial infection (mediastinitis, septicemia,
or pneumonia) was found in 162 patients (17% dia-
betic) who underwent CABG surgery95. Diabetes was
not reported to be related to the 29 cases of mediastin-
itis that occurred in 2,031 patients who underwent
median sternotomy at the National Heart, Lung, and
Blood Institute during 1956-81, but actual infection
rates in diabetic and nondiabetic patients were not
shown96.

Most controlled research supports a higher post-ster-
notomy wound infection rate in diabetic patients,
either of sternum or leg vein graft site, after opera-
tions requiring sternotomy. Controlled data also sug-
gest a higher wound infection rate in diabetic indi-
viduals who undergo total hip replacement. 

FOURNIER’S GANGRENE

This uncommon polymicrobial necrotizing infection

Table 22.6
Incidence of Sternal or Leg Wound Infection After Open Heart Surgery or Coronary Artery Bypass Grafting

Combined infections Sternal infection Leg infection

Diabetic Nondiabetic Diabetic Nondiabetic Diabetic Nondiabetic

Ref. No. % No. % No. % No. % No. % No. %

91 21 19.0 288 2.1 21 14.3 288 12.8
92 412 2.4 3,295 0.5
93 35 17.1 135 5.9

Data from Reference 92 are for coronary artery bypass graft patients only.

Source: References are listed within the table
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of the genitalia, which occurs mostly in men (86% of
cases) is associated with a high mortality rate (22%)97.
Incidence and prevalence of this disorder by diabetes
status is not available. In 66 articles published during
1979-88, 449 cases were reported97. Of the 364 cases
in which an underlying medical condition was re-
ported, diabetes was mentioned as the most frequent
condition (10%). Diabetic patients are thought to
have a higher mortality rate due to this infection, but
convincing data on either relative infection risk or
mortality in diabetes is not available98,99 .

GROUP B STREPTOCOCCAL INFECTIONS

Group B streptococcal infections in adults unrelated
to pregnancy or the postpartum state have been re-
ported to occur more commonly in diabetes3. Case
series of persons with bacteremia due to this organism
have demonstrated varying proportions of associated
diabetes: 37.9% (11/29), 9.4% (3/32), and 45.8%
(11/24)100-102 . In a controlled study of group B strep-
tococcus infection in eight metropolitan Atlanta, GA
counties with 2.3 million persons, 41 persons had
bacteremia due to this organism103. Diabetes was not

mentioned as an underlying condition that increased
risk for bacteremia, although it was associated with
higher overall risk of serious infection (relative risk
3.7-30.0, depending on age). Diabetes was associated
as an underlying condition with skin, soft tissue, and
bone infection (grouped together) and with urosepsis.
These infections were the first and third most com-
monly occurring group B streptococcus infections
(36% and 14%, respectively), with bacteremia the sec-
ond most common (30%). One review of the subject
concluded that group B streptococcus bacteremia fre-
quently originated from the urinary tract or foot ul-
cers3. Therefore, the apparent higher group B strepto-
coccus infection rate in diabetes103 may reflect higher
local infection rates by this microorganism, as op-
posed to a systemic immune defect that renders them
more susceptible to infections by this microorganism.

Dr. Edward J. Boyko and Dr. Benjamin A. Lipsky are Associate
Professors, Department of Medicine, University of Washing-
ton, and Staff Physicians, Veterans Affairs Medical Center,
Seattle, WA.

496



1. Kaslow RA: Infections in diabetics. In Diabetes in America.
Harris MI, Hamman RF, eds. NIH publ. no. 85-1468, 1985, p.
XIX 1-18 

2. Edwards JE, Tillman DB, Miller ME, Pitchon HE: Infection
and diabetes mellitus. West J Med 130:515-21, 1979

3. Wheat LJ: Infection and diabetes mellitus. Diabetes Care
3:187-95, 1980

4. Drachman RH, Root RK Jr, WB Wood: Studies on the effect
of experimental nonketotic diabetes on antibacterial de-
fense— I. Demonstration of a defect in phagocytosis. J Exp
Med 124:227-40, 1966

5. Valerius NH, Eff C, Hansen NE, Karle H, Nerup J, Soeberg B,
Sorenson SF: Neutrophil and lymphocyte function in pa-
tients with diabetes mellitus. Acta Med Scand 211:463-67,
1982

6. Masuda M, Markami T, Egawa H, Murata K: Decreased fluid-
ity of polymorphonuclear leukocyte membrane in streptozo-
cin-induced diabetic rats. Diabetes 39:466-70, 1990

7. Goodson III WH, Hunt TK: Wound healing and the diabetic
patient. Surg Gynecol Obstet 149:600-08, 1979

8. Pecoraro RE, Ahroni JH, Boyko EJ, Stensel VL: Chronology
and determinants of tissue repair in diabetic lower-extremity
ulcers. Diabetes 40:1305-13, 1991

9. Lipsky BA, Pecoraro RE, Ahroni JH: Foot ulceration and
infection in elderly diabetics. Clin Geriatr Med 6:747-69,
1990

10. Ellenberg M, Weber H: The incipient asymptomatic diabetic
bladder. Diabetes 16:331-35, 1967

11. Hosking DJ, Bennett T, Hampton JR: Diabetic autonomic
neuropathy. Diabetes 27:1043-54, 1978

12. Murphy DP, Tan JS, File TM: Infectious complications in
diabetic patients. Primary Care 8:695-714, 1981

13. Ankel F, Wolfson AB, Stapczynski JS: Emphysematous cysti-
tis: A complication of urinary tract infection occurring pre-
dominantly in diabetic women. Ann Emerg Med 19:404-06,
1990

14. Kass EH: Bacteriuria and the diagnosis of infections of the
urinary tract. Arch Int Med 100:709-14, 1957

15. Kass EH: Asymptomatic infections of the urinary tract. Trans
Assoc Am Phys 69:56-64, 1956

16. Keane EM, Boyko EJ, Reller LB, Hamman RF: Prevalence of
asymptomatic bacteriuria in subjects with NIDDM in San
Luis Valley of Colorado. Diabetes Care 11:708-12, 1988

17. Abu-Bakare A, Oyaide SM: Asymptomatic bacteriuria in Ni-
gerian diabetes. J Trop Med Hyg 89:29-32, 1986

18. Bahl AL, Chugh RN, Sharma KB: Asymptomatic bacteriuria
in diabetics attending a diabetic clinic. Indian J Med Sci
24:1-6, 1970

19. Hansen RO: Bacteriuria in diabetic and non-diabetic outpa-
tients. Acta Med Scand 176:721-30, 1964

20. Joffe BL, Seftel HC, Distiller LA: Asymptomatic bacteriuria in
diabetes mellitus. S Afr Med J 1306-08, 1974

21. O’Sullivan DJ, Fitzgerald MG, Meynell MJ: Urinary tract
infection: Comparative study in the diabetic and normal
populations. Br Med J 1:786-88, 1961

22. Ooi BS, Chen BTM, Yu M: Prevalence and site of bacteriuria
in diabetes mellitus. Postgrad Med J 50:497-99, 1974

23. Jaspan JB, Mangera C, Krut LJ: Bacteriuria in black diabetics.
S Afr Med 51:374-76, 1977

24. Schmitt JK, Fawcett CJ, Gullickson G: Asymptomatic bac-
teriuria and hemoglobin A1. Diabetes Care 9:518-20, 1986

25. Vejlsgaard R: Studies on urinary infections in diabetics. I.
Bacteriuria in patients with diabetes mellitus and in control
subjects. Acta Med Scand 179:172-82, 1966

26. Vigg B, Rai V: Asymptomatic bacteriuria in diabetics. J Assoc
Physicians 1977

27. Kunin CM: Detection, Prevention, and Management of Urinary
Tract Infections, 4th Edition. Philadelphia, PA, Lea and Fe-
biger, 1987

28. Pometta D, Rees SB, Younger D, Kass EH: Asymptomatic
bacteriuria in diabetes mellitus. N Engl J Med 276:1118-21,
1967

29. Lindberg U, Bergstrom AL, Carlsson E, Dahlquist G, Her-
mansson G, Larsson Y, Nilsson KO, Samuelsson G, Sjoblad
S, Thalme B: Urinary tract infection in children with type I
diabetes. Acta Paediatr Scand 74:85-88, 1985

30. Bailey H: Cystitis emphysematosa. Am J Roentgenol 86:850-
62, 1961

31. Holesh S: Gas in the bladder: Cystitis emphysematosa. Clin
Radiol 20:234-36, 1969

32. Robbins SL, Tucker AW: The cause of death in diabetes: A
report of 307 autopsied cases. N Engl J Med 231:868, 1944

33. Schainuck LI, Fouty R, Cutier RE: Emphysematous
pyelonephritis. Am J Med 44:134-39, 1968

34. Yasumoto R, Iseki T, Nishio S, Kishimoto T, Tsujita M,
Maekawa M: Emphysematous pyelonephritis: Report of two
cases and review of literature. Osaka City Med 26:73-80,
1980

35. Thorely JD, Jones SR, Sanford JP: Perinephric abscess. Medi-
cine 53:441-51, 1974

36. Whitehouse FW, Root HF: Necrotizing renal papillitis and
diabetes mellitus. JAMA 162:444-47, 1956

37. Mujais SK: Renal papillary necrosis in diabetes mellitus.
Semin Nephrol 4:40-47, 1984

38. Mandel EE: Renal medullary necrosis. Am J Med 13:322-27,
1952

39. Lauier DP, Schreiner GE, David A: Renal medullary necrosis.
Am J Med 29:132-56, 1960

40. Eknoyan G, Quinibi WY, Grissom RT, Tuma SN, Ayus JC:
Renal papillary necrosis: An update. Medicine 61:53-73,
1982

41. Edmonson HA, Reynolds TB, Jacobson HG: Renal papillary
necrosis with special reference to chronic alcoholism. A
report of 20 cases. Arch Intern Med 118:255-64, 1966

42. Abdulhayoghlu S, Marble A: Necrotizing renal papillitis
(papillary necrosis in diabetes mellitus). Am J Med Sci
248:623-32, 1964

43. Murphy DP: Primary Care. Am J Obstet Gynecol 1985

44. Hostetter MK: Perspectives in diabetes: Effects of hypergyl-
cemia on CD and Candida albicans. Diabetes 39:271, 1990

45. Reed BD: Risk factors for candida vulvovaginitis. Obstet &
Gynecol Sur 47:551-60, 1992

46. Kaufman CA, Tan JS: Torulopis glabrata renal infection. Am
J Med 57:217-24, 1974

REFERENCES

497



47. Marks MI, Langston C, Eickhoff TC: Torulopsis glabrata—
an opportunistic pathogen in man. N Engl J Med 283:1131-
35, 1970

48. Most RS, Sinnock P: The epidemiology of lower extremity
amputations in diabetic individuals. Diabetes Care 6:87-91,
1983

49. Fylling CP, Knighton DR: Amputation in the diabetic popu-
lation: Incidence, causes, cost, treatment, and prevention. J
Enterostam Ther 16:247-55, 1989

50. Luzar MA, Coles GA, Faller B, Slingeneyer A, Dah G Dah,
Briat C, Wone C, Knefati Y, Kessler M, Peluso F: Staphylo-
coccus aureus nasal carriage and infection in patients on
continuous ambulatory peritoneal dialysis. N Engl J Med
322:505-09, 1990

51. Miller DL, McDonald JC, Jevons MP, Williams REO: Staphy-
lococcal disease and nasal carriage in the Royal Air Force. J
Hyg 60:451-65, 1962

52. Weinstein H: The relation between the nasal staphylococcal
carrier state and the incidence of postoperative complica-
tions. N Engl J Med 260:1303-08, 1959

53. Yu VL, Goetz A, Wagener M, Smith PB, Rihs JD, Hanchett J,
Zuravleff JJ: Staphylococcus aureus nasal carriage and infec-
tion in patients on hemodialysis. N Engl J Med 315:91-96,
1986

54. Tuazon CU, Perez A, Kishaba T, Sheagren JN: Staphylococ-
cus aureus among insulin-injecting diabetic patients. JAMA
231:1272, 1975

55. Smith JA, O’Conner JJ, Willis AT: Nasal carriage of Staphylo-
coccus aureus in diabetes mellitus. Lancet 2:776-77, 1966

56. Lipsky BA, Pecoraro RE, Chen MS, Koepsell TD: Factors
affecting staphylococcal colonization among NIDDM outpa-
tients. Diabetes Care 10:483-86, 1987

57. Chandler PT, Chandler SD: Pathogenic carrier rate in diabe-
tes mellitus. Am J Med Sci 273:259-65, 1977

58. Boyko EJ, Lipsky BA, Sandoval R, Keane EM, Monahan JS,
Pecoraro RE, Hamman RF: Non-insulin-dependent diabetes
mellitus does not increase the prevalence of nasal Staphylo-
coccus aureus colonization. Diabetes Care 189-193, 1989

59. Berman DS, Schaefler S, Simberkoff MS, Rahal JJ: Staphylo-
coccus aureus colonization in intravenous drug abusers,
dialysis patients, and diabetics. J Infect Dis 155:829-31, 1987

60. Lipsky BA, Boyko EJ, Inui TS, Koepsell TD: Risk factors for
acquiring pneumococcal infections. Arch Intern Med
146:2179-85, 1986

61. Bouter KP, Diepersloot RJ, Romunde LK van, Uitslager R,
Masurel N, Hoekstra JB, Erkelens DW: Effect of epidemic
influenza on ketoacidosis, pneumonia and death in diabetes
mellitus: A hospital register survey of 1976-79 in the Neth-
erlands. Diabetes Res Clin Pract 12:61-68, 1991

62. Cameron AS, Roder DM, Esterman AJ, Moore BW: Mortality
from influenza and allied infections in South Australia dur-
ing 1968-81. Med J Aust 142:14-17, 1985

63. Diepersloot RJA, Bouter KP, Hoekstra JBL: Influenza infec-
tion and diabetes mellitus. Case for annual vaccination. Dia-
betes Care 13:876-82, 1990

64. Moss SE, Klein R, Klein BE: Cause specific mortality in a
population-based study of diabetes. Am J Public Health
81:1158-62, 1991

65. Cluff LE, Reynolds RC, Page DL: Staphylococcal bacteremia
and altered host resistance. Ann Intern Med 69:85-93, 1968

66. Bryan CS, Reynods KL, Metzger WT: Bacteremia in diabetic

patients: Comparison of incidence and mortality with non-
diabetic patients. Diabetes Care 8:244-49, 1985

67. Cooper G, Platt R: Staphylococcus aureus bacteremia in
diabetic patients: Endocarditis and mortality. Am J Med
73:658-62, 1982

68. Kreger BE, Craven DE, McCabe WR: Gram-negative bactere-
mia. IV. Re-evaluation of clincal features and treatment in
612 patients. Am J Med 68:344-55, 1980

69. Leibovici L, Samra Z, Konisberger H, Kalter-Leibovici O,
Pitlik SD, Drucker M: Bacteremia in adult diabetic patients.
Diabetes Care 14:89-94, 1991

70. Ariyan S, Halasz NA: The incidence of postoperative gram-
negative shock in diabetes. Am J Med Sci 25:808-15, 1967

71. Stamm WE, Martin SM, Bennett JV: Epidemiology of
noscomial infections due to gram-negative bacilli: Aspects
relevant to development and use of vaccines. J Infect Dis
136:S151-60, 1977

72. Leibovici L, Greenshtain S, Cohen O, Mor F, Wysenbeek AJ:
Bacteremia in febrile patients—a clinical model for diagno-
sis. Arch Intern Med 151:1801-06, 1991

73. Mellors JW, Horwitz RI, Harvey MR, Horwitz SM: A simple
index to identify occult bacterial infection in adults with
acute unexplained fever. Arch Intern Med 147:666-71, 1987

74. Root HF, WR Bloor: Diabetes and pulmonary TB. Am Rev
Tuberc 39:714-37, 1939

75. Boucot KR, Dillon ES, Cooper DA, Meier P, Richardson R:
Tuberculosis among diabetics: The Philadelphia Survey. Am
Rev Tuberc 65 (part II):1-50, 1952

76. Oscarsson PN, Silwer H: Incidence of TB among diabetics.
Acta Med Scand 161:23-48, 1958

77. Warwick MT: Pulmonary tuberculosis and diabetes mellitus.
Q J Med 26:31-42, 1957

78. Mori MA, Leonardson G, Welty TK: The benefits of isoniazid
chemoprophylaxis and risk factors for TB among Oglala
Sioux Indians. Arch Intern Med 152:547-50, 1992

79. Parfrey NA: Improved diagnosis and prognosis of mucormy-
cosis. A clinicopathologic study of 33 cases. Medicine (Balti-
more) 65:113-23, 1986

80. Blitzer A, Lawson W, Meyers BR, Biller HF: Patient survival
factors in paranasal sinus mucromycosis. Laryngoscope
90:635-48, 1980

81. Waldor AR, Ruderman N, Diamond RD: Specific susceptibil-
ity to Mucormycosis in murine diabetes and bronchoalveolar
macrophage defense against Rhizopsus. J Clin Inves 74:150-
60, 1984

82. Cunningham M, Yu VL, Turner J, Curtin H: Necrotizing otitis
externa due to Aspergillus in an immumocompetent patient.
Arch Otolaryngol Head Neck Surg 114:554-56, 1988

83. Doroghazi RM, Nadol JB, Hyslop NE, Baker AS, Axelrod L:
Invasive external otitis: Report of 21 cases and review of the
literature. Am J Med 71:603-14, 1981

84. Phillips P, Bryce G, Shepherd J, Mintz D: Invasive external
otitis caused by Aspergillus. Rev Inf Dis 12:277-81, 1990

85. Timon CI, O’Dwyer T: Diagnosis, treatment, and complica-
tions of malignant otitis externa. Ir Med J 82:30-31, 1989

86. National Academy of Sciences-National Research Council:
Post-operative wound infections: The influence of ultravio-
let irradiation of the operating room and of various other
factors. Ann Surg 160:1-192, 1964

87. Lidgren L: Postoperative orthopedic infections in patients

498



with diabetes mellitus. Acta Orthop Scan 44:149-51, 1973

88. Cruse PJE, Foord R: A five-year prospective study of 23,649
surgical wounds. Arch Surg 107:206-09, 1973

89. Vannini P, Ciaverella A, Olmi R, Flammini M, Moroni A,
Galuppi V, Giunti A: Diabetes as a pro-infective risk factor in
total hip replacement. Acta Diabetol Lat 21:275-79, 1984

90. Fietsam R Jr, Bassett J, Glover JL: Complications of coronary
artery surgery in diabetic patients. AmSurg 57:551-57, 1991

91. Farrington M, Webster M, Fenn A, Phillips I: Study of car-
diovascular wound infection at St. Thomas’ Hospital. Br J
Surg 72:759-62, 1985

92. Salomon NW, Page US, Okies JE, Stephens J, Krause AH,
Bigelow JC: Diabetes mellitus and coronary artery bypass. J
Thorac Cardiovasc Surg 85:264-71, 1983

93. Shuhaiber H, Chugh T, Portoian-Shuhaiber S, Ghosh D:
Wound infection in cardiac surgery. J Cardiovasc Surg
28:139-42, 1987

94. Lilienfeld DE, Engin MS, Vlahov D, Tenney JH, McLaughlin
JS: Obesity and diabetes as risk factors for postoperative
wound infections after cardiac surgery. Am J Infect Control
16:3-6, 1988

95. Miholic J, Hudec M, Domanig E, Hiertz H, Klepetko W,
Lackner F, Wolner E: Risk factors for severe bacterial infec-
tions after valve replacement and aortocoronary bypass op-
erations: Analysis of 246 cases by logistic regression. Ann

Thorac Surg 40:224-28, 1985

96. Rutledge R, Appelbaum RE, Kim BJ: Mediastinal infection
after open heart surgery. Surgery 97:88-92, 1985

97. Stephens BJ, Lathrop JC, Rice WT, Gruenberg JC: Fournier’s
gangrene: Historic (1764-1978) versus contemporary (1979-
1988) differences in etiology and clinical importance. Am
Surg 59:149-54, 1993

98. Paty R, Smith AD: Gangrene and Fournier’s gangrene. Urol
Clin North Am 19:149-62, 1992

99. Edmondson RA, Banerjee AK, Rennie JA: Fournier’s gan-
grene: An aetiological hypothesis. Br J Urol 69:543-4, 1992

100. Opal SM, Cross A, Palmer M, Almazan R: Group B strepto-
coccal sepsis in adults and infants. Arch Intern Med 148:641-
45, 1988

101. Lerner P, Gopakadrishna K, Wolinsky E: Group B streptococ-
cus (S agalactiae) bacteremia in adults: Analysis of 32 cases
and review of the literature. Medicine 56:457-73, 1977

102. Bayer AS, Chow AW, Anthoney BF: Serious infections in
adults due to group B streptococci: Clinical and serologic
characteristics. Am J Med 61:498-503, 1976

103. Farley MM, Harvey RC, Stull T, Smith JD, Schuchat A,
Wenger JD, Stephens DS: A population-based assessment of
invasive disease due to group B streptococcus in nonpreg-
nant adults. N Engl J Med 328:1807-11, 1993

499



500



Children with IDDM have been reported to have car-
ies incidence that is higher1, lower2-4, or similar to that
of nondiabetic children. This contradiction may pos-
sibly be explained by cohort characteristics, degree of
diabetes control, and degree of adherence to dietary
prescriptions. Adult patients with poor control of
their IDDM seem to have more coronal caries5-7. In the
general population, the frequency of root caries in-
creases with age and is three times more prevalent in
those age ≥65 years compared with young adults8.
However, very few studies have reported on the inci-
dence of root-surface caries as a significant problem in
older patients with IDDM or NIDDM9.

Periodontal disease is the most prevalent oral compli-
cation in IDDM and NIDDM patients and has been
labeled the "sixth complication of diabetes melli-
tus"10. Numerous studies have shown both increased
prevalence and severity of periodontal disease in pa-
tients with IDDM. Diabetic children and adults with
less than optimal metabolic control show a tendency
towards higher gingivitis scores11-17. Early case reports
suggested that diabetic adolescents and teenagers may
suffer from periodontitis18. In a more recent study, the
prevalence of periodontal disease was 9.8% in 263
patients with IDDM, compared with 1.7% in people
without diabetes19. Most of the periodontal disease
was found in those age 11-18 years (Figure 23.1).

Chapter 23

Oral Complications in Diabetes 

Harald Löe, DDS, and Robert J. Genco, DDS, PhD

SUMMARY

Data regarding oral complications in diabe-
tes prior to the insulin era are scarce, pos-
sibly due to the limited scope of oral health
care of that time and the short life span of

the insulin-requiring diabetic patient. During the past
40 years, much data have been generated emphasizing
the frequent occurrence of oral afflictions in patients
with insulin-dependent diabetes mellitus (IDDM) and
non-insulin-dependent diabetes mellitus (NIDDM).
Perhaps the most important finding is that periodon-
tal disease is more severe and occurs with higher
frequency in diabetic patients (both NIDDM and
IDDM), especially if the diabetes is not well controlled
and there are other complications, such as reti-
nopathy. The reason for the greater occurrence of
periodontal destruction in diabetes is not clear. How-
ever, studies of the periodontal flora find similar mi-
croorganisms in diabetic and nondiabetic individuals,
suggesting that alteration in host responses to peri-
odontal pathogens account for these differences in
periodontal destruction. For example, increased sus-
ceptibility to infection by periodontal bacteria associ-

ated with altered phagocyte functions and reduced
healing capacity associated with altered collagen me-
tabolism may explain, in part, the increased levels of
periodontal disease in diabetes.

Caries in the crowns of teeth appear to be greater in
adults with poor control of IDDM. However, the
prevalence of root caries requires further studies. Oral
infections aside from dental caries and periodontal
disease are often more severe. Life-threatening deep
neck infections and palatal ulcers exemplify the sever-
ity of these conditions. Mucosal abnormalities and
oral bacterial and fungal infections may reflect undi-
agnosed diabetes or identify poorly controlled diabe-
tes. Successful management of oral infections, includ-
ing periodontal diseases, seems to depend on estab-
lishing metabolic control in diabetic patients. Knowl-
edge of oral co-morbidity among people with diabetes
is generally poor and suggests the need for appropri-
ate health education and health promotion to improve
the oral health of diabetic patients.

CARIES (TOOTH DECAY)

• • • • • • •

PERIODONTAL DISEASE
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However, earlier rapid periodontal destruction was
not found in adolescent patients with IDDM in Fin-
land15. This difference may be related to different lev-
els of metabolic control in participants of the two
studies. For example, case reports suggest a strong
relationship between rapid periodontal breakdown
and elevated blood glucose levels20.

Patients with IDDM of >10 years duration had greater
loss of periodontal attachment compared with those
of <10 years duration21. This was found to be particu-
larly true for patients age ≥35 years (Figure 23.2).
More recently, it was reported that IDDM patients age
40-50 years with long IDDM duration had signifi-
cantly more sites with advanced periodontal destruc-
tion and alveolar bone loss than people without dia-
betes17. It has also been demonstrated21 and con-
firmed16 that in IDDM patients with retinal changes

the loss of periodontal attachment is significantly
larger than in IDDM patients without retinal changes
(Figure 23.3).

Several studies have clearly demonstrated that IDDM
patients with poor long-term control of diabetes have
increased extent and severity of periodontal disease,
whereas those who maintain good metabolic control
have minimal periodontal problems. Patients with
IDDM of long duration who have retinopathy tend to
exhibit more loss of periodontal attachment as they
reach age 40-50 years. Good oral home care and fre-
quent professional check-ups and care are important
for these patients22.

Few studies have dealt with NIDDM subjects. In a
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study of Pima Indians, 40% of whom have NIDDM,
diabetic patients age <40 years had increased attach-
ment loss, and alveolar bone loss was associated with
increased glucose intolerance23. Periodontal tissue
loss increased with age and was higher in people with
diabetes compared with people without diabetes in all
age groups (Figure 23.4). Alveolar bone loss also in-
creased with age and was substantially more frequent
in patients with NIDDM compared with nondiabetic
people age 5-44 years (Figure 23.5). Toothlessness
was 15 times higher in the diabetic than in the nondi-
abetic group. Indeed, 30% of these young adults with

NIDDM had no teeth. The odds ratio for subjects with
NIDDM for increased risk of periodontal destruction
was 3.43 (95% confidence interval (CI) 2.28-5.16)24.
In this population, the age- and sex-adjusted inci-
dence of periodontal disease in subjects with NIDDM
was 75 cases per 1,000 person-years, which was sub-
stantially higher than the rate of 29 cases per 1,000
person-years in subjects without diabetes25 (Table 23.1).

Early studies of the pathogenesis of periodontal dis-
ease in diabetic patients centered on the general fea-
ture of "basement membrane thickening"26 and possi-

Figure 23.5
Distribution of Interproximal Alveolar Bone Loss in Diabetic and Nondiabetic Persons
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ble changes in the vasculature27-29. More recent studies
have focused on the role of the periodontal infection15,
the microflora of dental plaque30, collagen metabo-
lism31,32, leukocyte function33, and other aspects of the
host response34,35. All of these factors may individually
or synergistally contribute to periodontal disease.

The reason for the greater occurrence of periodontal
destruction in diabetics is not clear. However, studies
of the periodontal flora find similar microorganisms
in diabetic and nondiabetic people30,36, suggesting that
alteration in host responses to periodontal pathogens
account for these differences in periodontal destruc-
tion. For example, increased susceptibility to infec-
tion by periodontal bacteria associated with altered
phagocyte functions and reduced healing capacity as-
sociated with altered collagen metabolism may ex-
plain, in part, the increased levels of periodontal dis-
ease in diabetic patients.

The response to treatment suggests that the periodon-
tal lesions are eminently treatable37,38 and that eradica-
tion of the infection and the inflammatory foci may
reduce insulin requirements39. The knowledge among
people with diabetes of oral co-morbidity is generally
poor40 and suggests the need for appropriate health
education and health promotion to improve the oral
health of diabetic patients.

Reduced salivary secretion has been a frequent finding
in experimental diabetes in animals41 as well as in
IDDM patients. A non-inflammatory, non-neoplastic
enlargement of the parotid gland is believed to occur
in 25% of patients with moderate to severe diabetes
and especially in IDDM patients with poor metabolic
control42. The etiology of this condition is unknown,
but it is speculated that the enlargement occurs in
response to decreased insulin production or that the
Sjögren’s syndrome may underlie this symptom43.
Also, the possibility that in some cases these enlarge-

ments may be due to a low degree of mumps infection
has been mentioned44. Increased concentration of Ca++

in both parotid and submandibular saliva of IDDM
subjects45 might explain the frequently reported in-
crease in calculus formation in such patients. How-
ever, in well-controlled individuals with altered glu-
cose metabolism, salivary gland function does not
seem to be significantly impaired46.

Other pathology associated with diabetes includes
oral infections other than those responsible for dental
caries and periodontal destruction. Case reports on
life-threatening deep neck infection from a periodon-
tal abscess47 and fatal palatal ulcers48 exemplify the
severity of these conditions. To what extent such inci-
dents are part of the broader issue of increased occur-
rence of infection in people with diabetes, or may have
strictly a local etiology, is open to question. In addi-
tion to these infections, other localized or regional
infections such as mucormycosis, "malignant otitis
media," necrotizing cellulitis, urinary tract infections,
skin infections, and pneumonia have also been found
more often in poorly controlled diabetic patients than
in others. There are also indications that patients with
elevated salivary glucose levels carry candida in-
traorally more often than those with lower glucose
levels49. Moreover, a study of 40 patients with lichen
planus found that 11 patients (28%) had overt or
latent diabetes, compared with none of the control
group50, the implication being that diabetes may be
related to the pathogenesis of lichen planus. The evi-
dence for an immunological defect51 and deficient
leukocyte functions superimposed on the metabolic
abnormality of diabetes seems increasingly convincing.

Finally, it should be mentioned that diabetes may
initially manifest with oral symptoms other than
thirst52. Mucosal abnormalities, such as erosive lichen
planus, burning tongue, and gingival bleeding, as well
as sialorrhoea and sialosis, have been found in undi-
agnosed NIDDM, most of which resolved on treat-
ment directed at improving glycemic control52.

Dr. Harald Löe is Former Director, National Institute of Den-
tal Research, National Institutes of Health, Bethesda, MD and
University Professor, Department of Periodontology, Univer-
sity of Connecticut Dental School, Farmington, CT; Dr.
Robert J. Genco, is Distinguished Professor and Chair, De-
partment of Oral Biology, School of Dentistry, State Univer-
sity of New York, Buffalo, NY.

SALIVA

OTHER PATHOLOGICAL FEATURES
OF THE ORAL CAVITY 

Table 23.1
Incidence of Periodontal Disease in Pima Indians by
Diabetes Status

Diabetes status
Age- and sex-adjusted incidence
(new cases/1,000 person-years)

Nondiabetic 28.9
NIDDM 75.5

Relative risk 2.6

Source: Reference 25
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Chapter 24

Psychosocial Aspects of Diabetes
in Adult Populations
Patrick J. Lustman, PhD, and Jeffrey A. Gavard, PhD

SUMMARY

Anumber of studies during the past decade
have investigated the comorbidity of mental
illness and diabetes. Studies that used struc-
tured diagnostic interviews found that the

mean prevalence of current depression in diabetic
subjects was 14.0% in controlled studies and 15.4% in
uncontrolled studies. These rates are at least three
times the 3%-4% prevalence of major depressive dis-
order found in the general adult population of the
United States. Investigations that used depression
symptom scales found that the range of clinically
significant depression symptomatology in diabetic
subjects was 21.8%-60.0% (mean, 31.6%) in control-
led studies and 10.0%-28.0% (mean, 19.6%) in un-
controlled studies. These findings support an in-
creased prevalence of depression in diabetes relative to
the general adult population. Whether depression is
more common in diabetes than in other chronic dis-
eases, however, is far less supported by the literature.

It is a prevalent clinical belief that depression in dia-
betes is secondary to psychosocial hardship brought
on by increasing severity of the diabetes. Studies that
have examined this relationship, however, did not
find statistically significant associations between de-
pression and severity of diabetes in 25 of 32 measure-
ments. If a positive relationship does exist between
depression and diabetes severity, it is not obvious and
has defied convincing documentation. The presence
of diabetes complications alone may not result in
depression unless severe functional limitations such
as blindness, impotence, and cognitive impairment
are present. The nature of depression in diabetes is
complex, and adverse life events, severity of the medical
illness, genetic and personality factors, and psychiatric
history are all likely contributors to its occurrence.

The prevalence of psychiatric disorders other than
depression in diabetes has not been extensively stud-
ied. There is evidence that anxiety disorders are sig-
nificantly more common in this group, particularly
generalized anxiety disorder and simple phobia. The

prevalence of anorexia nervosa and bulimia nervosa in
diabetes is unknown, but interest in these disorders
remains high because of their potential for adverse
effects on glycemic control. Prevalence studies involv-
ing these eating disorders have examined very small
numbers of subjects, were uncontrolled, or varied
greatly in their case definition.

The relationship between stress and glucose regula-
tion in diabetes has been the subject of considerable
study, but findings have been inconsistent. Stress has
been reported to increase, decrease, or have no signifi-
cant effect on diabetic glycemic control. Identifying
diabetic subgroups whose disease is influenced by
stress will require consideration of differences among
groups from both a physiologic and psychologic per-
spective.

The threshold for the reporting of diabetes symptoms
may be lowered by psychological factors, particularly
depression and anxiety, and both psychological and
physiological factors may contribute to diabetes
symptoms. Depression, but not glycosylated hemo-
globin level, was found to be highly correlated with
reported diabetes symptoms. Similar degrees of noc-
turnal penile tumescence irregularities were reported
in diabetic patients with and without impotence, im-
plying that organic factors do not account for all cases
of diabetic erectile failure.

The efficacy of psychotropic medication for psychiat-
ric disorders in diabetic populations is largely un-
known. In one study, tricyclic antidepressant treat-
ment resulted in complete remission of lower extrem-
ity pain in diabetic neuropathy patients, with concomi-
tant relief of depression. In another study, 8 weeks of
treatment with nortriptyline resulted in a significant
reduction in depression symptoms. These and other
conventional antidepressant agents, however, have
side effects that may limit their use in persons with
diabetes. Thus, psychotherapy may have a prominent
place in the diabetes treatment armamentarium.
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MAJOR DEPRESSIVE DISORDER

A proliferation of studies investigating the comorbid-
ity of mental illness and diabetes has occurred during
the past decade1. Depression may have special clinical
relevancy in diabetes through its purported associa-
tion with poor glycemic control and decreased adher-
ence to treatment modalities. Ten controlled studies2-

11 (Tables 24.1 and 24.2)1 and 11 uncontrolled stud-
ies12-22 (Table 24.3)1 have been performed to investi-
gate the prevalence of depression in adult diabetic
populations. These studies addressed two issues: 1)
whether diabetes was associated with an increased
prevalence of depression, and 2) whether diabetes
could be differentiated from other somatic illnesses in
the risk of depression.

The range of the prevalence of current depression
obtained from structured diagnostic interviews in
samples of diabetic subjects was 8.5%-27.3% (mean,
14.0%) in controlled studies (Table 24.2)1 and 11.0%-
19.9% (mean, 15.4%) in uncontrolled studies (Table
24.3)1. These rates are at least three times the 3%-4%
prevalence of major depressive disorder found in the
general adult population of the United States. Investi-

gations using depression symptom scales corrobo-
rated these findings, as the range of clinically signifi-
cant depression symptomatology in diabetic samples
was 21.8%-60.0% (mean, 31.6%) in controlled studies
(Table 24.2)1 and 10.0%-28.0% (mean, 19.6%) in un-
controlled studies (Table 24.3)1. An increased preva-
lence of depression in diabetes relative to the general
adult population is highly suggested by these studies1.

Whether depression is more common in diabetes than
in other chronic diseases is far less supported by the
literature. A controlled community interview study in
Los Angeles,CA2 found a significantly increased
prevalence of lifetime depression for diabetes
(14.4%), as well as for arthritis (14.3%), heart disease
(18.6%), hypertension (16.4%), and chronic lung dis-
ease (17.9%) relative to healthy control subjects
(6.9%). This study, however, suffered from numerous
biases and methodological problems (Table 24.4)1.
The controlled community interview study in Ger-
many3, which was the strongest investigation from a
bias adjustment and methodological standpoint (Ta-
ble 24.4)1, found an increased, although nonsignifi-
cant, prevalence of current depression in diabetic in-
dividuals (27.3%) compared with individuals with
another somatic illness (20.3%; Table 24.2)1. An in-
creased prevalence of depression in diabetes relative
to other somatic illnesses remains unproven until fur-
ther research is performed1.

PREVALENCE OF PSYCHIATRIC DISORDERS
IN ADULT DIABETIC POPULATIONS

Table 24.1
Controlled Studies of Depression in Adult Diabetic Populations: Methods Employed

Ref. Type          
Diabetic sample                   Control sample        

Methods           -          No. Source                       No. Source               

Structured diagnostic interviews

2 IDDM and NIDDM 154 Community sample, Los Angeles, CA 1,353 Medically well DIS/DSM-III

3 NIDDM 55 Community sample, Germany 325
122

Medically ill
Medically well

CIS

4 IDDM 75 Pancreatic transplantation candidates 34
9,543

First-degree relatives
General population

DIS/DSM-III

5 IDDM and NIDDM 130 Outpatients 130 Medically well PSE, ID ≥5

Depression symptom scales

6 NIDDM 71 Outpatients 46 Medically well BDI ≥16

7 NIDDM 32 Subjects attending weight loss clinic 32 Spouses attending
 weight-loss clinic

BDI ≥16

8 NIDDM 119 Outpatients 25 Medically ill Zung SD ≥50

9 IDDM and NIDDM 56 Outpatients 56 Medically ill CES-D ≥16

10 IDDM and NIDDM 179 Community sample, Kentucky 2,338 Community sample CES-D ≥20

11 NIDDM 634 Community sample, U.S. 8,429 Community sample CES-D ≥16

DIS, Diagnostic Interview Schedule for diagnosis of major depressive disorder by lay interviewers, based on criteria specified in the Diagnostic and Statistical Manual of
Mental Disorders of the American Psychiatric Association (DSM-III). CIS, Clinical Interview Schedule for diagnosis of major depressive disorder by psychiatrists and
psychologists. PSE, Present State Examination, which assesses the present mental state; an Index of Definition (ID) Score ≥5 designates a psychiatric case; a diagnosis of
depression is subsequently based on equivalent ICD-9 criteria. BDI, Beck Depression Inventory Scale. Zung SD, Zung Self-Rating Depression Scale. CES-D, Center for
Epidemiologic Studies — Depression Scale.

Source: Reference 1
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Spurious depression prevalence estimates could have
resulted if diabetic and control nondiabetic individu-
als differed significantly on variables known to be
associated with an increased risk of depression1. Such
factors include age 30-44 years, female, low socioeco-
nomic status, obesity, assortative mating, concomitant
medical illness in the diabetic or control nondiabetic
sample, and disease severity (Table 24.4)1. Methodo-
logical issues, such as a lack of physician verification
of self-reported diabetes, variability in the time frame
of depression being assessed, small sample sizes, and
low participation rates could have also hindered the
validity of findings1. Although all 10 controlled stud-
ies accounted for some factors through either sample
selection or analyses, many potential biases were not
addressed (Table 24.4)1.

Despite the potential biases and methodological diffi-
culties, the increased prevalence of depression in dia-
betes relative to the general adult population likely
signifies a true association1. The relationship was
found for three of four interview studies and all six

corroborating depression symptom scale studies, de-
spite the variety of diabetic and nondiabetic samples
used and the different depression assessment methods
employed. Future studies are needed that will address
the potential biases and methodological issues out-
lined above to identify the absolute strength of this
association. Studies are also needed that investigate
depression according to sex, emphasize lifetime de-
pression, and further discriminate between nonspe-
cific effects of chronic illness and depression specifi-
cally related to diabetes1.

EATING DISORDERS

Eating disorders such as anorexia nervosa and bulimia
have been poorly studied in persons with diabetes.
The former is characterized by extreme aversion to
food, resulting in radical weight loss. Self-induced
vomiting, vigorous exercise, and diuretic abuse may
also help to accomplish that end. The latter is identi-
fied by frequent binge eating with accompanying

Table 24.2
Controlled Studies of Depression in Adult Diabetic Populations: Prevalence Findings

Both sexes Males Females

Ref. Subjects              
Current

(%)
Lifetime 

(%)
Current 

(%)
Lifetime

(%) 
Current

(%)
Lifetime

(%)
Mean depression

scale scores

Structured diagnostic interviews: Prevalence of major depressive disorder

2 Diabetesa

Controlsa
9.6
4.4‡

14.4
6.9*

3 Diabetes
Other somatic disease
No somatic disease

27.3
20.3‡
10.6**

10.6
9.8‡
6.6†

4 Diabetes
Relatives
General population

10.7
2.9‡
3.1†

24.0
5.9*
5.5†

3.7
0.0‡
1.7‡

25.9
6.7‡
3.1†

14.6
5.3‡
4.0†

22.9
5.3‡
7.1†

5 Diabetes
Controls

8.5
8.5‡

17.7

Depression symptom scales: Prevalence of clinically significant depression symptomatology

6 Diabetes
Controls

28.2
4.4**

12.2
5.9†

7 Diabetes
Spouses

21.8
12.5‡

10.6
7.5*

8 Diabetesb

Controlsb
39.3
34.0**

9 Diabetes
Controls

60.0
50.0‡

20.4
14.2*

10 Diabetes
Controls

21.8
16.0*

15.5
13.4‡

25.4
17.6*

11 Diabetes
Controls

26.1
16.7†

Data in this table reflect prevalences of major depressive disorder (for structured diagnostic interviews) and clinically significant depression symptomatology (for depression
symptom scales). a Data reflects prevalences of any affective disorder, which includes major depression, dysthymia, and mania. Mania represented only 2.9% of all affective
disorders in this study sample. b The prevalence of clinically significant depression symptomatology among the diabetic and control groups in this study was unknown.
*p<0.05, **p<0.01, †p<0.001, ‡ not statistically significant. Each control group was compared with its respective overall or sex-specific diabetic group in assessing significant
differences in the prevalence of depression.

Source: Reference 1
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Table 24.3
Uncontrolled Studies of Depression in Adult Diabetic Populations

Prevalence of depression (%)
Ref. Diabetes type Sample size Sample source                Method                Current Lifetime

Structured diagnostic interviews: Prevalence of major depressive disorder

12 NIDDM 66 Subjects attending
 weight loss clinic IDD-L 31.8

13 IDDM 109 Clinic outpatients PSE, ID ≥5 11.0

14 IDDM 194 Clinic outpatients GHQ ≥12, CIS 16.5

15 IDDM and NIDDM 114 Clinic outpatients DIS/DSM-III 14.0 32.5

16 NIDDM 89 Community volunteers and
 physician referrals BDI ≥16, SADS/RDC 17.6-22.2

Depression symptom scales: Prevalence of clinically significant depression symptomatology

17 IDDM 175 Hospital-based registry,
 duration of diabetes ≥25 years BDI ≥16 12.7

18 IDDM 158 Diabetes education and
 renal dialysis patients BDI ≥16 10.0

19 NIDDM 64 Female clinic outpatients Zung SD ≥50 18.8

20 IDDM and NIDDM 112 Clinic outpatients, duration of
 diabetes ≥25 years MMPI-D ≥70 21.0

21 IDDM and NIDDM 25 Inpatients and outpatients MMPI-D ≥70 28.0

22 IDDM 92 Clinic outpatients CES-D ≥16 27.2

Data in this table reflect prevalences of major depressive disorder (for structured diagnostic interviews) and clinically significant depression symptomatology (for depression
symptom scales). IDD-L, Inventory to Diagnose Depression-Lifetime Scale; this self-report instrument assesses lifetime prevalence of major depressive disorder based on
criteria specified in the Diagnostic and Statistical Manual of Mental Disorders (DSM-III) of the American Psychiatric Association. PSE, Present State Examination, which
assesses the present mental state; an Index of Definition (ID) Score ≥5 designates a psychiatric case; a diagnosis of depression is subsequently based on equivalent ICD-9
criteria. GHQ, General Health Questionnaire. CIS, Clinical Interview Schedule for diagnosis of major depressive disorder by psychiatrists and psychologists. DIS, Diagnostic
Interview Schedule for diagnosis of major depressive disorder by lay interviewers, based on criteria specified in DSM-III. BDI, Beck Depression Inventory Scale. SADS/RDC,
Schedule of Affective Disorders and Schizophrenia/Research Diagnostic Criteria. Zung SD, Zung Self-Rating Depression Scale. MMPI-D,  Minnesota Multiphasic Personality
Inventory — Depression Scale. CES-D, Center for Epidemiologic Studies — Depression Scale.

Source: Reference 1

Table 24.4
Adjustment for Potential Biases and Summary of Methodologic Problems: Controlled Studies

Concomitant medical illness Time frame     
of current     
depression     

Participation
rate (%)Ref. Age Sex SES Obesity

Assortative
mating

in diabetic
sample

in control
sample Severitya

Verification
of diabetes

Structured diagnostic interviews
2 + + - - n/a - + - - Last 6 months 68
3 + + + - n/a + + + + Last 7 days 93
4 -b + - - n/a + - + + Last 6 months 100 (D, R)
5 -c + -d - n/a - - + + Last month 85 (D), nr (C)

Depression symptom scales
6 + + -e - n/a + + - + Last 7 days 73 (D), 100 (C)
7 + + + + - - - - + Last 7 days nr
8 + + + - n/a + - - + Mood at evaluation nr
9 + + -f - n/a - - - + Last 7 days nr

10 + + - - - - - - - Last 7 days 80
11 + + - - n/a - - - - Last 7 days 73

+, potential bias was adjusted for in either sample selection or analyses, or no significant differences were found between diabetic and control groups; -, potential bias was
not adjusted for in either sample selection or analyses; n/a, bias is not applicable to study. SES, socioeconomic status; D, diabetes; R, relatives; C, controls; nr, not reported.
a Severity was defined according to the focus of the study. The diabetes and other somatic illness comparison groups did not differ significantly in severity of medical illness
(Reference 3); diabetes severity was unrelated to depression which minimizes an ascertainment bias from the use of treatment samples (References 4 and 5); diabetes severity
was significantly associated with clinically significant depression symptomatology (Reference 6). b The 25-44 year age category contained 76% of the IDDM pancreatic
recipients, 62% of the family donors, and 39% of the general population (p<0.001). c The mean age was 51±6.6 years in the diabetic sample and 44±10.4 years in the control
sample (p<0.01). d The proportion of low SES occupations represented in the diabetic and control samples was 63% and 45%, respectively (p<0.01). e The proportion
unemployed was 72% in the diabetic sample and 50% in the control sample (p<0.01). f The proportion unemployed was 75% in the diabetic sample and 37% in the control
sample (p<0.01).

Source: Reference 1
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purging, usually by self-induced vomiting. Fasting
between binges and laxatives also may be used to
maintain weight at normal or below normal levels.
Anorexia nervosa and bulimia in diabetes predomi-
nantly occur in young women, and the onset of diabe-
tes generally precedes the onset of the eating disor-
der23,24. Both eating disorders are aided through spe-
cific use of the diabetic condition, with accompanying
harmful sequelae25. For example, diabetic individuals
with anorexia nervosa may fail to eat after taking
insulin, resulting in hypoglycemia. Diabetic patients
with bulimia may intentionally lower their insulin
dosage during binging to avoid weight gain, resulting
in acute hyperglycemia, glycosuria, and ketoacidosis.
Such binging and purging frequently results in wildly
varying blood glucose levels and poor glycemic con-
trol. An increased risk of diabetic complications may
result26,27.

The prevalence of anorexia nervosa and bulimia in
diabetes is currently unknown. Diabetic women with
eating disorders may be reluctant to talk about them
and physicians may not ask about aberrant eating
patterns unless severe emaciation is present or gly-
cemic control is poor with no apparent cause. The few
prevalence studies that have been performed have
varied greatly in their estimates, due mainly to differ-
ences in case definition. Controlled studies that used
psychiatric diagnostic interviews with Diagnostic and
Statistical Manual of Mental Disorders of the Ameri-
can Psychiatric Association (DSM-III-R) criteria
found no difference in the prevalence of bulimia be-
tween diabetic and nondiabetic groups (5.6% versus
3.0%28 and 1.8% versus 0.0%29). These differences

were based on very small case numbers of 3 versus 228

and 1 versus 029. Another controlled study examined
anorexia nervosa and bulimia symptomatology on a
single continuum30. Diabetic women were found to
have a greater prevalence of clinically significant ano-
rexic-bulimic symptomatology than nondiabetic
women (4.9% versus 0.0%, p<0.05). This finding was
based on case numbers of 2 versus 0 and was not
diagnostic for an eating disorder. 

Uncontrolled studies using DSM-III diagnostic crite-
ria in self-report questionnaires found much higher
prevalences of bulimia in diabetic women. The esti-
mates ranged from 11.9%-35.0%31-33. One explanation
is that the more stringent DSM-III-R criteria required
quantification of binging episodes (at least two per
week for at least 3 months) as well as some method of
purging (self-induced vomiting, laxatives or diuretics,
fasting, or vigorous exercise), whereas DSM-III crite-
ria did not33. The prevalence of eating disorders in
diabetes may thus vary widely depending on which
diagnostic criteria are employed. Greater reporting of
bulimia may have also occurred due to the anonymity
of a questionnaire. Response rates, however, were as
low as 30%32. An increased prevalence of eating disor-
ders in diabetes relative to the general population
remains unproven.

OTHER PSYCHIATRIC DISORDERS

Three controlled diagnostic interview studies have
examined the prevalence of psychiatric disorders
other than depression in adult diabetic populations2-4

Table 24.5
Controlled Studies of Psychiatric Disorders Other than Depression Based on Structured Diagnostic Interviews in
Adult Diabetic Populations: Prevalence Findings

Both sexes Males, lifetime
(%)

Females, lifetime
(%)Ref. Disorder                    Subjects             Current (%) Lifetime (%)

2 Anxiety Diabetes
Controls

15.7
5.3**

26.2
10.5**

2 Substance use Diabetes
Controls

5.7
6.0† 

21.6
17.3†

3 Any (excluding depression) Diabetes
Other somatic disease
No somatic disease

15.8
30.4*
15.6† 

4 Simple phobia Diabetes
Relatives
General population

18.7
0.0*
9.0**

21.3
0.0**

14.9† 

3.7
0.0†
9.5†

31.3
0.0*

18.4*

4 Antisocial personality Diabetes
Relatives
General population

6.7
11.8†

2.3*

14.8
26.7†

4.6*

2.1
0.0†
0.8†

*p<0.05; **p<0.01; †, not statistically significant. Each control group was compared with its respective overall or sex-specific diabetic group in assessing significant
differences in the prevalence of each psychiatric disorder.

Source: References are listed within the table
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(Table 24.5). In a study in Germany3, the prevalence
of any psychiatric disorder of any severity other than
depression was virtually identical between diabetic
individuals (15.8%) and healthy control subjects
(15.6%) but was twice as high in those with other
somatic diseases (30.4%; p<0.05). The diabetic group,
other somatic illness group, and healthy control group
had prevalences of mild psychiatric disorders (includ-
ing depression) of 23.6%, 24.7%, and 10.7%, respec-
tively, and of moderate to severe psychiatric disorders
of 19.5%, 26.0%, and 15.5%, respectively (p<0.05).
One difference between diabetic individuals and
healthy control subjects thus appeared to be more
mild psychiatric disorders in the diabetes group.
These findings, as well as the very high prevalence of
depression in the diabetic group (27.3%; Table 24.2),
indicate that diabetes may have a special propensity
for depression and not for other psychiatric illnesses,
and that persons with diabetes may be especially at
risk for mild cases of depression1.

Differences between diabetic and control subjects in
psychiatric disorders other than depression were
found in other studies. Diabetic patients who were
candidates for pancreatic transplantation had a sig-
nificantly greater prevalence of current simple phobia
than the general population (18.7% versus 9.0%;
p<0.01)4. Significant differences were found for fe-
males for lifetime simple phobia (31.3% versus 18.4%;
p<0.05). Male transplantation candidates were at
higher risk for lifetime antisocial personality than
males in the general population (14.8% versus 4.6%;
p<0.05). Diabetic subjects in a Los Angeles, CA study
had almost three times the rate of current anxiety
(15.7% versus 5.3%; p<0.05) and lifetime anxiety
(26.2% versus 10.5%; p<0.01) than the general popu-
lation2. Corroboration was provided by an uncon-
trolled study that found a prevalence of lifetime anxi-
ety disorder of 40.9% in diabetic patients34.

STRESS AND GLUCOSE REGULATION

The effect of stress on glucose regulation has been the
subject of considerable study. Acute stress in the gen-
eral population typically results in an increase in heart
rate, high-amplitude galvanic skin response, vasocon-
striction in the peripheral vascular system, and ele-
vated levels of skeletal muscle activity. Stress also
causes increased production of pituitary hormones,
catecholamines, corticosteroids, and suppression of

insulin release. These actions serve to increase glu-
cose levels in the blood. Stress in diabetic individuals
has also been traditionally viewed as a hyperglycemic
stimulus.

The hyperglycemic effect of stress in diabetes, how-
ever, has eluded consistent documentation. Stress has
been reported to increase35-37, decrease38-40, or have no
significant effect41-45 on diabetic glucose regulation.
The response to stress may not be uniform across all
persons with diabetes. Controlled laboratory studies
do suggest that the stress-blood glucose response is
reliable within diabetic individuals44.

Recent studies have focused on the role of coping
styles in moderating the relationship of stress and
glucose regulation. Stress has been associated with
poor glycemic control in diabetic persons whose key-
note response to stress was one of anger or lacking in
stoicism46. Coping styles marked by avoidance, de-
tachment, or denial may also adversely affect glycemic
control in diabetes, as well as compliance with dia-
betic treatment regimens47,48. 

The study of stress in diabetes has arguably drawn
more attention than any other psychosocial area of
investigation in the disease. The inconsistent nature
of the findings has served to document that the role of
stress in diabetic persons may be far more complex
than in nondiabetic individuals. The effects of stress
in insulin-dependent diabetes mellitus (IDDM) are
influenced by aberrant regulation of stress hormones,
the relative presence of insulin at the time of stress,
and autonomic nervous system abnormalities associ-
ated with diabetic neuropathy, as well as individual
psychological differences49. Identifying diabetic sub-
groups whose disease is responsive to stress will re-
quire researchers to consider host differences from
both a physiologic and psychologic perspective.

PSYCHOLOGICAL FACTORS AND THE 
REPORTING OF DIABETES SYMPTOMS

Diabetes is a progressive metabolic disorder with cu-
mulative symptoms across multiple organ systems.
Physical symptoms are frequently reflexively attrib-
uted to diabetes with little consideration given to the
potential role of psychological factors in their produc-
tion and/or maintenance. Evidence is beginning to
emerge suggesting that psychological as well as dia-
betic factors may contribute to the reporting of gastro-
intestinal50, metabolic51, and neuropathic52,53 symp-
toms in diabetes.

A study was made of the relationship of depression to

RELATIONSHIP OF PSYCHOLOGICAL
FACTORS TO THE CLINICAL PRESENTATION

OF DIABETES
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the reporting of symptoms typically presumed to re-
sult from diabetes51. Scores for individual symptoms
were correlated with glucose regulation (HbA1 and
fasting plasma glucose) and depression (Beck Depres-
sion Inventory Scale). The findings are summarized in
Table 24.651. HbA1 was poorly correlated with nine of
11 symptoms and made a significant independent
contribution only to the reporting of polyuria. Find-
ings were similar when fasting plasma glucose was
used as the measure of glucose regulation. Depression
was correlated with nine symptoms and had a signifi-
cant independent effect on the reporting of two of
three hyperglycemic symptoms, five of six hypoglyce-
mic symptoms, and both nonspecific symptoms. Dia-
betes symptom reporting may be more related to de-
pressive mood than to conventional markers of glu-
cose control. Diabetes symptoms may also be unreli-
able indicators of poor control when features
suggestive of depression are present.

Another study further illustrates how psychological
factors may influence the clinical presentation of dia-
betes50. Symptoms suggesting gastrointestinal motor
dysfunction were examined for their relationship with
diabetic neuropathy and psychiatric illness. Log-lin-
ear analysis revealed that each group of symptoms
(upper gastrointestinal symptoms, altered bowel hab-
its, and abdominal discomforts) was significantly as-
sociated with psychiatric illness (p<0.01) but not with
peripheral neuropathy. Individual gastrointestinal

symptoms were also found to be more related to psy-
chiatric illness than to peripheral neuropathy (Table
24.7)50.

Psychological factors, particularly depression and
anxiety, may lower the threshold for the reporting of
diabetes symptoms. This may be especially prevalent
in the area of sexual dysfunction. Impotence in dia-
betic men may result from neuropathic or vascular
complications associated with their diabetes. Psychi-
atric illness, however, is also associated with sexual
dysfunction in that at least 25% of depressed nondia-
betic males complain of impotence. Sexual dysfunc-
tion in diabetes may thus at times be falsely ascribed
to neurovascular disease. Abnormal nocturnal penile
tumescence, frequently thought to be confirmatory of
an organic pathogenesis, has been observed in nondi-
abetic depressed individuals54,55. These anomalous
physiological findings normalized upon resolution of
the depressive episode. A similar degree of nocturnal
penile tumescence irregularities was reported in dia-
betic patients with and without impotence56, implying
that organic factors do not account for all cases of
diabetic erectile failure. Psychological as well as
physiological factors may contribute to diabetes
symptom reporting and should be considered in
causal speculations. 

RELATIONSHIP OF DEPRESSION TO 
DIABETES SEVERITY

It is a prevalent clinical belief that depression in dia-
betes is secondary to psychosocial hardship brought
on by increasing severity of the medical condition.
Despite its intuitive appeal, such a hypothesis has
been difficult to prove. Severity of diabetes has been
examined in numerous ways, including duration of
diabetes, presence of diabetes complications, and

Table 24.7
Positive Predictive Value of Gastrointestinal 
Symptoms for Psychiatric Illness and Neuropathy

Symptom
Psychiatric

illness
Peripheral
neuropathy

Autonomic
neuropathya

Nausea 0.83 0.58 0.20
Vomiting 0.72 0.50

Diarrhea 0.75 0.71 0.50
Constipation 0.71 0.64

Abdominal pain 0.65 0.57 0.67
Bloating 0.78 0.78

a Only symptom groups were examined since the number of subjects undergo-
ing autonomic nerve testing was small. 

Source: Reference 50

Table 24.6
Correlations of Diabetes Symptoms with Beck 
Depression Inventory Scores and Glycosylated 
Hemoglobin

Symptom BDI HbA1

Hyperglycemic symptoms
Thirst .41* .18
Frequent urination .46* .22
Losing weight .18 .00

Hypoglycemic symptoms
Hunger .31* .14
Sweating .37* .04
Trembling .47* .12
Fainting or dizziness .25* .11
Confused thoughts .48*a .12
Loss of consciousness .08 .26*

Nonspecific symptoms of poor control
Fatigue .65*a .11
Fever, feelings of illness .48* .13

BDI, Beck Depression Inventory. aA component of this association results from
the overlap of the symptom with an item on the BDI. *p<0.05; all statistically
significant associations remained significant in multiple logistic regression
analysis when the effects of depression and glucose control were examined
simultaneously, except for the association of loss of consciousness with HbA1.

Source: Reference 51

513



functional limitations perpetuated by worsening dia-
betes. While one study found a significant correlation
between depression symptomatology and the dura-
tion of diabetes6, other investigations reported no as-
sociation between diabetes duration and either major
depressive disorder15 or depression symptomatol-
ogy19,20. One explanation for this inconsistent rela-
tionship between diabetes duration and depression is
that diabetic patients may adapt psychologically to
their medical illness over time. Another explanation is
that the onset of depression usually precedes the diag-
nosis of non-insulin-dependent diabetes mellitus
(NIDDM) and recurrent episodes of depression are
common in the early stages of this form of diabetes.

Eleven studies have examined the association of de-
pression with different measures of diabetes severity4-

6,15,17,19,20,57-60 (Table 24.8). One 10-year prospective
study reported that coronary heart disease had devel-
oped at followup in 39% of diabetic patients who had
been diagnosed with major depressive disorder at
baseline, compared with only 15% of diabetic patients
who were not depressed at initial examination
(p<0.05)59. Such positive findings, however, have
been the exception. Statistically significant associa-
tions between depression and severity of diabetes
were not found in 25 of 32 measurements (Table
24.8). If a positive relationship does exist between
depression and diabetes severity, it is not obvious and
has defied convincing documentation. 

The lack of a consistent association between depres-

sion and diabetes severity is counterintuitive, and
further studies are needed to ascertain the true nature
of the relationship. The presence of diabetes compli-
cations alone may not result in depression unless
severe functional limitations, such as blindness, im-
potence, and cognitive impairment, are present. De-
pression may be related to other indices of advancing
disease, such as changes in cerebral vasculature4. In-
consistencies in the definition of diabetes severity
itself may also explain the lack of a significant associa-
tion with depression. For example, asymptomatic
nerve conduction velocity, as well as debilitating
neuropathic symptoms, may both be deemed positive
for diabetic neuropathy. The nature of depression in
diabetes is complex, and adverse life events, severity
of the medical illness, genetic and personality factors,
and psychiatric history are all likely contributors to its
occurrence.

PSYCHOPHARMACOLOGICAL 
THERAPIES IN DIABETES

The efficacy of psychotropic medication for criteria-
defined psychiatric disorders in diabetic populations
is largely unknown. While such studies have been
conducted on groups of primary care patients that
included patients with diabetes, the outcome in this
subset was not analyzed and reported separately61-63.
Two controlled studies have examined the effect of
psychopharmacological therapies in diabetic patients.
In one, tricyclic antidepressant treatment resulted in
complete remission of lower extremity pain in dia-
betic neuropathy patients, with concomitant relief of
depression52. In the second study, 8 weeks of treat-
ment with nortriptyline resulted in a significant re-
duction in depression symptoms64.

The conventional antidepressant agents have side-ef-
fect profiles that may limit their use in persons with
diabetes (Table 24.9)65. Insomnia, agitation, ex-
trapyramidal symptoms, and drug interactions that
are not specifically relevant to diabetes may also be
encountered66-69. Antidepressant agents may provoke
cardiac arrhythmias and conduction delays as well as
induce dangerous orthostatic hypotension66-68. This
risk may be even greater in diabetic individuals. While
the reduced chance for weight gain with fluoxetine
increases the attraction of this agent in NIDDM, intol-
erance to the medication from nonspecific gastroin-
testinal distress or from overstimulation may limit its
use65.

Table 24.8
Association of Depression with Measures of 
Diabetes Severity

Ref.
Duration

of diabetes
Neuro-
pathy

Nephro-
pathy

Retino-
pathy

Macrovascular 
disease

Structured diagnostic interviews
4 No No No
5 No No Noa

15 No No No No
57 No No No No No
59 Yes

Depression symptom scales
17 No No No Yesb

6 Yes Yes No No
19 Yes
58 Yes
20 No
60c No No No No No

a Current and borderline current depression cases combined were at higher risk
for macrovascular complications than those with no current or 5-year history
of depression or borderline depression (p<0.05); all other comparisons were
nonsignificant. b Males only. c Type of complication was not specified.

Source: References are listed within the table
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PSYCHOLOGICAL THERAPIES IN DIABETES

Important advancements in the treatment of affective
and anxiety disorders have been realized over the past
decade using the techniques of cognitive-behavioral
psychotherapy (CBT)70,71. CBT evolved from observa-
tions that depression is characterized by habitual er-
rors in thinking that are themselves amenable to sys-
tematic reprogramming. Depression is removed by
systematically challenging "unrealistic" negative
thinking, including negative predictions ("I’ll always
be alone") and overgeneralizations ("nothing ever
goes right for me"). The techniques of CBT may not
be fully effective for depression in diabetes because
there is a certain negative realism in thinking that
often attends the experience of advancing diabetes
("I’ll never be the same sexually"; "I won’t be able to
see like other people"). Nevertheless, psychotherapy

may have a uniquely prominent place in the treatment
armamentarium because antidepressant medications
may interfere with diabetes or be contraindicated by
extant comorbid medical conditions. Despite a large
literature in nondiabetic subjects, there have been no
studies of the efficacy of CBT for depression or other
psychiatric disorders in diabetes. Controlled outcome
studies of psychotherapy for DSM-IV-defined psychi-
atric disorders are needed.

Dr. Patrick J. Lustman is Associate Professor of Medical
Psychology in Psychiatry, Department of Psychiatry, and Dr.
Jeffrey A. Gavard is Fellow in Medicine, Department of Inter-
nal Medicine, Washington University School of Medicine, St.
Louis, MO.

Table 24.9
Side Effects of Antidepressant Medications with Potential Relevance in Diabetes

Side effect
Tricyclic
agentsa

MAO
inhibitors

Psycho-
stimulantsb Alprazolamb Amoxapine Fluoxetine Trazodone

Potential relevance
in diabetes

Anticholinergic
 effects

2c 0 0 0 1 0 0 Worsened bowel motility
 (increased gastroparesis or
 constipation); urinary
 bladder dysfunction 

Sedation 2c 1 0 2 2 1 2 Impairment of daily
 activities involved with
 glycemia management

Cardiovascular,
 conduction delay/
 arrhythmias

2 0 1d 0 1 0e 1 Interaction with macro-
 vascular diabetic
 complications

Orthostasis 2c 2 0 0 1 0 2 Worsening of neuropathy-
 related hypotension

Weight gain 2 2 0 0 0 0 1 Interference with
 glycemia management

Sexual dysfunction 2 2 1 1 1 1 0f Worsening of diabetes-
 related erectile
 dysfunction and orgasm
 management

Relative occurrence of side effect among agents listed: 2, common; 1, less common; 0, rare or does not occur. a Excludes amoxapine. b Psychostimulants (dextroam-
phetamine, methylphenidate) and alprazolam are not approved by the U.S. Food and Drug Administration for treatment of depression. c Some stratification within category
more common with tertiary amines (amitriptyline, doxepine) than secondary amines (desipramine, nortriptyline). d Also may exacerbate hypotension and symptoms of
coronary artery disease. e Not fully known. f Rare occurrence of priapism with this agent.

Source: Reference 65
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Chapter 25

Therapy for Diabetes

Brian J. Fertig, MD; David A. Simmons, MD; and Donald B. Martin, MD

SUMMARY

The most recent information about use of
diet, oral agents, and insulin by people with
diabetes in the United States is from the
1989 National Health Interview Survey

(NHIS). For all diabetic patients age ≥18 years, 43%
were treated with insulin, 49% were treated with oral
agents, and 64% reported they were following a diet
for their diabetes. Of insulin-treated non-insulin-de-
pendent diabetes mellitus (NIDDM) patients, 10%
were using oral agents in addition to insulin. The
proportion of NIDDM patients treated with insulin
increased with longer duration of diabetes, from 22%
at 0-4 years to 58% at ≥20 years. Concomitantly, the
proportion treated with oral agents declined from 64%
at 0-4 years duration to 37% at ≥20 years. Two or more
insulin injections daily were taken by 61% of insulin-
dependent diabetes mellitus (IDDM) patients and
48% of insulin-treated NIDDM patients; use of an
insulin pump was rare. 

Nutritional therapy is a challenging but necessary
dimension in the management of diabetes. For chil-
dren with IDDM, a goal is to match diet to insulin
requirements to ensure normal growth and develop-
ment. By contrast, in obese NIDDM patients, it is
important to achieve and maintain a reasonable or
realistic body weight. Successful long-term weight
loss for obese NIDDM patients remains an elusive and
difficult task. According to current guidelines, dietary
protein intake should constitute 10%-20% of total
daily calories. Saturated and polyunsaturated fat
should each be limited to <10% of total daily calories,
and the remaining 60%-70% of calories, composed of
monounsaturated fat and carbohydrate, may be tai-
lored to individual needs. Cholesterol should be lim-
ited to ≤300 mg daily. A large body of literature shows
no significant difference in glycemic control from su-
crose or complex carbohydrate forms. Soluble and
insoluble dietary fiber is healthy for all individuals,
and the recommended daily consumption is 20-35 g,

which is two to three times the average daily con-
sumption. 

When optimal diet with weight reduction and exercise
fail to restore adequate glycemic control in NIDDM
patients, pharmacologic treatment should be consid-
ered. The sulfonylureas are the major group of oral
hypoglycemic agents currently used in the United
States, although the biguanide drug metformin re-
cently was approved for use. The Diabetes Control
and Complications Trial (DCCT) evaluated the effect
of intensive insulin therapy in IDDM and found
~40%-70% risk reduction in retinopathy, nephropathy,
and neuropathy, compared with conventionally
treated subjects. However, there was also a threefold
greater risk of hypoglycemia in the intensively treated
patients.

Patient education can translate to increased self-man-
agement skills, including self-glucose monitoring,
compliance with overall management, improved gly-
cemia for insulin-treated diabetes, and reduction in
complications. Despite these favorable effects, only
35% of people with diabetes in the United States have
attended a diabetes education class or course, includ-
ing 59% of those with IDDM, 49% of those with
insulin-treated NIDDM, and 23% of those with
NIDDM not treated with insulin. About 40% of IDDM
and 26% of insulin-treated NIDDM patients self-test
their blood glucose at least once per day, but this
proportion is substantially lower for NIDDM patients
not treated with insulin (5%).

Pancreatic transplantation in the United States is be-
ing performed with increasing frequency, with >2,700
cases reported by 1992. Pancreatic transplant is the
only treatment for IDDM capable of establishing an
insulin-independent state with euglycemia and nor-
mal glycosylated hemoglobin.

• • • • • • •
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Diet, insulin, and oral hypoglycemic agents have re-
mained the mainstays of therapy for the diabetic pa-
tient for decades. Despite this, there have been major
advances in surgical alternatives for individuals with
IDDM and an emerging increase in the available medi-
cal options for both IDDM and NIDDM. This chapter
provides an overview of current concepts and data
regarding approaches to managing diabetes, including
not only medical therapies but, perhaps as important,
patient education and self-care practices.

The most recent information about diet, oral agents,
and insulin use by U.S. diabetic patients is from the
1989 NHIS diabetes supplement1. This questionnaire
was administered to a representative sample of 2,405
persons who reported having been diagnosed by a

physician as having diabetes. Questions about dura-
tion of diabetes, duration of insulin use, height, and
weight permitted differentiation of diabetic subjects
into IDDM and NIDDM2. Criteria for IDDM were age
<30 years at diabetes onset, continuous insulin use
since diagnosis, and percent desirable weight ≤120.
All other subjects were considered to have NIDDM,
and these were differentiated into those who did and
did not use insulin. Characteristics of these subjects
are shown in Table 25.1. Some insulin-treated NIDDM
patients with diabetes onset at age ≥30 years may have
IDDM (see Chapter 2). This has been estimated to be
~7% of all adults with diagnosed diabetes3. In addi-
tion, some patients with NIDDM may have slowly
evolving IDDM. No reliable estimate of this type of
diabetes is available for the United States.

Subjects’ responses to questions about diabetes thera-
pies in the 1989 NHIS are shown in Table 25.2. For all
persons age ≥18 years, 42.8% were treated with insu-
lin, 49.2% were treated with oral agents, and 63.8%
reported they had been given a diet for their diabetes
and were following this diet. For patients with
NIDDM, the proportions treated with insulin and oral

INTRODUCTION

CURRENT THERAPIES USED BY
DIABETIC PATIENTS

Table 25.1
Characteristics of Persons with Diabetes, Age ≥18
Years, U.S., 1989 

Characteristic IDDM

NIDDM,
 insulin-
treated

NIDDM,
 not insulin-

treated

Mean current age (years) 34.1 60.6 62.6
Men (%) 53.4 41.4 41.8
Non-Hispanic white (%) 92.0 63.4 73.7
Non-Hispanic black (%) 3.7 26.6 16.0
Mexican American (%) 0 5.6 4.2
Other race (%) 4.3 4.5 6.1
Median income (in $1,000) 35-40 17-18 16-17
Median education (years) 13 12 12
Mean age at diabetes
 diagnosis (years) 16.2 47.1 53.8
Mean duration of diabetes (years) 17.9 13.4 8.6
History of diabetes in mother or
 father (%) 14.6 44.3 40.9
Mean body mass index—men 23.0 27.4 27.7
Mean body mass index—women 21.3 29.3 28.5
Regular doctor for diabetes (%) 87.9 91.3 91.0
Had diabetes education class (%) 58.6 48.9 23.7
Has health insurance (%) 89.6 92.6 91.9

Body mass index, weight (kg) divided by height (m2); percent with a regular
doctor for diabetes is based on response to question, "Is there one doctor you
usually see for your diabetes?"; percent with a diabetes education class is based
on responses to questions about whether information about diabetes had been
obtained from a diabetes education class, whether the subject had ever taken a
course or class in how to manage diabetes, and whether the subject had
attended any other education program or class about diabetes; health insurance
includes Medicare, private health insurance, military health coverage, Medi-
caid, and coverage through any public assistance programs.

Source: Reference 1, 1989 National Health Interview Survey

Table 25.2
Percent of Adults with Diabetes Who Report Using
Diabetes Therapies, Age ≥18 Years, U.S., 1989

Type of diabetes 
and age (years)

Use
insulin

(%)

Use oral
agents

(%)

Follow a
diabetes diet

(%)

All diabetic subjects
≥18 42.8 49.2 63.8

18-34 74.9 6.4 65.8
35-44 53.8 36.9 58.9
45-54 41.7 48.0 57.3
55-64 44.0 51.3 65.8
65-74 37.3 57.4 64.7

≥75 32.7 56.2 67.7

IDDM
≥18 100.0 1.6 72.7

18-34 100.0 1.6 69.3
35-44 100.0 2.7 75.8

≥45 100.0 0.0 77.2

NIDDM
≥18 39.4 52.0 63.3

18-34 50.8 11.1 62.6
35-44 44.0 44.2 55.3
45-54 39.1 50.0 56.2
55-64 43.6 51.7 65.6
65-74 37.1 57.6 64.8

≥75 32.7 56.2 67.7

Data on following a diet are the percent who answered that they had been given
a diet for their diabetes and that they were now following this diet all or most
of the time.

Source: 1989 National Health Interview Survey
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agents were relatively constant across the entire age
range. The proportion of IDDM subjects who reported
they were following their diabetes diet (72.7%) was
slightly higher than that of NIDDM subjects (63.3%).

Although for NIDDM subjects there was little rela-
tionship of insulin and oral agent use with age, there
was a strong relationship with duration of diabetes. As
shown in Figure 25.1 and Table 25.3, the proportion
of NIDDM patients treated with insulin increased
with longer duration of diabetes, from 22.2% at 0-4
years duration of diabetes to 58.3% at ≥20 years dura-
tion. Concomitantly, the proportion treated with oral
agents declined with increasing time since diagnosis
of diabetes, from 64.2% at 0-4 years duration of diabe-
tes to 36.9% at ≥20 years duration. The proportion
who stated that they had been given a diet for their
diabetes and were following this diet all or most of the
time was relatively constant across the range of diabe-
tes duration. Appendix 25.1 provides further informa-
tion on diabetes therapies by duration of diabetes and
age.

Table 25.4 presents additional information on diabe-
tes therapy for IDDM, insulin-treated NIDDM, and
NIDDM not treated with insulin4. For both insulin-
treated groups, the average insulin dose was about 50
units per day and use of an insulin pump was rare.
Two or more insulin injections daily were taken by
61.8% of IDDM and 47.8% of insulin-treated NIDDM
patients. Thus, a substantial proportion of insulin-
treated diabetes patients were not using multiple daily
insulin injections. About 1.6% of IDDM and 9.6% of
insulin-treated NIDDM patients reported using oral
agents in addition to insulin. Combined insulin and

oral hypoglycemic agents (e.g., BIDS—bedtime insu-
lin to better attenuate early morning counterregula-
tory response, and daytime sulfonylurea to improve
insulin sensitivity) is a more recent form of diabetes
therapy. About 40% of IDDM and 26% of insulin-
treated NIDDM patients reported self-testing their
blood glucose at least once per day, but this propor-
tion was substantially lower for NIDDM patients not
treated with insulin (5.3%). Frequent hyperglycemia
and glycosuria were reported by about one-fourth of
diabetic subjects who self-tested or knew the results
of tests that their physicians had performed4.

Questions on use of diabetes therapies have been
included in several NHIS surveys and in the 1976-80
Second National Health and Nutrition Examination
Survey (NHANES II). Figure 25.2 shows information
on the proportion of diabetic persons who reported
they used insulin, oral agents, or dietary therapy in
these national surveys2,5-9. Appendices 25.2 and 25.3
provide these data and also information from some
community-based studies of large populations2,5-14.

Table 25.3
Percent of Adults with Diabetes Who Report Using
Diabetes Therapies, by Duration of Diabetes, Age
≥18 Years, U.S., 1989

Duration of 
diabetes (years)

Use
insulin

(%)

Use oral
agents

(%)

Follow a
diabetes diet

(%)

All diabetic subjects
0-4 23.5 63.2 64.5
5-9 41.1 51.4 63.6

10-14 46.8 47.0 61.3
15-19 61.3 36.1 62.6

≥20 64.3 31.8 66.7

IDDM
0-14 100.0 2.3 70.0

≥15 100.0 1.2 73.7

NIDDM
0-4 22.2 64.2 64.0
5-9 38.5 53.5 62.9

10-14 44.3 49.2 62.0
15-19 57.7 39.5 62.2

≥20 58.3 36.9 64.9

Data on following a diet are the percent of persons who answered that they had
been given a diet for their diabetes and that they were now following this diet
all or most of the time.

Source: 1989 National Health Interview Survey
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Figure 25.1
Percent of Adults with NIDDM Who Report Using
Diabetes Therapies, by Years Since Diagnosis of 
Diabetes, Age ≥18 Years, U.S., 1989

Source: 1989 National Health Interview Survey
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In 1981, an assessment of diabetes care was made in
four large and four small randomly selected Michigan
communities. This study was repeated in these com-
munities in 1991; Figure 25.3 shows information
from the two studies14. A much higher proportion of
all diabetic subgroups in 1991 compared with 1981
reported they self-monitored their blood glucose and
adjusted their insulin dose based on these tests. Pa-
tients with IDDM and insulin-treated NIDDM were
more likely to use multiple injections and various
types of insulin in 1991 than in 1981.

Nutritional therapy is a challenging but necessary
dimension in managing diabetes. For IDDM and
NIDDM patients, goals for dietary management are
the same but also very different. For both groups, a
major objective is to optimize glycemic control and
blood lipid levels and to prevent and treat acute hypo-
glycemic events and chronic diabetic complications
including nephropathy, hypertension, cardiovascular

Table 25.4
Diabetes Therapies and Medical Care for Patients with Diabetes in the U.S., 1989-91

IDDM
NIDDM, 

insulin-treated
NIDDM, 

not insulin-treated

Characteristics of diabetes therapy
Mean age at diabetes diagnosis (years) 16.2 47.1 53.8
Mean diabetes duration since diagnosis (years) 17.9 13.4 8.6
Mean duration of insulin use (years) 17.9 8.0
Mean units insulin/day 47.1 50.7
Ever used insulin pump (%) 5.5 1.1
Currently using insulin pump (%) 0.7 0.2
≥2 insulin injections/day or insulin pump (%) 61.8 47.8
≥3 insulin injections/day or insulin pump (%) 14.2 3.3
Taking oral agents (%) 1.6 9.6 79.5
Following diet for diabetes (%) 72.7 64.4 62.5
Percent desirable weight ≥120 (%) 0.0 61.2 60.1
Blood glucose checked by health professional
  ≥ twice in past 6 months (%) 52.9 70.4 67.0
Urine glucose checked by health professional
  ≥ twice in past 6 months (%) 37.8 50.9 48.5
Self-test blood glucose ≥ once/day (%) 39.5 25.8 5.3
Self-test urine glucose ≥ once/week (%) 29.3 32.4 20.1
High blood glucose always/most of the time 17.4 25.9 26.6
Glucose in urine always/most of the time 26.1 29.9 26.0

Medical care characteristics
≥4 visits to diabetes physician in past year (%) 36.1 65.0 57.1
Visit to dietitian/nutritionist in past year (%) 20.8 24.5 18.6
Has had diabetes education class or course (%) 58.6 48.9 23.7
Mean patient education hours 15.7 13.3 9.1
Visit to cardiologist in past year (%) 4.7 26.7 22.4
Visit to ophthalmologist in past year (%) 54.4 50.8 39.8
Dilated eye examination in past year (%) 56.9 54.6 43.6
Visit to podiatrist in past year (%) 7.9 22.5 14.0
Health professional has checked feet
  ≥ twice in past 6 months (%) 24.4 38.8 25.3

Percent of all physician
visits for diabetes

Physician specialty for diabetes visits
Internal medicine 37.2
General practice 14.4
Family practice 20.0
Diabetology/endocrinology 7.9
All other specialties 20.5

IDDM was defined as diabetes onset at age <30 years, continuous insulin use, and percent desirable weight <120; data on high blood glucose and urine glucose were reported
by 80% (blood glucose) and 61% (urine glucose) of subjects based on self-tests and results of physician tests for blood and urine glucose.

Source: Reference 4, 1989 National Health Interview Survey, and 1990-91 National Ambulatory Medical Care Survey
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disease, and autonomic neuropathy. For individuals
with IDDM, an additional goal is to match diet to
insulin requirements to ensure normal growth and
development for adolescents and children15. By con-
trast, in obese NIDDM patients, it is important to
achieve and maintain a reasonable or realistic body
weight (as opposed to a desirable or ideal body
weight)16 and to maximize the success of oral hypo-
glycemic therapy. Attainment of nutritional goals is
best achieved through the coordinated efforts of a
diabetes educator, nutritionist, physician, and occa-
sionally, behavioral and exercise specialists. This has
been substantiated by the DCCT17. However, in prac-
tice this set of health practitioners is often not avail-
able to the patient, probably for logistic and financial
reasons (Table 25.4). Insulin therapy should be inte-
grated into the usual dietary and exercise patterns of
the individual. For the highly motivated patient, us-
ing multiple daily insulin injections or an infusion
pump allows marked flexibility in these patterns.

As shown in Table 25.2, ~64% of all diabetic subjects
in the 1989 NHIS reported having been given a diet for
their diabetes and that they were following this diet all
or most of the time. In response to a question about
whether diet is important in controlling their diabe-
tes, 87% answered yes. Subjects who reported they
were not following a diabetes diet or were able to
follow their diabetes diet most or some of the time,
rarely, or never, were asked about particular situations
that they found difficult. These data are shown in
Table 25.5. A variety of situations were problematic
for these subjects, most notably the desire to eat foods
that are not on the diabetes diet. Of importance, two
situations were not issues for these patients: lack of

support from family and friends and being unsure
about what foods they should eat. In general, difficul-
ties with following a diet for diabetes were expressed
less frequently as age increased.

Successful long-term weight loss for the obese
NIDDM patient remains an elusive and difficult task.
It is best achieved by a 250-500 kcal decrease in daily
caloric intake, with less dietary fat (especially satu-
rated fat) consumption and an increase in regular
physical activity18. Because ideal body weight may be
impractical to achieve or maintain, a more mild-to-
moderate weight reduction to a reasonable body
weight is encouraged, as it has been shown to improve
metabolic control, increase insulin sensitivity, and re-
duce hepatic glucose output19-22. Other useful strate-
gies include spacing nutrient intake with more fre-
quent meals23-25, as well as behavioral and attitude
changes in the patient. For refractory morbid obesity,
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Figure 25.2
Time Trends in the Proportion of Diabetic Subjects
in National Surveys Who Report Using Diabetes
Therapies, U.S., 1960-89

Source: References 5-9, National Health Interview Surveys, and 1976-80 Sec-
ond National Health and Nutrition Examination Survey

Figure 25.3
Percent of Diabetic Patients in Eight Michigan 
Communities, According to Diabetes Care 
Practices, 1981 and 1991

Source: Reference 14
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more radical management may include appetite sup-
pression or gastric bypass surgery; however, their
long-term safety and efficacy remain to be estab-
lished26.

The subject of protein intake in diabetic patients is
controversial. Adequate intake is required to achieve
metabolic control and nutritional sufficiency. How-
ever, excess protein ingestion has been linked to pro-
gression of diabetic nephropathy. According to cur-
rent guidelines, dietary protein intake should consti-
tute 10%-20% of total daily calories, except in the
presence of nephropathy, when the recommended
daily allowance (RDA) for protein is 0.8 g/kg body
weight/day or ~10% of total daily calories27.

When 10%-20% of total daily calories derives from
dietary protein, the remaining 80%-90% of calories
are distributed between carbohydrate and fat. Satu-
rated fat, because of its atherogenic risk, and polyun-
saturated fat, because of its adverse impact on high-
density lipoprotein (HDL) cholesterol, should each be
limited to <10% of total daily calories. In addition,
cholesterol should be limited to ≤300 mg daily. The

distribution of the remaining 60%-70% of calories,
composed of monounsaturated fat and carbohydrate,
may be tailored to individual needs, although it does
remain in dispute whether saturated fat calories
should be replaced by fat, carbohydrate, or both. Po-
tential problems with a high-carbohydrate (60% of
total calories) and low-fat (20%-25% of total calories)
diet, at least short-term, include elevation of
triglycerides and very low-density lipoprotein (VLDL)
cholesterol and postprandial hyperglycemia, as re-
ported in NIDDM subjects28,29. In contrast, a diet
higher in monounsaturated fat, comprising up to 20%
of total calories, with a more moderate carbohydrate
intake of 50%-60% of calories may offer advantages to
the individual with elevated blood triglycerides and
VLDL. However, this diet may be counterproductive
in the obese diabetic patient.

Despite prior dogma that sweets and refined sugars be
replaced with complex carbohydrates, contending
that they incur greater immediate postprandial hyper-
glycemia, a large body of literature shows no signifi-
cant difference in glycemic control from sucrose or
complex carbohydrate forms30-41 (Table 25.6). What is
important, however, is the total number of calories.
Sucrose may replace other carbohydrates, but the diet
should remain isocaloric. Also, other nutrients often
consumed with sucrose, such as fat, must be consid-
ered.

Dietary fructose, as found in fruits, vegetables, and
honey, produces less postprandial hyperglycemia than
either sucrose or most starches32,42,43 and is an excel-
lent caloric sweetener except in large quantities, when
it may adversely affect serum low-density lipoprotein
(LDL) and total cholesterol44-46.

Table 25.6
Studies Comparing Glycemic Effects of Isocaloric
Amounts of Sucrose and Starch in Diabetic Subjects

Ref.

No. of
diabetic
subjects Duration

Calories
from sucrose

(%)

Adverse effects
of sucrose on

glycemia

32 22 Single meal 25 No
33 18 Single meal 14 No
34 21 Single meal 15 No
35 6 Single meal 15 No
36 18 Single meal 14 No
37 24 8 days 23 No
38 16 5 days 7 No
39 10 2 days 10 No
40 18 4 weeks 38 No
41 12 4 weeks 19 No

Meals were provided to subjects by the investigators.

Source: References are listed within the table

Table 25.5
Difficulties in Following a Diet and Importance of a
Diet Reported by Patients with Diabetes, Age ≥18
Years, U.S., 1989

Age (years)

≥18 18-44 45-64 ≥65

Difficulty 
Eating at restaurants 48.4 53.7 50.3 44.1
At parties and social events 43.4 55.1 45.7 36.1
When busy with other activities 35.4 52.3 37.4 26.2
When going on trips 41.3 48.7 44.2 35.3
When feeling upset or angry 42.8 56.9 46.0 33.7
When feeling sad, depressed,
 or blue 40.6 53.9 41.2 34.3
When feeling bored 38.0 46.9 41.0 31.3
Because foods you should eat
 do not taste good 31.4 27.3 30.8 33.7
Because you crave foods
 not on your diet 58.2 64.5 56.9 57.0
Because your have to prepare
 food separately for yourself 18.6 23.7 22.3 12.7
Because of lack of support from
 your family or friends 8.4 12.5 8.0 7.1
Because you are unsure about
 what foods you should eat 7.4 6.9 8.9 6.2

Believe that what you eat or
 drink is very important in
 controlling your diabetes 87.4 89.8 90.8 83.3

People never given a diet for their diabetes (5%), who had not tried to follow
a diabetes diet (12%), or who stated that they are always able to follow their
diabetes diet (23%) were not asked questions about difficulties.

Source: 1989 National Health Interview Survey
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Dietary fiber, both soluble and insoluble, is healthy
for all individuals, including people with diabetes; the
recommended daily consumption is 20-35 g47,48,
which is two to three times the average daily con-
sumption. Insoluble fiber prolongs gastric emptying
and intestinal transit time and increases stool vol-
ume49,50. Its effects on bowel health include beneficial
effects on diverticulitis, hemorrhoids, constipation,
and possibly cancer51. Soluble fiber, on the other
hand, increases gastric emptying and intestinal transit
time, and with intake >20 g daily, may lower
triglycerides (fasting and postprandial) and LDL and
total cholesterol without adversely affecting HDL cho-
lesterol52,53. Interestingly, soluble fiber intake has been
reported to be inversely proportional to cardiovascu-
lar disease54. In addition, by increasing intestinal tran-
sit time and reducing absorption time, it has been
suggested55,56, although with dubious significance, to
improve glycemic control. Contrary to popular belief,
high dietary fiber does not predispose to bezoar for-
mation in diabetic patients57.

Although salt-sensitive hypertension does occur more
frequently in certain population groups such as blacks
and diabetic patients58,59, these individuals are not
easily identified. Therefore, it is suggested that the
general population restrict sodium intake to ≤3 g
daily60 (~50% the average daily intake of 4-6 g) and,
for mild to moderately hypertensive individuals, to
2.4 g daily.

Moderate alcohol consumption, defined as one 5-
ounce drink for women and two 5-ounce drinks for
men, may be advocated to decrease cardiovascular
risk in the diabetic population as in the general popu-
lation. However, alcohol may produce either post-
prandial hyperglycemia due to enhanced glyco-
genolysis and peripheral insulin resistance61, or fast-
ing hypoglycemia by indirectly interfering with glu-
coneogenesis and by its association with depleted
glycogen stores62. Therefore, reducing alcohol intake
is necessary in certain diabetic patients and other
individuals, including those with uncontrolled diabe-
tes, those treated with both insulin and sulfonylureas,
and those with conditions such as pancreatitis, hyper-
triglyceridemia, and neuropathy63. Other more com-
mon-sense indications for alcohol restriction include
pregnancy, a history of alcohol abuse, alcoholic
cardiomyopathy or liver disease, and concomitant use
of certain medications including tranquilizers and
barbiturates.

There is little rationale for micronutrient (vitamins
and minerals) supplementation in diabetes or in the
general population when a nutritionally adequate diet
is maintained64,65. The few particular circumstances

include chromium and magnesium for poorly con-
trolled hyperglycemia66-70 and zinc for improved ve-
nous stasis ulcer healing71,72. However, chromium de-
ficiency is unlikely in most diabetic individuals, and
although serum zinc levels are generally lower in the
diabetic population, it is unclear that supplementa-
tion is beneficial in all such cases of venous stasis
ulcers. Finally, magnesium replacement is only rec-
ommended in documented deficiency.

Current guidelines for daily caloric intake for preg-
nant women are unclear and range from 70-240
kcal73,74 to 300 kcal during the second and third tri-
mesters to ensure optimal birth weight. Therefore,
pregnant women with either preexisting or gesta-
tional diabetes should be monitored for urine ketones,
blood glucose, weight gain, and appetite with any
nutritional prescription. Table 25.7 shows recommen-
dations for weight gain for pregnant women.

The first-line therapy modality for NIDDM includes
an optimal diet with appropriate weight reduction and
exercise accompanied by patient education and self-
management. Only when these measures fail to re-
store adequate glycemic control should pharma-
cologic treatment be considered.

The sulfonylureas are the major group of oral hypo-
glycemic agents used in the United States, although
the biguanide drug metformin has recently been ap-
proved for use. The second-generation drugs glipizide
and glyburide are unique for their more potent
equivalent therapeutic dose than the first-generation
agents and for their nonpolar anionic properties. The
mechanism of action of sulfonylureas is not fully un-
derstood. They enhance β-cell insulin secretion, di-
rectly via high-affinity receptors and indirectly by
promoting sensitivity to glucose, and they may inhibit

Table 25.7
Recommended Total Weight Gain Ranges for
Pregnant Women

Weight-for-height
category

Recommended
total weight gain

Low (BMI <19.8) 12.5-18 kg (28-40 lb.)
Normal (BMI 19.8-<26) 11.5-16 kg (25-35 lb.)
High (BMI 26-29) 7-11.5 kg (15-25 lb.)
Obese (BMI >29) <6 kg (15 lb.)

BMI, body mass index.

Source: National Academy of Sciences recommendations
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glucagon secretion75. Extrapancreatic effects include
increased insulin receptor binding and postreceptor
activity involving the liver, decreased glucose produc-
tion and increased glucose utilization, and increased
glucose and fatty acid uptake in muscle and adipose
cells76. Because sulfonylurea receptors have not been
identified and because these agents are ineffective for
IDDM, it appears that their predominant hypoglyce-
mic action is on the β-cell77. Approximately one-third
of NIDDM subjects do not adequately respond to
sulfonylureas78,79, most often because of dietary non-
compliance or markedly impaired β-cell function. Of
those who do initially respond, 5%-10% develop sec-
ondary failure annually, related to noncompliance to
diet, progressive β-cell impairment, drug interactions,
or stressful events such as pregnancy and infections.
After 10 years, only ~50% of initial responders have
adequately controlled blood glucose80. Optimal pa-
tient selection includes those with onset of diabetes at
age >40 years, duration of disease <5 years, normal or
increased body weight, no history of prior insulin
therapy, good glycemic control with <40 units of insu-
lin daily, and fasting plasma glucose <180 mg/dl81,82.

By definition, IDDM with onset in lean individuals at
age <30 years requires insulin therapy to avoid dia-
betic ketoacidosis, diabetic coma, and death. NIDDM
typically affects middle-aged obese individuals and is
characterized by insulin resistance and often requires
insulin therapy for optimal metabolic control. Both
forms of diabetes share the complications of microvas-
cular retinopathy, nephropathy, and neuropathy, as
well as vascular disease and consequent tissue and
organ damage.

The DCCT17 was designed to evaluate the influence of
tight metabolic control (maintaining mean blood glu-
cose and glycohemoglobin values close to the normal
range) on both delaying the onset and slowing the
progression of vascular complications in IDDM. The
study was primarily designed to evaluate retinopathy
and examined 1,441 patients, half of whom were each
designated as primary or secondary intervention co-
horts. The primary prevention cohort was selected to
have a disease duration of 1-5 years and the absence
of hypertension, retinopathy, and microalbuminuria.
The secondary prevention cohort was required to have
1-15 years disease duration, mild to moderate nonpro-
liferative retinopathy, microalbuminuria but no frank
proteinuria, and absence of hypertension. The pa-
tients were assigned randomly to intensive insulin

therapy using either the external insulin pump or ≥3
insulin injections daily with frequent blood glucose
monitoring, or to more conventional therapy using
one to two daily insulin injections. The patients were
followed for a mean of 6.5 years with regular assess-
ment of the onset or progression of retinopathy as well
as nephropathy and neuropathy.

Although normalization of blood glucose values was
not achieved, with a mean blood glucose in the inten-
sively treated group of ~40% above normal values,
there was ~40%-70% risk reduction in retinopathy,
nephropathy, and neuropathy, compared with conven-
tionally treated subjects (Figures 25.4 and 25.5). This
benefit of intensive therapy applied to both the delay
in onset and progression of the complications. These
results, moreover, were seen regardless of the patients’
age, sex, or duration of disease within the parameters
of the study. This trial has been the longest and largest
prospective study to show that improved glycemic
control directly correlates with reduction in incidence
and progression of diabetic microvascular complica-
tions. It complements two other recent studies83,84 and
seems to answer the longstanding controversy of
whether there is additional benefit of further glycemic
control beyond that required to allay the symptoms of
uncontrolled diabetes85,86.

Interestingly, in both the primary and secondary inter-
vention cohorts, the presence and degree of urinary
albumin excretion correlated positively with both gly-

INTENSIVE INSULIN THERAPY—
THE DCCT AND ITS IMPLICATIONS
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Figure 25.4
Rates of Development of Retinopathy, Nephropathy,
and Neuropathy in IDDM Patients in the DCCT 
Primary Prevention Cohort

DCCT, Diabetes Control and Complications Trial; UAE, urinary albumin
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cohemoglobin and creatinine clearance17. This has
been attributed to increased hydrostatic pressure
and/or disrupted vascular permeability87,88. Urinary
albumin excretion also correlated closely with the
presence and extent of retinopathy89, as shown by
previous cross-sectional studies90. These findings sug-
gest common factors in the pathogenesis of early reti-
nopathy and nephropathy. Because microalbuminuria
is highly correlated with coronary artery disease91, it
may serve as a marker for widespread vascular dam-
age92, all of which may be prevented or delayed by
vigilant diabetic glycemic control.

Despite our broadened understanding of the goals in
diabetes management provided by the DCCT results,
many questions remain unanswered. One such ques-
tion focuses on the threefold greater risk of hypogly-
cemia in the intensively treated DCCT patients versus
the conventionally treated control group. Clearly, hy-
poglycemia is the major risk of vigorous glycemic
control, the consequences ranging from subclinical
effects of neuroglycopenia to symptoms and signs of
impaired motor coordination, cognitive dysfunction,
seizures, and coma93,94. Contraindications to tight glu-
cose control includes patients’ unwillingness to ac-
tively participate in self-management85. It is also con-
traindicated in children age <2 years, and because
normal brain development is not complete until age 7
years, glucose control should be managed with ex-
treme caution in these patients. Tight glycemic con-

trol in young children is especially difficult because of
relatively unpredictable food intake, activity level,
and adherence to treatment regimens, compared with
adults. Because preadolescents rarely develop mi-
crovascular complications, intensive insulin manage-
ment might be avoided in this patient group85. How-
ever, in elderly diabetic patients with a higher preva-
lence of coronary and cerebrovascular atherosclerosis,
the attendant counterregulatory hyperadrenergic re-
sponse to hypoglycemia exposes a higher risk of per-
manent vital tissue damage. Therefore, such elderly
individuals and others with advanced macrovascular
disease are relatively contraindicated for tight con-
trol85,93. The DCCT Research Group cautions that in-
tensive treatment may cause even more frequent se-
vere hypoglycemic episodes in less motivated indi-
viduals than those studied in the DCCT93. Further,
their data should be generalized with due caution to
groups such as insulin-requiring NIDDM patients,
preadolescents, the elderly, those with diabetic com-
plications, and patients who are less than highly mo-
tivated.

The DCCT did not specifically study patients with
NIDDM. However, the pathophysiology of microvas-
cular disease is considered to be the same as in IDDM,
and thus tight metabolic control is generally recom-
mended in both diabetic groups. Because NIDDM
usually affects older individuals with a greater preva-
lence of macrovascular disease and a tendency for
severe consequences of hyperglycemia, such as stroke,
heart attack, and sudden death, recommendations for
tight control in this group must be made selectively
and judiciously. In addition, NIDDM is associated
with a constellation of comorbid clinical features, in-
cluding obesity, hypertension, and dyslipidemia, and
requires separate management for these conditions.
Importantly, there is some concern95,96 that exogenous
insulin may itself propagate macrovascular athero-
genesis, but a number of studies disagree with this
(see Tables 19.11-19.13). Furthermore, insulin can
promote weight gain that may result in increased in-
sulin resistance and further insulin requirements.
Hence, although it seems logical that tight metabolic
control has beneficial consequences on microvascular
complications in NIDDM, as has been demonstrated
by the DCCT in IDDM, this goal needs to be pursued
with caution for undue risk of hypoglycemia and by
using strategies that improve insulin sensitivity, such
as diet, exercise, and oral sulfonylureas. The difficulty
with this approach, however, is noncompliance to diet
and exercise and disease progression. It remains un-
clear whether early intervention may delay the onset
or progression of diet-resistant hyperglycemia.
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Rates of Development and Progression of Retinopathy,
Nephropathy, and Neuropathy in IDDM Patients in
the DCCT Secondary Intervention Cohort

DCCT, Diabetes Control and Complications Trial; UAE, urinary albumin
excretion. Change in the severity of retinopathy was defined as a change
observed by fundus photography of ≥3 steps from baseline that was sustained
for ≥6 months; severe retinopathy defined as severe nonproliferative or prolif-
erative retinopathy; clinical neuropathy was measured at 5 years after baseline.

Source: Reference 17
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Patient education can translate to increased self-man-
agement skills, including self-glucose monitoring,
compliance with overall management, improved gly-
cemia for insulin-treated diabetes, and a reduction in
complication incidence2,97-99. In two studies based on
diabetic subjects in the 1989 NHIS, self-blood glucose
monitoring at least once per day and having a dilated
eye examination at least once in the past year were
substantially more frequent for NIDDM patients who
had received patient education compared with those
who had not (Table 25.8). In the Michigan study of
diabetes in communities14, mean glycosylated hemo-
globin was lower for IDDM patients who had prior
education (Table 25.9).

Despite these favorable effects, only a minority of
people with diabetes in the United States (35%) have
taken an educational class or program100. Certain sub-
groups of diabetic patients are particularly less likely
to have had diabetes education. These findings were
based on a probability sample of 2,405 people with
diabetes in the 1989 NHIS. In this study, subjects were
asked whether they had ever attended a course or
class in how to manage diabetes themselves and the
contents of this course. Forty-six percent of IDDM
subjects, 41% of those with insulin-treated NIDDM,
and 18% of NIDDM subjects not treated with insulin
had attended a self-management course100. The aver-
age number of instruction hours reported was 11.8. As
shown in Table 25.10, meal planning, blood and urine
glucose testing, foot care, diabetes management when
sick, and insulin injection and dose adjustment were
reported by the majority of individuals to be covered
in the courses. 

Diabetic subjects in the 1989 NHIS were also asked
whether they had attended any other education pro-
gram or class about their diabetes, in addition to being
asked specifically about a diabetes management
course. Table 25.11 combines these responses and
shows the proportion of individuals who had had any
diabetes education course or class, according to their
sociodemographic and clinical factors100. Insulin use
appears to be an independent predictor for diabetes
education in these data. Those with IDDM had the
highest proportion (58.6%) who had received patient
education, compared with 48.9% of people with insu-
lin-treated NIDDM and 23.7% of those with NIDDM
not treated with insulin. Another predictive factor was
age, which was inversely associated with patient edu-
cation. For individuals with NIDDM, blacks were
more likely and Mexican Americans were less likely
than whites to have prior patient education. Resi-
dence in the Midwest (for all diabetic subjects) and
within or near a metropolitan statistical area (for in-
sulin-treated NIDDM subjects) were also associated

Table 25.9
Mean Glycosylated Hemoglobin Values (%), 
According to Diabetes Education History, Michigan,
1991

Type of diabetes

Had education at some
time in the past Did not

have prior
education

<3
years

3-5
years

>5
years All

All diabetic patients 10.2 10.7 10.6 10.5 9.9
IDDM 11.2 12.0 11.0 11.3 12.0
NIDDM

Insulin-treated 10.9 11.2 10.9 10.9 11.3
Not insulin-treated 9.4 9.4 9.9 9.5 9.3

Source: Reference 14

Table 25.8
Effect of Diabetes Patient Education on Self-Blood
Glucose Monitoring and Dilated Eye Examinations,
Age ≥18 Years, U.S., 1989

IDDM

NIDDM,
insulin-
treated

NIDDM,
not insulin-

treated

Self-blood glucose
 monitoring ≥ once per day

Yes 39.9 33.9* 11.4*
No 39.3 18.6 3.5

Dilated eye examination in
 the past 12 months

Yes 57.4 58.2* 52.0*
No 55.5 51.7 41.7

*Significantly different (yes versus no) at p<0.05.

Source: References 2 and 99, 1989 National Health Interview Survey

Table 25.10
Contents of Diabetes Management Course or Class
Taken by Diabetic Individuals, Age ≥18 Years, U.S.,
1989

Topic
Courses addressing

topic (%)

Meal planning 97.2
Blood and urine glucose testing 91.6
Foot care 89.8
Sick day management 83.4
Injecting insulin 78.1
Insulin dose adjustment 68.7

46% of IDDM subjects, 41% of those with insulin-treated NIDDM, and 18% of
NIDDM subjects not treated with insulin had attended a course in diabetes
self-management.

Source: Reference 100, 1989 National Health Interview Survey
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with patient education. Increasing income was associ-
ated with a greater likelihood of patient education,
and education level appeared to be a stepwise, positive
predictor for prior patient education in both IDDM
and NIDDM patients. Interestingly, NIDDM subjects
not treated with insulin who either lived alone, had no
regular diabetes physician, or had not visited a diabe-
tes physician within the past year were markedly more
likely to have had patient education. Possibly, those
individuals felt a stronger need to be informed about
their diabetes. A greater number of complications was
correlated with patient education in NIDDM subjects.
Figures 25.6 and 25.7 show odds ratios for predictors
of patient education based on multiple logistic regres-
sion analysis for NIDDM individuals treated and not
treated with insulin, respectively100. The figures show
the variables that were significant independent pre-
dictors after controlling for the other variables in
Table 25.11.

Diabetic subjects in the 1989 NHIS were also ques-
tioned about where they had obtained any informa-
tion about diabetes (Table 25.12). Almost all had ob-
tained information from some source, with a physi-
cian being the most likely source.

Table 25.11
Percent of Individuals Who Attended a Patient
Education Class or Course on Diabetes, by Type of
Diabetes and Selected Characteristics, Age ≥18
Years, U.S., 1989

Characteristics IDDM

NIDDM,
insulin-
treated

NIDDM,
not insulin-

treated

All individuals 58.6 48.9* 23.7*

Age (years)
18-39 62.3 58.5 34.6
40-64 46.1 53.7* 25.1*

≥65 41.2* 21.3*

Sex
Male 62.1 48.9 23.5
Female 54.7 48.8 23.9

Race
Non-Hispanic white 59.1 47.2 22.7
Non-Hispanic black 56.4 28.8*
Mexican American 35.8* 17.2

Residential location
Within MSA 64.6 50.9 24.2
Outside MSA 40.4 43.2* 22.4

Region
Northeast 42.2 41.4 19.4
South 49.3 43.0 20.9
West 65.3 47.5 27.4*
Midwest 71.0 65.3* 29.9*

Income ($)
<10,000 65.4 43.7 19.4

10-19,999 60.2 47.2 24.5*
20-39,999 61.3 52.8 28.1*

≥40,000 57.2 59.3 25.3

Health insurance
Yes 58.2 49.1 23.5
No 55.4 40.9 27.4

Education (years)
<9 37.6 18.2

9-12 56.8 49.8* 23.6
>12 63.0 59.9* 31.9*

Marital status
Married 53.6 50.2 23.6
Widowed 39.1 20.7
Divorced/separated 59.4 53.3 27.3
Never married 73.8 58.6 29.5

Household composition
Living with spouse 53.9 50.5 23.4
Living with other relative 68.8 48.1 21.9
Living with non-relative 21.0
Living alone 57.7 46.3 25.7*

Has regular diabetes physician
Yes 59.3 48.2 22.7
No 53.8 55.9 33.9

Table 25.11—Continued

Characteristics IDDM

NIDDM,
insulin-
treated

NIDDM,
not insulin-

treated

Frequency of visits to
 diabetes physician per year

0 57.4 57.3 37.3*

1-3 69.8 49.8 20.4

≥4 44.8 47.5 23.2

Number of diabetes-related
 complications

0 64.3 51.2 15.3

1 58.4 43.5 26.4*

≥2 54.2 50.7* 24.2*

MSA, metropolitan statistical area. *Statistically significant in multiple logistic
regression relative to other levels of the variable; see Figures 25.6 and 25.7.
Cells with no data have unreliable estimates due to small sample size; diabetes
patient education was based on responses to questions about whether informa-
tion about diabetes had been obtained from a diabetes education class, whether
the subject had ever taken a course or class in how to manage diabetes, and
whether the subject had attended any other education program or class about
diabetes; health insurance includes Medicare, private health insurance, mili-
tary health coverage, Medicaid, and coverage through any public assistance
program; having a regular diabetes physician was based on responses to the
question, "Is there one doctor you usually see for your diabetes?"; complica-
tions of diabetes include self-reported retinopathy, neuropathy (symptoms of
pain, tingling, numbness, decreased hot/cold sensation), proteinuria, kidney
disease, amputation, sores on feet that do not heal, angina, hypertension,
stroke, glaucoma, and cataracts.

Source: Reference 100, 1989 National Health Interview Survey

Table 25.11—Continued next column
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Based on the 1989 NHIS, it appears that the majority
of people with diabetes in the United States have
never self-tested their blood glucose2 (Figure 25.8).
Moreover, only a small proportion monitored their
blood glucose at least once daily: 39.6% of IDDM
subjects, 25.8% of insulin-treated NIDDM subjects,
and 5.3% of NIDDM subjects not treated with insulin
(Figure 25.9). The proportion who self-monitored at
least once per day declined markedly with increasing
age (Figure 25.10). 

Table 25.13 shows the percent of diabetic subjects in
the 1989 NHIS who self-monitor at least once per
day2. Insulin use is a strong marker for self-monitor-

Figure 25.6
Odds Ratios for the Effect of Independent Variables
on Whether Insulin-Treated NIDDM Subjects Had
Patient Education, Age ≥18 Years, U.S., 1989

Figure 25.7
Odds Ratios for the Effect of Independent Variables
on Whether NIDDM Subjects Not Treated with 
Insulin Had Patient Education, Age ≥18 Years, U.S.,
1989

MA, Mexican American. Odds ratios are from multiple logistic regression
equations that included the variables in Table 25.11; variables with a value of
unity are the reference groups.

Source: Reference 100, 1989 National Health Interview Survey

MA, Mexican American; MSA, metropolitan statistical area. Odds ratios are
from multiple logistic regression equations that included the variables in Table
25.11; variables with a value of unity are the reference groups.

Source: Reference 100, 1989 National Health Interview Survey
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Table 25.12
Sources of Information About Diabetes Reported by
Diabetic Individuals, Age ≥18 Years, U.S., 1989

Source Percent of subjects 
Any source 97.1
Physician in physician’s office 86.3
Nurse in physician’s office 17.8
Dietitian or nutritionist 28.0
Physician or nurse in a hospital 25.2
Relative or friend 14.0
Another person with diabetes 10.1
Diabetes education class 12.2
Diabetes organization 12.2
Newspaper 11.6
Library 5.3
Diabetes support group 4.4
Health department 2.9
Other 15.1

Sources were options listed for the question, "Where have you obtained
information about diabetes?"

Source: Reference 100, 1989 National Health Interview Survey
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ing, with a fivefold greater chance for an insulin-
treated NIDDM subject to self-test at least once per
day than an NIDDM individual not treated with insu-
lin. With an increasing number of insulin injections
daily, there is a stepwise increase in the frequency of
self-monitoring. White and Mexican-American adults
with diabetes are more likely to self-test than blacks.
Both increasing income and having health insurance
were associated with self-testing, although in logistic
regression these were not independent predictors2.
Twelve or more years of education was associated with
an 80% increased probability of self-testing, and dia-
betic patient education and more frequent physician
visits were also positive predictors.

Although cost has been considered a barrier to self-
monitoring, this study failed to show that economic
factors, including health insurance and income, were
statistically significant determinants of self-testing in
multivariate logistic regression analysis2. Further-
more, only a small minority of diabetic individuals
(2% of those age ≥65 years and 14% of those age 18-65
years) do not have health insurance101, and blood
glucometers and strips can be covered by Medicare
and commercial health insurance102. For IDDM pa-
tients in an independent study, a correlation between
self-testing and presence of health insurance was not
found103. The only subset of patients in the 1989 NHIS
that had an independent correlation of self-glucose
monitoring with level of income were those of Mexi-
can ethnicity; however, the true effect of income in
Hispanics remains unclear, as this finding was based
on only a small population sample2.

Self-blood glucose monitoring can be valuable for
patients in the armamentarium of their diabetes man-
agement. It enables the motivated patient to make
day-to-day decisions in adjusting hypoglycemic medi-
cation to fluctuations in diet and physical activity. It
allows the managing clinician important data for op-
timal evaluation of diabetic control104,105, and it may
alert the patient to ensuing ketoacidosis or hypoglyce-
mic emergency. It now seems clear that chronic hyper-
glycemia is the single most significant determinant of
the occurrence of renal and retinal microvascular dis-
ease, in both IDDM and NIDDM subjects17,106-110.
Therefore, the most useful advantage of self-blood
glucose monitoring is its role in achieving consistent
control of hyperglycemia. It can reduce both the inci-
dence and magnitude of hyperglycemic events. The
literature supports the notion that self-blood glucose

25 35 45 55 65  75
Age (Years)

0

20

40

60

80

100

NIDDM, no insulin

NIDDM, insulin

IDDM

$

21.2

10.4

28.9

10.2

29.4

47

8.1

19.1

11.1
14.6

76.4

7.6
10.8

3.4 1.9

Never <1/week 1-6/week 1/day >1/day
0

20

40

60

80

100
IDDM NIDDM, insulin NIDDM, no insulin

25 35 45 55 65  75
Age (Years)

0

10

20

30

40

50

60

NIDDM, no insulin

NIDDM, insulin

IDDM

$

Figure 25.10
Percent of Diabetic Subjects Who Monitor Their
Blood Glucose at Least Once per Day, Age ≥18
Years, U.S., 1989

Source: Reference 2, 1989 National Health Interview Survey

Figure 25.9
Percent Distribution of Diabetic Subjects, by 
Frequency of Self-Monitoring of Blood Glucose, 
Age ≥18 Years, U.S., 1989

Figure 25.8
Percent of Diabetic Subjects Who Have Never 
Monitored Their Blood Glucose, U.S., 1989

Source: Reference 2, 1989 National Health Interview Survey

Source: Reference 2, 1989 National Health Interview Survey
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monitoring results in improved glycemic control111,112

and a reduced incidence of progression to retinopathic
disease17,113. In addition, home glucose monitoring is
cost-effective by reducing other patient expenses114.
Blood glucose measurements obtained during physi-
cian office visits are too infrequent to allow satisfac-
tory consistent glycemic control that would permit a
reduction in microvascular complications. Self-moni-
toring is an important tool that needs to be integrated
into a diversified combined approach in the overall
management of the diabetic patient, including in-
structions on hypoglycemic therapy and insulin dose
adjustment, nutrition instruction, patient education,
optimal physical activity, smoking cessation, monitor-
ing other blood and urine biochemistries, and proper
evaluation and management of diabetic complica-
tions115-117.

Glucometers are based on a simple oxidase colorimet-
ric reaction of glucose following the addition of a drop
of blood to a reagent strip. The color change is either
visually apparent or determined by a reflectance me-
ter. These instruments, when properly used, are reli-
able and accurate118-121, with the meter-read strip per-
haps more accurate and more suitable for visually
impaired individuals. Optimal use of a home monitor-
ing device is contingent on sufficient frequency of
testing, accurate recording and reporting of results,
and proper technique in using the device. The latter
includes timing of the test, adequate volume and
placement of blood on the test strip, and removal of
blood from the strip prior to reading122,123. New pa-
tients124 and individuals requested to test >4 times
daily123 may be particularly prone to inaccurate re-
porting of results and improper use of the device.
Motivated IDDM patients accurately report their test-
ing frequency112; however, NIDDM patients who
newly self-test and have relatively infrequent contact
with health care professionals tend to overestimate
testing frequency124. Individuals for whom recording
errors are problematic, however, do not seem to have
compromised glycemic control using glycosylated he-
moglobin as an index112. Improper testing technique
may be corrected by properly training the individ-
ual125,126.

In summary, many diabetic patients in the United
States do not use self-glucose monitoring devices.
This proportion is particularly high in various sub-
groups of the diabetic population for which self-test-
ing should be targeted. Although it appears that self-
glucose monitoring improves glycemic control and
metabolic status of the diabetic individual2,111-113, fur-
ther investigation is needed to establish the benefits
and effectiveness of this procedure as judged by the
overall outcome of the patients.

Table 25.13
Percent of IDDM and NIDDM Patients Who 
Perform Self-Blood Glucose Testing at Least Once
per Day, Age ≥18 Years, U.S., 1989

Characteristic IDDM

NIDDM,
treated with

insulin

NIDDM,
not treated
with insulin

All patients 39.5 25.8* 5.3*

Insulin injections per day
1 26.5 15.1 NA
2 43.2 35.8* NA

≥3 or insulin pump 60.9 54.6* NA

Insulin dose (units/day)
<30 29.0 27.2 NA

30-60 43.4 24.5 NA
>60 36.0 29.0 NA

Age
18-39 42.7 48.5 8.7
40-64 29.9 24.7* 6.5*

≥65 22.7* 3.8*

Sex
Men 36.8 24.6 3.9
Women 42.8 26.7 6.3

Race
Non-Hispanic white 40.6 29.8 5.1
Non-Hispanic black 23.1 14.0* 4.0*
Mexican American 29.0 6.6

Income
<$10,000 29.1 19.9 5.7

$10-20,000 42.2 23.9 4.7
$20-40,000 39.9 30.5 4.7

>$40,000 35.9 39.0 8.2

Health insurance
Yes 40.0 26.7 5.0
No 34.6 15.6 6.4

Education (years)
<9 17.6 4.6

9-12 36.7 24.8 4.4
>12 40.7 37.9* 8.1*

Duration of diabetes (years)
<10 54.7 25.5 5.4
≥10 34.8 26.9 5.4

Visits to doctor for diabetes in past year
<4 38.2 24.9 3.4
≥4 40.6 26.2* 6.7*

Diabetes patient education
Yes 39.9 33.9 11.4
No 39.3 18.6* 3.5*

Number of complications of diabetes
0 39.0 24.3 3.7
1 38.4 26.4 4.5

≥2 41.8 25.8 6.0

Obesity
Yes NA 24.2 6.0
No 39.5 29.2 4.2

*Statistically significant in multiple logistic regression relative to other levels
of the variable. Cells with no data have unreliable estimates due to small sample
size; NA, data category not applicable to this group; health insurance includes
Medicare, private health insurance, military health coverage, Medicaid, and
coverage through any public assistance programs; complications of diabetes
include self-reported retinopathy, neuropathy (symptoms of pain, tingling,
numbness, decreased hot/cold sensation), proteinuria, kidney disease, ampu-
tation, sores on feet that do not heal, angina, hypertension, stroke, glaucoma,
cataract; obesity defined as body mass index ≥27 (men) and ≥25 (women),
based on self-reported height and weight.

Source: Reference 2, 1989 National Health Interview Survey
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Pancreatic transplantation in the United States is be-
ing performed with increasing frequency. By Novem-
ber 1992, >2,700 cases had been reported to the Inter-
national Pancreas Transplant Registry (IPTR), with
>75% of such cases reported since October 1987127,128

and 549 reported in 1990 (Table 25.14). Pancreatic
transplant is the only treatment for IDDM capable of
establishing an insulin-independent state with eugly-
cemia and normal glycosylated hemoglobin. Pancre-
atic β-cell replacement may be accomplished by either
whole pancreatic transplantation or selective islet cell
transplantation, with the former procedure currently
more likely to succeed129,130. The primary value of
simultaneous pancreas and kidney transplantation is
improved quality of life associated with insulin and
dialysis independence. The indication for pancreas
transplant alone is limited by the cost of potential
immunosuppressive toxicity until less toxic antirejec-
tion strategies are developed. The principal role for
pancreas transplant alone is improved day-to-day
quality of life in diabetic patients with severely labile
glucose control, in whom insulin therapy is not only
difficult but perhaps dangerous. Evidence for a favor-
able influence of pancreas transplant alone on the
progression of secondary complications of diabetes
has not been uniform, hence pancreas transplant
alone, solely for this potential benefit, cannot be ad-
vocated.

Pancreas transplantation, with associated euglycemia,
may retard or prevent the development of early dia-
betic nephropathy in IDDM patients with renal allo-
grafts131-134. In patients with pancreas transplant alone,
renal function initially decreases, presumably due to
cyclosporine nephrotoxicity135. However, long-term
renal function is usually131, but not consistently134,136,
stable. Pancreas transplantation after kidney trans-
plantation does appear to halt progression and pre-

vent recurrence of glomerular lesions in recipi-
ents134,137. The influence of pancreas transplantation
on established renal lesions in IDDM is not com-
pletely understood. In human studies, the scarce
available data suggest a favorable impact of pancreas
transplantation on regression of diabetic glomerular
lesions based on either glomerular basement mem-
brane width or mesangial volume133,134. In animal
studies, however, using streptozotocin-induced dia-
betic rats, both functional and morphologic parame-
ters reversed to the normal range only if pancreatic
transplants were performed within 4 months of induc-
tion of diabetes. This evidence indicates there is a
critical threshold for irreversible diabetic neph-
ropathy137-141.

Successful pancreatic transplantation has been dem-
onstrated to at least stabilize, if not improve, sensory,
motor, and autonomic indices in subjects, in contrast
to patients who either failed or did not undergo trans-
plantation134,142,143. In addition, diabetic autonomic
neuropathy predicts higher mortality, which has been
shown to improve in successfully transplanted indi-
viduals, compared with those who had either failed or
did not undergo pancreas transplantation134,142,144 .

Although retinopathy may be stabilized long term
after pancreas transplantation130,  advanced reti-
nopathy does not appear to either reverse or stabilize
following successful pancreas transplantation and
consequent euglycemia134,145.

Advances in the therapy of diabetes include new oral
medications such as thiazolidinedione; troglitazone, a
disaccharidase inhibitor; acarbose; and metformin, a
biguanide used in Europe that is now available in the
United States. New insulin preparations to modify the
current insulin regimens will soon be marketed. Fi-
nally, advances with islet cell transplantation and
modulation therapies to render them less immuno-
genic should contribute to our growing armamentar-
ium of treatment resources for the diabetic patient.

A number of treatments for chronic diabetic compli-
cations are available. Vigilant blood pressure control
can slow the progression or delay the onset of neph-

Table 25.14
Number of Transplants Performed in 1990

Organ
No.

performed
1-year graft
survival (%)

Kidney 9,560 81*
Liver 2,656 69 
Heart 2,085 82 
Pancreas 549 71 
Heart-lung 50 57 
Lung 262 48 

*Represents cadaveric donor, 91% if donor is living-related.

Source: References 127 and 128
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ropathy146,147. Nondihydropyridine calcium slow-
channel inhibitors and angiotension-converting en-
zyme inhibitors delay progression of microproteinuria
and macroproteinuria148,149. In addition, because of a
positive metabolic profile and enhancement of insulin
sensitivity, they serve as first-line antihypertensive
agents along with alpha-antagonists150. Thiazide diu-
retics may be used at low doses to reduce total ex-
changeable sodium150. Photocoagulation is useful for
treating proliferative retinopathy151, and vitrectomy is
used when proliferative retinopathy152 becomes ad-
vanced. As mentioned above, a protein-restricted diet
is recommended when microalbuminuria is present.
Minimizing nephrotoxic agents is imperative, as the
kidneys are susceptible to acute injury. Finally, the
presence of autonomic neuropathy with orthostatic

hypotension makes the management of hypertension
difficult. A high-sodium diet or mineralocorticoids
may worsen supine hypertension and trigger conges-
tive heart failure. Conservative management should
include wearing stockings and elevating the head of
the bed during sleep, using gravity as a method of
antihypertension. 
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Appendix 25.1
Percent of Adults with Diabetes Who Report Using 
Diabetes Therapies, by Duration of Diabetes, U.S., 1989

Duration of 
diabetes (years)

Use
insulin

(%)

Use oral 
agents 

(%) 

Follow a
diabetes diet

(%)

All diabetic subjects
age ≥18 years

0-4 23.5 63.2 64.5
5-9 41.1 51.4 63.6

10-14 46.8 47.0 61.3
15-19 61.3 36.1 62.6

≥20 64.3 31.8 66.7

IDDM, age ≥18 years
0-14 100.0 2.3 70.0

≥15 100.0 1.2 73.7

NIDDM, age ≥18 years
0-4 22.2 64.2 64.0
5-9 38.5 53.5 62.9

10-14 44.3 49.2 62.0
15-19 57.7 39.5 62.2

≥20 58.3 36.9 64.9

NIDDM, age 18-44 years
<5 24.7 44.9 57.6

5-9 64.7 29.2 56.1
≥10 65.9 14.7 59.2

NIDDM, age 45-64 years
<5 24.2 62.8 66.3

5-9 41.4 56.9 61.2
10-14 47.8 46.4 62.7
15-19 63.5 32.2 59.2

≥20 64.0 30.1 55.3

NIDDM, age ≥65 years
<5 18.5 75.1 64.3

5-9 27.5 57.6 66.7
10-14 39.7 55.2 62.8
15-19 50.6 51.2 65.8

≥20 53.8 42.1 69.4

Data on following a diet are the percent of persons who answered that they had
been given a diet for their diabetes and that they were now following this diet
all or most of the time.

Source: 1989 National Health Interview Survey

Appendix 25.2
Number of Diabetic Subjects and Percent Using Diabetes Therapies, U.S., 1960-91

Year: 1960-62 1964-65 1970 1976 1976-80 1978-79 1980 1979-81 1989 1991

Ref.: 6 7 10 8 9 11 12 13 2 14
No. with diabetes (millions) 1.9 2.3 3.6 5.0 5.2 5.1 5.5 5.4 6.5 7.2
Percent using

Insulin 33 28 24 22 26 26 26 37 43 45
Oral agents 43 48 24 40 35 35 27 40 49 40
Diet 53 48 51 64

Data for prevalence of diabetes for all years and for diabetes therapy for 1960-62, 1964-65, 1976, and 1989 are from the National Health Interview Surveys; 1970 data are from the
Rochester, MN population of diabetic patients; 1976-80 data are based on the Second National Health and Nutrition Examination Survey; 1978-79 data are based on pharmaceutical
information from the outpatient population of U.S. Public Health Service clinics; 1980 data are from a survey of diabetic patients conducted by the Michigan State Health
Department; 1979-81 data are from the southern Wisconsin population of diabetic patients; and 1991 data are from a study of diabetic patients in eight Michigan communities.

Source: References are listed within the table

Appendix 25.3
Percent of Diabetic Subjects Using Insulin and Oral
Hypoglycemic Agents, U.S., 1964-89

Date and age (years) Insulin Oral agents Diet

1964-65
Age 25-44 30 31

45-54 25 49
55-64 21 56
65-74 23 53

≥75 21 55
All ages 28 48

1976
Age 20-39 31 15

40-59 23 36
≥60 18 50

All ages 22 40

1978-79
Age <30 51 11

31-40 36 20
41-50 23 28
51-60 25 39
61-70 21 44

>70 22 47

1976-80
Age 12-34 46 7 35

35-44 47 15 46
45-54 22 34 48
55-64 21 39 53
65-74 24 47 48

All ages 26 35 48

1989
Age ≥18 43 49 64

18-34 75 6 66
35-44 54 37 59
45-54 42 48 57
55-64 44 51 66
65-74 37 57 65

≥75 33 56 68

Source: Data for 1964-65, 1976, and 1989 are from the National Health Inter-
view Surveys; for 1976-80 are from the Second National Health and
Nutrition Examination Survey; and for 1978-79 are from U.S. Public
Health Service outpatient clinics (Reference 11)

APPENDICES

540



A major source of information on ambulatory care is
the NHIS, sponsored by the National Center for
Health Statistics (NCHS)1,2. The data are drawn from
a series of household-based personal interviews con-
ducted with a sample of the civilian, noninstitutional-
ized population of the United States and are tabulated
and published annually. Each respondent is queried
about the presence or absence of a series of chronic
and acute conditions, including whether a physician
had ever told them they had diabetes and the fre-
quency and nature of contacts with the medical care
system. The nature and site of the contact are strati-
fied into hospital- and nonhospital-based. Home, tele-
phone, and emergency room contacts are included, as

are physician office visits both in and outside the
hospital setting. Disease-specific data from the NHIS
on physician visits can either be coded according to
the disease status of the respondent or to the primary
reason for the contact as given by the respondent3.
Using diabetes as an example, all contacts by persons
with diabetes can be tabulated, thereby including con-
tacts that might be independent of the diabetic state.
Alternatively, only those contacts attributed to diabe-
tes by the respondent can be tabulated. Due to the
tendency to underreport diabetes as a secondary diag-
nosis4, this latter approach results in an underestimate
of physician contacts. In addition, the ability of a
respondent to distinguish accurately between diabe-
tes-related and diabetes-unrelated ambulatory care is
doubtful. In this chapter, the former approach has
been taken, thereby describing all contacts with the

Chapter 26

Ambulatory Medical Care
for Diabetes
Gail R. Janes, PhD, MS

SUMMARY

Based on the 1990 National Health Interview
Survey (NHIS), persons with diabetes in the
United States had 96.1 million outpatient
medical care contacts in 1990, including 53.4

million visits to physician’s offices, 13.9 million visits
to outpatient clinics, 1.6 million visits to emergency
rooms, 10.7 million telephone contacts, and 16.4 mil-
lion visits to other ambulatory care settings, including
company, industry, and public health clinics and home
visits. There was an average of 15.5 contacts with
physicians for ambulatory care per person with diabe-
tes, compared with 5.5 contacts per person in the
general U.S. population. In 1990, ~6.2 million Ameri-
cans, or 3% of the population, reported that they had
diabetes. These persons accounted for 7% of all ambu-
latory medical contacts. While these include all out-
patient contacts, regardless of whether the contact
was diabetes-related, the disproportionate impact of
diabetes on the ambulatory care system is clear. Based
on the 1990 National Ambulatory Medical Care Sur-
vey (NAMCS), the estimated rate of office-based phy-
sician visits with a primary or secondary diagnosis of

diabetes per person with diabetes was two- to three-
fold higher than the rate of visits for all other diagno-
ses for persons without diabetes. In the 1990 NAMCS,
15 million visits to office-based physicians had a pri-
mary diagnosis of diabetes. This represents an ~50%
increase in the number of visits with a primary diag-
nosis of diabetes, compared with 1981. Diabetes was
the second most frequently cited chronic disease ac-
counting for office-based physician visits in the 1990
NAMCS, after hypertension.

In 1989, >90% of persons with diabetes had one phy-
sician whom they saw for treatment of their diabetes
and, of these, 65% had seen this physician four or
more times in the past year. The mean duration of a
visit for diabetes in 1990 was 17.4 minutes. Blood
pressure was measured in 77% and cholesterol in 10%
of the visits, and urinalysis was performed in 25%.
Medicare was the source of payment for 46% of office
visits, Medicaid for 10%, commercial insurance for
25%, and in 30% the patient had out-of-pocket ex-
penses.

• • • • • • •
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ambulatory care setting by persons with diabetes, in-
dependent of the reason for the contact given by the
respondent. Each year, in addition to the core ques-
tionnaire, the NHIS includes a series of supplemen-
tary questions on special health topics. In 1989, a
supplementary questionnaire was administered to all
individuals with self-reported physician-diagnosed
diabetes. Data relevant to ambulatory care usage in-
cluded whether the person with diabetes had one
physician for regular treatment of their diabetes and
the frequency of contact with that physician and cer-
tain other health care professionals. 

A second source of condition-specific ambulatory care
data is the NAMCS, sponsored by NCHS5,6. This is a
national probability sample of office-based physi-
cians, excluding pathologists, radiologists, anesthesi-
ologists, chiropractors, podiatrists, optometrists, and
federal physicians. Each patient record includes up to
three patient complaints and physician diagnoses, as
well as diagnostic, screening, counseling, and phar-

maceutical interventions planned, performed, or pre-
scribed. Surveys performed in 1981 and 1985 covered
the continental United States only; in the 1989-91
surveys, Hawaii and Alaska were included in the sam-
pling frame. The strength of the NAMCS lies in the
longitudinal documentation of resource use in the
outpatient setting; its weakness lies in the restriction
of the outpatient setting to the physician’s office only.
Outpatient, public health, or work-site clinic encoun-
ters are omitted, as are telephone and emergency room
contacts. In addition, visits for patients with diabetes
are underascertained because only three diagnoses
can be listed in the record and these diagnoses are
based on the reason for the visit rather than the un-
derlying pathology. Further, because the data are visit-
based rather than patient-based, they may overrepre-
sent insulin-taking persons with diabetes, because
these individuals have more frequent visits for ambu-
latory care relative to diabetic patients not taking
insulin3,7.

Table 26.1
Number of Physician Contacts for Ambulatory Care by Persons with Diabetes, U.S., 1990

Place of contact and number of contacts in thousands (%)

Characteristics All places Telephone Office Outpatient clinic Emergency room Other

All persons 96,093 (100) 10,743 (11.2) 53,437 (55.6) 13,906 (14.5) 1,641* (1.7) 16,366 (17.0)
<25 years 3,187 (100) 909* (28.5) 1,300* (40.8) 0*(0) 0*(0) 977* (30.7)
25-44 years 10,479 (100) 1,478* (14.1) 5,520 (52.7) 812* (7.7) 402* (3.8) 2,267 (21.6)
45-64 years 37,625 (100) 3,811 (10.1) 20,006 (53.2) 9,599 (25.5) 610* (1.6) 3,599 (9.6)
≥65 years 44,801 (100) 4,545 (10.1) 26,610 (59.4) 3,495 (7.8) 629* (1.4) 9,523 (21.3)

Females 61,210 (100) 6,659 (10.9) 36,156 (59.1) 6,591 (10.8) 931* (1.5) 10,870 (17.8)
<25 years 2,633 (100) 632*(24.0) 1,023*(38.9) 0*(0) 0*(0) 977* (37.1)
25-44 years 7,067 (100) 726* (10.3) 3,403 (48.2) 268* (3.8) 402* (5.7) 2,267 (32.1)
45-64 years 20,255 (100) 1,777 (8.8) 13,052 (64.4) 3,798 (18.8) 264* (1.3) 1,366* (6.7)
≥65 years 31,253 (100) 3,524 (11.3) 18,680 (59.8) 2,525 (8.1) 265* (0.8) 6,259 (20.0)

Males 34,886 (100) 4,084 (11.7) 17,280 (49.5) 7,315 (21.0) 710* (2.0) 5,496 (15.8)
<25 years 554* (100) 277* (50.0) 277* (50.0) 0*(0) 0*(0) 0*(0)
25-44 years 3,413 (100) 752* (22.0) 2,117 (62.0) 544* (15.9) 0*(0) 0*(0)
45-64 years 17,370 (100) 2,034 (11.7) 6,956 (40.0) 5,802 (33.4) 346* (2.0) 2,233 (12.9)
≥65 years 13,549 (100) 1,021* (7.5) 7,930 (58.5) 970* (7.2) 364* (2.7) 3,264 (24.1)

Whites 80,055 (100) 10,279 (12.8) 43,520 (54.4) 11,749 (14.7) 1,239* (1.5) 13,266 (16.6)
<25 years 3,187 (100) 909* (28.5) 1,300* (40.8) 0*(0) 0*(0) 977* (30.7)
25-44 years 8,529 (100) 1,478* (17.3) 4,241 (49.7) 544* (6.4) 0*(0) 2,267 (26.6)
45-64 years 28,843 (100) 3,489 (12.1) 14,797 (51.3) 7,711 (26.7) 610* (2.1) 2,233 (7.7)

≥65 years 39,495 (100) 4,403 (11.1) 23,180 (58.7) 3,495 (8.8) 629* (1.6) 7,789 (19.7)

Blacks 13,942 (100) 464* (3.3) 8,111 (58.2) 2,157 (15.5) 402* (2.9) 2,808 (20.1)
<25 years 0* 0* 0* 0* 0* 0*
25-44 years 1,950 (100) 0* (0) 1,280* (65.6) 268* (13.7) 402* (20.6) 0*(0)
45-64 years 8,502 (100) 322* (3.8) 4,925 (57.9) 1,889 (22.2) 0*(0) 1,366* (16.1)
≥65 years 3,490 (100) 142* (4.1) 1,906 (54.6) 0*(0) 0*(0) 1,441* (41.3)

*Estimates may be unstable (relative standard error >30%) due to small sample size. Number of contacts is shown in thousands; numbers in parentheses are percent of total
for each age/sex/race group; place of contact: all places excludes unknown place of contact; office includes doctor’s office in hospital; other includes company or industry
clinic and home visits.

Source: 1990 National Health Interview Survey
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A third dataset is the 1987 National Medical Expendi-
ture Survey (NMES) of the Agency for Health Care
Policy and Research8. The NMES is drawn from a
national probability sample of the civilian, noninstitu-
tionalized population. It provides national estimates
of health status, use of and expenditures for medical
services, and sources of payment for those services. To
provide this scope of coverage, it supplements house-
hold and telephone interviews with a health insurance
plan survey of employers and insurers of respondents,
a medical provider survey of physicians, osteopaths,
and inpatient and outpatient facilities providing serv-
ices to respondents, and a Medicare records compo-
nent which links to data on eligibility and claims for
all respondents who are Medicare beneficiaries. Per-
sons with diabetes are identified by self-report and
through the presence of diabetes on any medical re-
cord or payment claim form. 

Data from the 1990 NHIS indicate that 96.1 million
visits by persons with diabetes were made to various
sources of ambulatory medical care that year (Table
26.1). About 56% of all contacts were physician office
visits. Other sources of care, including home visits
and industry and company clinics, accounted for the
next largest proportion, followed by hospital outpa-
tient clinics and telephone contacts. Visits to emer-
gency rooms represented <2% of all outpatient medi-
cal encounters by persons with diabetes. The number
of physician visits increased with age and was consid-
erably greater for women than men; whites accounted
for 83% of all physician contacts among persons with
diabetes (Table 26.1; Appendix 26.1). The number of
visits per person with diabetes calculated from the
1990 NHIS is shown by age, sex, and race in Table
26.2. The rate of physician contact across age groups
appears bimodal, with higher rates in the youngest

NUMBER AND SOURCES OF 
OUTPATIENT CONTACTS

Table 26.2
Rate of Physician Contacts for Ambulatory Care per Person with Diabetes, U.S., 1990

Place of contact and number per person with diabetes

Characteristics All places   Telephone Office    Outpatient clinic Emergency room Other    

All persons 15.5 1.7 8.6 2.2 0.3 2.6
<25 years 22.6 6.4* 9.2* 0* 0* 6.9*
25-44 years 10.9 1.5* 5.7 0.8* 0.4* 2.4
45-64 years 16.2 1.6 8.6 4.1 0.3* 1.5
≥65 years 16.1 1.6 9.6 1.3 0.2* 3.4

Females 17.6 1.9 10.4 1.9 0.3* 3.1
<25 years 28.5 6.8* 11.1* 0* 0* 10.6*
25-44 years 13.1 1.3* 6.3 0.5* 0.7* 4.2 
45-64 years 16.0 1.4 10.3 3.0 0.2* 1.1*
≥65 years 19.7 2.2 11.8 1.6 0.2* 4.0

Males 12.8 1.5 6.3 2.7 0.3* 2.0
<25 years 11.4* 5.7* 5.7* 0* 0* 0*
25-44 years 8.1 1.8* 5.0 1.3* 0* 0*
45-64 years 16.3 1.9 6.5 5.4 0.3* 2.1
≥65 years 11.3 0.8* 6.6 0.8* 0.3* 2.7

Whites 15.9 2.0 8.7 2.3 0.2* 2.6
<25 years 26.9 7.7* 11.0* 0* 0* 8.2*
25-44 years 11.1 1.9* 5.5 0.7* 0* 2.9
45-64 years 16.0 1.9 8.2 4.3 0.3* 1.2
≥65 years 16.9 1.9 9.9 1.5 0.3* 3.3

Blacks 13.2 0.4* 7.7 2.0 0.4* 2.7
<25 years 0* 0* 0* 0* 0* 0*
25-44 years 10.9 0* 7.1* 1.5* 2.2* 0*
45-64 years 18.5 0.7* 10.7 4.1 0* 3.0*
≥65 years 8.9 0.4* 4.9 0* 0* 3.7*

*Estimates may be unstable (relative standard error >30%) due to small sample size. Place of contact: all places excludes unknown place of contact; office includes doctor’s
office in hospital; other includes company or industry clinic and home visits.

Source: 1990 National Health Interview Survey
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(age <25 years) and older (age ≥45 years) age groups,
compared with age 25-44 years. Rates were somewhat
higher among females relative to males and among
whites relative to blacks (Figure 26.1).

The total number of visits by persons with diabetes is
almost certainly an overestimate of contacts with
sources of ambulatory care specifically for treatment
of diabetes and its complications. An estimate of the
excess ambulatory care for people with diabetes can
be made by comparing the NHIS data for diabetes and
for all persons (Figure 26.2). It is apparent that ambu-
latory care contacts for those with diabetes are two to
three times higher than for all persons in every age
and sex group. In the 1990 NHIS, there was an average
of 5.5 contacts per person among the entire civilian

noninstitutionalized population2. The rate among
persons with diabetes in 1990 was almost three times
higher (15.5 contacts) (Table 26.2).

The NAMCS codes each physician visit to the primary
diagnosis most associated with the patient’s primary
complaint; "other significant current diagnoses" are
coded as second or third diagnoses. A maximum of
three diagnoses may be recorded on the form. As
noted above, NAMCS probably underestimates the
number of visits by patients with diabetes. Table 26.3
summarizes the number of office-based physician vis-
its with a principal diagnosis of diabetes, based on the
NAMCS conducted during 1981-90. The total number
of physician visits with a principal diagnosis of diabe-
tes increased from 10.8 to 15.4 million over the dec-

Figure 26.1
Rate of Physician Contacts for Ambulatory Care per Person with Diabetes, U.S., 1990
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Places and types of physician contact include the physician’s office, telephone, hospital outpatient clinic, emergency room, home visits, and industry and company clinics;
diabetes is based on a self-report of physician-diagnosed diabetes.

Source: 1990 National Health Interview Survey

Figure 26.2
Rate of Physician Contacts for Ambulatory Care for Persons with Diabetes and for All Persons, U.S., 1990
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Source: 1990 National Health Interview Survey
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ade. Table 26.4 shows the average annual number of
NAMCS office-based physician visits in which diabe-
tes was listed as any of the three possible diagnoses
during 1990-91. The average number of visits with a
primary diagnosis of diabetes to office-based physi-
cians varied from 2.0 visits per person with diabetes
per year in 1981 to 2.5 in 1990; the average number
of office visits in which diabetes was listed as any one
of the three allowable physician’s diagnoses ranged
from 3.3 per person per year in 1981 to 4.0 in 1990.
Whether one examines only those NAMCS office vis-
its in which diabetes was the diagnosis most associ-
ated with the patient’s primary complaint, or all visits
to office-based physicians in which diabetes was listed
as any of three possible physician’s diagnoses, the total
number of visits in which diabetes is listed has in-

creased markedly during the past decade. While total
visits for all conditions in all people increased by 20%
during 1981-90, visits in which diabetes was listed
increased by 44% (Table 26.5). The relative impact of
diabetes among all chronic conditions is further illus-

Table 26.3
Visits to Office-Based Physicians in Which Diabetes
Was the Diagnosis Most Associated with the 
Patient’s Primary Complaint, U.S., 1981-90

Patient
age, sex

Year and number of visits in thousands (%)

and race 1981 1985 1989 1990

All visits 10,810 (100) 12,436 (100) 13,356(100) 15,394(100)

<25 years
25-34 years
35-44 years
45-54 years
55-64 years
65-74 years

≥75 years 

401 (3.4)*
443 (4.1)*
846 (7.8)

1,254 (11.6)
3,174 (29.5)
3,169 (29.4)
1,523 (14.1)

374 (3.0)
530 (4.3)
820 (6.6)

1,607 (12.9)
3,199 (25.7)
3,578 (28.8)

2,330 (18.7) 

261 (2.0)*
569 (4.3)

1,105 (8.3)
1,593 (11.9)
2,948 (22.1)
4,002 (30.0)

2,878 (21.5) 

374 (2.4)*
406 (2.6)*

1,381 (9.0)
2,296 (14.9)
3,283 (21.3)
4,978 (32.3)
2,678 (17.4) 

Females 5,913 (100) 7,593 (100) 7,736 (100) 8,283 (100)

<25 years
25-44 years
45-64 years

≥65 years

231 (3.4)*
760 (12.9)

2,448 (41.7)
2,473 (42.1)

208 (2.7)*
809 (10.7)

2,896 (38.1)
3,681 (48.5)

132 (1.7)*
863 (11.2)

2,548 (32.9)
4,194 (54.2)

257 (3.1)*
689 (8.3)

2,875 (34.7)
4,462 (53.9)

Males 4,897 (100) 4,843 (100) 5,619 (100) 7,111 (100)

<25 years
25-44 years
45-64 years

≥65 years

170 (3.5)*
529 (10.8)

1,980 (40.4)
2,219 (45.3)

166 (3.4)*
541 (11.2)

1,910 (39.4)
2,226 (46.0)

129 (2.3)*
811 (14.4)

1,993 (35.5)
2,686 (47.8)

117 (1.6)*
1,097 (15.4)
2,703 (38.0)
3,194 (44.9)

Whites 8,800  (100) 10,799 (100) 10,562 (100) 12,077 (100)

<25 years
25-44 years
45-64 years

≥65 years

362 (3.9)*
1,046 (11.9)
3,352 (38.2)
4,040 (46.0)

307 (2.8)*
1,211 (11.2)
4,007(37.1)

5,274 (48.8)

253 (2.4)*
1,251 (11.9)
3,418 (32.4)
5,640 (53.4)

218 (1.8)*
1,531 (12.7)
4,157 (34.4)
6,170 (51.1)

Blacks 1,994 (100) 1,498 (100) 1,939 (100) 2,415 (100)

<25 years
25-44 years
45-64 years

≥65 years

23 (1.2)*
243 (12.2)*

1,075 (54.0)
652 (32.7)

67 (4.5)*
139 (9.3)*
749 (50.0)
543 (36.2)

0 (0)*
247 (12.7)*
879 (45.3)
814 (42.0)

117 (4.9)*
181 (7.5)*

1,068 (44.2)
1,049 (43.4)

* Estimates may be unstable (relative standard error >30%) due to small sample
size. Number of contacts is shown in thousands; numbers in parentheses are
percent of total for each age/sex/race group; diabetes defined as ICD-9-CM
codes 250 (all), 357.2, 362.0, 366.41, and 648.0.

Source: 1981, 1985, 1989, and 1990 National Ambulatory Medical Care Surveys

Table 26.4
Number of Visits to Office-Based Physicians in
Which Diabetes Was Listed as a Diagnosis, U.S.,
1990-91

Average annual number of 
visits (millions)

All diabetic persons 23.7
<35 years 1.1
35-54 years 5.3
55-64 years 4.9
65-74 years 7.9
≥75 years 4.4

Females 13.6
<35 years 7.1
35-54 years 2.8
55-64 years 2.7
65-74 years 4.7
≥75 years 2.7

Males 10.1
<35 years 0.4
35-54 years 2.5
55-64 years 2.2
65-74 years 3.2
≥75 years 1.8

Number includes all visits in which diabetes was the first, second, or third
listed of three possible diagnoses; diabetes defined as ICD-9-CM codes
250(all), 357.2, 362.0, 366.41, and 648.0.

Source: 1990 and 1991 National Ambulatory Medical Care Surveys

Table 26.5
Number of Visits to Office-Based Physicians for All
Diagnoses and for Diabetes Diagnoses, U.S., 1981-90 

Number of visits
(thousands) 

for all

Number of visits (thousands) 
with physician diagnosis 

of diabetes as

Year
physician 
diagnoses

Primary 
diagnosis

Second or third
diagnosis

Any 
diagnosis

1981 585,177 10,810 7,359 17,875
1985 636,386 12,436 9,365 20,745
1989 692,702 13,356 9,788 21,955
1990 704,604 15,394 11,222 24,968

Diabetes defined as ICD-9-CM codes 250 (all), 357.2, 362.0, 366.41, and
648.0.; visits with physician diagnosis of diabetes include visits in which
diabetes was listed as the diagnosis most associated with the patient’s primary
complaint (primary diagnosis) or was the second or third diagnosis; a maxi-
mum of three diagnoses could be coded for each visit; values for any diagnosis
of diabetes are less than the sum of primary plus second/third diagnoses
because diabetes was listed more than once in some visits.

Source: 1981, 1985, 1989, and 1990 National Ambulatory Medical Care Surveys
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Table 26.6
Number of Return Visits to Office-Based Physicians for Care of the 10 Most Frequent Diagnoses Associated with
the Patient’s Primary Complaint, U.S., 1981-90

Year and rank and number of visits in thousands (%)           

1981    1985     1989     1990      

Principal diagnosis (ICD-9-CM code) Rank Visits   Rank Visits   Rank Visits   Rank Visits   

All return visits 375,537 (100) 384,128 (100) 422,207 (100) 431,006 (100)
Essential hypertension (401.9) 1 26,297 (7.0) 1 23,062 (6.0) 1 24,088 (5.7) 1 23,784 (5.5)
Pregnancy (V22.1/2) 2 20,856 (5.6) 2 19,305 (5.0) 2 19,502 (4.6) 2 17,625 (4.1)
Health check—child or infant (V20.2) 3 13,706 (3.6) 3 11,896 (3.1) 4 10,059 (2.4) 4 10,880 (2.5)
Diabetes mellitus (250.0) 4 8,955 (2.4) 4 9,488 (2.5) 5 9,776 (2.3) 5 10,471 (2.4)
Otitis media (382.9) 6 7,248 (1.9) 5 8,347 (2.2) 3 10,643 (2.5) 3 11,559 (2.7)
Allergic rhinitis (477.9) 7 6,666 (1.8) 7 5,760 (1.5) 6 9,074 (2.1) 6 9,235 (2.1)
Upper respiratory infection (465.9) 8 5,971 (1.6) 8 5,193 (1.4) 9 4,977 (1.2) 8 6,296 (1.5)
General medical exam (V70.0/9) 10 4,449 (1.2) 7 6,519 (1.5) 7 6,967 (1.6)
Followup to surgery (V67.0) 5 7,959 (2.1) 6 7,806 (2.0)
Acne (706.1) 9 5,694 (1.5)
Cataract (366.9) 9 4,500 (1.2) 9 5,916 (1.4)
Chronic sinusitis (473.9) 10 5,220 (1.2)
Gynecological exam (V72.3) 10 4,933 (1.3)
Postsurgical status (V45.89) 8 5,752 (1.4)
Asthma (493.9) 10 4,831 (1.1)

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; table shows number of visits in thousands and percent of all visits in parentheses; only
primary diagnoses (first of three possible physician’s diagnoses) are included.

Source: 1981, 1985, 1989, and 1990 National Ambulatory Medical Care Surveys

Table 26.7
Number of Persons with Diabetes by Interval Since Last Physician Contact in Outpatient and Inpatient Settings,
U.S., 1990

Interval since last physician contact and diabetic population in thousands (%)

Characteristics All intervals <1 year 1 to <2 years 2 to <5years ≥5 years
All persons 6,212 (100) 5,955 (95.9) 156 (2.5) 75 (1.2) 26* (0.4)

<25 years 141 (100) 141 (100) 0*(0) 0*(0) 0*(0)
25-44 years 962 (100) 938 (97.6) 23* (2.4) 0*(0) 0*(0)
45-64 years 2,329 (100) 2,182 (93.7) 98 (4.2) 49 (2.1) 0*(0)
≥65 years 2,780 (100) 2,694 (96.9) 35* (1.2) 25* (0.9) 26* (0.9)

Females 3,478 (100) 3,355 (96.5) 84 (2.4) 26* (0.7) 14* (0.4)
<25 years 92 (100) 92 (100) 0*(0) 0*(0) 0*(0)
25-44 years 539 (100) 527 (97.8) 12* (2.2) 0*(0) 0*(0)
45-64 years 1,264 (100) 1,201 (95.0) 37* (3.0) 26* (2.0) 0*(0)
≥65 years 1,583 (100) 1,534 (97.0) 35* (2.2) 0*(0) 14* (0.9)

Males 2,734 (100) 2,601 (95.1) 72 (2.6) 49 (1.8) 13* (0.5)
<25 years 49 (100) 49 (100) 0*(0) 0*(0) 0*(0)
25-44 years 422 (100) 411 (97.3) 11* (2.7) 0*(0) 0*(0)
45-64 years 1,066 (100) 981 (92.1) 61 (5.7) 24* (2.2) 0*(0)
≥65 years 1,198 (100) 1,160 (96.9) 0*(0) 25* (2.1) 13* (1.0)

Whites 5,021 (100) 4,812 (95.9) 121 (2.4) 61 (1.2) 26* (0.5)
<25 years 119 (100) 119 (100) 0*(0) 0*(0) 0*(0)
25-44 years 771 (100) 747 (97.0) 23* (3.0) 0*(0) 0*(0)
45-64 years 1,801 (100) 1,691 (93.9) 74 (4.1) 36* (2.0) 0*(0)
≥65 years 2,330 (100) 2,256 (96.8) 23* (1.0) 25* (1.1) 26* (1.1)

Blacks 1,054 (100) 1,018 (96.6) 23* (2.2) 13* (1.2) 0*(0)
<25 years 23* (100) 23* (100) 0*(0) 0*(0) 0*(0)
25-44 years 180 (100) 180 (100) 0*(0) 0*(0) 0*(0)
45-64 years 460 (100) 435 (94.7) 11* (2.5) 13* (2.9) 0*(0)
≥65 years 392 (100) 380 (97.1) 11* (2.9) 0*(0) 0*(0)

*Estimates may be unstable (relative standard error >30%) due to small sample size. Number of persons with diabetes is shown in thousands; numbers in parentheses are
percent of total for each age/sex/race group; table includes ambulatory care physician contacts and physician contacts while an overnight patient in hospital (see Chapter
27 for information on hospitalization rates).

Source: 1990 National Health Interview Survey
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trated in Table 26.6, which lists and ranks the number
of visits for the 10 most frequently cited principal
diagnoses associated with the patient’s primary com-
plaint during return visits for the care of old problems.
If one considers prenatal and child health checks as
belonging in a somewhat different category, this table
confirms that diabetes has consistently ranked second
only to hypertension among chronic conditions most
often associated with a patient’s primary complaint
during visits to office-based physicians.

As shown in Table 26.2, persons with diabetes re-
ported an average of 15.5 contacts per person with the
outpatient care system during 1990. Persons with dia-
betes are clearly regular and frequent users of medical
care. This is reinforced by data on interval since last
physician contact, from the 1990 NHIS (Table 26.7).
Compared with 78% of the general population2, 96%
of all persons with diabetes indicated that they had
seen or talked to a medical doctor or assistant within
the past year in either outpatient or inpatient settings.
This was consistent across age, sex, and race groups.
When respondents to the 1989 NHIS Diabetes Supple-
ment were asked about the nature and frequency of
contacts with a medical doctor, 91% indicated that
they had one physician whom they saw for regular
care of their diabetes (Table 26.8). Almost 60% had
seen this physician at least four times in the previous
year. When the respondents were divided by probable
type of diabetes (based on body mass index, age at
diagnosis, and history of insulin use)9, persons with
insulin-dependent diabetes mellitus (IDDM) reported
a tendency toward less frequent contacts (<4 times in
the past year) than those with non-insulin-dependent
diabetes mellitus (NIDDM) (Figure 26.3). Regardless
of type of diabetes, contacts were more frequent
among older age groups. 

Table 26.8
Frequency of Visits by Diabetic Patients to Their
Regular Physician for Medical Care for Diabetes,
Age ≥18 Years, U.S., 1989

All
 diabetic 
persons 

(%) 
IDDM

(%)

NIDDM
taking 
insulin

(%)

NIDDM
not taking 

insulin 
(%)

Age ≥18 years
Regular physician for 
 diabetes 90.9 87.9 91.3 91.0 
0-1 visits in past year 10.7 19.8 8.3 11.2
2-3 visits in past year 21.3 31.8 17.9 22.5
4-6 visits in past year 33.3 22.0 34.1 34.1
>6 visits in past year 25.5 14.1 30.9 23.0
No regular physician 
 for diabetes 9.1 12.1 8.7 9.0

Age 18-44 years
Regular physician for
 diabetes 85.2 88.3 89.8 78.5
0-1 visits in past year 14.6 18.8 7.5 16.8
2-3 visits in past year 28.5 35.8 30.3 21.4
4-6 visits in past year 21.7 17.3 23.4 24.3
>6 visits in past year 20.1 16.2 28.3 15.8
No regular physician 
 for diabetes 14.8 11.7 10.2 21.5

Age 45-64 years
Regular physician for
 diabetes 91.7 89.1 91.8 92.1
0-1 visits in past year 11.7 10.3 12.6
2-3 visits in past year 20.9 16.8 24.1
4-6 visits in past year 31.8 30.6 32.3
>6 visits in past year 27.2 34.1 22.9
No regular physician 
 for diabetes 8.3 10.9 8.2 7.9

Age ≥65 years
Regular physician for
 diabetes 92.2 91.3 92.7
0-1 visits in past year 8.3 6.5 9.0
2-3 visits in past year 19.2 15.2 21.5
4-6 visits in past year 38.5 41.1 37.4
>6 visits in past year 25.9 28.3 24.6
No regular physician
 for diabetes 7.9 8.7 7.3

IDDM was defined by age at onset <30 years, continuous insulin use since
diagnosis of diabetes, and percent desirable weight <120; all other persons with
a physician diagnosis of diabetes were considered to have NIDDM (Reference 9).

Source: 1989 National Health Interview Survey
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Figure 26.3
Frequency of Visits to a Physician for Regular 
Diabetes Care, Age ≥18 Years, U.S., 1989

Figure shows percent distribution of adults with diagnosed diabetes according to
number of visits in the past year to the physician who is their regular source of
diabetes care; diabetes is based on a self-report of physician-diagnosed diabetes;
IDDM is defined as age at diagnosis <30 years, percent desirable weight <120, and
continuous insulin use; all other diabetic subjects are considered to have NIDDM.

Source: Reference 7; 1989 National Health Interview Survey 

FREQUENCY OF OUTPATIENT CONTACTS

547



The type of specialist seen in diabetes-related visits, as
recorded in the 1985 NAMCS10 and the 1990-91
NAMCS, is shown in Table 26.9 and Figure 26.4. It is
apparent that only 8% of visits in 1990-91 were made
to specialists in diabetes and endocrinology. More
than 34% of visits were made to general and family
practitioners. In the 1989 NHIS, persons with self-re-
ported diabetes were asked whether they had seen
certain specialists during the past year, in addition to
their regular diabetes physician. Figure 26.5 shows
that less than half of persons with diabetes saw an
ophthalmologist in the past year, only 21% saw a
dietitian or nutritionist, and only 17% saw a podia-
trist. Other characteristics of ambulatory care for
adults with diabetes drawn from the 1989 NHIS are
shown in Appendix 26.2.

As would be expected with a chronic disease, the
majority of office visits with a principal diagnosis of
diabetes were made for ongoing care, i.e., return vis-
its. About 677,000 new cases of diabetes were re-
ported in the 1989 NHIS, a rate that has been fairly
consistent over the past decade11. In 1989, 658,000
physician visits by new patients with a principal diag-

nosis of diabetes were reported in the NAMCS, reflect-
ing this annual incidence rate. 

Among NAMCS visits to ambulatory care physicians
in which diabetes was the principal diagnosis, 33%-
37% were of 11-15 minutes duration in 1981-90 (Ta-
ble 26.10). The percentage of visits lasting 16-30 min-
utes and 31-60 minutes increased slightly over the
same period. In 1990, 32% of visits in which diabetes
was the primary diagnosis lasted more than 15 min-
utes (Figure 26.6). If mean duration of the visit is
examined (Table 26.11), it is clear that there is an
upward trend. This is particularly reflected in the

Table 26.9
Distribution of Ambulatory Care Visits for Diabetes
by Physician Specialty, U.S., 1985 and 1990-91

Percent of visits

Physician specialty 1985 1990-91

Primary care specialties 78.8 80.0
Family practice 20.6 20.0
General practice 21.7 14.4
Internal medicine 33.2 37.2
Pediatrics 0.8 0.5
Diabetes/endocrinology 2.5 7.9

Subspecialties 21.2 20.0
Surgical specialties 5.9 2.7
Ophthalmology 4.5 5.9
Cardiovascular disease 2.9 3.5
Obstetrics and gynecology 1.9 0.9
Kidney/urology 1.2 1.9
Gastroenterology 0.7 0.4
Psychiatry 0.5 0.2
Neurology 0.4 0.5
All other 3.3 4.0

Diabetes defined as ICD-9-CM codes 250 (all), 357.2, 362.0, 366.41, and
648.0; table includes all visits in which diabetes was listed as one of three
possible physician’s diagnoses associated with the patient’s reason for the visit.

Source: Reference 10 (1985); 1990 and 1991 National Ambulatory Medical
Care Surveys
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CONTACTS

20

14.4

37.2

0.5

7.9

20

Family practice

General practice

Internal medicine

Pediatrics

Diabetes/endocrinology

All other specialties

0 10 20 30 40
Percent of Office-Based Visits

Figure shows percent distribution of all visits to office-based physicians in which
diabetes was the first, second, or third listed diagnosis of three possible diagnoses.
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Figure 26.4
Physician Specialty in Visits Listing Diabetes as a 
Diagnosis, U.S., 1990-91
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Figure 26.5
Visits by Adults with Diabetes to Health Care 
Specialists, U.S., 1989

Figure shows percent of diabetic adults age ≥18 years who reported seeing the
specialist during the previous year; diabetes is based on a self-report of physi-
cian-diagnosed diabetes.

Source: Reference 7; 1989 National Health Interview Survey 
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mean duration of face-to-face office visits with general
and family practitioners, who are seen in 34% of
NAMCS visits by persons with diabetes (Table 26.9).
Although they have not tended to increase in length
over time, visits to specialists, such as internists, car-
diologists, and ophthalmologists, have consistently
been the longest in duration. Not surprisingly, visits
by new patients have also been longer in duration
than return visits by old patients (Table 26.11).

The conditions to which the visit is attributed in
NAMCS might be expected to predict the diagnostic
and counseling services performed or prescribed dur-
ing the visit. Indeed, the pattern of services provided

in a given year were substantially different for visits
attributed primarily to diabetes versus all visits (Table
26.12). The higher frequency with which blood pres-
sure, cholesterol, and visual acuity were measured
reflects the spectrum of comorbidities that charac-
terize diabetes. Urinalysis and blood tests were per-
formed substantially more frequently during diabetes-
associated visits, reflecting use of these tests in diabe-
tes management. Patients with diabetes were also
counseled on weight and cholesterol reduction much
more frequently than the general population. The data
in Table 26.12 are not stratified by age, and some
proportion of the differences may reflect differences in
age of the diabetic versus the general population. 

Medicare data from 1989 indicated that diabetes was
the underlying cause of 25% of all cases of end-stage
renal disease in the United States12. For this reason,
dialysis encounters are an important component of
diabetes-related outpatient visits. Both NMES and
NHIS include data on hospital-based dialysis encoun-
ters in their enumeration of diabetes-related hospital
outpatient contacts; however, outpatient dialysis en-
counters at free-standing dialysis centers are not in-
cluded. In 1990, these represented 60% of all dialysis
centers in the United States. Data on renal dialysis are
presented in Chapter 16.

Table 26.10
Duration of Visits to Office-Based Physicians in
Which Diabetes Was the Diagnosis Most Associated
with the Patient’s Primary Complaint, U.S., 1981-90

Duration of visit Year and percent distribution
(minutes)        1981 1985 1989 1990

0 4.5* 3.2 1.6* 0.5*
1-5 8.3 6.1 6.4 6.4

6-10 27.2 26.0 23.3 23.6
11-15 33.3 37.2 33.7 37.3
16-30 22.8 23.7 29.1 24.8
31-60 3.2* 3.3 5.2 6.4

>60 0.7* 0.4* 0.7* 1.0*

*Estimates may be unstable (relative standard error >30%) due to small sample
size. Diabetes defined as ICD-9-CM codes 250 (all), 357.2, 362.0, 366.41, and
648.0; visits of zero minutes duration are those in which there was no face-to-
face contact between patient and physician.

Source: 1981, 1985, 1989, and 1990 National Ambulatory Medical Care Surveys
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Figure 26.6
Duration of Visit for Office-Based Visits Listing 
Diabetes as Primary Diagnosis, U.S., 1990

Figure shows the percent distribution of visits to office-based physicians in
which diabetes was the diagnosis most associated with the patient’s primary
complaint.

Source: 1990 National Ambulatory Medical Care Survey

Table 26.11
Mean Duration of Face-to-Face Visits to Office-
Based Physicians in Which Diabetes Was the 
Diagnosis Most Associated with the Patient’s 
Primary Complaint, U.S., 1981-90

Physician specialty Year and mean duration in minutes
and prior-visit status 1981  1985 1989  1990  

All physician specialties 15.3 15.5 17.0 17.5
General and family
 practice

13.6 14.6 14.6 14.8

Internal medicine 18.2 17.1 16.9 20.4
General surgery 13.5 12.7 15.6 14.7
Cardiovascular surgery 21.0 17.3 18.8 20.5
Opthalmology 23.3 19.5 23.0 17.9
All other specialties 18.2 17.6 22.8 17.3

Prior-visit status
New patient 30.4 29.5 36.5 30.0
Old patient 15.0 15.3 16.3 16.6

Diabetes defined as ICD-9-CM codes 250 (all), 357.2, 362.0, 366.41, and
648.0; table excludes office visits recorded as having zero duration.

Source: 1981, 1985, 1989, and 1990 National Ambulatory Medical Care Surveys
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For visits to office-based physicians, the distribution
of expected sources of payment, as reported by the
physician, is listed in Table 26.13. There are two
notable trends: the percentage of visits for which some

payment is expected to come from the patient (self-
pay) has decreased, and the percentage reimbursed by
Medicare has increased. The large percentage of visits
covered by Medicare reflects the older average age of
people with diabetes in the United States. There may
be an overall decrease in the proportion of visits reim-
bursed by Blue Cross-Blue Shield and an increase in
those covered by prepaid plans, which would follow
national trends, but the data are not definitive. Addi-
tional data on health insurance coverage for diabetes
are in Chapter 29 of this volume.

Dr. Gail R. Janes is Epidemiologist, Office of Surveillance and
Analysis, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and Pre-
vention, Atlanta, GA.

Table 26.13
Expected Sources of Payment for Visits to 
Office-Based Physicians in Which Diabetes Was 
the Diagnosis Most Associated with the Patient’s 
Primary Complaint, U.S., 1985-90

Year and percent of total visits

Expected source of payment 1985 1989 1990

Self pay 42.7 33.2 29.7
Medicare 38.8 44.0 45.9
Medicaid 12.6 8.9 10.3
Blue Cross-Blue Shield 12.9 6.7 9.6
Other commercial insurance 8.7 14.7 16.3
HMO/prepaid plan 10.0 13.8 10.8
No charge 1.1* 1.3* 1.6*
Other 2.3* 3.0* 3.2
Unknown 0.5* 1.2* 0.7*

*Estimates may be unstable (relative standard error >30%) due to small sample
size. Diabetes defined as ICD-9-CM codes 250 (all), 357.2, 362.0, 366.41, and
648.0; column totals exceed 100% because more than one category was re-
ported per visit; HMO, health maintenance organization.

Source: 1985, 1989, and 1990 National Ambulatory Medical Care Surveys 

Table 26.12
Diagnostic and Counseling Services in Visits to 
Office-Based Physicians in Which Diabetes Was the 
Diagnosis Most Associated with the Patient’s Primary
Complaint and for All Diagnoses, U.S., 1989-90

1989 1990

Selected services
Diabetes

 (%) 

All 
diagnoses 

(%) 
Diabetes 

(%) 

All 
diagnoses 

(%) 

Diagnostic and screening services 
None 6.8 38.4 6.3 36.1
Blood pressure 
 checks 72.4 34.9 77.0 38.5
Urinalysis 17.9 12.7 25.5 12.8
Cholesterol
measure 9.7 3.6 9.9 3.7
Visual acuity 7.9 6.5 7.3 6.4
Rectal exam 3.4* 3.6 3.5 3.7
Stool blood 2.7* 2.2 3.7 2.5
Other blood tests 54.6 12.7 57.6 13.3
Other services 25.1 25.4 22.6 25.0

Counseling services 
None 44.1 62.9 37.8 62.8
Weight reduction 32.4 6.3 35.2 6.3
Cholesterol
reduction 9.8 3.1 15.6 3.2
Smoking cessation 3.1* 2.2 4.1 2.1
Other counseling/
 advice 30.5 27.9 33.8 28.2

*Estimates may be unstable (relative standard error >30%) due to small sample
size. Diabetes defined as ICD-9-CM codes 250 (all), 357.2, 362.0, 366.41, and
648.0; column totals may exceed 100% because more than one category may
be reported per visit. Percentages reflect number of visits which included the
designated service.

Source: 1989 and 1990 National Ambulatory Medical Care Surveys

SOURCES OF PAYMENT FOR AMBULATORY
CARE VISITS 
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Appendix 26.2
Characteristics of Ambulatory Care for Patients
with Diabetes, Age ≥18 Years, U.S., 1989

IDDM 

NIDDM,
insulin-
treated

NIDDM, 
not

insulin-
treated

Patient Demographic Characteristics
Mean age (years) 34.1 60.6 62.6
White (%) 92.0 63.4 73.7
Black (%) 3.7 26.7 16.0
Other race/ethnicity (%) 4.3 10.0 10.3
Education beyond high school (%) 50.6 21.8 20.4
Family income >$25,000 (%) 64.6 34.0 32.9
Mean duration of diabetes (years) 18.0 13.4 8.6

Patient Clinical Characteristics
≥4 visits to diabetes physician in 
past year (%) 36.1 65.0 57.1

Visit to cardiologist in past year (%) 4.7 26.7 22.4
Visit to ophthalmologist in past 
year (%) 54.4 50.8 39.8

Dilated eye examination in past 
year (%) 56.9 54.6 43.6

Visit to podiatrist in past year (%) 7.9 22.5 14.0
Health professional has checked feet 
at least twice in past 6 months (%) 24.4 38.8 25.3

≥2 insulin injections per day (%) 61.1 47.6
≥3 insulin injections per day (%) 13.5 3.1
Uses insulin pump (%) 0.7 0.2
Mean years of insulin use 18.0 8.0
Mean units insulin per day 47.1 50.7
Mean percent desirable weight 101.3 131.6 129.7

Percent desirable weight ≥120 (%) 61.2 60.1

Self-tests blood glucose at least 
once  per day (%) 39.5 25.8 5.3

Health professional has checked 
blood  glucose at least four times 
in past year (%) 52.9 70.4 67.0

Visit to dietitian/nutritionist in
past year 20.8 24.5 18.6

Has had diabetes education class 
or course (%) 58.6 48.9 23.7

Mean patient education hours 15.7 13.3 9.1
Ever heard of glycosylated 
hemoglobin (%) 43.3 16.7 12.5 

IDDM was defined as diabetes onset at age <30 years, continuous insulin use,
and percent desirable weight <120.

Source: Reference 7; 1989 National Health Interview Survey
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Appendix 26.1
Number of Physician Contacts for Ambulatory Care
Among Persons with Diabetes, U.S., 1990

Places of physician contact include the physician’s office, telephone, hospital
outpatient clinic, emergency room, home visits, and industry and company
clinics; diabetes is based on a self-report of physician-diagnosed diabetes.

Source: 1990 National Health Interview Survey
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Chapter 27

Diabetes-Related Hospitalization
and Hospital Utilization

SUMMARY

Ronald E. Aubert, PhD, MSPH; Linda S. Geiss, MS; David J. Ballard, MD, PhD; 
Beth Cocanougher, MPH; and William H. Herman, MD, MPH                             

Based on the National Hospital Discharge Sur-
vey (NHDS), ~2.8 million hospitalizations in
1990 listed diabetes as one of the discharge
diagnoses, accounting for 24.5 million hospi-

tal days. The most frequently listed primary diagnosis
in these hospitalizations was diseases of the circula-
tory system (33%), followed by diabetes (15%). Dia-
betes was the primary discharge diagnosis for
~420,000 hospitalizations. Of all discharges in which
diabetes was listed as a diagnosis in the NHDS, the
proportion represented by diabetes as the primary
diagnosis declined from 29% in 1980 to 15% in 1990.
The decrease may be largely due to Medicare’s imple-
mentation of a prospective payment system with diag-
nosis-related groups (DRGs) for reimbursement and
to more strict hospital admissions criteria for persons
with diabetes. The number of hospital discharge re-
cords that listed diabetes as one of the discharge diag-
noses increased 12% during 1980-84 and remained
relatively stable in 1984-90. In the 1990 NHDS, the
number of discharges with diabetes as any listed diag-
nosis per 100 estimated persons with diabetes in-
creased with age, from 29.4 per 100 at age <44 years
to 76.6 per 100 at age ≥75 years. The age-adjusted
number of hospitalizations per 100 people with diabe-
tes, for diabetes as any listed diagnosis, increased
11.7% during 1980-90. 

Based on the 1989 National Health Interview Survey
(NHIS), in which a special questionnaire on diabetes
was administered, 23.8% of all adults with diabetes
reported being hospitalized in the previous year. This
increased with age from 19.8% at age 18-34 years to
29.6% at age ≥75 years. For all adults, persons with
diabetes were three times more likely to report being

hospitalized in the previous year than persons with-
out diabetes (23.8% versus 7.8%). Among persons
with non-insulin-dependent diabetes mellitus
(NIDDM), those treated with insulin were 40%-80%
more likely to report having been hospitalized at least
once in the past year than persons with NIDDM who
were not treated with insulin. For subjects with insu-
lin-dependent diabetes mellitus (IDDM) age 18-44
years, 17.2% reported being hospitalized at least once
in the previous year. The proportion of diabetic
women who reported being hospitalized in the past
year was similar to the proportion of diabetic men.
There were few differences among whites, blacks, and
Mexican Americans in the proportion who reported
being hospitalized. Having complications of diabetes
was clearly associated with hospitalization. The pro-
portion of diabetic adults who were hospitalized at
least once in the past year increased consistently from
12.0% for persons reporting no complications to
33.7% for persons reporting ≥3 complications. Multi-
ple hospitalizations were common. Of all adults with
diabetes, 15.5% reported one hospitalization, 5.4%
reported two hospitalizations, and 2.9% reported ≥3
hospitalizations. The proportion who reported ≥2 hos-
pitalizations was similar for adults with IDDM (8.4%),
insulin-treated NIDDM (9.4%), and NIDDM not
treated with insulin (7.6%).

Average length of stay (LOS) in the hospital was simi-
lar for data from the NHDS and the NHIS. For diabetes
as the primary diagnosis in the 1990 NHDS, average
LOS was 7.8 days; for diabetes as any listed diagnosis,
average LOS was 8.6 days. In the 1989 NHIS, average
LOS was 8.3 days.

• • • • • • •
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Persons with diabetes use health care services more
frequently than persons without diabetes. This higher
rate of use is related to treatment and metabolic con-
trol as well as to micro- and macrovascular complica-
tions associated with diabetes. This chapter uses na-
tional survey data to describe rates and trends of
diabetes-associated hospitalization and factors associ-
ated with self-reported hospitalization among persons
with diabetes. 

NATIONAL HOSPITAL DISCHARGE 
SURVEY

The NHDS is conducted by the National Center for
Health Statistics (NCHS) of the Centers for Disease
Control and Prevention (CDC). NHDS has operated
continuously since 1965 and collects data on a sample
of hospital discharges from a sample of short-stay,
nonfederal hospitals in the United States. For exam-
ple, in 1990, data were abstracted from the medical
records of ~266,000 patients discharged from 474
short-stay nonfederal hospitals1. This sample of dis-
charges represented ~1% of all discharges from short-
stay, nonfederal hospitals in the United States in 1990.
Data collected include information on patients’ age,
race, sex, and LOS, up to seven diagnoses (one pri-
mary and up to six secondary diagnoses), and up to
four surgical procedures. Medical data are coded ac-
cording to the International Classification of Diseases,
9th Revision, Clinical Modification (ICD9-CM)2.

This chapter presents data previously published by
the CDC3 based on the 1980-90 NHDS for hospitaliza-
tions in which diabetes (ICD9-CM code 250) was
listed as the primary (first-listed) diagnosis and as the
primary and/or secondary (any listed) diagnosis. Cer-
tain other conditions listed on these hospital dis-
charges were ascertained by their ICD9-CM codes:
diabetic ketoacidosis (DKA), 250.1; diseases of the
circulatory system, 390-459; stroke, 430-434 and 436-
438; ischemic heart disease (IHD), 410-414; major
cardiovascular disease, 360-448; diseases of the respi-
ratory system, 460-519; digestive system, 520-579;
diseases of the genitourinary system, 580-629; injury
and poisoning, 800-999; and lower extremity non-
traumatic amputations, procedure code 84.1. Data on
the sampled discharges were extrapolated by statisti-
cal techniques to represent all U.S. discharges.

Hospital discharge rates based on the NHDS were
calculated by dividing the estimated number of U.S.
hospitalizations listing diabetes by the estimated
number of persons in the United States who have
diagnosed diabetes3. Estimates of the prevalence of
diabetes were derived using self-reported data from
the 1980-90 NHIS.

LIMITATIONS OF HOSPITAL 
DISCHARGE DATA

Underreporting of Discharges of People
with Diabetes

Some have questioned the validity of hospital dis-
charge data to assess the burden of hospitalization
associated with diabetes. Of all hospitalizations of
people with diabetes, it is estimated that ~40% do not
have diabetes listed on their hospitalization discharge
record4. This finding is based on the First National
Health and Nutrition Examination Survey
Epidemiologic Follow-up Survey (NHEFS), in which
389 people with diagnosed diabetes in 1971-75 were
studied again in 1982, and information was obtained
from the hospitals they were patients at during the
10-year period. The authors concluded that if hospital
discharge records are used to identify hospitalizations
of persons with diabetes, the health care burden asso-
ciated with hospitalizations may be underestimated
by 40%. This estimate presumes that every hospitali-
zation for diabetic persons should have diabetes listed
as a comorbid diagnosis. In the NHDS, the purpose of
coding secondary diagnoses is to record "all diagnoses
that affect the current hospital stay"5. It is not unrea-
sonable to assume that persons with diabetes may be
hospitalized for reasons unrelated to their diabetes.
During a 6-year followup in 1975-80 (prior to intro-
duction of the Medicare prospective payment system)
of a cohort of diabetic patients in Rochester, MN, 74%
of hospitalizations of patients with IDDM were con-
sidered to be related to diabetes6. For persons with
NIDDM, nearly 40% of hospitalizations were consid-
ered to be related to diabetes. 

Some studies of hospital discharges use only dis-
charges in which diabetes was listed as the primary
diagnosis. Only a portion of NHDS hospital dis-
charges that list diabetes classify it as the primary
diagnosis. This proportion declined from 29% in 1980
to 15% in 1990. Thus, analyses based on diabetes as
the primary discharge diagnosis in the 1990 NHDS
will include only ~15% of all hospitalizations that
listed diabetes.

SOURCES OF DATA
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Coding Bias

The conclusion from the NHEFS study4 suggests there
is coding bias in listing diabetes as an associated co-
morbid condition in hospital discharge records. Bias
in the coding of hospital discharge data has been
evaluated7-9. One study found that there is a bias in
coding comorbid conditions on hospital discharge re-
cords, particularly for chronic conditions such as dia-
betes and hypertension, but the bias is most often
observed for patients who die in the hospital8. Coding
bias was independent of the number of coding spaces
on the discharge abstract. In another study, the diag-
noses and procedures listed on the original discharge
abstract were compared with those listed on a re-ab-
stract of the same record, and the effect of additional
coding spaces on coding of comorbid conditions was
assessed9. It was found that chronic diagnoses tended
to be dropped when abstracts were truncated to fewer
than five coding spaces because acute complications
take precedence. Diabetes tended to be underreported
in patients who died, compared with those who sur-
vived; sensitivity of the original abstraction was 58%
for patients who died in the hospital, compared with
83% for those who survived9.

Race Classification

Race-specific discharge data derived from the NHDS
are particularly problematic because a substantial pro-
portion of discharges are missing racial classification.
In 1990, race was unknown for 20% of all hospital
discharges in the NHDS1. The reliability and validity
of race coded on hospital discharge data in New York
state has been assessed10. For discharges in which race
was known, race misclassification was relatively un-
common and nondifferential. However, this study did
not assess whether there was variation by race/ethnic-
ity in the initial assignment of persons to the catego-
ries of "race unknown" and "race not specified."

Multiple Hospitalizations

Since the NHDS is a sample of hospital discharges and
not individuals, NHDS hospital discharge rates for
diabetes-related diseases and procedures do not re-
flect rates per person; that is, persons who are hospi-
talized more than once for the same condition are
counted more than once when NHDS data are used.
This may be particularly true for DKA, as one study
reported that 36% of DKA-associated hospitalizations
occurred among persons who had at least one pre-
vious admission for DKA during a 3-year period11.
Based on the 1989 NHIS (see Appendix 27.7), multi-
ple hospital admissions in a year were reported by
8.3% of adults with diagnosed diabetes and single

admissions by 15.5%.

Medicare Changes

It is important to note that in 1983 Medicare insti-
tuted a prospective payment system that influenced
hospitalization practices and disease reporting on
hospital discharge records. In addition, increased en-
rollment in health maintenance organizations, in-
creased cost sharing, and mandatory second-opinion
programs for elective procedures may have influenced
hospitalization rates for privately insured patients12.
However, findings from a community-based study in
Olmstead County, MN suggested that the impact of
prospective payment on hospital average LOS for a
variety of chronic diseases in 1980 versus 1987 may
be offset by increases in the probability of re-hospitali-
zation of the elderly13.

NATIONAL HEALTH INTERVIEW SURVEY

The NHIS is an annual cross-sectional household in-
terview survey of a representative sample of ~120,000
people in the U.S. civilian, noninstitutionalized popu-
lation. It has been conducted annually by the NCHS
since 1957. The survey has a multistage probability
design, and its methods and quality control have been
described14-16. The survey provides information on the
health of the U.S. population, including information
on the prevalence and incidence of disease, extent of
disability, and use of health care services.

Interviews are conducted by trained interviewers from
the U.S. Census Bureau and response rates have been
95%-98%. The NHIS includes a core questionnaire
that remains unchanged from year to year and addi-
tional questionnaires on special health topics that
vary annually. The core questionnaire includes ques-
tions about demographic characteristics, hospitaliza-
tion, disability, and physician visits, among other top-
ics. Questions about hospitalization include whether
respondents were overnight patients in a hospital dur-
ing the past year, how many times they were hospital-
ized in the past year, and how many nights they were
in the hospital for each hospitalization. Hospitaliza-
tions for deliveries have been excluded from the data
presented in this chapter.

In 1989, the total interviewed sample age ≥18 years for
the basic questionnaire was 84,572 persons from
45,711 households17. All adults age ≥18 years who
were known to have diabetes were ascertained, and a
special questionnaire on diabetes was administered.
In this questionnaire, physician-diagnosed diabetes
was verified and information was obtained on diagno-
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sis of diabetes, duration of diabetes, use of insulin and
oral agents, medical care, and personal health prac-
tices. IDDM was defined as body mass index ≤27 for
men and ≤25 for women, age at diagnosis ≤30 years,
and continuous insulin treatment since diagnosis18.
Approximately 5% of subjects were classified as IDDM
by these criteria. All other persons with physician-di-
agnosed diabetes were considered to have NIDDM18.

LIMITATIONS OF INTERVIEW DATA

Definitive studies have not been performed to assess
the accuracy and completeness of answers to ques-
tions about hospitalization. It is possible that respon-
dents to the 1989 NHIS may have over- or underesti-
mated the frequency of hospitalizations in the past
year. The validity of a self-report of diabetes has been
evaluated. A number of studies indicate excellent
agreement between self-report and medical records
concerning a person’s diabetes status19-23. Further, a
study of the Rochester, MN population found that
almost all persons with diagnosed diabetes met Na-
tional Diabetes Data Group criteria for diabetes24. The
NHIS has had response rates to the core questionnaire
of 95%-98% over the years of this survey. However, a
proxy respondent, who is generally a spouse or other
responsible household adult, answers questions in the
core questionnaire for sample persons not available at
the time of the interview or who are unable to answer
for themselves (e.g., children, the very elderly, those
who are mentally incompetent). In 1989, for persons
identified to have diabetes, 78% responded for them-
selves to the core questionnaire and the remaining
22% had information provided by a proxy respon-
dent18. For the diabetes supplemental questionnaire,
nonresponse was 4.5%, and all persons responded for
themselves (no proxy response was allowed)18.

1990 HOSPITAL DISCHARGE DATA

Based on the NHDS, there were ~420,000 hospitaliza-
tions in the United States in 1990 that recorded diabe-
tes as the primary diagnosis on the hospital discharge
record3. In ~2.8 million hospitalizations, diabetes was
recorded as a primary or secondary (any listed) diag-
nosis; these hospitalizations accounted for 9% of all
hospitalizations in the United States and 24.5 million
hospital days3. Numbers and rates of discharges that
listed diabetes varied by age. About 68% of NHDS
hospitalizations in 1990 with diabetes as primary di-
agnosis occurred in persons age ≥45 years (Figure

27.1). For hospitalizations with diabetes as any listed
diagnosis, 89% were for persons age ≥45 years. The
hospital discharge rate for diabetes as the primary
diagnosis (computed as the number of discharges
with diabetes as primary diagnosis per 100 estimated
persons with diabetes) was more than two times
greater for persons age <45 years than for older age
groups (Figure 27.2). The hospitalization rate for dia-
betes as any listed diagnosis increased with age and
was 1.6-2.6 times greater for persons age ≥75 years,
compared with younger age groups.

HOSPITAL DISCHARGE DATA
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Figure 27.1
Number of Hospital Discharges with Diabetes as 
Primary or Any Listed Diagnosis, by Age, U.S., 1990

Source: Reference 3; 1990 National Hospital Discharge Survey
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Figure 27.2
Number of Hospital Discharges with Diabetes as 
Primary or Any Listed Diagnosis per 100 Diabetic
Population, by Age, U.S., 1990

Source: Reference 3; 1990 National Hospital Discharge Survey and National
Health Interview Survey
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TIME TRENDS IN HOSPITAL 
DISCHARGES LISTING DIABETES

Of all discharges that listed diabetes as a diagnosis in
the NHDS, the proportion represented by diabetes as
the primary diagnosis declined from 29% in 1980 to
15% in 19903. The number of hospital discharge re-
cords with diabetes listed as the primary diagnosis
increased 4.7% in 1980-83 (645,000 versus 675,000),
but decreased 37.8% in 1983-90 (675,000 versus
420,000) (Figure 27.3). The number of hospitaliza-
tions with diabetes as the primary diagnosis decreased
most dramatically between 1983 and 1985. This de-
crease may be largely due to Medicare’s implementa-
tion of a prospective payment system with DRGs for
reimbursement. In 1985-90, the number of hospitali-
zations with diabetes as the primary diagnosis de-
clined by 12.5%. This may be related to more strict
hospital admissions criteria for persons with diabetes.
The declines were consistent for blacks and whites3.
The age-adjusted rate of hospitalization for diabetes as
the primary discharge diagnosis remained relatively
unchanged in 1980-83; between 1984 and 1990, the
age-adjusted rate decreased 34.4% (Figure 27.3). The
number of hospitalizations with diabetes as any listed
diagnosis increased 27% during 1980-84 (from ~2.2
million in 1980 to ~2.8 million in 1984) and remained
relatively stable in 1984-90 (Figure 27.4). The age-ad-
justed rate for diabetes as any listed diagnosis in-
creased 11.7% during 1980-90. Appendix 27.1 pro-
vides details of these data.

HOSPITAL DISCHARGES LISTING 
COMPLICATIONS OF DIABETES

Acute metabolic decompensation is a common cause
of hospitalization of people with diabetes. Based on
the NHDS in 1980, ~70,000 hospitalizations listed
DKA as a discharge diagnosis (Figure 27.5). In 1990,
~104,000 hospitalizations listed DKA. The age-ad-
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Figure 27.4
Time Trends in the Number of Hospital Discharges
with Diabetes as Any Listed Diagnosis and 
Age-Adjusted Number per 100 Diabetic Population,
U.S., 1980-90

Figure 27.3
Time Trends in the Number of Hospital Discharges
with Diabetes Listed as the Primary Diagnosis and
Age-Adjusted Number per 100 Diabetic Population,
U.S., 1980-90

Source: Reference 3; 1980-90 National Hospital Discharge Surveys and Na-
tional Health Interview Surveys

Source: Reference 3; 1980-90 National Hospital Discharge Surveys and Na-
tional Health Interview Surveys
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Figure 27.5
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Source: Reference 3; 1980-90 National Hospital Discharge Surveys and Na-
tional Health Interview Surveys

557



justed number of hospital discharges listing DKA was
1.21 per 100 persons with diabetes in 1980. In 1990,
the rate was 1.54, representing a 27% increase.

Despite progress in diabetes management in the past
several years, the most common macrovascular com-
plication of diabetes continues to be cardiovascular
diseases. Of all hospital discharges in 1990 that listed
diabetes, the most frequently listed primary diagnoses
were diseases of the circulatory system (32.6% of the
discharges); followed by diabetes (14.8%); diseases of
the digestive (8.6%), respiratory (8.5%), and genitou-
rinary (5.9%) systems; and injury and poisoning
(5.8%); all other conditions comprised the remaining
23.8%3.

Diabetes is the leading cause of nontraumatic lower
extremity amputations (LEAs) (see Chapter 18 for a
detailed discussion). The relative risk of LEA for per-
sons with diabetes is ~15 times that of persons with-
out diabetes25,26. An estimated 50%-60% of all non-
traumatic LEAs occur in persons with diabetes25-27.
Based on the 1980 NHDS, there were ~36,000 hospital
discharges listing both diabetes and LEA; in 1990,
there were ~54,000 such discharges (Figure 27.6).
The number of discharges listing both diabetes and
LEA was similar in 1980-82, increased ~45% in 1983,
and remained relatively stable in 1983-90. Implemen-
tation of Medicare’s prospective payment system may
have influenced whether diabetes and LEA are listed
on hospital records. The age-adjusted rate of LEAs
increased between 1980 and 1983 and remained rela-
tively stable in 1983-90 (Figure 27.6).

Cardiovascular disease (CVD) is the major cause of
morbidity and mortality in diabetes (see Chapters 19
and 20). In 1980, ~77,000 hospital discharges listed
stroke as the primary diagnosis and diabetes as a
secondary diagnosis (Appendix 27.1). In 1990, this
number increased 71% to ~132,000. The age-adjusted
rate in 1990 reflects a 45% increase compared with
1980 (1.94 discharges per 100 persons with diabetes
versus 1.34 per 100). In 1980, ~245,000 hospitaliza-
tions with ischemic heart disease as the primary diag-
nosis and diabetes as a secondary diagnosis were re-
corded (Appendix 27.1). In 1990, this number in-
creased to ~355,000. The age-adjusted hospital dis-
charge rate was 28% higher in 1990 than in 1980 (5.45
per 100 persons with diabetes versus 4.25 per 100).
Trends in major CVD (which includes stroke, is-
chemic heart disease,  hypertension, and
atherosclerosis) as the primary diagnosis are similar
to the observed trends for stroke or IHD alone. The
number of hospitalizations that listed major CVD as
the primary diagnosis and diabetes as a secondary
diagnosis increased from ~573,000 in 1980 to
~896,000 in 1990 (Appendix 27.1). Age-adjusted
rates for major CVD increased 37% during this period.

In the core questionnaire of the 1989 NHIS, all re-
spondents were asked about hospitalizations in the
past year; hospitalizations involving delivery have
been excluded from the data in this chapter. A special
supplemental questionnaire about diabetes was asked
of all adults age ≥18 years who were identified and
confirmed as having physician-diagnosed diabetes17.
The supplemental questionnaire was used to catego-
rize diabetic subjects as having IDDM, insulin-treated
NIDDM, or NIDDM not treated with insulin18 (see
Sources of Data, above).

PROPORTION OF ADULTS 
HOSPITALIZED IN THE PAST YEAR

Figure 27.7 and Appendix 27.2 show the proportion
of adults with and without diagnosed diabetes who
reported being hospitalized at least once during the
past year. The proportion increased from 19.8% at age
18-34 years to 29.6% at age ≥75 years. In every age
group, persons with diabetes were substantially more
likely to report having been hospitalized. For age ≥18
years, persons with diabetes were three times more
likely to report being hospitalized in the previous year
than persons without diabetes (23.8% versus 7.8%).
This differential was greatest at age 18-34 years, where
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Figure 27.6
Time Trends in the Number of Hospital Discharges
that List Both Nontraumatic Lower Extremity 
Amputation and Diabetes, and Age-Adjusted 
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rates for people with diabetes were four times higher
than for nondiabetic adults, and decreased with age
such that at age ≥75 years the diabetic rates were only
1.8 times the nondiabetic rates.

With increasing age, the proportion of nondiabetic
adults who reported being hospitalized in the past
year increased 3.3-fold, from 4.8% at age 18-34 years
to 16.1% at age ≥75 years. However, for diabetic adults
the rise in the proportion hospitalized was less
marked, increasing 1.5-fold from 19.8% at age 18-34
years to 29.6% at age ≥75 years.

HOSPITALIZATION OF ADULTS 
WITH IDDM AND NIDDM

Among persons with NIDDM, those who were treated
with insulin were more likely to report having been
hospitalized at least once in the past year than persons
with NIDDM who were not treated with insulin (Fig-
ure 27.8, Appendix 27.2). Hospitalization rates were
40%-80% higher for insulin-treated NIDDM, depend-
ing on age. The small sample size of IDDM subjects
permitted analysis only for age 18-44 years; the hos-
pitalization rate was 17.2% for this group. The propor-
tion who reported being hospitalized was substan-
tially lower for nondiabetic subjects than for diabetic
subjects in each age group.

PROPORTION HOSPITALIZED, BY SEX
AND RACE

Figure 27.9 shows 1989 NHIS data on the proportion
of diabetic and nondiabetic men and women who
reported being hospitalized at least once during the
past year. The differential in hospitalization rates be-
tween diabetic and nondiabetic adults, seen in Figure
27.7, is found for both men and women. The propor-
tion of diabetic women who reported being hospital-
ized in the past year was 6%-18% greater, depending
on age, than the proportion of diabetic men. In con-
trast, for adults without diabetes, a higher proportion
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Figure 27.7
Percent of Diabetic and Nondiabetic Adults Who 
Report Being Hospitalized in the Past Year, by Age,
U.S., 1989

Source:  1989 National Health Interview Survey
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of men than women at age ≥45 years reported being
hospitalized (Figure 27.9).

Detailed information on hospitalization for diabetic
whites, blacks, and Mexican Americans based on the
1989 NHIS is shown in Appendix 27.2. There were
few differences by race/ethnic group in the proportion
who reported being hospitalized. Rates for diabetic
men age ≥18 years were 21.5% for non-Hispanic
whites, 23.9% for non-Hispanic blacks, and 27.6% for
Mexican Americans; for women, the rates were 24.7%,
25.1%, and 27.1%, respectively. Within each age
group, the proportion who reported being hospital-
ized in the previous year was similar for white and
black men and diabetic women (Appendix 27.3).
Among black and white adults with NIDDM, rates
were higher for those treated with insulin than for
those not treated with insulin (Figure 27.10).

HOSPITALIZATION, BY COMPLICATIONS
AND DURATION OF DIABETES

Having complications of diabetes was clearly associ-
ated with hospitalization. Among insulin-treated
NIDDM, the proportion who were hospitalized at
least once in the past year increased consistently from
17.5% for those reporting no complications to 37.3%
for those reporting ≥3 complications (Figure 27.11).
A similar trend was observed for NIDDM not treated
with insulin, for whom the proportion hospitalized
ranged from 10.2% for persons reporting no compli-
cations to 30.5% for persons reporting ≥3 complica-
tions. Appendix 27.4 provides details of these data

and information on IDDM and all adults with diabe-
tes.

In contrast to the association with complications of
diabetes, duration of diabetes was only slightly related
to whether diabetic adults were hospitalized. As
shown in Appendix 27.5, the proportion of adults
with NIDDM who reported being hospitalized in the
past year increased from 21.4% of those with <5 years
duration of diabetes to 29.5% of those with >15 years
of diabetes. The lack of relationship with duration of
diabetes was found for both insulin-treated NIDDM
and NIDDM not treated with insulin (Appendix 27.6)

MULTIPLE HOSPITALIZATIONS OF
ADULTS WITH DIABETES

Figure 27.12 and Appendix 27.7 show information on
the proportion of adults with diabetes according to
the number of hospitalizations in the past year, based
on the 1989 NHIS. Of all adults with diabetes, 15.5%
reported one hospitalization, 5.4% reported two hos-
pitalizations, and 2.9% reported ≥3 hospitalizations.
The proportion who reported ≥2 hospitalizations was
similar for adults with IDDM (8.4%), insulin-treated
NIDDM (9.4%), and NIDDM not treated with insulin
(7.6%).

The frequency of multiple hospitalizations was related
to the number of diabetes complications. For diabetic
adults who reported ≥3 complications of diabetes,
14.1% reported multiple hospitalizations in the past
year. In contrast, 2.1% of diabetic adults who reported
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no complications of diabetes had multiple hospitaliza-
tions (Appendices 27.8 and 27.9). Duration of diabe-
tes was not strongly related to multiple hospitaliza-
tions. For example, for insulin-treated NIDDM, 10.7%
of those with diabetes duration >15 years reported ≥2
hospitalizations in the past year, compared with 8.7%
of those with duration <5 years (Appendix 27.10).

For a number of years, the average LOS as measured
using NHDS data has been decreasing in the United
States. Based on NHDS discharges with diabetes as the
primary diagnosis, the average LOS decreased by 26%
(from 10.5 days to 7.8 days) between 1980 and 1990
(Figure 27.13). For diabetes as any listed diagnosis,
the average LOS declined 22% (from 11 days to 8.6
days) during this period. For NHDS discharges with
stroke listed as a primary diagnosis and diabetes as a
secondary diagnosis, a 26% decrease was observed
(16.3 days to 12 days)(Figure 27.13). The average
LOS for discharges with IHD as the primary diagnosis
and diabetes as a secondary diagnosis declined 33%
between 1980 and 1990 (from 10.7 days to 7.2
days)(Figure 27.13). For discharges that listed DKA,
the average LOS declined 21% (from 7.6 days to 6.0
days)3. The average LOS for LEA declined 42% be-
tween 1980 and 1990 (35.8 days to 20.6 days)3. De-
creases in average LOS were consistent across all
demographic subgroups3. In NHDS data, average LOS
was strongly associated with age, and LOS increased

with age whether diabetes was listed as a primary
discharge diagnosis or as any listed diagnosis3. With
the exception of discharges at age ≥75 years, few dif-
ferences were observed in average LOS between dis-
charges with diabetes listed as the primary diagnosis
and those with diabetes as any listed diagnosis in the
1990 NHDS (Figure 27.14, Appendix 27.11). For dis-
charges at age ≥75 years, LOS was 21% greater when
diabetes was listed as the primary diagnosis. 
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Figure 27.13
Time Trends in the Average Length of Stay for 
Hospital Discharges Listing Diabetes, U.S., 1980-90

Figure 27.14
Average Length of Stay for Hospital Discharges 
Listing Diabetes in 1990 and as Reported by Adults
with Diabetes in 1989
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In the 1989 NHIS, all adults who reported being hos-
pitalized in the previous year were asked how many
nights they were in the hospital for each hospitaliza-
tion. The average LOS for all diabetic adults age ≥20
years was 8.3 days. There was little variation by age
(Figure 27.14). For adults without diabetes, mean
LOS was 6.5 days, increasing from 5.2 days at age
20-44 years to 8.7 days at age ≥75 years (Appendix
27.12).

Costs associated with hospital care for diabetes in
1992 were estimated to be $37.2 billion, which repre-
sented 82% of the estimated direct cost of diabetes28.
These costs were based on 1990 NHDS hospital dis-
charges listing diabetes and Medicare data files, and
these underestimate diabetes hospitalizations. An es-
timate has also been derived from the 1987 National
Medical Expenditure Survey, in which a sample of
people with confirmed diabetes were evaluated for all
medical expenditures; the data were extrapolated to
199229. About 64% of expenditures for people with
confirmed diabetes were incurred in inpatient set-
tings, and these hospitalizations were estimated to
cost ~$55 billion. Total per capita annual health care
expenditures were estimated to be more than four
times greater for persons with confirmed diabetes
compared with persons without diabetes. Total costs
for diabetes accounted for an estimated 11.9% of total
U.S. health care expenditures29. These costs are shared
by federal, state, and local governments and other
providers of health care delivery. The economic im-
pact of diabetes, including costs of hospitalizations, is
discussed in detail in Chapter 30.

The CDC supports several state-based surveillance
systems to assess diabetes-related mortality and mor-
bidity. A number of these provide insight into the
burden of diabetes-related hospitalization shared by
state and local governments and the disproportionate
prevalence of diabetes complications among racial
and ethnic minorities. 

In California during 1983-87, 1,005,292 hospitaliza-
tions listed diabetes on the discharge record (an aver-
age of 201,058 per year). These accounted for 8% of
all hospitalizations not related to pregnancy30. These
cost an estimated $1.55 billion per year, or an average
of $7,719 per discharge. Figure 27.15 shows the age-

adjusted number of hospital discharges listing diabe-
tes in California by sex and race/ethnicity per 100,000
total population (rather than per estimated diabetic
population), excluding hospitalizations related to
pregnancy and birth. The rates varied by sex and
race/ethnicity, and this probably reflects the differen-
tial prevalence of diabetes in the population by sex
and race. Rates were higher for females than for males;
the highest hospitalization rate was for black females
(2,293 per 100,000), followed by Hispanic females
(1,475 per 100,000), black males (1,102 per 100,000),
and Hispanic males (868 per 100,000). 

In North Carolina, there were 62,952 hospital dis-
charges that listed diabetes in 1989, an increase of 7%
from the previous year31. Hospitalizations listing dia-
betes accounted for 7% of all hospital stays in 1988
and 1989. During this period, the age-adjusted num-
ber of hospital discharges listing diabetes was 868 per
100,000 total population for females and 803 per
100,000 for males. These estimates exclude hospitali-
zations related to gestational diabetes. The total and
average LOS for hospitalizations that listed diabetes
increased after age 40 years for both males and fe-
males. On average, females were hospitalized for dia-
betes-related causes 55% more total days than males,
and the difference increased with increasing age.
While the total and average LOS and total inpatient
charges were higher for females of every age group,
the average charges per stay were consistently higher
for males than for females. One explanation may be
that males were more likely to have more costly com-
plications than females31. This may be particularly
true for complications related to CVD.

COSTS OF HOSPITALIZATION

STATE-BASED HOSPITAL DISCHARGE DATA
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Figure 27.15
Age-Adjusted Number of Hospital Discharges 
Listing Diabetes per 100,000 Population, 
California, 1983-87

Source: Reference 30
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Diabetes continues to be the leading cause of prevent-
able blindness, end-stage renal disease, and nontrau-
matic LEAs in the United States. Individuals with
diabetes have higher rates of hospitalization and hos-
pital care compared with persons without diabetes.
Costs associated with the hospital care of persons
with diabetes were estimated at $55 billion in 1992.
Recent studies have shown that comprehensive clini-
cal management of diabetes has significant impact on
diabetic complications32. Preventing the complica-
tions associated with diabetes that result in hospitali-
zation could have a substantial impact on the re-
sources of a health care system. In spite of recognized

limitations, NHDS, NHIS, and state-based hospitaliza-
tion and race/ethnicity data together provide a useful
picture of the hospitalization experience of persons
with diabetes.

Dr. Ronald E. Aubert is Epidemiologist, Prudential Center for
Health Care Research, Atlanta, GA; Linda S. Geiss is Statis-
tician and Dr. William H. Herman is Medical Epidemiologist,
Division of Diabetes Translation, National Center for
Chronic Disease Prevention and Health Promotion, Centers
for Disease Control, Atlanta, GA (Dr. Aubert was formerly
with this organization); Dr. David J. Ballard is Director,
Center for Clinical Evaluation Sciences, Emory University,
Atlanta, GA; and Beth Cocanougher is Cardiac Research
Nurse, The Methodist Hospital, Houston, TX.
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APPENDICES

Diabetes as any
listed diagnosis

Diabetes as
primary diagnosis

DKA as any listed
diagnosis

Year No. Rate No. Rate No. Rate

1980 2,227 38.64 645 11.19 70 1.21
1981 2,324 40.05 655 11.28 74 1.27
1982 2,484 43.02 661 11.40 70 1.20
1983 2,669 44.82 675 11.38 84 1.40
1984 2,806 45.53 593 9.77 105 1.73
1985 2,605 39.95 480 7.59 98 1.57
1986 2,716 40.44 491 7.42 108 1.60
1987 2,762 41.20 474 7.12 110 1.61
1988 2,778 41.86 454 6.78 103 1.47
1989 2,770 42.48 438 6.78 89 1.33
1990 2,842 43.17 420 6.41 104 1.54

Nontraumatic
LEA as primary

diagnosis
Stroke as primary

diagnosis
IHD as primary

diagnosis

Year No. Rate No. Rate No. Rate

1980 36 0.62 77 1.34 245 4.25
1981 30 0.51 87 1.49 236 4.07
1982 31 0.54 93 1.62 290 5.03
1983 47 0.78 105 1.75 302 5.07
1984 47 0.76 116 1.82 341 5.53
1985 53 0.80 118 1.74 320 4.87
1986 48 0.70 117 1.68 365 5.48
1987 56 0.81 128 1.85 390 5.91
1988 55 0.81 114 1.68 386 5.92
1989 52 0.79 121 1.79 356 5.54
1990 54 0.81 132 1.94 355 5.45

Major CVD as
primary diagnosis

Year No. Rate

1980 573 9.95
1981 610 10.52
1982 680 11.81
1983 732 12.25
1984 793 12.74
1985 764 11.52
1986 849 12.57
1987 902 13.45
1988 908 13.76
1989 861 13.19
1990 896 13.62 

DKA, diabetic ketoacidosis; LEA, lower extremity amputation; IHD, ischemic heart disease; CVD, cardiovascular disease. Number shown in thousands, rate shown as
age-adjusted number per 100 estimated persons with diabetes.  DKA data are for DKA as any listed diagnosis; LEA data are for all hospitalizations listing LEA and diabetes
together; data for stroke, IHD, and major CVD include only discharges in which these conditions were the primary diagnoses and diabetes was a secondary diagnosis.

Source: Reference 3; 1980-90 National Hospital Discharge Surveys
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Appendix 27.1
Time Trends in the Number of Hospital Discharges Listing Diabetes, DKA, and Diabetes with Nontraumatic LEA,
Stroke, IHD, or Major CVD, and Age-Adjusted Number per 100 Diabetic Population, U.S., 1980-90
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Appendix 27.2
Percent of Adults Who Report Being Hospitalized at Least Once in the Past Year, U.S., 1989

IDDM
NIDDM, using

insulin
NIDDM, not
using insulin

All 
diabetic adults Nondiabetic Total  

All ages 19.2 29.9 20.2 23.8 7.8 8.2
18-34 18.5 29.7 11.1 19.8 4.8 4.9
35-44 14.7 30.8 19.3 23.2 6.2 6.4
45-54 27.4 15.7 20.4 8.2 8.6
55-64 25.1 20.2 22.8 10.0 10.7
65-74 32.7 20.1 24.6 14.6 15.4

≥75 36.5 26.4 29.6 16.1 16.9

18-44 17.2 30.4 17.1 21.8 5.3 5.4
45-64 25.9 18.4 21.8 9.1 9.6
65-74 32.7 20.1 24.6 14.6 15.4

≥75 36.5 26.4 29.6 16.1 16.9

All men 18.6 25.9 20.6 22.3 7.2 7.5
18-44 18.4 20.8 4.3 4.4
45-64 25.6 18.3 21.2 9.4 9.9
65-74 23.3 23.3 23.1 15.7 16.2

≥75 25.1 26.4 17.1 17.6

All women 19.8 32.7 19.9 24.9 8.3 8.8
18-44 15.9 30.6 18.1 22.5 6.3 6.4
45-64 26.1 18.5 22.4 8.8 9.3
65-74 39.0 17.8 25.7 13.8 14.8

≥75 40.1 26.9 31.1 15.5 16.5

All non-Hispanic whites 17.9 28.8 20.7 23.3 8.1 8.4
18-44 15.5 27.1 17.2 19.5 5.2 5.3
45-64 24.3 19.0 21.6 9.5 9.9
65-74 33.3 20.8 24.9 15.1 15.8

≥75 32.6 25.5 27.6 16.1 16.8

All non-Hispanic white men 15.8 21.6 22.4 21.5 7.6 7.9
18-44 15.0 19.8 4.2 4.3
45-64 21.7 19.4 20.3 10.2 10.6
65-74 21.1 24.6 23.1 15.8 16.3

≥75 12.0 27.8 23.2 17.9 18.1

All non-Hispanic white women 20.4 34.1 19.4 24.7 8.4 8.9
18-44 24.2 16.0 19.2 6.1 6.2
45-64 26.6 18.6 22.8 8.8 9.3
65-74 42.7 17.9 26.2 14.5 15.4

≥75 40.9 24.4 29.6 15.1 16.0

All non-Hispanic blacks 29.6 19.3 24.6 7.2 8.0
18-44 27.3 6.2 6.4
45-64 26.9 14.1 21.1 7.1 8.5
65-74 29.2 22.5 25.7 10.5 13.1

≥75 32.9 18.5 20.2

All non-Hispanic black men 32.0 15.0 23.9 5.4 6.2
18-44 17.6 4.6 4.8
45-64 31.7 23.5 3.5 5.2
65-74 27.4 15.9 17.3

≥75 28.7 12.6 14.6

All non-Hispanic black women 27.9 21.9 25.1 8.7 9.5
18-44 7.5 7.7
45-64 24.1 13.3 19.4 10.1 11.1
65-74 21.7 25.0 6.0 9.8

≥75 21.7 23.3

All Mexican Americans 19.1 27.3 5.6 6.2
All Mexican-American men 27.6 5.5 6.0
All Mexican-American women 27.1 5.7 6.4 

Table excludes hospitalizations for deliveries; blanks indicate data that are statistically unreliable; diabetes is based on a self-report of physician diagnosis of diabetes; IDDM
determined from age at diagnosis <30 years, body mass index ≤27 for men and ≤25 for women, and continuous insulin use since diagnosis of diabetes; all other diabetic
subjects were considered to have NIDDM.

Source: 1989 National Health Interview Survey core questionnaire, diabetes supplement, and diabetes risk factor supplement
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Appendix 27.4
Percent of Adults with Diabetes Who Report Being
Hospitalized at Least Once in the Past Year, by 
Number of Reported Complications, U.S., 1989

No. of Complications

Type of diabetes 0 1 2 ≥3 

IDDM 7.6 18.4 22.5 33.1

NIDDM, insulin-treated 17.5 23.5 27.7 37.3

NIDDM, not insulin-treated 10.2 14.6 17.3 30.5

All adults with diabetes 12.0 17.9 21.1 33.7

Table excludes hospitalizations for deliveries; diabetes is based on a self-report
of physician diagnosis of diabetes; IDDM determined from age at diagnosis <30
years, body mass index ≤27 for men and ≤25 for women, and continuous
insulin use since diagnosis of diabetes; all other diabetic subjects were consid-
ered to have NIDDM; complications include self-reported amputation, symp-
toms of sensory neuropathy (pain, tingling, numbness), retinopathy, foot sores
that do not heal, proteinuria, kidney disease, hypertension, angina, stroke,
glaucoma, and cataract.

Source:
 

1989 National Health Interview Survey core questionnaire and diabetes
supplement

Appendix 27.5
Percent of Adults with Diabetes Who Report Being
Hospitalized at Least Once in the Past Year, by 
Duration of Diabetes, U.S., 1989

Duration of diabetes (years)

Type of diabetes <5 5-15 >15

NIDDM, insulin-treated 27.0 30.0 31.4

NIDDM, not insulin-treated 19.9 17.4 26.6

All adults with NIDDM 21.4 22.7 29.5

Table excludes hospitalizations for deliveries; diabetes is based on a self-report
of physician diagnosis of diabetes; IDDM determined from age at diagnosis <30
years, body mass index ≤27 for men and ≤25 for women, and continuous
insulin use since diagnosis of diabetes; all other diabetic subjects were consid-
ered to have NIDDM; duration of diabetes was calculated as years since
diagnosis of diabetes.

Source: 1989 National Health Interview Survey core questionnaire and diabetes
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Appendix 27.3
Percent of Adults with Diabetes Who Report Being
Hospitalized in the Past Year, by Sex, Race, and
Age, U.S., 1989

Source: 1989 National Health Interview Survey
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Appendix 27.6
Percent of Adults with NIDDM Who Report Being
Hospitalized in the Past Year, by Duration of 
Diabetes and Insulin Treatment, U.S., 1989

Source: 1989 National Health Interview Survey
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Appendix 27.8
Percent Distribution of Adults with Diabetes, 
by Number of Complications and Number of 
Hospitalizations in the Past Year, U.S., 1989

No. of diabetes No. of hospitalizations
complications 0 1 ≥2

0 88.0 9.9 2.1
1 82.1 13.8 4.1
2 78.9 14.0 7.1

≥3 66.3 19.6 14.1 

Table excludes hospitalizations for deliveries; diabetes is based on a self- report
of physician diagnosis of diabetes; complications include self-reported ampu-
tation, symptoms of sensory neuropathy (pain, tingling, numbness), reti-
nopathy, foot sores that do not heal, proteinuria, kidney disease, hypertension,
angina, stroke, glaucoma, and cataract.

Source: 1989 National Health Interview Survey core questionnaire and diabetes
supplement

Appendix 27.7
Percent Distribution of Adults with Diabetes, by
Type of Diabetes and Number of Hospitalizations
in the Past Year, U.S., 1989

No. of hospitalizations

Type of diabetes 0 1 2 ≥3 

IDDM 80.8 10.8 5.6 2.8
NIDDM, insulin-treated 70.1 20.4 5.6 3.8
NIDDM, not insulin-treated 79.8 12.6 5.3 2.3
All NIDDM 76.0 15.7 5.4 2.9
All adults with diabetes 76.2 15.5 5.4 2.9

Table excludes hospitalizations for deliveries; diabetes is based on a self-report
of physician diagnosis of diabetes; IDDM determined from age at diagnosis <30
years, body mass index ≤27 for men and ≤25 for women, and continuous
insulin use since diagnosis of diabetes; all other diabetic subjects were consid-
ered to have NIDDM.

Source: 1989 National Health Interview Survey core questionnaire and diabetes
supplement
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Appendix 27.9
Percent of Adults with Diabetes Who Report Being
Hospitalized in the Past Year, by Hospitalization 
Frequency and Complications, U.S., 1989

Source: 1989 National Health Interview Survey

Appendix 27.10
Percent Distribution of Adults with Diabetes, by 
Duration of Diabetes and Number of 
Hospitalizations in the Past Year, U.S., 1989

No. of hospitalizations

Type of diabetes 0 1 ≥2

IDDM

All durations 80.8 10.8 8.4

NIDDM, insulin-treated

Duration <5 years 73.1 18.2 8.7

Duration 5-15 years 70.0 20.7 9.3

Duration >15 years 68.7 20.7 10.7

All durations 70.1 20.4 9.4

NIDDM, not insulin-treated

Duration <5 years 80.2 12.1 7.8

Duration 5-15 years 82.6 12.2 5.2

Duration >15 years 73.4 15.8 10.8

All durations 79.8 12.6 7.6 

Table excludes hospitalizations for deliveries; diabetes is based on a self-report
of physician diagnosis of diabetes; IDDM determined from age at diagnosis <30
years, body mass index ≤27 for men and ≤25 for women, and continuous
insulin use since diagnosis of diabetes; all other diabetic subjects were consid-
ered to have NIDDM.

Source: 1989 National Health Interview Survey core questionnaire and diabetes
supplement
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Appendix 27.12
Mean Length of Stay per Hospitalization for Adults
with Diabetes Who Report at Least One 
Hospitalization in the Past Year, U.S., 1989

Age Diabetes No diabetes
(years) (mean days) (mean days)

≥20 8.33 6.49
20-44 7.13 5.15
45-64 9.09 6.05
65-74 7.94 8.45

≥75 8.48 8.69 

Table excludes hospitalizations for deliveries; diabetes is based on a self-report
of physician diagnosis of diabetes.

Source: 1989 National Health Interview Survey core questionnaire and diabetes
supplement

Appendix 27.11
Number of Hospitalizations and Average Length of
Hospital Stay, by Age, U.S., 1990

Diabetes as primary
diagnosis

Diabetes as any listed
diagnosis

Age (years) No. LOS No. LOS

<20 35 4.3 46 5.0
20-44 98 5.9 298 6.6
45-64 134 8.1 848 8.4
65-74 93 8.4 825 8.8

≥75 60 11.6 825 9.6

Number shown in thousands; LOS, average length of stay in days.

Source: Reference 3; 1990 National Hospital Discharge Survey
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Chapter 28

Diabetes and Long-Term Care

Jennifer A. Mayfield, MD, MPH; Partha Deb, PhD; and D.E.B. Potter, MS

SUMMARY

Long-term care, which includes nursing fa-
cilities and home health care, provides care
to an increasing population of disabled, eld-
erly persons with diabetes. Nursing facili-

ties provide the majority of formal long-term care.
Data from the Institutional Component of the 1987
National Medical Expenditure Survey (NMES-2)
provide a profile of the demographics, health status,
health care use, and nursing facility expenditures of
residents with and without diabetes. 

In 1987, 389,000 residents of nursing facilities age
≥55 years had diagnosed diabetes. About 18.3% of all
nursing home residents age ≥55 years had been diag-
nosed with diabetes, compared with 12.6% of the
general population. Persons with diabetes age ≥55
years were twice as likely as nondiabetic persons to
reside in a nursing facility. The percent of nursing
facility residents who have diagnosed diabetes has
doubled over the past two decades in all age groups
>55 years. 

Diabetic residents are more likely to be younger and
nonwhite, compared with nondiabetic residents, but
are similar in gender, marital status, and geographic
location of the nursing facility. More than 80% have
cardiovascular disease, 56% have hypertension, 39%
have senile dementia, and 69% have two or more
chronic conditions in addition to their diabetes.
About 24% have impaired hearing, 33% have im-
paired vision, and 6% are blind. Almost all are lim-
ited in their ability to perform the activities of daily
living. 

Diabetic and nondiabetic residents were in nursing
facilities in 1987 for a similar length of time (median
of 243 versus 252 days) and had similar total expen-
ditures for care ($13,045 versus $13,203). However,

Medicaid contributed an average of $1,226 more per
diabetic resident in 1987 than per nondiabetic resi-
dent. This was due, in part, to the higher rate of
eligibility for Medicaid coverage of diabetic com-
pared with nondiabetic residents (62% versus 52%).

Diabetic residents have higher rates of acute and
chronic complications of diabetes, resulting in
higher rates of expensive hospitalizations and death
compared with nondiabetic residents. These compli-
cations can be delayed, if not prevented, by appropri-
ate preventive care. The care of diabetic residents is
complicated by age-associated changes and the num-
ber of chronic conditions and disabilities in these
persons. Providing quality care for diabetic residents
in nursing facilities is hampered by staff shortages,
frequent staff turnover, poor pay, and lack of educa-
tion and educational materials on diabetes in the
nursing home environment. The increased emphasis
on quality care mandated by the 1987 congressional
Omnibus Budget Reconciliation Act (OBRA) pro-
vides new opportunities for improving the quality of
care for residents with diabetes. 

Home health care agencies serve as an increasingly
important source of formal long-term care for pa-
tients with diabetes. However, little information is
currently available about the demographics, use, ex-
penditures, and quality of home health care. 

The number of Americans who will need long-term
care is increasing due to an increase in life expec-
tancy and the large number of Americans moving
into the older age groups. When this demographic
shift is coupled with the increasing prevalence rates
of diabetes in older persons, diabetes care will be
required for an even greater number of residents.

• • • • • • •
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Long-term care is a "set of health, personal care, and
social services delivered over a sustained period of
time to persons who have lost or never acquired some
degree of functional capacity"1. Long-term care can be
provided in the home by family members or by a
professional home health organization. Nursing facili-
ties, also known as nursing homes, provide more in-
tensive care for those whose needs cannot be met in
the home environment. 

Nursing facilities are the major providers of custodial
care to the disabled and aged. Nursing home use
increases with advancing age, female gender, chronic
disease, and disability2. Thus, it should be no surprise
that persons with non-insulin-dependent diabetes
mellitus (NIDDM), a disease associated with advanc-
ing age, female gender, and disability, are overrepre-
sented in the nursing home population, compared
with the general population. 

In this chapter we provide an overview of the demo-
graphics, health status, nursing home care use, and
expenditures for nursing facility care for nursing facil-
ity residents with diabetes. We review the clinical
implications of these findings and describe recent ef-
forts to improve the quality of care received by dia-
betic residents of nursing facilities.

Most of the data presented in this chapter are from the

1987 NMES-2. This national survey was composed of
a special survey of nursing homes (Institutional Popu-
lation Component) and a survey of the U.S. civilian
noninstitutionalized population (Household Survey).
This is the most recent survey of nursing homes avail-
able and contains extensive information on year-long
expenditures for nursing facility care. The methods
used to collect data on the nursing home population
were similar to those used for the general population,
allowing comparisons between the populations. Ap-
pendix 28.1 provides a description of the surveys and
data analyses.

In 1987, there were 22,064 licensed nursing facilities
with 1.6 million beds in the United States3. Sixty-nine
percent of the facilities had <100 beds, 20% had 100-
149 beds, and 11% had ≥150 beds. Fifty-eight percent
were in metropolitan counties. Seventy-three percent
were owned by for-profit organizations, 23% were
owned by nonprofit organizations, and 5% were pub-
licly owned facilities. The number of beds was equally
divided among facilities with <100 beds, 100-149
beds, and ≥150 beds.

Nurses aides provide most of the direct personal care
under the supervision of a licensed practical nurse
(LPN) or registered nurse (RN). Nursing homes em-
ploy six times as many nurses aides as registered
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Table 28.1
Prevalence of Diabetes Among Persons Age ≥55 Years in Nursing Homes and in the General Population, U.S., 1987

Nursing home residents General population

Sex and age (years)
Number

(thousands)
Rate
(%)

Number
(thousands)

Rate
(%) Relative risk Confidence interval

Total persons 389 18.3 6,332 12.6

Both sexes
55-64 24.0 19.2 2,175 9.8† 2.2 1.4-3.4
65-74 76.0 23.8 2,735 15.6† 1.7 1.3-2.2
75-84 162.8 21.2 1,156 13.3† 1.8 1.5-2.1

≥85 125.8 13.8 266 12.9 1.1 0.9-1.3

Males
55-64 8.1 13.7‡ 993 9.6 1.5 0.7-3.1
65-74 28.6 21.1 1,202 15.7* 1.4 1.0-2.2
75-84 53.6 22.7 516 15.7†§ 1.6 1.2-2.2

≥85 26.2 13.4 110 14.7 0.9 0.6-1.4

Females
55-64 16.0 24.2 1,183 10.0† 2.9 1.6-5.0
65-74 47.3 25.8 1,533 15.6† 1.9 1.3-2.6
75-84 109.2 20.6 640 11.8† 1.9 1.5-2.4

≥85 99.6 13.8 157 11.9 1.2 0.9-1.6

*significantly different from diabetic nursing home residents at the .05 level. †significantly different from diabetic nursing home residents at the .01 level. ‡significantly
different from diabetic female nursing home residents at the .05 level. §significantly different from diabetic females in the general population at the .05 level.

Source: 1987 National Medical Expenditure Survey, Household Survey and Institutional Population Component, Agency for Health Care Policy and Research, DHHS
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nurses and four times as many nurses aides as licensed
practical nurses per set-up bed4. Nursing care is con-
ducted according to orders provided by physicians,
who visit the facility periodically. Other than these
visits, mandated at monthly or bimonthly intervals by
most payers, physicians play a minor role in the day-
to-day care of nursing home residents. Other person-
nel include food service directors, nutritionists and
dietitians, social workers, and physical and occupa-
tional therapists. Nursing facilities employ a mean of
83 full-time equivalents for each 100 beds4.

According to the NMES-2, 388,656 diabetic persons
age ≥55 years resided in nursing facilities in 1987, and
this age group constituted 98% of all diabetic resi-
dents in nursing facilities. Table 28.1 and Figure 28.1
show the prevalence of diagnosed diabetes in nursing
home residents and the general population age ≥55
years by age and sex. Diabetes is relatively common;
18.3% of nursing home residents have been diagnosed
with diabetes. Persons age 55-64 years in nursing
homes were 2.2 times more likely to have diabetes as
persons in the general population, but this difference
decreased with age, and rates were similar for those
age ≥85 years. The prevalence of diagnosed diabetes is
higher for female nursing home residents age 55-64
years, compared with male nursing home residents of
the same age, but is similar for those age ≥65 years. 

The true prevalence of diabetes in residents of nursing
facilities may be much higher than shown in Table
28.1. In the Second National Health and Nutrition
Examination Survey (NHANES II) conducted in
1976-80, 9.3% of the population age 65-74 years had
diagnosed diabetes and another 8.4% had undiag-
nosed diabetes based on oral glucose tolerance test-
ing, suggesting that half of individuals in the general
population with diabetes are undiagnosed5. A longitu-
dinal screening effort in a Jewish home for the aged
found the prevalence of diabetes to be >30%6, but no
other published data are available on the prevalence of
undiagnosed diabetes in nursing facilities. Unfortu-
nately, glucose screening is rarely included in recom-
mendations for routine health screening in nursing
facilities7-10. 

Figure 28.2 summarizes time trends in the percent of
nursing home residents who have diabetes. Data from
the 1987 NMES-2 are compared with data from the
1973-74 and 1977 National Nursing Home Surveys
(NNHS) and the 1964 and 1969 Residents Places Sur-
veys11. The percent of persons in each age group who
have diabetes has doubled during these 23 years. This
increase parallels the reported 2.5-fold increase in the
prevalence of diagnosed diabetes in persons age >45
years during the past 30 years12. Alternative explana-
tions for this increase may be that the residents are
receiving more thorough screening for diabetes than
in the past or that nursing facilities now have sicker
residents than in the past13.
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Figure 28.2
Trends in the Prevalence of Diabetes Among 
Nursing Home Residents, U.S., 1964-85

Figure 28.1
Prevalence of Known Diabetes Among Persons in
Nursing Homes and in the General Population, Age
≥55 Years, U.S., 1987

DEMOGRAPHICS OF NURSING HOME 
RESIDENTS

Source: 1987 National Medical Expenditure Survey, Household Survey and
Institutional Population Component, Agency for Health Care Policy
and Research, DHHS

Source: Division of Health Care Statistics, 1973-74 and 1987 National Nursing
Home Survey and 1964 and 1969 Resident Places Survey, National
Center for Health Statistics; 1987 National Medical Expenditure Survey
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Table 28.2 provides a demographic profile of diabetic
and nondiabetic nursing home residents compared
with diabetic and nondiabetic persons in the general
population. Diabetic nursing home residents are more
likely to be age 65-85 years, nonwhite, and have lower
income, compared with nondiabetic residents (in-
come being defined as income of the individual if
unmarried or spousal pair income if married). Other-

wise, the two groups are similar in gender, marital
status, and geographic location of the nursing facility.
Diabetic nursing home residents are more likely to be
women, white, unmarried, and have lower income,
compared with diabetic persons in the general popu-
lation. Many of these differences are due to the con-
siderably older age of persons with diabetes in nursing
homes compared with the general population. Differ-

Table 28.2 
Selected Demographic Characteristics of Nursing Home Residents and the General Population, Age ≥55 Years,
U.S., 1987

Nursing home residents General population

Demographic characteristic Diabetic (%) Nondiabetic (%) Diabetic (%) Nondiabetic (%)

Gender
Men 30.0 29.3 44.5† 43.6
Women 70.0 70.7 55.5† 56.4

Age (years)
55-64 6.2 5.8 34.4† 45.2
65-74 19.6 14.0† 43.2† 33.6
75-84 41.9 34.8† 18.3† 17.1
≥85 32.4 45.4† 4.2† 4.1

Race
White 87.2 92.6† 81.0† 88.4
Black 10.7 5.9† 15.3† 8.1
All other 2.1 1.6 3.7* 3.5

Hispanic origin
Yes 3.9 2.2 4.2† 3.9
No 96.1 97.8 95.8 96.1

Marital status, males
Married 34.6 34.3 78.2† 79.7
Widowed 33.9 35.6 10.2† 8.3
Divorced or separated 8.5 11.3 8.7 7.1
Never married 23.0 11.0 2.9† 5.0

Marital status, females
Married 13.5 11.4 48.0† 52.8
Widowed 72.4 71.9 42.0† 32.8
Divorced or separated 3.9 5.7* 6.4* 9.9
Never married 10.3 11.0 3.7† 4.4

Highest year of school completed
No formal education 3.3 1.7* 0.4
1-6 12.5 9.5* 12.2 8.3
7-8 18.7 19.1 18.2 14.9
9-11 7.7 8.2 19.9† 16.6
12 16.2 21.2† 30.7† 33.7
≥13 9.6 12.8† 18.2† 25.6
Unknown 32.1 27.7† 0.5

Location of nursing facility
Within an SMSA 66.6 65.7 70.5 74.2
Not within an SMSA 33.4 34.3 29.5 25.9

Income
<$4,999 45.6 41.0* 14.1* 10.1
$5,000-9,999 33.6 34.8 21.8† 19.0
$10,000-19,999 15.0 16.4 29.6† 26.6
$20,000-39,999 5.0 5.5 21.1† 25.1
≥$40,000 0.8 2.3 13.5† 19.1

Total persons (thousands) 389 1,738 6,332 44,070

*significantly different from diabetic nursing home residents at the .05 level. †significantly different from diabetic nursing home residents at the .01 level. SMSA, standard
metropolitan statistical area; 1% of the general population was admitted to a nursing home at some time in 1987; income data are shown for the individual if there was no
spouse or for the spousal pair; in cells with no entry, the estimate is unreliable or data were not obtained.

Source: 1987 National Medical Expenditure Survey, Household Survey and Institutional Population Component, Agency for Health Care Policy and Research, DHHS
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ences in educational status among the groups are
difficult to interpret because of the high rate of un-
known educational status in the nursing facility resi-
dent population.

Nonwhite races appear to be equally underrepre-
sented in both the diabetic and nondiabetic nursing
home population, especially when the higher preva-
lence of diabetes in these populations is taken into
consideration. Lower use rates of nursing homes by
blacks and Hispanics has been noted14,15. The lower
admission rates may be due to cultural differences
such as large families providing more personal care,
racial discrimination, inadequate number of facilities
in minority communities, or financial barriers16. Fur-
ther investigation of these differences is needed. 

Residents in nursing homes have lower income, com-
pared with the general population of the same age.
However, income data for nursing facility residents,
which were obtained from the next of kin and nursing
facility records, may not be as complete or accurate as
the data obtained directly from the family respondent
in the Household Survey, so the differences between
these two populations may be spurious.

Table 28.3 shows the living arrangements of nursing

home residents prior to admission, by diabetes status.
Diabetic nursing home residents are more likely to
have come from a hospital and less likely to have come
from a private residence, compared with nondiabetic
nursing home residents. About 39.4% of diabetic resi-
dents had lived in a home or retirement home prior to
admission, and 11.8% had been in another nursing
home prior to the current nursing home stay. Forty-
five percent of diabetic nursing home residents had
been in a hospital prior to admission to the current
nursing home. Table 28.4 shows the living arrange-
ments of these individuals prior to that hospitaliza-
tion. There were no differences between diabetic and
nondiabetic residents in their living arrangements
prior to the acute hospitalization that preceded nurs-
ing home placement.

Table 28.5 shows the frequency of all diagnoses noted
in the medical record for nursing home residents, by
diabetes status (see also Appendices 28.1 and 28.2).
Diabetes was listed on the records of 73% of diabetic
residents. The remaining 27% of diabetic residents
had diabetes ascertained from other sources, such as
hospitalization records. The most common diagnoses
for patients with diabetes were diseases of the circula-
tory system (70.7%), mental disorders (30.1%), and
diseases of the nervous system (25.1%). 

Chronic conditions known to be related to diabetes
were more common in diabetic residents, compared
with nondiabetic: hypertension (20.9% versus
13.0%), heart disease (44.6% versus 38.2%), and kid-

Table 28.3
Living Arrangements Prior to Nursing Home 
Admission, Age ≥55 Years, U.S., 1987

Living arrangement 
before admission

Diabetic 
persons

(%)

Nondiabetic 
persons

(%)

Private or semiprivate residence
House/apartment 37.4 42.4†
Retirement home 2.0 2.8

Group home, boarding house, foster
home, or family care facility 2.8 2.5

Health facility
Hospital 45.1 40.6*
Another nursing home 11.8 10.8
Mentally retarded or correctional 
facility, or on the street 0.7 0.7

Other 0.2 0.2

Total persons (thousands) 389 1,738

*significantly different from diabetic nursing home residents at the .05 level.
†significantly different from diabetic nursing home residents at the .01 level.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS 

Table 28.4
Living Arrangements Prior to Hospitalization for
Residents Admitted to Nursing Facility from a 
Hospital, Age ≥55 Years, U.S., 1987

Living arrangement
before hospitalization

Diabetic 
persons

(%)

Nondiabetic 
persons

(%)

House or apartment 70.8 66.7
Another hospital 18.2 19.5
Another nursing home 4.9 6.4
Retirement home, group
home, or other site 5.0 4.4

Total persons (thousands) 389 1,738

There were no statistically significant differences between diabetic and nondi-
abetic persons.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS 
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ney failure (2.8% versus 1.5%). Rates of amputation
were higher in diabetic patients, but this difference
was not statistically significant. The true rate of com-
plications such as end-stage renal disease and ampu-
tation may be higher because of the method used to
collect and code the diagnosis data. The prevalence
rate of chronic conditions obtained from medical re-
cords (the method used in NMES-2) is lower than the
prevalence rate obtained from surveys using a check-
list17. Other evaluations have reported lower rates of
renal dialysis patients in nursing facilities compared
with the general population18. 

Conditions that have not been noted as complications
of diabetes were less likely in the diabetic nursing
home resident compared with the nondiabetic resi-
dent: neoplasms, senile dementia, Alzheimer’s dis-
ease, Parkinson’s disease, respiratory system disease
including chronic obstructive pulmonary disease, di-
gestive disease, arthritis, osteoporosis, injuries, and
fractures, particularly of the hip. These differences are
probably due to age differences between the diabetic
and nondiabetic nursing home populations. 

Table 28.5
Frequency of Diagnoses Listed on the Patient 
Record of Nursing Home Residents, Age ≥55 Years,
U.S., 1987

Diagnosis

Diabetic
persons

(%)

Nondiabetic
persons

(%)

Infectious and parasitic diseases 1.5 2.1
Neoplasms—all 6.5 9.7†

Malignant neoplasms 5.8 8.7†
Endocrine, nutritional, metabolic
and immunity disorders 76.2 8.6†

Diabetes mellitus 73.2
Disease of the blood and blood-
forming organs 4.4 5.3

Mental disorders 30.1 35.6†
Senile dementia and other 
organic psychotic conditions 4.5 7.2†

Other psychosis 9.0 10.4
Organic brain damage 11.8 13.5

Diseases of the nervous system 25.1 27.9
Alzheimer’s disease 4.2 6.3†
Parkinson’s disease 3.0 5.0†

Diseases of the circulatory system 70.7 59.2*
Essential hypertension 20.9 13.0†
Heart disease 44.6 38.2†
Coronary atherosclerosis 15.8 12.6*
Other ischemic heart disease 9.3 6.4†
Congestive heart failure 13.2 12.8 
Other heart disease 18.5 17.4 

Cerebral vascular disease 15.5 13.0 
Atherosclerosis 3.7 4.6 

Disease of the respiratory system 9.6 14.4†
Chronic obstructive pulmonary 
disease 6.4 9.9†

Diseases of the digestive system 8.7 12.9†
Diseases of the genito-urinary system 11.0 9.6

Kidney failure 2.8 1.5*
Diseases of the skin 3.8 3.6
Disease of the musculo-skeletal 
system 22.7 24.7

Rheumatoid arthritis and 
osteoarthritis 8.7 11.5*

Rheumatism 5.8 5.6
Osteoporosis 2.9 4.9†
Symptoms, signs, and ill-defined 
conditions 12.7 16.6†

Senility without psychosis 1.6 3.0*
Injury or poisoning 10.3 14.7†

Fracture of the neck of femur 3.3 7.5†
Other fractures 3.6 5.1*
Amputation of lower limb 1.9 0.5

Supplementary classifications 11.1 12.3

Total persons (thousands) 389 1,738

*significantly different from diabetic nursing home residents at the .05 level.
†significantly different from diabetic nursing home residents at the .01 level.
The diagnoses were based on all diagnoses listed on the medical record on
January 1, 1987, for persons residing in a nursing facility on that date, and on
admission diagnoses for persons admitted during 1987.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS

Table 28.6
Prevalence of Selected Chronic Conditions in 
Nursing Home Residents, Age ≥55 Years, U.S., 1987

Diabetic 
persons

(%)

Nondiabetic
persons

(%)

Individual conditions
Cardiovascular conditions 80.4 71.7†

Arteriosclerosis 51.9 44.6†
Heart disease 58.2 49.7†
Heart attack 22.1 12.7†
Stroke 40.8 30.9†

Hypertension 55.9 35.0†
Cancer 14.2 18.0†
Arthritis 44.7 45.9
Rheumatism 1.5 1.5
Emphysema 7.4 10.1†
Senile dementia 38.5 43.6†
Mental retardation 3.0 2.2
Psychosis 14.8 16.2
Depression 15.8 14.5

Number of chronic conditions 
(excluding diabetes)

None 7.4 11.3†
One only 23.6 27.4*
Two 35.0 35.2
Three 27.1 20.0†
Four or more 7.0 6.1

Total persons (thousands) 389 1,738

*significantly different from diabetic nursing home residents at the .05 level.
†significantly different from diabetic nursing home residents at the .01 level.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS
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Table 28.6 and Figure 28.3 show the prevalence of
selected chronic conditions in nursing home residents
by diabetes status. Cardiovascular conditions were
common in both populations. Nursing home residents
with diabetes were more likely to suffer from all cate-
gories of cardiovascular conditions and from hyper-
tension, compared with nondiabetic residents, but
less likely to have cancer, emphysema, or senile de-
mentia. Both nursing home groups had similar rates
of arthritis, rheumatism, and mental conditions.
Compared with the diabetic general population, dia-
betic nursing home residents were more likely to have

arteriosclerosis, heart disease, and stroke; similar
rates of heart attack, cancer and emphysema; and
lower rates of hypertension and arthritis (data not
shown).

Table 28.6 and Figure 28.4 shows the percent of nurs-
ing facility residents by number of chronic conditions
(excluding diabetes). Nursing facility residents with
diabetes tended to have more chronic conditions than
nondiabetic residents. Thirty-four percent had ≥3
chronic conditions in addition to diabetes. When dia-
betes is added as a chronic condition, 70% of persons
with diabetes had ≥3 chronic conditions. Only 26% of
nondiabetic residents had ≥3 chronic conditions. 

Table 28.7 compares the vision and hearing status of
nursing home residents by diabetes status. Diabetic
residents were more likely to be blind compared with
nondiabetic residents (5.9% versus 3.5%). Otherwise,
the visual disabilities and hearing problems in both
groups were similar. In 1987, approximately one-third
of residents of nursing facilities had impaired vision
and one-quarter had impaired hearing ability. 
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Prevalence of Selected Chronic Conditions in 
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Number of Chronic Conditions in Addition to 
Diabetes in Nursing Home Residents with Diabetes,
Age ≥55 Years, U.S., 1987

Table 28.7
Prevalence of Vision and Hearing Problems of 
Nursing Home Residents, Age ≥55 Years, U.S., 1987

Vision and hearing status 
at best correction

Diabetic 
persons

(%)

Nondiabetic
persons

(%)

Vision
Sight not impaired 66.7 68.1
Sight impaired, but can read 
newsprint 6.8 6.8

Cannot read newsprint, but can
watch TV at 8-12 feet 6.1 6.1

Cannot watch TV, but can 
recognize people at 3 feet 3.2 4.1

Blind 5.9 3.5
Unknown 11.4 11.5

Hearing
Hearing not impaired 75.7 73.0
Hearing impaired, but can hear
most of conversation 16.7 17.7

Cannot hear most of 
conversation, but can hear only 
a few words or loud noises 2.5 3.6

Deaf, cannot hear anything 0.7
Unknown 4.8 4.9

Total persons (thousands) 389 1,738

There were no statistically significant differences between diabetic and nondi-
abetic persons. In the cell with no entry, the estimate is unreliable.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS

Source: 1987 National Medical Expenditure Survey, Household Survey and
Institutional Population Component, Agency for Health Care Policy
and Research, DHHS

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS
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Table 28.8 and Figure 28.5 show the limitations in
activities of daily living for nursing home residents.
Diabetic residents of nursing homes, compared with
nondiabetic residents, were more disabled in terms of
their ability to bathe (91.9% versus 88.7%), dress
(82.4% versus 78.5%), perform toileting activities

(72.9% versus 68.6%), transfer from a bed to a chair
(70.0% versus 65.8%), walk (76.1% versus 71.1%),
and control bowel movements (48.4% versus 44.0%).
Diabetic residents required more assistance with all of
these activities. The two groups were similar in diffi-
culty of feeding (35%) and controlling urine (42%).
Although these differences between diabetic and non-
diabetic nursing home residents were statistically sig-
nificant, the clinical impact of these differences is
probably minor due to the high rates of limitations in
both groups. Nursing home residents were consider-
ably more limited in activities of daily living than
persons with diabetes in the general population (Table
28.8).

Table 28.9 shows the median number of days in the
nursing facility and the median number of days since
the resident resided in the community, by diabetes
status and whether the resident was alive at the end of
1987. Almost half of residents were institutionalized
for the entire year in the nursing facility. These year-
long residents had left the community a median of
~3.5 years prior to 1987. About 18% of residents were
admitted at some time during 1987 and had already
been out of the community a median of 7 months (212
and 213 days). This group was still residing in the
nursing facility at the end of the year, with a median
stay of 7 months (208 and 213 days). 

About one-fourth of residents died during the year.

Table 28.8
Frequency of Limitations in Activities of Daily 
Living in Nursing Home Residents and the General
Population, Age ≥55 Years, U.S., 1987

Limitations
in activities
of daily living

Nursing home
residents

General
population

Diabetic
  (%)

Nondiabetic
(%)

Diabetic
  (%)

Nondiabetic 
(%)

Limited in specific activities of daily living
Bathing 91.9 88.7† 8.7 4.7
Dressing 82.4 78.5† 5.6 2.6
Toileting 72.9 68.6† 4.6 3.0
Transferring
bed/chair 70.0 65.8* 5.8 3.3

Feeding 35.2 34.7 1.2 0.5
Walking 76.1 71.1† 8.9 4.0
Walking and 
at least one 
other ADL 75.5 70.3† 6.5 3.2

Requires personal assistance
Bathing 90.9 88.0† 6.3 3.1
Dressing 81.4 77.6* 4.6 2.0
Toileting 68.7 64.7* 1.7 0.8
Transferring 
bed/chair 67.8 63.3* 2.6 1.5

Feeding 33.5 33.0 0.2
Walking 68.9 63.7* 2.6 0.8
Walking and 
at least one 
other ADL 68.7 63.2* 2.1 0.8

Unable to perform the activity at all
Toileting 20.8 17.7*
Transferring 
bed/chair 7.1 7.2

Feeding 13.1 10.9
Walking 34.4 30.6*

Difficulty controlling urine
42.3 41.7 3.0 1.7

Difficulty controlling bowel movements
48.4 44.0* 1.8 1.0

Total persons 
(thousands) 389 1,738 6,332 44,040

*significantly different from diabetic nursing home residents at the .05 level.
†significantly different from diabetic nursing home residents at the .01 level.
1% of the general population was admitted to a nursing home during 1987; in
cells with no entry, the estimate is unreliable or data was not obtained. ADL,
activities of daily living.

Source: 1987 National Medical Expenditure Survey, Household Survey and
Institutional Population Component, Agency for Health Care Policy
and Research, DHHS 
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Prevalence of Limitations in Activities of Daily 
Living in Nursing Home Residents with Diabetes,
Age ≥55 Years, U.S., 1987
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Mortality was similar for diabetic and nondiabetic
residents. Those who died in the institution had a
median stay during 1987 of ~3 months (95 and 94
days) and had been out of the community less than a
year (297 and 338 days). Those who left the nursing
facility and died in a hospital or at home had stayed in
the nursing facility a median of ~2 months (61 and 71
days) and had been out of the community prior to
their nursing home stay a median of 4-5 months (168
and 130 days). 

Only 8% of residents were discharged back into the
community. This group had a median stay in the
nursing facility of <2 months (52 and 39 days) and
had been out of the community a median of <2
months (65 and 55 days) prior to the nursing home
stay. This group represents those who used the nurs-
ing home for prolonged convalescence, such as hip
fracture rehabilitation, rather than for long-term cus-
todial care.

Table 28.10 shows the types of health insurance cov-
erage held by nursing home residents at some time
during 1987, by diabetes status. Diabetic residents,
compared with nondiabetic residents, were more
likely to be eligible for Medicaid coverage (65.1%
versus 58.2%) and less likely to have private insur-
ance (50.8% versus 55.5%). With regard to payment
for nursing home care, diabetic residents were more

likely to have Medicaid cover some of the expendi-
tures, while nondiabetic residents were more likely to
pay themselves or have family pay some of the expen-
ditures (Table 28.10). Although more than half of
both groups had private insurance coverage, <4% of
residents had any of their expenditures paid by private
insurance. Virtually all of the expenditures for both

Table 28.9
Median Number of Days in the Facility and Days Since Resident Lived in the Community, Age ≥55 Years, 
U.S., 1987

Total persons
(thousands)

Diabetic persons
(389)

Nondiabetic persons
(1,738)

%

Median no. of days
in facility 

during 1987

Median no. of days
since resident lived

in community* %

Median no. of days
in facility 

during 1987

Median no. of days
since resident lived

in community*

Total 100.0 306 478 100.0 338 503

Alive at end of 1987
In facility all year 47.6 365 1,305 50.0 365 1,242
Admitted during the year, 
remained in institution 18.7 208 212 18.2 213 213

Returned to community 8.3 52 65 6.3 39 55

Died during 1987
Died while in institution 19.1 95 297 19.8 94 338
Left nursing home and died 6.5 61 168 4.5 71 130

*For persons resident on January 1, 1987, days were calculated from the last date in the community until January 1, 1987; for residents admitted during 1987, days were
calculated from the last date in the community until the date of admission.

Source: 1987 National Medical Expenditure Survey, Institutional Population Component, Agency for Health Care Policy and Research, DHHS

EXPENDITURES AND SOURCES OF 
PAYMENT

Table 28.10
Percent of Nursing Home Residents by Insurance 
Coverage and Payment for Nursing Facility Care,
Age ≥55 Years, U.S., 1987

Diabetic
persons

(%)

Nondiabetic
persons

(%)

Insurance status
Medicaid 65.1 58.2†
Medicare 94.5 95.2
Other public coverage 27.3 29.9
Private insurance 50.8 55.5*

Source of payment for nursing 
facility care (any amount)

Medicaid 61.5 52.0†
Medicare 15.5 12.6
Other public coverage 11.3 12.2
Private insurance 3.6 4.1
Self or family 83.5 87.3†

Total persons (thousands) 389 1,738

*significantly different from diabetic nursing home residents at the .05 level.
†significantly different from diabetic nursing home residents at the .01 level.
Columns do not sum to 100% because persons may have more than one type
of insurance coverage and multiple sources of payment.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS
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diabetic and nondiabetic residents were borne by
Medicaid and by self and family. 

Table 28.11 shows the distribution of total expendi-
tures for nursing facility care by total payment, Medi-
caid, and self or family. There were no differences in
the distribution of total expenditures between dia-
betic and nondiabetic residents, but the source of
payment was more likely to be Medicaid and less
likely to be self or family for diabetic residents. 

Figure 28.6 depicts the mean expenditures paid by
Medicaid, self or family, and other sources in 1987.
Total expenditures were similar for diabetic ($13,045)
and nondiabetic ($13,203) nursing home residents.
Mean expenditure per day was $57 for both groups.
Medicaid paid a mean of $1,226 more per year for
each diabetic resident in a nursing facility, compared
with nondiabetic residents. Self/family contributed
~$1,255 less for nursing home expenditures of dia-
betic residents. Contributions from other insurance
sources were minimal; the mean annual expenditure
per diabetic and nondiabetic resident from Medicare
was $277 and $225, respectively, and from private
health insurance was $101 and $178.

Medicaid’s $1,226 higher contribution for nursing
home expenditures of diabetic residents is probably
related to the higher rate of Medicaid eligibility in the
diabetic resident population. This observation has not
been previously described, and the reason for the
higher rate of eligibility is undetermined. Generally,
persons qualify for Medicaid coverage when other
financial resources, including private insurance, have
been consumed. Although diabetic residents were

more likely to be admitted from an acute-care hospital
or other facility, where they might be more likely to
receive assistance in applying for Medicaid coverage,
this advantage would probably be quickly corrected
by case workers in nursing facilities. Both diabetic and

Table 28.11
Distribution of Annual Expenditures for Nursing 
Facility Care Per Resident by Source of Payment,
Age ≥55 Years, U.S., 1987

Distribution of payment

Diabetic
persons

(%)

Nondiabetic
persons

(%)

Total payment
$1-5,000 25.2 23.2
$5,001-10,000 14.2 15.2
$10,001-20,000 42.0 41.3
>$20,000 18.7 20.3

Medicaid
None 38.5 48.0†
$1-5,000 15.7 13.2
$5,001-10,000 13.5 13.0
$10,001-20,000 25.4 20.8†
>$20,000 6.9 5.1

Self or family
None 16.5 13.0†
$1-5,000 51.4 46.0†
$5,001-10,000 15.2 17.8*
$10,001-20,000 11.4 15.4†
>$20,000 5.5 8.2†

Total persons (thousands) 389 1,738

*significantly different from diabetic nursing home residents at the .05 level.
†significantly different from diabetic nursing home residents at the .01 level.

Source: 1987 National Medical Expenditure Survey, Institutional Population
Component, Agency for Health Care Policy and Research, DHHS

Figure 28.6
Mean Annual Expenditures for Nursing Home Care by Source of Payment, U.S., 1987

Other includes Medicare, Veterans Administration, life care, state, and other sources of coverage

Source: 1987 National Medical Expenditure Survey, Institutional Population Component, Agency for Health Care Policy and Research, DHHS

Self/Family
$5,268

Other 
$774

Medicaid 
$7,003

Diabetic Residents
Total = $13,045

Self/Family
$6,523

Other 
$903

Medicaid 
$5,777

Nondiabetic Residents
Total = $13,203

580



nondiabetic nursing home populations appeared
equally poor and had been out of the community
similar amounts of time (Table 28.9). There were no
differences in the facility type, size, or ownership
between the two nursing home populations. Further,
the nondiabetic population was older and thus more
likely to have exhausted any personal savings.

Other possible explanations for the higher rate of
Medicaid coverage for diabetic nursing facility expen-
ditures may exist in differences in age, race, sex, du-
ration of disease, and degree of disability between the
two groups of nursing home residents. It is also pos-
sible that the complications of diabetes deplete earn-
ing capacity earlier and increase out-of-pocket medi-
cal care payments compared with persons with other
conditions. The income of the general population (Ta-
ble 28.2) was significantly lower for the diabetic
population, compared with the nondiabetic popula-
tion. Further exploration of this observation is war-
ranted because of the important policy and public
financing implications.

Home health care agencies provide formal long-term
care for an increasing number of persons with diabe-
tes. For many persons with financial coverage, home
health care provides an attractive alternative (or sub-
stitute) for the nursing facility. Recent changes to
Medicare and Medicaid reimbursement policies have
made home health care the fastest growing segment of
the health care system. In 1991, expenditures for
home health care increased 20% over those of 199019.
Unfortunately, the number of home health care recipi-
ents with diabetes in the 1987 NMES-2 was too small
to provide reliable estimates. The 1992 National
Home Health and Hospice Care Survey, conducted by
the National Center for Health Statistics (NCHS), was
designed to provide reliable demographic, health
status, and use estimates of recipients of home health
care20. This survey sampled 14,000 patients receiving
home health and hospice care during 1992. An esti-
mated 1,237,100 patients were enrolled in home
health care programs on any given day during the
survey. Three-quarters of the recipients were age ≥65
years, and 8% of all persons receiving home health
care had a first-listed diagnosis of diabetes21. The Na-
tional Home Health and Hospice Care Survey, which
is not yet available for public analysis, should provide
a wealth of information on the demographics, health
status, health care use, expenditures, and financing of
this important source of long-term care.

Almost all persons with diabetes in nursing homes are
age ≥55 years. The normal physiology of elderly per-
sons has important implications for both the diagno-
sis of diabetes and the recognition of diabetic compli-
cations. 

The altered physiology normally seen in the elderly
person has caused some to question the validity of
diabetes diagnosis in the elderly22. Although fasting
glucose levels increase slightly with age at a rate of 1-2
mg/dl per decade after the age of 30-40 years, 1- to
2-hour postprandial plasma glucose increases at 8-20
mg/dl per decade after the age of 30-40 years23,24. This
increased hyperglycemia associated with advancing
age is associated with age-related changes in insulin
secretion and action, altered glucose metabolism, diet
changes, and decreased physical activity. The glucose
intolerance ranges from mild hyperglycemia to classic
NIDDM. More than 90% of elderly persons with dia-
betes have NIDDM; <10% of the elderly have insulin-
dependent diabetes mellitus (IDDM)12.

Many believe that diabetes in the elderly person is a
benign condition6. They assume that the elderly dia-
betic person will die from something else before de-
veloping the chronic complications of diabetes, which
usually take 10-15 years to develop. These beliefs
foster an indifferent attitude toward diagnosing and
treating diabetes in the elderly person. One study of
hospitalized persons age ≥75 years found that elevated
blood glucose occurred in 33% of patients, but the
results were ignored by the physician in half the pa-
tients25. Another study of nursing facilities found that
half of all significantly abnormal laboratory findings
were ignored9. 

Epidemiologic data, however, do not support the be-
lief that hyperglycemia and diabetes is a benign con-
dition in the elderly. Elderly persons with hyperglyce-
mia experience increased rates of acute and chronic
complications and mortality, compared with those
who do not have diabetes or hyperglycemia26-28. In
particular, cardiovascular disease, stroke, renal dis-
ease, and amputation occur more frequently in the
diabetic elderly, compared with those without diabe-
tes. Diabetic nursing home residents are twice as
likely as nondiabetic residents to be admitted to an
acute-care hospital for ketoacidosis29,30, hyperosmolar
hyperglycemia, and amputation31. Nursing home resi-
dents with diabetes also use more hospital days for
these acute and chronic complications of diabetes31. 
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Elderly persons with diabetes are also more severely
affected by the acute and chronic complications of
diabetes, compared with younger diabetic persons.
The severe metabolic derangements of hyperglycemic
hyperosmolar nonketotic coma and lactic acidosis are
not only more common in the elderly but are associ-
ated with a higher mortality rate32,33. Elderly diabetic
persons who undergo amputation suffer higher rates
of perioperative mortality and lower rates of success-
ful rehabilitation compared with younger diabetic
persons34,35. 

Hyperglycemia also impairs the quality of life of the
elderly person. If uncontrolled, hyperglycemia causes
an osmotic diuresis, resulting in polyuria, aggravating
incontinence, disturbing sleep, and contributing to
dehydration. It contributes to poor vision, leading to
falls, memory failure, cognitive impairment, and in-
creased pain perception. Hyperglycemia is associated
with an increased risk of myocardial infarction, worse
outcome with cerebrovascular accident, poor wound
healing, and susceptibility to severe infection.

The altered physiology normally seen in the elderly
person also makes detection of diabetes and diabetic
complications more difficult36. Symptoms of frequent
urination, poor vision, and increased infections,
which normally increase with age, may mask the early
symptoms of hyperglycemia and thus delay the diag-
nosis of diabetes or recognition of an impending hy-
perosmolar hyperglycemic condition. The normal de-
crease in thirst awareness and taste sensation predis-
pose the elderly person to dehydration, leading to
hyperosmolar hyperglycemia and decreased food in-
take, which results in malnutrition. Decreased mental
status, commonly seen in elderly persons, can dis-
guise the early diagnosis of hypoglycemia, ketoaci-
dosis, hyperosmolar hyperglycemia coma, and serious
drug interactions.

Diabetic residents of nursing homes are more likely to
have other chronic medical conditions, particularly
hypertension and cardiovascular and renal disease
(Table 28.6), which complicate diabetes manage-
ment24. Elderly persons with diabetes and cardiovas-
cular disease are thought to be more likely to suffer an
acute myocardial infarction if allowed to develop hy-
poglycemia. Renal impairment may affect the metabo-
lism of drugs. Medications frequently used to treat
hypertension, cardiovascular disease, and renal dis-
ease may complicate diabetes management. For exam-

ple, diuretic medications often used to treat hyperten-
sion and renal disease predispose the patient to dehy-
dration and subsequent hyperosmolar hyperketotic
acidosis. These chronic conditions usually require ad-
ditional medications, which greatly increase the risk
for serious drug side effects and drug interactions. 

Almost all diabetic residents of nursing facilities suf-
fer enormous physical and mental disabilities. Be-
cause of these disabilities, they depend on nursing
staff to provide diabetes-related personal care neces-
sary to achieve glycemic control and prevent compli-
cations. This diabetes-specific care differs from other
routine nursing care in five specific areas: medication
administration, monitoring of glycemic control, care
of acute diabetic-related complications, dietary man-
agement, and foot care37,38. 

Appropriate selection and administration of medica-
tion is challenging in the nursing home. Insulin and
oral agents, used in one-fourth and one-half of elderly
diabetic persons, respectively12, are more prone to
cause hypoglycemia in the elderly person. First-gen-
eration oral hypoglycemic agents, such as chlor-
propamide, are more likely to precipitate prolonged
hypoglycemia and severe hyponatremia. In general, a
moderate approach to management with relaxed goals
of glycemic control provide reasonable benefit with
the least risk36,39.

Glucose monitoring, performed by the resident or
nursing staff, is fundamental to appropriate glycemic
control and early recognition of hypoglycemia or hy-
perglycemia. The development of bedside glucose
monitoring has made accurate, rapid assessment of
glycemic status possible, replacing the inaccurate
urine test. However, this simple technologic innova-
tion has been slow to be implemented in nursing
homes, due to misconceptions regarding its effective-
ness and cost40.

Many facilities lack protocols to alert nursing staff to
the significance of blood glucose concentration, con-
ditions requiring blood glucose monitoring, and ap-
propriate actions to take if levels are abnormal37. Pa-
tients should receive increased monitoring during pe-
riods of stress, such as an upper respiratory infection,
to prevent hypo- or hyperglycemia and dehydration.
These serious and costly outcomes are potentially
preventable41. The implementation of protocols in tar-
get facilities is associated with a decrease in the num-
ber of hospital days for acute and chronic complica-
tions31. One study suggested that diabetic hyperosmo-
lar state was an indicator of neglect in nursing home
populations42. 

CLINICAL IMPLICATIONS OF CHRONIC 
CONDITIONS AND DISABILITY 
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Providing quality nutrition in the nursing facility is a
major challenge. Elderly persons often experience a
decrease in appetite and food intake due to the normal
loss of taste sensation, chronic diseases such as renal
and liver disease, and medications. One-third of resi-
dents have difficulty feeding themselves and >10%
cannot feed themselves at all, increasing the risk of
malnutrition and dehydration. Unfortunately, the
quality of food served in nursing facilities is notori-
ously poor and a frequent source of resident com-
plaints43. The dietary department is usually staffed by
a food service supervisor who has completed a 2-3-
week course in food service37,31 and a nutritionist pro-
viding occasional consultation. However, the nutri-
tionist may have little experience with elderly persons
or with diabetes management, because <20% of
American Dietetic Association-accredited programs
include any geriatric curricula44. On average, dieti-
tians spend 18 minutes per patient providing diet
counseling at the time of admission45. Overzealous
attempts to provide a rigidly controlled diet and ca-
loric restriction may have the opposite effect and ac-
tually lead to malnutrition. In fact, strictly controlled
diets appear to have no proven benefit in the nursing
home environment46,47.

Although skin care is a major concern to nursing
home staff, many do not realize the devastating poten-
tial of small lesions in the diabetic resident. Appropri-
ate skin care by nursing staff, particularly the preven-
tion of decubiti ulceration, coupled with increased
vigilance for early detection of breaks in the cutane-
ous barrier, can decrease the risk of chronic ulcera-
tion, infection, gangrene, and amputation41. Podiatric
consultation is often needed in the nursing facility. 

Appropriate diabetes management in the nursing
home environment can not only improve the quality
of life but also decrease morbidity, mortality, and
medical care costs36. Diabetic patients depend on
nursing staff to provide diabetes-specific personal
care. Unfortunately, most nursing staff receive little
training in diabetes care. A 1981 survey of registered
nurses working in nursing facilities reported a median
of <1/2-hour of diabetes-related education in the pre-
vious 5 years, and 43% reported having no diabetes
education at all during that time37. Nurses aides, who
provide most bedside care, have had less training. In
1985, only 17 states required training for nurses aides,
and none required continuing education48.

In the early 1980s, several organizations developed

programs to improve diabetic care in nursing homes.
The American Diabetes Association and the American
Association of Diabetes Educators jointly published
guidelines for nursing facilities49. Several state diabe-
tes control programs employed staff education, chart
audits, team building50, and implementation of poli-
cies and procedures31 to improve care. A Colorado
program increased the mean number of policies and
procedures in target nursing facilities from 40 to 63.5
in 2 years and found a 28% reduction in the length of
stay of acute hospitalization for diabetic complica-
tions, while the length of stay remained stable in the
rest of the state31. Similar efforts were undertaken in
Rhode Island, Virginia, Michigan, Minnesota, and
New York City. Intervention teams were pleased with
the warm welcome they received from nursing home
staff but were frustrated by chronic staff shortages and
high staff turnover, which diluted their training ef-
forts50.

The 1987 OBRA51 mandated extensive changes in
nursing facility regulation and operation. This legisla-
tion, based on recommendations of the Institute of
Medicine’s Committee on Nursing Home Regulation
published in 198648,51, shifted the emphasis of quality
evaluation from the structural capacity for care to the
actual provision of care and mandated a system of
quality improvement in each facility. It dictated mini-
mum staffing requirements and mandatory education
for nurses aides, along with continuing education
requirements for nurses. The act eliminated the cum-
bersome and illogical distinction between skilled
nursing facilities and intermediate care facilities and
mandated sweeping changes in patients’ rights, in-
cluding regulations on restraints and psychotropic
medication. 

Despite these regulatory changes and mandates for
education, quality improvement in nursing homes
faces many challenges. Although staff education is
important and necessary, it alone will be insufficient
to improve care in nursing facilities, because nursing
facilities continue to be understaffed. In 1992, nurs-
ing homes hired an average of 37 FTE nurses aides, 9
FTE LPNs, and 6 FTE RNs for every 100 beds4, com-
pared with 98 nurses per 100 patients in acute-care
hospitals52. In addition, turnover of nursing staff re-
mains high, with an annual turnover rate in 1992 of
46% for nurses aides and 21% for RNs and LPNs.
Many believe the high turnover and chronic staff
shortages are fostered by the significant wage discrep-
ancy with hospital nursing wages53. In 1992, staff
nurses in acute-care hospitals earned 17% more than
staff nurses in nursing homes, nursing supervisors
earned 31% more, and nursing administrators earned
42% more54. Public reimbursement policy, primarily
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Medicaid, has a direct impact on the nursing wages,
which in turn affects the supply, stability, and quality
of nursing home staff.

Other changes need to be made in organizing and
supervising nursing facility staff. Management
changes to enhance the caring qualities of nursing
home staff, increase personal rewards and satisfaction,
and increase staff and patient involvement in quality
improvement activities are among the many recom-
mended changes55-58. 

The diabetes community could play an important role
in improving the quality of care in the nursing home.
The mandates for education of nurses and nurses
aides provide unique opportunities for diabetes edu-
cators. Educational material must be suitable for the
level of provider and, in the case of nurses aides, must
reach an often illiterate, non-English-speaking audi-
ence. Innovative educational approaches must also
take into consideration the exhausting patient care
demands, lack of training time, and high turnover of
these staff. The increasing presence of proprietary
chains of nursing facilities should greatly facilitate the
distribution and evaluation of educational material.
However, successful integration of diabetes-specific
care into the nursing facility requires a paradigm shift
from the traditional focus on individual patient edu-
cation and empowerment to a broader systems ap-
proach that includes nursing staff and administration.
Appendix 28.3 provides a list of resource materials
targeted for the nursing facility. Appendix 28.4 pro-
vides information on economic and legislative influ-
ences on long-term care.

Our descriptive evaluation and review of the literature
has highlighted a number of research and clinical care
issues yet to be addressed. Our data suggest that dia-
betes prevalence in the nursing home is increasing but
cannot determine whether this is a real increase or a
reflection of better screening efforts. The true rate of
diabetes in the nursing home is still unknown, since
this survey ascertains only those who have been diag-
nosed. Prior literature suggests that ethnic minorities
have less access to nursing homes. If true, what are the
determinants of this difference, and what can be done
to improve access to this form of care?

Our finding of an extra $1,226 per year per diabetic
resident paid by Medicaid raises many questions. Why

are persons with diabetes more likely to be eligible for
and to use Medicaid for nursing home expenditures?
What happens to the personal incomes of individuals
with diabetes? Are persons with diabetes more costly
to care for? 

The clinical implications of these data suggest several
other areas of inquiry. Most of the complications of
diabetes also occur in individuals without diabetes:
heart disease, stroke, renal failure, and amputation.
What proportion of these chronic diseases in diabetes
are attributable to diabetes? If diabetes were tightly
controlled, what would be the implications for other
chronic conditions? Is aggressive glucose manage-
ment appropriate for the nursing home resident, and
what are its real risks and benefits? What is the most
effective and efficient means to improve the care of
persons with diabetes in a nursing home population?

The explosive growth of reimbursement for and pro-
vision of home health care has provided a viable alter-
native to nursing home care for many people. At this
time, little information is available on the patients
who receive home health care; their medical condi-
tions and disabilities; and the type, quality, and costs
of services provided. More information would be use-
ful not only for patients but for providers, payers, and
public policy decision-makers.

Currently, one of every three persons in the United
States will reside in a nursing facility sometime in his
or her life2. While only 5% of persons age >65 years
reside in nursing homes, 22% of those age >85 years
do11. Although only 11% of our population is cur-
rently age >65 years, increased life expectancy and
other demographic shifts will result in >20% of our
population being age >65 years in the year 2020.
Thus, both the proportion and number of persons
who will need long-term care are expected to increase
dramatically over the next several decades. When this
population shift is coupled with the increasing preva-
lence of diabetes, diabetes care will assume an increas-
ingly important role in the nursing facility.
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APPENDICES

Appendix 28.1

NMES Description and Data Analysis

Data Sources

The Institutional Population Component (IPC) of
the 1987 National Medical Expenditure Survey
(NMES-2), conducted by the Agency for Health Care
Policy and Research, is used to provide a profile of
demographics, health status, and expenditures for
nursing facility care of diabetic and nondiabetic resi-
dents of nursing facilities59. Although similar to sev-
eral previous surveys of the nursing facility popula-
tion, the IPC is the first national survey to obtain
full-year information on use and expenditures for
persons in nursing facilities.

The IPC was based on a national two-stage prob-
ability design with facilities sampled in the first stage
and persons sampled in the second stage. Eligible
facilities were defined as licensed nursing or per-
sonal care homes (referred to in this chapter simply
as nursing facilities or nursing homes) with three or
more beds that routinely provided nursing or per-
sonal care services. The facilities could be free-stand-
ing or associated with a hospital, retirement center,
or similar institution as long as the unit maintained
separate patient records. Facilities included those
certified by Medicare and Medicaid as skilled nurs-
ing facilities (SNF) and/or intermediate care facili-
ties (ICF). The sample also included noncertified
facilities but excluded those that provided only room
and board or limited care for specific conditions
(e.g., alcoholism)60.

All persons (other than facility staff) who spent one
or more nights in a nursing home during 1987 were
eligible for the survey. Two groups of residents were
sampled: those resident on January 1, 1987, and
those admitted during 1987 to a sampled facility. Use
and expenditure data were collected from January 1
or the date of admission, until the time of death,
discharge, or December 31, 1987, if still residing in
an eligible facility. The analysis was restricted to
those age ≥55 years and persons for whom data were
available from at least one-third of their eligible pe-
riod. After these restrictions, there were 3,009 Janu-
ary 1 residents and 1,777 newly admitted residents
for this analysis. When combined and weighted ap-
propriately, these persons represent all persons age
≥55 years in the United States who used a nursing or
personal care home at any time during 198761.

Data were collected from three sources: care-givers
in the nursing facility (usually nursing staff who
were familiar with the patient and had access to the
medical records); financial records personnel (e.g.,
billing clerks in the nursing facility with access to
the patient billing records); and the next-of-kin re-
siding in the community. Information on demo-
graphics, medical conditions, and health status was
collected from the care-givers and the next of kin.
Information on nursing home use was collected from
care-givers and the financial records personnel. Ex-
penditures were obtained from the financial records
personnel in each nursing facility that the person
lived in during 198759.

A companion survey, the Household Survey of the
1987 NMES-2, collected similar information from a
sample of the U.S. civilian, noninstitutionalized
population62. When weighted appropriately, this
sample reflects the total population of civilian, non-
institutionalized individuals in the United States.
Approximately 1% of the civilian, noninstitutional-
ized population entered a nursing facility during
1987. These individuals are included in the esti-
mates for the general population. Estimates of the
noninstitutionalized diabetic and nondiabetic popu-
lation are provided for comparison when appropri-
ate. The Household Survey used self-administered
questionnaires to collect information on chronic
conditions, health status, and health habits for all
adults. Information on each family member’s health
care use and expenditures were obtained quarterly
from a designated family member. 

Definition of Diabetes Status

Ascertainment of diabetes differed between the two
surveys. In the IPC, diabetes status was obtained
from four different sources. Medical diagnoses were
obtained from the medical chart on January 1, 1987,
for persons residing in a nursing facility on that date,
and on admission for those admitted during 1987.
Diagnoses were obtained again at the time of admis-
sion to an acute-care hospital during that year or
from the nursing facility medical records on Decem-
ber 31, 1987, if the person was still residing in the
nursing facility. The diagnoses listed on the resi-
dent’s medical record were recorded and coded using
the International Classification of Diseases, 9th revi-
sion (ICD-9). In addition, the care-giver for the
nursing facility was asked, "According to the pa-

Appendix 28.1—Continued next page
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tient’s medical record, (does/did) the (resident’s
name) have diabetes?" The next-of-kin was asked,
"Did a doctor or other medical person ever say that
(resident’s name) had diabetes?" The resident was
noted to have diabetes if any of these respondents
replied affirmatively to the diabetes questions, or if a
diagnosis of diabetes (ICD-9 code 250.xx) was noted
in the nursing facility records during 1987. In the
IPC nursing home population sample age ≥55 years,
there were 877 persons who were designated by one
or more of these criteria to have diabetes, and 3,909
persons who did not have diabetes designated by any
of those criteria. Ascertainment of diabetes status in
the Household Survey was based on an affirmative
response to the self-administered question, "Has a
doctor ever told you that you have diabetes (high
blood sugar)?" In the U.S. noninstitutionalized civil-
ian population sample age ≥55 years, there were
1,078 persons who reported a prior diagnosis of
diabetes and 6,777 persons who did not. Checklists
have been shown to provide more accurate ascertain-
ment of chronic conditions compared with problem
lists maintained in the medical records17.

Other Definitions

Spousal pair was defined as a husband-and-wife pair
and was used for reporting income data. Income data
were shown for the individual alone if there was no
spouse. Information on functional status and diffi-
culties with activities of daily living were obtained
from a respondent using similar questionnaire word-
ing in the two surveys. Data from the baseline ques-
tionnaire on January 1, 1987, or on admission are
presented for the nursing facility residents and from
the first round of questionnaires collected from the
general population. Diagnoses other than diabetes
were based on all diagnoses listed on the medical
record on January 1, 1987, for persons residing in a
nursing facility on that date, and upon admission for
the sample admitted during 1987. The diagnostic
categories and corresponding ICD-9 codes are in-
cluded in Appendix 28.2.

The survey collected information on the last date the
individual had been in the community. The time
interval since the nursing home resident had been in
the community was calculated differently for the two
populations of nursing home residents. For January
1 residents, the time interval was calculated from the
last date in the community to January 1, 1987. For
residents admitted during 1987, the time interval
was calculated from the last date in the community

to the date of the current admission.

Earlier Surveys of Nursing Homes

The NMES-2 IPC built on experience derived from
several earlier national surveys of nursing homes.
The National Nursing Home Survey (NNHS) was
conducted by the National Center for Health Statis-
tics (NCHS) in 1973-74, 1977, and 198511. These
three surveys were preceded by a series of surveys
conducted during 1963-69 called the Resident Places
Surveys. These surveys were designed to provide
cross-sectional information on nursing home facili-
ties and residents. None of these prior surveys ob-
tained expenditure data collected over a defined time
period and none was conducted in conjunction with
a general population survey.

In general, the six surveys used similar question-
naires that facilitate longitudinal comparisons. How-
ever, the ascertainment of diabetes status differed in
the 1985 NNHS survey from the prior surveys. The
1985 NNHS used the medical diagnosis listed in the
facility medical record. Prior NNHS and Resident
Places surveys (1964 to 1977) used a checklist of
selected conditions, including diabetes. To provide a
comparison population from the 1987 NMES-2-IPC
survey to these earlier surveys, the definition of dia-
betes was restricted to January 1 residents with an
affirmative response to the checklist of conditions by
the care-giver in the nursing facility.

Comparison of the NMES-2 with NHIS

The NMES-2 estimates of persons with diabetes in
the general population are ~30% higher than esti-
mates obtained from the National Health Interview
Study (NHIS) for 198763. The NMES-2 estimated
9,553,872 persons reported that they had diagnosed
diabetes in 1987, while the 1987 NHIS estimated
6,641,000 persons had diagnosed diabetes. Both of
these surveys are based on national samples, but
used slightly different wording in the questionnaires.
In the NHIS, the family respondent was asked, "Dur-
ing the past 12 months did anyone in the family
{read names} have diabetes?", while the NMES-2
asked each person in a self-administered question-
naire, "Has a doctor ever told you that you have
diabetes (high blood sugar)?" This latter inquiry
could include persons who had a history of gesta-
tional diabetes or impaired glucose tolerance but had
not been diagnosed with diabetes. This ascertain-
ment problem, which provides a larger estimate of
the prevalence of diabetic persons in the general

Appendix 28.1—Continued
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population, introduces a conservative bias to com-
parisons made in Tables 28.1, 28.2, 28.6, and 28.8. If
the definition of diabetes was restricted to anyone
who had a medical care visit for a diabetes condition,
the NMES-2 estimate of the diabetic population
would be 7,681,96764. 

Data Analyses

Simple descriptive statistics are provided by category
for diabetic and nondiabetic nursing home residents
and, when available, for the diabetic and nondiabetic
general population. Tests of statistical significance
compare the diabetic nursing home resident with the
nondiabetic nursing home resident and with the dia-
betic general population. Large sample Z tests were
conducted at the 0.05 and 0.01 levels of significance

and are indicated as such in the tables. While the
statistics take into account the sampling weights
provided by NMES-2 and adjusted for the complex
survey design, the standard errors are not corrected
for intra-household correlation. Therefore, the
standard errors are likely to be downward biased for
estimates of the U.S. noninstitionalized civilian
population. However, the magnitude of this bias is
generally small and is likely to affect only those
statistics whose Z-score (Z-values) are close to the
associated critical value. No estimate is provided
when the relative standard error of a statistic is
>30%. Estimates for the nondiabetic general popula-
tion are also provided when appropriate, but without
comparison tests. Only statistically significant com-
parisons are addressed in the text. No statistical
comparisons were made of the median times shown
in Table 28.9.

Diagnosis Category ICD-9 Codes

Infectious and parasitic diseases 001-139
Neoplasms—all 140-239

Malignant neoplasms 140-208
Endocrine, nutritional, metabolic, 
and immunity disorders 240-279
Diabetes mellitus 250

Disease of the blood and blood-forming 
  organs 280-289
Mental disorders 290-319

Senile dementia and other organic 
psychotic conditions 290-294

Other psychosis 295-299
Organic brain damage 310

Diseases of the nervous system 320-389
Alzheimer’s disease 331.0, 331.2, 331.9
Parkinson’s disease 332

Diseases of the circulatory system 390-459
Essential hypertension 401
Heart disease 391-392.0, 393-398,

402, 404, 410-429
Coronary atherosclerosis 440
Other ischemic heart disease 410-414
Congestive heart failure 428.0

Diagnosis Category ICD-9 Codes

Other heart disease 391-398, 402, 404, 415,
420-427, 428.1-429.9

Cerebral vascular disease 430-436
Atherosclerosis 440

Disease of the respiratory system 460-519
Chronic obstructive pulmonary disease 490-496

Diseases of the digestive system 520-579
Diseases of the genito-urinary system 580-629

Kidney failure 580
Diseases of the skin 680-709
Diseases of the musculo-skeletal system 710-739

Rheumatoid arthritis and 
osteoarthritis 714-715

Rheumatism 710-713, 716, 729.0
Osteoporosis 733.0

Symptoms, signs, and ill-defined conditions 780-799
Senility without psychosis 797

Injury or poisoning 800-999
Fracture of the neck of femur 820
Other fractures 800-819, 821-829
Amputation of lower limb 895, 897

Supplementary classifications V01-V82

Source: Reference 65; adapted from the National Nursing Home Survey, Reference 11

Appendix 28.2
Diagnosis Categories with Corresponding Codes of the International Classification of Diseases, 9th Revision 
(ICD-9)
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Appendix 28.3
Resources for Improving the Quality of Care in Long-Term Care

Guidelines
American Diabetes Association and American Association for Diabetes Educators: Guidelines for diabetes care in skilled nursing homes. In
Guidelines for Diabetes Care. New York, NY, American Diabetes Association, 1982, p. 40-44

Minnesota Diabetes Steering Committee: Guidelines for Diabetes Care in Long-term Care Facilities, 1992. Available from Long Term Care, Chronomed
Inc, P.O. Box 47945, Minneapolis, MN 55447-9727

Audiovisual Material
Home Diagnostics, Inc.: Diabetes Management in Nursing Home Residents: A Working Protocol. Approved for 2.0 contact hours of credit by the
American Association of Diabetes Educators (AADE) for continuing education credit in nursing. Available from Home Diagnostics, Inc., 51 James
Way, Eatontown, NJ 07724, 1-800-342-7226, 908-542-7788, Fax 908-542-6754

Articles on Diabetes in the Elderly Person
American Association of Diabetes Educators: Diabetes in the elderly. In A Core Curriculum for Diabetes Education, 2nd Edition. Peragall-Dittko V,
Godley K, and Meyer J, eds. Chicago, IL, American Association of Diabetes Educators and the AADE Education and Research Foundation, 1993

Diabetes in the Elderly. The Diabetes Educator, Vol. 9, Special Issue, 1983

Froom J, ed: Diabetes mellitus in the elderly. Clinics in Geriatric Medicine 6:693-970, 1990

Halter JB, Christensen NJ: Diabetes mellitus in elderly people. Diabetes Care 13 (Suppl. 2):1-96, 1990

Lipson, L: Diabetes mellitus in the elderly. American Journal of Medicine 80 (Suppl. 5A):1-72, 1986

Appendix 28.4

Economic and Legislative Influences on
Long-Term Care

Economic and legislative changes in the past 25
years have had a significant impact on the provision
of long-term care. The Medicaid program, instituted
in the mid-1960s, provided funds for indigent per-
sons who required care in a nursing facility. The
availability of public financing, coupled with the
rapid increase of the population age ≥65 years,
stimulated a rapid increase in the number of nursing
home facilities. The number of facilities increased
22% between the National Nursing Home Surveys
conducted in 1973-74 and 198511. Most of the in-
crease occurred before 1977; only 200 facilities have
been added since 19771. This decline can be attrib-
uted to the success of regulations designed to slow
the growth of nursing homes: state-mandated certifi-
cate of need, moratoria on construction, more strin-
gent operational standards, and declining Medicaid
reimbursement. 

Nursing homes also took on the role of rehabilitation
following acute hospitalization. When Medicare in-
troduced the prospective payment system in 1984
for acute hospitalization reimbursement, hospital
stays decreased and convalescent and rehabilitative
care shifted from the hospital to the nursing home1.

In 1965, the Medicare program, which provides
health care coverage for hospitalization and ambula-
tory medical care for persons age ≥65 years, was
authorized to pay for certain home health services.
According to the National Association for Home
Care, the number of Medicare-certified home health
agencies grew by 250% during 1967-9266. This cov-
erage has allowed many persons who needed some
assistance with personal care to remain in their own
home rather than move into a nursing facility. Many
believe this has also contributed to an observed shift
of sicker patients in the nursing home13. 

Despite all these changes in the supply of nursing
home beds, the percentage of the elderly population
residing in nursing homes has remained constant at
~5% of the population age ≥65 years11. The combina-
tion of a decline in growth rate of new nursing
homes with the increase in population age ≥65 years
has resulted in an increase in occupancy rates to
nearly 95%. In absolute numbers, the number of
residents in nursing homes grew from a little over
0.5 million in 1964 to 1.5 million in 198567. Expen-
ditures for long-term health care have increased even
more dramatically, from $4.2 billion68 to $33.7 bil-
lion during the same period19. Of those who die at
age ≥25 years, 29% have at some time been residents
in a nursing home, and almost half of those who
entered a nursing home spent a cumulative total of
at least 1 year there2.
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Information on health insurance coverage for people
with diabetes is contained in several surveys that in-
cluded national probability samples of the U.S. popu-
lation. The 1989 National Health Interview Survey
(NHIS) is the major data source for this chapter. In
this survey, detailed questionnaires on diabetes and
health insurance were administered to representative
samples of persons with and without diagnosed diabe-
tes in the U.S. population age ≥18 years1,2. Diabetic
people were classified as having IDDM if they were
diagnosed at age <30 years, were currently taking
insulin, had been taking insulin consistently since
diagnosis of diabetes, and their percent desirable

weight was <120. All other subjects with diabetes
were considered to have NIDDM. In the 1978 NHIS3,
a questionnaire on health insurance was administered
that was similar to that in the 1989 NHIS. In the 1977
National Medical Care Expenditure Survey (NMCES)
and its Health Insurance/Employer Survey, data on
health insurance were obtained from five rounds of
household interviews and questionnaires to employ-
ers, unions, insurance companies, and other organiza-
tions identified as sources of private health insur-
ance4. The 1987 National Medical Expenditure Survey
(NMES) was a successor to the 1977 NMCES and was
conducted in a similar fashion, but it oversampled
American Indians and Alaska Natives and included a
component for persons in nursing and personal care
homes and facilities for the mentally retarded5. The
1991 National Ambulatory Medical Care Survey

Chapter 29

Health Insurance and Diabetes

Maureen I. Harris, PhD, MPH

Among all adults with diabetes, 92.0% have
some form of health insurance, including
86.5% of those age 18-64 years and 98.8% of
those age ≥65 years. However, about

640,000 people with diabetes do not have any form of
health care coverage. Among diabetic individuals age
18-64 years, 10.3% are covered by Medicare, 69.3% by
private health insurance, 5.5% through military bene-
fits, and 14.1% through Medicaid or other public as-
sistance programs. Among those age ≥65 years, 94.7%
are covered by Medicare, 69.2% by private health
insurance, 4.9% through military benefits, and 15.4%
through Medicaid or other public assistance pro-
grams. Government-funded programs are responsible
for health care coverage for 57.4% of adults with
diabetes, including 26.4% of those age 18-64 years
and 96.0% of those age ≥65 years. There is little differ-
ence by type of diabetes—insulin-dependent diabetes
mellitus (IDDM) and non-insulin-dependent diabetes
mellitus (NIDDM)—in the proportion of individuals
covered by each health insurance mechanism. At age
18-64 years, males compared with females have

higher rates of coverage for each insurance type ex-
cept Medicaid/other public programs; a higher pro-
portion of blacks and Hispanics compared with all
whites are covered by Medicare and Medicaid; and
whites are more frequently covered by private health
insurance. For all adults with diabetes, the proportion
covered by Medicaid decreases with increasing family
income and the proportion covered by private health
insurance increases. Virtually all diabetic persons cov-
ered by Medicare or private health insurance have
coverage for hospital care and physician/surgeon bills.
Coverage for prescription medicines occurs for 62.9%
of adults with diabetes. About 41% of persons with
diabetes are covered by more than one health insur-
ance mechanism, but 13.5% of those age 18-64 years and
1.2% of those age ≥65 years do not have any form of
health care coverage. There are only small differences
between people with diabetes and those without dia-
betes in the proportion covered and the types of
health care coverage. The costs of private health in-
surance are also similar for people with and without
diabetes.

• • • • • • •

SOURCES OF DATA ON HEALTH 
INSURANCE COVERAGE

SUMMARY
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(NAMCS) collected data on ambulatory visits to of-
fice-based physicians in the United States6. In this
survey, physicians or their office staffs completed a
patient record form for a sample of visits. Questions
about the sources of payment for the visit were in-
cluded on this form.

PERCENTAGE OF PEOPLE WITH DIABETES
WHO HAVE HEALTH INSURANCE

Based on the 1989 NHIS, it is estimated that 92.0% of
all adults with diabetes have some form of health
insurance, including 86.5% of those age 18-64 years
and 98.8% of those age ≥65 years (Figure 29.1). The
proportion of persons with diabetes covered by health
insurance is very similar by type of diabetes (IDDM,
NIDDM) and insulin use (Figure 29.2). Among per-
sons age 18-64 years, 88.8% with IDDM, 87.8% with
insulin-treated NIDDM, and 85.1% with NIDDM not
treated with insulin have some form of health insur-
ance coverage. Among diabetic people age ≥65 years,
the proportion with health insurance coverage is
98.9% for insulin-treated NIDDM and 98.8% for
NIDDM not treated with insulin.

NUMBER OF DIABETIC PERSONS WHO
HAVE NO HEALTH INSURANCE

There were ~4.5 million people age 18-64 years and
3.2 million age ≥65 years with known diabetes in the
United States in 19937. Applying the rates of health
insurance coverage (Figure 29.1) to this population,
it is estimated that ~640,000 adults with diabetes do
not have any health care coverage, including 600,000
people age 18-64 years and 40,000 people age ≥65
years2.

COVERAGE BY TYPE OF HEALTH 
INSURANCE

Figure 29.3 shows the percentage of diabetic people
who are covered by each of the four major types of
health insurance. Among those age 18-64 years,
10.3% are covered by Medicare, 69.3% by private
health insurance, 5.5% through military benefits, and
14.1% through Medicaid or other public assistance
programs. Among those age ≥65 years, 94.7% are cov-
ered by Medicare, 69.2% by private health insurance,
4.9% through military benefits, and 15.4% through
Medicaid or other public assistance programs. There
is little difference by type of diabetes in the proportion
of diabetic individuals covered by each of these health
insurance mechanisms.

COVERAGE BY GOVERNMENT PROGRAMS

Overall, 57.4% of people with diabetes are covered by
government-financed health insurance programs

PROPORTION COVERED AND TYPES OF
HEALTH INSURANCE
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Figure 29.2
Percent of Adults with Diabetes Who Have Health 
Insurance, by Type of Diabetes, U.S., 1989

Figure 29.1
Percent of Adults with Diabetes Who Have Health 
Insurance, U.S., 1989

Sources of health insurance include private insurance, Medicare, military
benefits, and Medicaid or other public assistance programs.

Source: Reference 2

Sources of coverage include private insurance, Medicare, military benefits, and
Medicaid or other public assistance programs.

Source: Reference 2
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(Medicare, military coverage, Medicaid, and/or other
public assistance programs), including 26.4% of those
age 18-64 years and 96.0% of those age ≥65 years.

MULTIPLE HEALTH INSURANCE 
COVERAGE

People with diabetes frequently have multiple health
insurance coverage; 41.4% are covered by more than
one source. The proportion differs substantially by
age (Figure 29.4). Among those age 18-64 years,
11.7% are covered by two or more health insurance
mechanisms; among those age ≥65 years, 71.7% have
two sources of health insurance and 6.7% have three
or more sources. Most of the multiple coverage for
diabetic people age ≥65 years is due to people having
both Medicare and private insurance. For those age
18-64 years, multiple coverage comes from a variety
of sources.

DEMOGRAPHIC CHARACTERISTICS AND
HEALTH INSURANCE COVERAGE

Table 29.1 shows the proportion of diabetic persons
who have health insurance, by sex, race, and family
income. At age 18-64 years and age ≥65 years, males
compared with females have higher rates of insurance
coverage for Medicare, private insurance, and military
benefits. Females have higher rates for Medicaid and
other public programs. A higher proportion of blacks
and Hispanics compared with all whites are covered
by Medicare and Medicaid at age 18-64 years; whites
are more frequently covered by private health insur-
ance at all ages. The proportions covered by Medicare
and Medicaid decrease with increasing family income
while the proportion covered by private health insur-
ance increases .

In a study in San Antonio, TX, of Mexican Americans
with NIDDM, 67% of those with lower socioeconomic
status and 83% of those with higher socioeconomic
status had health insurance8. Private health insurance
was held by 33% of those with lower socioeconomic
status and 73% of those with higher socioeconomic
status. About 28% of the patients relied on county- or
federally funded clinics as their primary source of
medical care8.

TYPES OF PRIVATE HEALTH INSURANCE

Figure 29.5 shows the proportions of people with
diabetes who are covered by private health insurance.
These proportions are similar across all age groups
(68%-72%). Figure 29.6 shows the types of private
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health insurance carried by diabetic people according
to age and type of diabetes. Among those age 18-64
years, 57.8% are covered by fee-for-service plans,
9.3% by health maintenance organizations, and 5.2%
by individual practice associations. Among people
with diabetes age ≥65 years, 62.5% are covered by
fee-for-service plans, 5.8% by health maintenance or-
ganizations, and 1.3% by individual practice associa-
tions. There are no significant differences by type of
diabetes in the percentage of individuals covered by
each type of private health insurance.

Table 29.1
Percent of Adults with Diabetes Who Have Health 
Insurance Coverage, U.S., 1989

Health insurance type and
demographic characteristic Age 18-64 Age ≥65 Age ≥18
Any health insurance

All persons
Male
Female
White
Black
All other races
Mexican American
All other Hispanic
Family income <$15,000
Family income $15-29,999
Family income ≥$30,000

86.5
89.0
84.4
87.1
85.1
82.7
70.3
85.3
73.8
90.7
95.3

98.8
99.1
98.6
99.2
98.0
90.2
94.7

100.0
98.8
99.1
98.8

92.0
93.0
91.2
92.7
90.3
84.9
76.9
90.8
88.6
94.2
96.0

Medicare
All persons
Male
Female
White
Black
All other races
Mexican American
All other Hispanic
Family income <$15,000
Family income $15-29,999
Family income ≥$30,000

10.3
11.5
9.3
9.1

15.2
6.9

10.4
11.5
16.0
11.9
4.9

94.7
94.7
94.6
95.4
92.4
85.7
84.0
84.8
95.5
96.1
89.7

47.9
44.8
50.1
49.0
45.8
30.2
30.3
37.9
62.9
46.3
22.2

Private health insurance
All persons
Male
Female
White
Black
All other races
Mexican American
All other Hispanic
Family income <$15,000
Family income $15-29,999
Family income ≥$30,000

69.3
74.7
64.7
74.3
53.5
57.9
47.7
44.1
29.8
78.5
92.7

69.2
76.1
65.0
75.8
40.2
51.2
35.6
47.9
57.4
84.5
84.5

69.2
75.3
64.8
75.0
48.3
55.9
44.4
45.5
46.1
80.9
91.1

Military benefits
All persons
Male
Female
White
Black
All other races
Mexican American
All other Hispanic
Family income <$15,000
Family income $15-29,999
Family income ≥$30,000

5.5
8.9
2.8
5.4
6.6
2.4
2.5
7.0
5.4
7.5
5.6

4.9
11.3
1.1
5.0
3.7

11.3
4.6
0.0
3.5
8.2
6.3

5.3
9.8
2.0
5.2
5.4
5.1
3.0
4.5
4.3
7.8
5.7

Medicaid or other public programs
All persons
Male
Female
White
Black
All other races
Mexican American
All other Hispanic
Family income <$15,000
Family income $15-29,999
Family income ≥$30,000

14.1
8.2

19.0
11.1
22.4
28.4
20.2
32.1
36.8
8.1
1.8

15.4
9.9

18.8
11.9
30.1
31.9
38.7
32.4
22.9
7.6
6.9

14.7
8.9

18.9
11.5
25.5
29.4
25.2
32.2
28.6
7.9
2.9

White and black includes persons of Hispanic ethnicity.

Source: 1989 National Health Interview Survey
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Among diabetic people age 18-64 years, 60.3% are
covered by private insurance only and have no other
source of health care coverage. Figure 29.7 shows that
most diabetic people are covered by only one source
of private insurance. However, 8.0% of those age 18-
64 years and 4.7% of those age ≥65 years have two or
more sources of private health insurance.

COVERAGE FOR SPECIFIC ASPECTS OF
HEALTH CARE

Virtually all (97.2%) diabetic people who are covered
by Medicare have both Medicare Part A and Part B2.
This occurs for those age 18-64 years and for those age
≥65 years. Similarly, of diabetic people with private
health insurance, 99.5% have coverage for hospital
care and 98.2% have coverage for physician/surgeon
bills for operations2. Coverage for prescription medi-
cines occurs for 62.9% of people with diabetes
through private insurance, Medicaid, and military
sources, including 71.2% of those age 18-64 years and
52.6% of those age ≥65 years (Figure 29.8). There is
little difference by type of diabetes in the proportion
covered. Dental coverage is held through private in-
surance for 37.3% of people with diabetes age 18-64
years and 13.5% of those age ≥65 years (Figure 29.8).

LACK OF AND LIMITATIONS IN 
HEALTH CARE COVERAGE

As presented above, it is estimated that there are
~640,000 people with diabetes who have no health
insurance coverage in the United States. Table 29.2
shows the reasons given by diabetic people age 18-64
years who had no private insurance when they were
asked why they did not have this type of coverage. The
majority stated that health insurance was too expen-
sive and they could not afford it. Indeed, the median
family income of diabetic people with private insur-
ance was $20,000-$25,000 compared with $8,000-
$9,000 for those without private insurance. A larger
proportion of those with diabetes compared with
those without diabetes did not need private insurance

Table 29.2 
Reasons Given by Individuals Age 18-64 Years for
Not Having Private Health Insurance, U.S., 1989

Reason
Diabetic

persons (%)
Nondiabetic
persons (%)

Too expensive, cannot afford 66.0 64.4
Have some other type of
 health care coverage 18.9 11.0*
Cannot obtain because of
 poor health, illness, or age 16.2 2.0*
Unemployment or job loss 6.8 11.4*
Have been healthy and haven’t
 needed insurance 1.2 7.0*
Dissatisfied with previous insurance 0.3 1.4
Don’t believe in insurance 0 1.2
Other reason 9.9 13.9

Columns do not add to 100% because more than one reason was given.
*p<0.01, subjects with diabetes versus subjects without diabetes.

Source: Reference 2
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because they had another type of coverage (18.9%
versus 11.0%, p<0.001) or could not obtain private
insurance because of their health (16.2% versus 2.0%,
p<0.001). A small proportion of both groups reported
that they did not have private insurance because of
unemployment or job loss.

Of the 30.8% of diabetic people who have no private
health insurance, 16.2% of those age 18-64 years and
0% of those age ≥65 years stated that they had ever
been denied insurance because of poor health or ill-
ness2. In the 1987 NMES, however, only 5% of people
with diabetes age <65 years who were uninsured re-
ported that they had been denied health insurance or
offered limited coverage because of their health9. In a
study in Pittsburgh, PA10, IDDM subjects were more
likely to have been denied a health insurance policy at
some time in their adult lives compared with their
nondiabetic siblings (23% versus 12%).

Even though the proportion of people with diabetes
who have health insurance is high in the United
States, there may be limitations in coverage. For ex-
ample, only 69.2% of diabetic people age ≥65 years
supplement their Medicare with private insurance
(Figure 29.3). Of those age 18-64 years, 9.7% are
covered only by Medicaid or other public assistance
programs, and the nature of coverage for diabetes
through these programs varies widely from state to
state. Only 71% of those age 18-64 years and 53% of
those age ≥65 years have coverage for prescription
medicines (Figure 29.8). These possible limitations in
coverage may not be restricted to people with diabe-
tes, however. Those who have private insurance ap-
pear to have coverage similar to that of people without
diabetes. For example, in the 1977 NMCES, the vari-
ous features of coverage for people with diabetes pro-
vided by private insurance policies were very similar
to those for the nondiabetic population4. There were
no significant differences in the proportions with ba-
sic and major medical coverage; coinsurance rates and
deductibles for hospital care and physician office vis-
its; or the percentages with coverage for dental care,
vision care, drugs, routine physicals, and psychiatric
care. However, a slightly higher proportion of those
with diabetes lacked coverage for office visits (25%
versus 17%) and lacked major medical coverage (26%
versus 18%)4.

ADVERSE EFFECTS ASSOCIATED WITH
LACK OF HEALTH INSURANCE

Few studies have investigated whether the lack of
health insurance has adverse effects on people with
diabetes. Table 29.3, comparing diabetic persons age

Table 29.3
Characteristics of Diabetic Subjects Age 18-64 Years
According to Health Insurance Coverage 

Characteristic

Subjects with
health insurance

(%)

Subjects without
health insurance

 (%)

Demographic characteristics
Non-Hispanic White 68.2 55.0† 
Black 20.8 23.4
Mexican American 4.8 13.3† 
Other race/ethnicity 6.3 8.3
Education > high school 28.3 20.8*
Family income >$25,000 51.0 18.8† 

Clinical characteristics
Mean age at diabetes
 diagnosis (years) 40.4 39.3
Mean diabetes duration
 since diagnosis (years) 10.1 8.4*
Treated with insulin 49.5 43.5
Retinopathy 27.9 31.4
Kidney disease 7.6 8.5
Angina or heart trouble 24.4 23.5
Stroke 6.7 6.4
Hypertension 56.2 49.0
Amputation 2.0 2.6
Foot/ankle sores 9.2 12.6
Cataract 10.4 5.5*
High blood glucose
 always/most of the time‡ 26.3 38.2† 
Glucose in urine
 always/most of the time‡ 31.6 41.6*

Medical care
Self-test urine glucose
 ≥ once/week 25.5 26.9
Self-test blood glucose
 ≥ once/day 19.1 11.0† 
Self-check feet
 ≥ once/week 76.0 64.3† 
≥4 visits to diabetes
 physician in past year 55.6 44.5† 
Urine glucose checked
 by health professional
 ≥ twice in past 6 months 46.5 47.1
Blood glucose checked
 by health professional
 ≥ twice in past 6 months 65.1 57.6
Blood pressure checked
 by health professional
 ≥ twice in past year 85.9 79.9
Feet examined by health
 professional ≥ twice in
 past 6 months 29.5 19.2† 
Visit to podiatrist
 in past year 13.9 11.8
Dilated eye exam
 in past year 47.0 35.8† 
Diabetes patient
 education course 41.4 32.6*

* p<0.05, † p<0.001, subjects with health insurance versus subjects with no
health insurance.  ‡ Reported by subjects whose urine/blood glucose was tested
either by a health professional or by themselves.

Source: Reference 2
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18-64 years with and without health insurance, shows
few differences between the two groups in the propor-
tion who report complications related to diabetes. A
higher proportion of those without insurance report
frequent hyperglycemia and glycosuria. The intensity
of medical care, including self-care practices, tends to
be greater for those who have health insurance. Those
without health insurance are less likely to be non-His-
panic white and more likely to have education less
than high school and to have a family income
<$25,000.

Lack of health insurance in the 1989 NHIS survey was
associated with low income but not with an increased
rate of diabetic complications (Table 29.3). Among
Mexican Americans with NIDDM in San Antonio, the
prevalence of microvascular complications was also
similar among those with and without health insur-
ance8. Microvascular complications were more com-
mon, however, among Mexican Americans who
lacked health insurance for outpatient physician visits
and medications, although this difference was attrib-
utable to hyperglycemia, longer duration of diabetes,
higher blood pressure, and other risk factors for dia-
betes complications8.

A study of adult diabetic patients in inner-city diabetic
clinics found that full third-party reimbursement for
health care was associated with a higher frequency of
emergency room admissions but not with hospital
admissions, use of a diabetes telephone hot line, or
number of diabetes clinic visits11. Absence of health
insurance has been associated with higher mortality
among all adults12 and a greater frequency of adverse
outcomes for women with breast cancer13. However, such
studies have not been conducted for people with diabetes.

Comparison of health insurance coverage for persons
with and without diabetes is shown in Figure 29.9.
The overall proportions that have any type of health
insurance are similar, being 92.0% for those with dia-
betes and 86.8% for those without diabetes. Among
persons age 18-64 years, 86.5% of those with diabetes
and 84.6% of those without diabetes have some form
of coverage; among those age ≥65 years, the frequen-
cies are 98.8% and 99.1%, respectively. Medicare cov-
erage among people age 18-64 years is more common
for those with diabetes compared with people without
diabetes (10.3% versus 1.6%, p<0.001). Private insur-
ance is somewhat less common among people with

diabetes compared with those without diabetes.
Among those age 18-64 years, 69.3% of diabetic and
78.6% of nondiabetic individuals have private health
insurance coverage (p<0.001). Among those age ≥65
years, 69.2% of those with diabetes and 79.9% of those
without diabetes have private insurance (p<0.001).
There is little difference in coverage through military
sources between those with and without diabetes.
Coverage through Medicaid or other public assistance
programs is more common for people with diabetes
compared with people without diabetes for those age
18-64 years (14.1% versus 4.8%, p<0.001) and for
those age ≥65 years (15.4% versus 6.0%, p<0.001).
Overall, coverage through any government program
for people age 18-64 years is less frequent for people
without diabetes (8.3%) compared with people with
diabetes (26.4%), but not for those age ≥65 years
(96.4% versus 96.0%).

Two previous studies on U.S. national samples in
1977-78 also found that health insurance coverage
was similar for people with and without diabetes3,4.
Further, in a study in Pittsburgh, the proportion of
adults with IDDM covered by health insurance did not
differ from the proportion of their nondiabetic sib-
lings who were covered10. More than 90% had insur-
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ance through a private third-party source and this
insurance did not differ between the siblings by type
of policy, type of coverage, or cost of premium. There
was also no difference between the siblings in the
proportion insured at different income levels.

COST OF HEALTH INSURANCE

In the NMCES study of a representative sample of U.S.
residents in 1977, the costs of premiums for private
health insurance policies covering people with diabe-
tes were not substantially different from those for the
rest of the population4. Employers paid for about 67%
of these premiums for persons age <65 years for both
diabetic and nondiabetic employees. Above age 65
years, employers paid for 38% of the premiums for
both diabetic and nondiabetic persons4.

PROPORTION OF HEALTH CARE EXPENSES
COVERED BY HEALTH INSURANCE

The NMCES study of a representative sample of U.S.
residents found that 98.9% of diabetic people had an
expense for medical care of diabetes in 19774. In the
1987 NMES survey, this proportion was 99.6%14. Table
29.4 shows the distribution of sources of payment for
this care. There were few differences between the two
studies in the percent of health care costs paid by
private insurance, Medicare, and Medicaid, but a
lower proportion of costs were paid out of pocket and

a higher proportion were paid by other sources in
1987. The 1977 study found that diabetic people paid
a lower percent of their health care costs out of pocket
compared with people without diabetes (22% versus
31%), although the amount paid was considerably
higher for diabetic versus nondiabetic persons ($335
versus $184)4.

Table 29.5 shows the expected sources of payment for
ambulatory visits involving diabetes to office-based
physicians in the United States in 1991. For age <65
years, Medicare, Medicaid, and other government
sources combined were expected to be sources of pay-
ment for about one-third of visits. Private insurance
was a payment mechanism for one-third of visits and

Table 29.4
Percent Distribution of Payment for Medical Care Expenses for Persons with Diabetes, U.S., 1977 and 1987

Out-of-pocket 
expense

Private health
insurance Medicare Medicaid Other

1977
All diabetic patients 22.1 24.2 31.8 11.8 10.2
Age (years)

<45
45-64

≥65

19.8
22.8
22.0

47.4
36.0
12.0

1.7
11.4
51.1

20.2
15.9
7.5

10.9
13.9
7.5

1987
All diabetic patients 14.8 24.9 32.2 11.5 16.6
Age (years)

<30
30-64

≥65

13.2
13.4
16.2

32.1
35.4
15.0

15.6
11.6
51.7

17.6
17.6
5.7

21.5
22.0
11.4

Other includes CHAMPUS/CHAMPVA, Indian Health Service, VA, military, other federal/state/city/county payers, philanthropic institutions, and unknown source of payment.

Source: References 4 and 14

Table 29.5
Expected Sources of Payment for Visits Involving
Diabetes to Ambulatory Care Physicians, U.S., 1991

Percent of visits 
Source of payment Age 0-64 Age ≥65 All ages

Medicare 14.2 83.7 50.5

Medicaid 9.8 13.8 11.9

Other government source 5.5 1.2 3.3

Private insurance 32.6 24.2 28.2

HMO/prepaid plan 17.8 5.9 11.6

Out of pocket 26.5 13.2 19.6

Other source 3.9 4.0 4.0

No charge 1.8 0.0 0.8

Unknown 2.9 3.0 2.9

Diabetes visits were those that listed conditions with ICD9-CM codes 250,
251.3, 357.2, 362.0, 366.41, 648.0, or 775.1 as a patient diagnosis on the
patient record form. Up to three conditions could be listed. Columns add to
more than 100% because more than one source could be listed for each visit.

Source: 1991 National Ambulatory Medical Care Survey

ECONOMIC ASPECTS OF HEALTH 
INSURANCE COVERAGE
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out-of-pocket costs were involved in 27% of visits. For
age ≥65 years, Medicare was a payment source for 84%
of visits and private health insurance for 24%, and out-
of-pocket costs were incurred in 13%.

Figure 29.10 shows the proportion of people with
diabetes who had any type of health insurance and
who had private health insurance for studies in 1977,
1978, 1987, and 1989. It is apparent that the propor-
tions who have health care coverage have been almost
constant during this 12-year period.

Dr. Maureen I. Harris is Director, National Diabetes Data
Group, National Institute of Diabetes and Digestive and Kidney
Diseases, National Institutes of Health, Bethesda, MD.
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Diabetes is one of the most prevalent chronic diseases
in the United States and a leading cause of death.
Estimates based on the 1993 National Health Inter-
view Survey (NHIS) indicate that diabetes has been
diagnosed in 1% of the U.S. population age <45 years,
6.2% of those age 45-64 years, and 10.4% of those age
≥65 years1. In other terms, in 1993 an estimated 7.8
million persons in the United States were reported to
have this chronic condition, including 1.5 million
persons age <45 years, 3.1 million persons age 45-64
years, and 3.2 million persons age ≥65 years1. In addi-
tion, based on the annual incidence rates for diabetes
(see Chapters 3 and 4), it is estimated that about
625,000 new cases of diabetes are diagnosed each
year, including 595,000 cases of non-insulin-depend-

ent diabetes mellitus (NIDDM) and 30,000 cases of
insulin-dependent diabetes mellitus (IDDM).

Substantial costs to both society and its citizens are
incurred not only for direct costs of medical care for
diabetes but also for indirect costs, including lost
productivity resulting from diabetes-related morbid-
ity and premature mortality. As documented else-
where in this book, persons with diabetes are at risk
for major complications, including diabetic ketoaci-
dosis, end-stage renal disease, diabetic retinopathy,
and amputation. There are also a host of less directly
related conditions, such as hypertension, heart dis-
ease, peripheral vascular disease, and infections, for
which persons with diabetes are at substantially in-
creased risk. A significant portion of the costs associ-
ated with these cormorbid conditions can be, and
should be, attributed to the underlying diabetes.

Chapter 30

Economic Impact of Diabetes 

Jonathan C. Javitt, MD, MPH, and Yen-Pin Chiang, PhD

Substantial costs to society and its citizens are
incurred for direct costs of medical care for
diabetes and for indirect costs, including lost
productivity resulting from diabetes-related

morbidity and premature mortality. Economic analy-
ses performed in the 1980s suggested that the eco-
nomic costs associated with diabetes in the United
States were between $14 billion and $20 billion in
1980s-era dollars, including an estimated $7.4-$11.6
billion for direct medical care expenditures and an
additional $6.3-$10.8 billion for lost productivity. A
more recent study estimated $91.8 billion for the cost
of diabetes in 1992, including $45.2 billion direct
costs and $46.4 billion indirect costs. Another study
found that the direct costs of medical care for people
with diabetes was $85.7 billion in 1992.

Comparisons among these estimates are made diffi-
cult by several methodological issues in estimating
the economic costs of illness. The most critical issues

in evaluating an economic analysis are 1) the appro-
priateness and consistency of the method for attribut-
ing costs to the underlying condition, 2) the method
for valuing human life and health, and 3) methods for
estimating volume of medical services. These issues
are discussed in this chapter.

Studies have documented that medical costs for per-
sons with diabetes are higher because they visit phy-
sician’s offices, hospital outpatient departments, and
emergency rooms more frequently than their nondia-
betic counterparts and are more likely to be admitted
to the hospital. Americans with diabetes have two to
five times higher per capita total medical expenditures
and per capita out-of-pocket expenses than people
without diabetes. These expenses and their associated
loss of productivity have impact not only on diabetic
patients and their families, but on federal and state
governments and society as a whole.

• • • • • • •

INTRODUCTION

SUMMARY

601



A number of economic analyses of the cost of diabetes
were performed in the 1980s and 1990s. This chapter
examines the methodological differences in these
published analyses and provides an update and syn-
thesis of previous cost estimates.

In the 1980s, there were several studies on the costs
of diabetes2-6. Caution is advised when making com-
parisons among the estimates generated from multiple
studies. Although the studies arrived at relatively con-
sistent cost estimates, different methodologies and
baseline years were used in their analyses of the costs
of illness.

Several methodological issues in estimation of eco-
nomic costs of illness deserve attention. The most
critical issues in evaluating an economic analysis are:
1) appropriateness and consistency of the method for
attributing costs to the underlying condition, 2)
method for valuing human life and health, and 3)
methods for estimating volume of medical services.

METHODS FOR ATTRIBUTING COSTS TO
THE UNDERLYING CONDITION

In evaluating the burden of illness, a consistent
method must be established for attributing various
clinical conditions, including direct complications of
diabetes and some proportion of systemic comorbid
conditions for which persons with diabetes are at
increased risk, to the underlying condition of diabe-
tes. That allocation strategy, once devised, must be
translated into a corresponding coding strategy for
ascertaining those conditions from the codes of the
International Classification of Diseases commonly
used in administrative databases7. The attribution of
comorbid systemic conditions associated with diabe-
tes may be particularly problematic. Numerous stud-
ies have documented that persons with diabetes are at
increased risk for many acute and chronic illnesses
and complications, such as visual impairment, lower
extremity amputation, and cardiovascular disease (see
Chapters 14, 18, and 19). The prevalence of hyperten-
sion, kidney disease, and peripheral vascular disease
are also substantially greater for those with diabetes
(see Chapters 7, 16, and 17). To the extent that diabe-
tes causes or increases the risk of these illnesses, one
needs to estimate what proportion of these illnesses
and associated morbidity and mortality can be attrib-
uted to diabetes to determine all of the costs associ-

ated with diabetes.

Some previous analyses have included directly attrib-
utable complications of diabetes such as retinopathy
and neuropathy but have omitted the costs associated
with systemic comorbidities such as cardiovascular
disease, infection, and stroke. One study provided a
good example of how costs that arise as a consequence
of excess risk of comorbidities in persons with
NIDDM can be included in the cost estimates6. The
analysis first calculated the etiologic fraction for each
comorbid condition attributable to diabetes, then
multiplied these fractions by the cost of each diabetes-
related comorbid condition.

The inclusion or exclusion of various comorbid clini-
cal conditions in the analysis may result in consider-
able differences in the estimated economic impact of
diabetes. These differences may or may not be signifi-
cant, depending on the underlying prevalence of the
diabetes-related clinical conditions in question. In
general, when certain clinical conditions or the excess
risk of comorbidities are not attributed to the disease
category (as they should have been) in the analysis,
the economic impacts of the disease are likely to be
understated. On the other hand, an overly broad attri-
bution of comorbidities to diabetes and to the other
chronic diseases that are often the target of economic
analysis may lead to double counting. In its reductio
ad absurdum, economic analysis of the cost of chronic
diseases may suggest that these diseases in aggregate
cost considerably more than the total U.S. health care
expenditures.

METHODS FOR VALUING HUMAN LIFE
AND HEALTH

The second critical methodological issue in estimat-
ing the burden of illness is how the economic costs of
an illness are formulated and reported. Economists
generally employ two analytical approaches, the hu-
man capital method and the willingness-to-pay
method, in valuing human life. The human capital
approach estimates an individual’s value to society in
terms of the individual’s production potential, i.e., his
or her current and future earnings stream8. The will-
ingness-to-pay approach bases its estimates on what
the individual would be willing to pay to reduce the
probability of morbidity or mortality9. Although both
approaches have their own set of merits and limita-
tions, most of the cost-of-illness studies since Rice10

have adopted the human capital method in valuing
human life and arriving at their estimates. This meth-
odological preference among researchers is mainly a
function of the availability of productivity-related sta-

METHODOLOGICAL ISSUES IN 
ESTIMATING THE COSTS OF ILLNESS
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tistics and the difficulties in obtaining willingness-to-
pay estimates in practice.

Under the human capital approach, there are two
conceptually distinct methods in presenting the costs
of illness: an estimate of annual costs for all prevalent
cases and an estimate of lifetime costs in an incident
cohort of patients. The prevalence-based estimates of
the costs of illness measure costs incurred during a
specified period, usually 1 year, for all individuals
suffering the illness regardless of the time of disease
onset. Such prevalence-based estimates provide im-
portant information on the expenditures associated
with the disease for a given period. The approach is
conceptually and empirically straightforward because
it is a cross-sectional estimate in nature and does not
require additional information on how the natural
history of the disease affects medical and other costs
at different disease stages. Almost all of the cost-of-ill-
ness studies to date have adopted this prevalence-
based annual costs approach in arriving at their esti-
mates. Estimates generated by this approach are of
limited use, however, in the context of cost-benefit
and cost-effectiveness analyses, where it is necessary
to know the costs associated with the incidence of
disease while evaluating various disease prevention
strategies.

The incidence-based cost-of-illness estimates, on the
other hand, measure the lifetime costs incurred from
disease onset until cure or death for all persons in an
incidence cohort, such as all persons who develop the
condition in a given year. Since lifetime costs of illness
are longitudinal in nature, information regarding the
natural history of the disease such as its likely course,
duration, and survival rates—as well as the impact of
these assumptions on medical care expenses and lost
productivity—are essential in arriving at the esti-
mates. As technology and the underlying cost struc-
tures of medical care change over time, so will the
lifetime costs of illness. Future analyses must reflect
these changes to generate more accurate estimates
under the incidence-based approach. Despite difficul-
ties in implementation, the incidence-based cost-of-
illness approach is still most useful in estimating the
benefits associated with reducing disease incidence
through existing or hypothetical preventive modali-
ties. The availability of such estimates serve as an
important foundation for cost-benefit and cost-effec-
tiveness analyses of various disease prevention and
intervention strategies.

In contrast, a prevalence-based cost-of-illness ap-
proach is far easier to implement, since it requires
only that one be able to measure the direct and indi-
rect economic burden associated with the condition of

interest for all persons affected by the condition dur-
ing a defined interval, most commonly 1 year11. While
this approach can be readily adapted to estimating
national costs of various conditions, it is less applica-
ble to estimating the cost-effectiveness of proposed
intervention strategies. 

METHODS FOR ESTIMATING VOLUME
OF MEDICAL SERVICES

As in all cost-of-illness studies, data on medical serv-
ice utilization and potential productivity lost due to
morbidity and mortality are essential in arriving at
cost estimates for diabetes. For medical service utili-
zation, clinical cost-of-illness estimates have gener-
ally relied on national surveys, such as the National
Hospital Discharge Survey (NHDS), National Ambu-
latory Medical Care Survey (NAMCS), and National
Nursing Home Survey (NNHS), in which data are
obtained from hospitals and medical care providers.
For potential productivity lost due to morbidity and
mortality, the National Health Interview Survey
(NHIS) and the U.S. Life Tables have been used as data
sources in estimating disability days and premature
death. The use of medical care provider survey data,
such as that available in the NAMCS, or databases
sponsored by various health industries may be prob-
lematic in that the sampling frame often excludes
certain areas of health care utilization that are not
needed for the primary purpose of the survey. For
instance, ambulatory visits to hospital outpatient de-
partments and emergency departments were not in-
cluded in the NAMCS before 1993. Since ~15% of
ambulatory care is rendered at hospital outpatient and
emergency departments, and this source of care is
particularly used by minority and economically disad-
vantaged persons, any utilization estimate based on
the NAMCS is likely to underestimate costs of diabe-
tes care in urban populations. Both the NHDS and the
NNHS also face similar concerns of understating the
actual utilization of services.

Entmacher4 suggested an alternative approach to de-
riving cost estimates from population-based surveys
such as the annual NHIS, the 1977 National Medical
Care Expenditure Survey (NMCES), and the 1987
National Medical Expenditure Survey (NMES). As-
suming that individual respondents to these surveys
can provide valid utilization information on various
medical categories, a national probability sample with
proper statistical weight can, theoretically, present a
reasonable estimate of national medical care utiliza-
tion. Another advantage of population-based survey
data is that it can provide some insight into the bur-
dens and impacts of the diseases from the individual’s
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perspective. Information, such as out-of-pocket medi-
cal care expenses, can be obtained from the NHIS,
NMCES, and NMES. The national population-based
health surveys are limited, however, in that unless
specific questions about certain diseases or health
conditions are included in the survey, detailed diagno-
sis and procedure data are generally not available.
Thus, it is usually more difficult to obtain disease-spe-
cific estimates from such sources. In the case of diabe-
tes, fortunately, the NHIS included a diabetes supple-
ment focusing on the health care management and
service utilization of persons with diabetes in 1976
and again in 1989.

The 1987 NMES household survey, conducted by the
Agency for Health Care Policy and Research
(AHCPR), consisted of a national multistage area
probability sample of 35,000 individuals in 14,000
households12,13. The 1987 NMES included the ques-
tion, "Did a doctor or other medical person ever say
that (the sample person) had diabetes (high blood
sugar)?" The validity of relying on the response to this
question to identify diabetic subjects, however, is
questionable. The inclusion of the phrase "high blood
sugar" in characterizing diabetes status may lead indi-
viduals with hyperglycemia alone to respond posi-
tively to the question. Since not all individuals with
high blood sugar have diabetes, prevalence estimates
based solely on the response to this question in the
1987 NMES will be overstated. Moreover, costs asso-
ciated with this cohort of individuals, comprising a
mixture of those with diagnosed diabetes and those
with hyperglycemia, will understate the costs associ-
ated with diabetes per person with diabetes. An esti-
mate based on this survey question in the 1987 NMES,
extrapolated to the U.S. population of 1992, rendered
11.2 million prevalent diabetes cases in 199214. This
estimate is 50% higher than the estimate of 7.4 million
derived from the 1992 NHIS, which asks the question,
"During the past 12 months, did anyone in the family
have diabetes?" However, NMES is the only survey
that collected cost data for a national sample of the
U.S. population on utilization of medical services in
the hospital, physicians’ offices, and emergency
rooms, as well as cost data on medication. The data
have been used for estimating medical cost in several
studies14,15.

Of the several studies on the economic costs of diabe-
tes conducted in the 1980s, almost all used the human
capital approach in valuing human life and relied on
prevalence-based annual cost estimates in their analy-

ses. This section synthesizes and updates the cost
estimates in four of these analyses, i.e., those by the
Carter Center of Emory University3, Entmacher and
colleagues4, Pracon Inc.5, and Huse and colleagues6.
To facilitate the comparisons, this section presents the
original estimate figures from these studies. In addi-
tion, we have updated cost estimates to 1990 dollars
by adjusting the original figures using the Consumer
Price Index-U inflater. Tables 30.1 and 30.2 show how
these estimates compare with each other in different
cost categories.

In classic cost-of-illness studies, costs are usually di-
vided into direct costs for medical care and indirect
costs from lost productivity due to morbidity and
mortality. The direct cost component usually includes
expenditures associated with medical treatments,
such as hospital and nursing home care, physician
services, prescription drugs, laboratory tests, medical
supplies, and other medical professional services. The
relevant expenditures apply not only to diabetic con-

DIRECT AND INDIRECT COSTS OF DIABETES

Table 30.1
Estimates of the Economic Costs of Diabetes in the
U.S.

Cost 
component

Carter
Center
(1980)

Entmacher
(1984)

Huse
 (1986)

Pracon
(1987)

(dollars in billions)

Direct costs 7.9 (12.4) 7.4 (9.3) 11.6 (13.8) 9.6 (11.0)

Indirect

costs 10.0 (15.8) 6.3 (7.9) 8.2 (9.7) 10.8 (12.4)
Total costs 17.9 (28.2) 13.7 (17.2) 19.8 (23.5) 20.4 (23.4) 

Figures in parentheses are estimates adjusted by the chapter authors to 1990
dollars using the Consumer Price Index-U inflater.

Source: References 3-6

Table 30.2
Estimates of the Direct Costs of Diabetes in the U.S.

Cost 
component

Carter
Center
(1980)

Entmacher 
(1984)

Huse
(1986) 

Pracon
(1987)

(dollars in billions)

Hospitalization 6.2 (9.8) 5.8-7.0
(7.3-8.8)

4.9 (5.8) 6.9 (7.9)

Nursing home 7.0 (1.1) 3.4 (4.0) 1.0 (1.1)

Physician visit 0.7 (1.1) 0.5-1.0
(0.6-1.3)

2.2 (2.6) 1.7 (1.9)

Medication 0.8 (1.0)

Other 0.2 (0.3)

Figures in parentheses are estimates adjusted by the chapter authors to 1990
dollars using the Consumer Price Index-U inflater.

Source: References 3-6
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ditions but also to the additional comorbidity condi-
tions that can be attributed to diabetes. In recent
years, some studies16 have suggested that certain sup-
port costs, such as expenditures for research and
training, should be included in the direct costs. In
practice, the estimates of direct costs are usually de-
rived by multiplying the total units of certain types of
medical care services or supplies utilized by the aver-
age unit costs of the services or supplies.

Indirect costs usually refer to the resources lost, in-
stead of used, as a result of illness. Its components
include the values of reduced and lost productivity
due to morbidity, disability, and premature mortality.
In practice, the measurement of the value of produc-
tivity is based on the assumptions that earnings (in-
cluding both wages and wage supplements such as
various insurance benefits and pensions) represent
productivity and that certain value for household
work should be imputed to add to the earning figures.
Actual ascertainment of the indirect cost then in-
volves applying average daily earnings to work-loss
days for the short-term morbidity cases and discount-
ing future stream-of-lifetime earnings into its present
value for cases involving permanent disability and
premature death. 

DIRECT COSTS 

The noneconomist reading any of the studies cited in
this chapter may find the term "cost" used in a con-
fusing, although economically correct, manner. From
an economist’s perspective, the cost of a service is
quite different from its price. While price is a function
of what is paid in the marketplace, cost is a function
of the inputs (labor, consumable goods, depreciation,
etc.) required to produce that service. Often, the esti-
mated costs of medical care may seem quite low in
relation to their common price.

Physician service costs

Huse and colleagues6 employed the etiologic fraction
method to derive estimates from published 1980
health expenditure data for diseases of the nervous
system and sense organs, circulatory system, genitou-
rinary system, and skin and subcutaneous tissue. Af-
ter adjusting for growth in the U.S. population and per
capita health expenses, they estimated that $2.2 bil-
lion ($2.6 billion in 1990 dollars) were spent on phy-
sician services for NIDDM in 1986. The Pracon study5

adopted a slightly different approach and estimated
that ~13.4 million diabetes-related outpatient physi-
cian visits occurred in 1987. With each visit costing
an average $27.82, the total cost of physician services

amounted to $0.4 billion in 1990 dollars. In the study
conducted by the Carter Center3, the authors assumed
the cost of an average visit in 1980 to be $40. They
estimated the total cost of physician visits was $0.7
billion per year ($1.1 billion in 1990 dollars). Ent-
macher and colleagues4 estimated that $0.5-$1.0 bil-
lion were spent on patient visits to physicians in 1984
($0.6-$1.3 billion in 1990 dollars).

Hospital service costs

The Pracon study5 included costs directly attributed
to diabetes, chronic complications of diabetes, and
increased propensity to hospitalize diabetic patients
in its estimate of the cost of hospital services. The
study estimated >2.2 million hospital days were asso-
ciated with providing care to patients with a primary
diagnosis of diabetes in 1987. In addition, an esti-
mated 5.71 million hospital days were attributed to
the treatment of persons with diabetes-related renal,
ophthalmologic, neurologic, and cardiovascular com-
plications. They further assumed that persons with
diabetes suffering certain comorbidities might have
been hospitalized, whereas a nondiabetic person with
the same complication would have been treated on an
ambulatory basis, thus attributing the hospitalization
cost to diabetes rather than to the comorbid condi-
tion. There were 845,700 hospital days attributed to
diabetes. The total cost of hospitalizations for persons
with diabetes was estimated to be $6.9 billion in 1987.

The study by Huse and colleagues6, using etiologic
fraction methodology, estimated the cost of NIDDM in
1986 to be $4.9 billion ($5.8 billion in 1990 dollars).
The Carter Center study3 based its estimate of the cost
of hospitalizations on the number of hospital days
incurred in hospitalizations for which diabetes was
listed as a discharge diagnosis (one of seven possible
diagnoses listed on the hospital discharge record).
The authors assumed that the cost of a hospital day
was $205. The total cost of hospitalization for diabe-
tes, according to the Carter Center study, was $6.2
billion ($9.8 billion in 1990 dollars) per year in 1980.

Entmacher and colleagues4 estimated that almost 50%
of the total amount of direct costs of diabetes can be
attributed to the cost of hospitalizations. The estimate
of hospitalization costs using the human capital ap-
proach was $3.5 billion in 1984 and did not include
costs incurred for conditions other than diabetes. Ent-
macher also reported cost estimates for hospitaliza-
tions with diabetes as a primary or secondary diagno-
sis. Data from the 1980 NHDS and the 1980 National
Medical Care Utilization and Expenditure Survey
(NMCUES) were used to estimate the number of hos-
pitalizations. The total cost of hospitalizations for
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diabetes was estimated to be $5.8-$7.0 billion ($7.3-
$8.8 billion in 1990 dollars).

Long-term care costs

According to the Huse study6, nursing home care cost
a total of $3.44 billion ($4.0 billion in 1990 dollars)
in 1986. In the Pracon study5, the number of nursing
home stays was determined for stays directly attrib-
uted to diabetes, its chronic complications, and the
increased propensity to institutionalize diabetic pa-
tients in nursing homes. In 1987, there were 446,856
months of institutionalized care provided to persons
with diabetes. The cost of providing this care was
estimated to be $1.0 billion ($1.1 billion in 1990
dollars). According to the Carter Center study3, the
median length of stay for diabetic patients was 85
days, with an average cost per median stay of $3,500.
Therefore, the total cost of nursing home care for
diabetic patients was calculated to be $0.7 billion
($1.1 billion in 1990 dollars). Entmacher4 estimated
that $2.0 billion was spent on nursing home care in
1984 ($2.6 billion in 1990 dollars).

Medication, laboratory, and other costs
for therapy and management

Pracon estimated the cost of medications to be $1.3
billion ($1.5 billion in 1990 dollars), which included
the cost of insulin, syringes, cotton swabs, self-admin-
istered glucose and urine tests, oral hypoglycemic
medication, and laboratory tests ordered or adminis-
tered by a physician5. Huse estimated the cost of medi-
cations to be $0.8 billion ($0.9 billion in 1990 dol-
lars)6. Entmacher estimated that $0.6 billion was
spent on medications ($0.7 billion in 1990 dollars)4.

INDIRECT COSTS

Productivity lost due to short-term 
morbidity

The indirect cost component in the Pracon study in-
cluded the costs of time for physician visits and work-
loss days5. The total amount of labor days lost by
persons with diabetes due to outpatient physician
visits was estimated to be 1,379,103 person-days per
year, resulting in a cost of about $0.87 billion. A total
of 873,432 work days were lost due to diabetes illness
or symptoms, with an associated cost of $0.55 billion.
Short-term morbidity was, therefore, associated with
a loss of $1.42 billion in productivity in 1987.

Productivity lost due to permanent
disability and premature mortality

Huse estimated $2.6 billion ($3.1 billion in 1990 dol-
lars) in foregone productivity related to disability as-
sociated with diabetes6. The Pracon study estimated
that diabetes disabled 9,319 workers5. The indirect
cost attributed to long-term disability was $3.1 bil-
lion. Entmacher estimated the indirect cost due to
disability that resulted in lost wages and earnings to
be $4.4 billion in 1984 ($5.6 billion in 1990 dollars)4.

Huse estimated $5.6 billion in foregone productivity
related to premature mortality ($6.6 billion in 1990
dollars)6. Pracon estimated there were 80,339 deaths
in 1987 due to diabetes, either as a direct or contribu-
tory cause. The cost associated with the premature
mortality was $7.5 billion ($8.9 billion in 1990 dol-
lars)5. Entmacher estimated the indirect cost in lost
wages and earnings due to premature mortality to be
$1.9 billion in 1984 ($2.3 billion in 1990 dollars)4.

The Carter Center study estimated that 37,500 per-
son-years of productivity were lost each year by work-
ing people with diabetes, 53,000 person-years were
lost each year by homemakers, and 116,300 person-
years were lost by unemployed diabetic people3.
Among people age <65 years, there were 411,000
years of life lost before age 65 years, based on diabetes
listed as one of the causes of death on death certifi-
cates. There is considerable underreporting of diabe-
tes as the underlying cause of death because it is rarely
the proximal cause of death (as opposed to myocardial
infarction, stroke, etc.; see Chapter 11). In many
cases, diabetes is listed only as a contributing cause of
death and is not captured in summary databases. To
estimate the true mortality associated with diabetes,
the authors of the Carter Center report multiplied
(somewhat arbitrarily) the underlying cause of death
data by a factor of 10, which resulted in a total of
1,450,000 years of life lost each year. The total indi-
rect cost was estimated to be $10.0 billion per year
($15.8 billion in 1990 dollars).

Given the broad variations in underlying assump-
tions, it is reassuring to note that most of the diabetes
cost analyses, except for the Entmacher study, arrived
at similar estimates for the total cost burden of diabe-
tes. In fact, because the Entmacher study focused only
on costs directly associated with diabetes, one would
expect a lower estimate. Because of this assumption,
which excludes the excess risk of comorbid condi-
tions attributable to diabetes, the Entmacher study
does not serve, nor was it intended to serve, as a
complete estimate of the cost of diabetes. The best
estimate of the annual economic burden of diabetes in
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the United States during the 1980s, based on the Huse
and Pracon studies, is about $20 billion, including
$10-$12 billion for direct medical costs.

Results from a study on costs of diabetes in 1992 were
published by the American Diabetes Association
(ADA)15. The study employed the prevalence-based
approach11 to estimate the costs of diabetes in 1992.
The information on prevalence, incidence, morbidity,
mortality, and health resources used were derived
from data collected primarily in 1985-91. The esti-
mates for 1992 were accomplished by inflating each
measure by the proportion of the combined increases
in the U.S. civilian population from the year the data
represent to 1992.

Direct medical costs of diabetes, its complications,
and other comorbid conditions were estimated to be
$45.2 billion. Indirect costs were $46.6 billion for
economic loss due to disability and premature death
from diabetes. The total costs of diabetes in 1992,
therefore, were $91.8 billion (Table 30.3). This total is
four times that of previous estimates, even after ad-
justing for inflation using the Consumer Price Index
U-inflater. In part, this striking difference is attribut-
able to increases over time of medical care costs in
excess of the Consumer Price Index and to more
intensive and expensive technology of care over time.
However, there are significant differences in method-
ology between the ADA analysis and previous work
that must be considered.

The ADA analysis included direct medical and indi-
rect components not considered by previous studies.
For example, the cost of home health care visits,
dietitian/nutritionist visits, and durable medical
equipment such as glucose monitors were included in
direct medical costs. Also, health care services attrib-
uted to excess risk attributable to diabetes of systemic
comorbid conditions were ascertained more compre-
hensively. As a result, the total hospital days due to
systemic cormorbid conditions attributed to diabetes
in 1992 was 10 times that estimated in 1987, as was
the estimate of nursing home days and physician vis-
its. Finally, a total of 344,914 deaths in 1992, com-
pared with 80,339 in 1987, were attributed to diabe-
tes. This is partly a function of mortality databases
used in the ADA study that better capture contribu-
tory causes of death. 

Diabetes, like most chronic health conditions, not
only places substantial economic burdens on society
as a whole but also imposes considerable economic
burdens on individual patients and their families. The
classic cost-of-illness analyses based on aggregate-
level national utilization and expenditure data, how-
ever, are of little help in providing the economic im-
pact of diseases from the individual’s perspective. Al-
though a large portion of medical expenses are usually
borne by private and public health insurance pro-
grams for individuals with such coverage, persons
with diabetes may still incur a substantial amount of
out-of-pocket expenses for physician services, medi-
cations, laboratory tests, and other services that re-
quire shared payments. As previously described, the
structure of currently available health expenditure
surveys is not particularly useful for estimating na-
tional costs of diabetes and its complications. How-
ever, these surveys offer insights into how individual
patients and their families are affected economically
by diabetes.

Because individuals with diabetes tend to use more
medical services than nondiabetic individuals, they
are likely to incur not only higher total medical ex-
penditures but also higher out-of-pocket expenses.
Entmacher, based on the 1976 NHIS, showed that the
per capita out-of-pocket medical expenses for diabetic
patients are much higher than for the nondiabetic
population across all age groups4. The differences
were especially significant in the costs for prescribed
medicine, for which diabetic individuals incurred 1.6-
3.5 times more out-of-pocket expenses than the gen-

Table 30.3
Total Economic Costs of Diabetes, U.S., 1992

Cost 
component

Total cost
(dollars in billions)

Percent of
total cost

Direct cost
Institutional

Hospital 37.23 40.5
Nursing home 1.83 2.0

Outpatient 6.16 6.7
Total 45.22 49.2

Indirect cost
Short-term morbidity 8.46 9.2
Long-term morbidity 11.18 12.2
Mortality 26.98 29.4
Total 46.43 50.8

Grand total 91.85 100.0 

Source: Reference 15

THE COSTS OF SYSTEMIC MORBIDITY AND
MORTALITY ATTRIBUTABLE TO DIABETES

ECONOMIC IMPACT OF DIABETES ON 
AFFECTED INDIVIDUALS
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eral population, depending on age. For physician
services, diabetic persons also had 1.4-1.8 times
higher out-of-pocket expenses. Although there was
no difference in out-of-pocket hospital expenses in
the elderly group, younger diabetic subjects still expe-
rienced 10%-30% more out-of-pocket hospital ex-
penses than those without diabetes4.

Table 30.4 presents our analysis of total and out-of-
pocket medical expenses for selected medical services
based on the 1987 NMES17,18. The data on per capita
total medical expenditures and per capita out-of-
pocket expenses are shown for persons with and with-
out diabetes who used medical services in the survey.
In addition, cost ratios are shown for persons who
used each medical service and for all persons in the
diabetic and general population groups. On an aggre-
gate level, our findings are consistent with those
based on the 1976 and 1989 NHIS data. The data in
Table 30.4 suggest that persons with diabetes not only
visit the physician’s office and the hospital outpatient
department more frequently than their nondiabetic
counterparts, but they are also more likely to be ad-
mitted to the hospital emergency department. Among
those who used ambulatory medical services, people
with diabetes tended to have both higher per capita
total medical expenditures and higher per capita out-
of-pocket expenses than people without diabetes.
Among individuals who had a physician office visit
during 1987, those with diabetes had substantially
higher total expenditures ($541 versus $311) and out-
of-pocket expenses ($245 versus $167) for physician
services than their nondiabetic counterparts. Those
with diabetes similarly incurred 10%-20% higher out-
of-pocket expenses for hospital outpatient and emer-
gency department services. The expenditure figures
shown in Table 30.4 for emergency room services are
significantly understated because many emergency

room visits led to inpatient hospitalizations and were
categorized as such in the NMES data. Since pre-
scribed medicines in many cases may not be covered
by health insurance, or there may be a higher thresh-
old for the insurance deductible and copayment for
prescribed medicines, diabetic individuals appear to
experience substantially higher economic burdens for
prescribed medicine than nondiabetic individuals. Per
capita expenditures for prescribed medicines for dia-
betic persons were much higher than for their nondi-
abetic counterparts ($470 versus $147), and the dif-
ference in per capita out-of-pocket expenses for pre-
scribed medicines was also substantially greater for
the diabetic population ($286 versus $97). This find-
ing is consistent with the results reported by Ent-
macher4.

A study by Rubin and colleagues estimated total
health care expenditures and per capita annual health
care expenditures for diabetic and nondiabetic per-
sons using data on diabetes prevalence, health care
use, and health care costs from the 1987 NMES sur-
vey14. Only total per capita health care expenditures
were identified in this survey (indirect costs were not
studied). Diabetes was ascertained in two ways. In
one, persons with diabetes were identified as having
"confirmed diabetes" based on a record of taking in-
sulin or another diabetic drug, an encounter with the
health care system specifically related to diabetes as
indicated by the presence of a diabetes-specific ICD9-
CM code, or a record of purchasing diabetic items
such as syringes or test paper. This method yielded a
diabetes prevalence, extrapolated to the 1992 U.S.
population, of 7.7 million, which is similar to the
1992 NHIS estimate of 7.4 million (see Chapter 4).
The other method was based on a positive response to
the survey question, "Did a doctor or other medical
person ever say that (the sample person) had diabetes

Table 30.4
Total and Out-Of-Pocket Medical Expenses: Diabetic Patients Versus the General Population

Percent with 
medical expense

Average 
total medical 

expenditure ($)
per person

with expense

Average 
out-of-pocket

expenditure ($)
per person

with expense

Cost ratio, 
diabetic vs. general population

Persons with expense All persons

Out-of- Out-of-

Type of expense DM Gen. pop. DM Gen. pop. DM Gen. pop. Total pocket Total pocket

Physician office visit 94 71 541 311 245 167 1.7 1.5 2.3 1.9
Hospital outpatient visit 37 17 1,609 909 282 249 1.8 1.1 3.9 2.5
Emergency room visit 27 5 414 266 121 101 1.6 1.2 7.8 6.0
Prescribed medication 97 57 470 147 286 97 3.2 3.0 5.5 5.1 

DM, diabetes mellitus patients; gen. pop., general population.  Costs shown are costs per person for those who used any medical care; the ratio of costs for those with versus
those without diabetes is shown for persons with an expense and for all persons (costs averaged over all persons, with or without an expense in the year).

Source: Authors’ analyses of the 1987 National Medical Expenditure Survey adjusted to 1992 dollars, References 17 and 18
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(high blood sugar)?" As discussed above, this method
overestimates by 50% the prevalence of diagnosed
diabetes.

The Rubin study estimated that total direct medical
care costs for people with confirmed diabetes was
$11,157 per person in 1992 (Table 30.5). For the
estimated 7.7 million people with diabetes, the total
costs of care were $85.7 billion, or 11.7% of U.S.
health care expenditures. Costs for inpatient hospital
care for persons with confirmed diabetes was 5.9
times the cost for those without diabetes ($7,153
average annual cost in 1992 per person with diabetes
versus $1,222 per person without diabetes). This
comparison was not adjusted for the older age of the
diabetic population. Comparisons by age for total
costs for the group of people with "diabetes or high
blood sugar" compared with those without diabetes
showed cost ratios of 1.5 for age 18-24 years and for
age ≥75 years and higher ratios, as great as 3.3, for the
middle age groups.

Inpatient hospital care costs accounted for 64% of all
health care expenditures for people with confirmed
diabetes (Table 30.5). This finding is similar to the
Entmacher study4, which estimated that hospitaliza-
tions accounted for the highest proportion of health
expenditures associated with diabetes. The Rubin
study estimated that the average cost for physician
visits per person with confirmed diabetes was 1.9
times the cost for nondiabetic persons ($1,045 versus
$554) and emergency care was 1.56 times higher

($131 versus $84). Costs for prescription drugs and
durable medical equipment for diabetic persons were
estimated to be 5.3 times the costs for nondiabetic
persons ($1,056 versus $201). The total per capita
annual health care expenditures for persons with con-
firmed diabetes were 4.3 times the expenditures for
nondiabetic persons ($11,157 versus $2,604, all ages
combined).

The estimated costs per person with "diabetes or high
blood sugar" were substantially lower than costs per
person with confirmed diabetes (Table 30.5). This is
probably because of the inclusion of a substantial
number of people who did not have diagnosed diabe-
tes in the category "diabetes or high blood sugar."

A brief review of the experiences of other countries
can provide some perspective on how health care
resources have been allocated in the United States and
whether U.S. diabetic patients endure a larger eco-
nomic impact for the illness, compared with patients
in other countries.

Studies on the costs of diabetes have been conducted
in France19, Sweden20, and Canada21. Most interna-
tional studies, however, are not as comprehensive as
the U.S. studies presented in this chapter. The French
study focused only on direct costs. It was based on a
sample of 109 patients divided into insulin-dependent
and non-insulin-dependent groups. The Canadian
study, which also focused on direct costs, was based
on a survey of 205 patients. The Swedish study was
the only one based on statistical databases.

For insulin-dependent patients in the French study,
physician visits comprised 5% of direct costs, whereas
8% of the direct costs for non-insulin-dependent pa-
tients was spent on physician visits. In Sweden, 14%
of direct costs were spent on physician visits, and in
Canada an even larger percentage (20.9%) of direct
costs was spent on physician services. In the U.S. cost
studies described in this chapter, the percentage of
direct costs spent on physician visits ranged from 4%
to 10%.

The cost of hospitalizations accounted for 40% of the
direct costs in Sweden, compared with U.S. estimates
ranging from 43% to 92%. In Sweden, 23% of the
direct cost of diabetes was spent on nursing home
care, while the percentage spent on nursing home care
in U.S. studies ranged from 9% to 30%.

Table 30.5
Direct Medical Care Expenditures for Persons with
Confirmed Diabetes and for Persons with Diabetes
or High Blood Sugar

Expenditure category
Confirmed

diabetes
Diabetes or high

blood sugar

No. of people (millions) 7.7 11.1

Expenditures per person ($) 11,157 9,493

Inpatient 7,153 5,885

Office visit 1,045 989
Outpatient 1,225 1,127

Drugs and DME 1,056 891

Dental 110 130

Home health care 438 357

Emergency room 131 115

Total expenditures  
($ billions) 85.7 105.2

DME, durable medical equipment; data are based on the 1987 National Medical
Expenditure Survey, extrapolated to 1992 estimates; costs are averaged over all
persons in the survey identified as having either "confirmed diabetes" or
"diabetes or high blood sugar"; the latter category probably includes a substan-
tial number of persons who do not have diagnosed diabetes.

Source: Reference 14

INTERNATIONAL COMPARISONS OF 
DIABETES COSTS
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The percentage of direct costs for insulin-dependent
patients in the French study was 45%, while 34% of
direct costs were spent on medications for non-insu-
lin-dependent diabetes. In Sweden, medications made
up 19% of the direct costs. In the United States, 9%-
14% of the direct costs were spent on medications. 

The findings reported in this chapter demonstrate the
profound economic effect of diabetes on patients,
their families, and society. The highest estimate of
costs attributable to diabetes ($92 billion) is about
13% of U.S. healthcare expenditures15. Based on the
NMES data for confirmed diabetes, Rubin estimated
that expenditures for health care for people with dia-
betes totaled $85.7 in 1992, or 11.9% of total U.S.
health care expenditures were incurred by 3.1% of the
U.S. population14. It is important to note that our
analysis of per capita medical expenditures and per
capita out-of-pocket expenses associated with diabe-
tes shown in Table 30.4 includes only those persons
with and without diabetes who used medical services
during the period of the NMES. These data indicate
that diabetic individuals use a much higher propor-
tion of medical services and incur much higher ex-
penses than nondiabetic individuals who use medical
services for other reasons. The cost ratios for total
expenditures ranged from 1.6 to 3.2 comparing the
diabetic with the general population. Cost ratios for
out-of-pocket expenses ranged from 1.1 to 3.0. How-
ever, it is important to remember that a majority of
Americans without diabetes use few or no medical
services in a given year, whereas nearly all of those
with diabetes must avail themselves of medical care.
When the NMES survey data were adjusted for the
large number of healthy individuals who used no
medical care in a given year, the cost ratios were much

greater, ranging from 2.3 to 7.8 for per capita total
expenditures and 1.9 to 6.0 for out-of-pocket ex-
penses (Table 30.4).

The discussion on the economic costs of diabetes in
this chapter has focused mainly on society’s and the
individual’s perspectives. Alternatively, one can take
the perspective of the federal, state, or local govern-
ment and estimate only budgetary expenditures or
loss in tax revenues instead of lost wages or produc-
tivity. Costs typically included in cost-of-illness stud-
ies, such as reduced productivity and output loss, do
not contribute directly to federal budgetary costs. On
the other hand, transfer payments and tax losses are
government expenditures that are usually excluded
from cost-of-illness studies.

From the federal government’s perspective, transfer
payments and tax losses are arguably the most essen-
tial cost elements associated with the morbidity and
mortality caused by diabetes. An economic justifica-
tion for federally funded programs to prevent diabetes
and its complications should include these essential
elements in its perspective. Thus far, however, this
analytic framework has been applied only to preven-
tion of secondary complications of diabetes, not to
costs of treating the condition itself22. As the cost of
health care in the United States crosses the trillion
dollar threshold, this perspective becomes increas-
ingly important in our understanding of diabetes.

Dr. Jonathan C. Javitt is Associate Professor of Ophthalmol-
ogy and Public Policy and Director of the Worthen Center for
Eye Care Research, Georgetown University Medical Center,
Washington, DC; Dr. Yen-Pin Chiang served as Research As-
sistant Professor, Georgetown University Medical Center, and
is currently on the staff of the Health Care Financing Admini-
stration, U.S. Department of Health and Human Services,
Washington, DC.
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In recent years, there has been much concern about
the excess frequency and complications from diabetes
in minority populations in the United States. In 1986,
a Task Force on Black and Minority Health called
attention to limitations in knowledge about diabetes
in minorities and the need for increased research and
intervention to reduce the excess burden of diabetes
in these groups1. In this chapter, data on the frequency
of diabetes and associated risk factors in the black
population of the United States are reviewed and im-
plications for this ethnic group are discussed. The
African-American population includes many indi-
viduals who have immigrated to the United States
from other parts of the Americas, particularly the
Caribbean, for whom little is known of their diabetes
status. Thus, whenever possible, data on diabetes in

black Caribbean populations are provided.

Epidemiological studies conducted to assess the im-
pact of diabetes in black populations have examined a
number of syndromes of glucose intolerance, some of
which appear to be more common in black than in
white Americans. These include NIDDM, the major
form of diabetes affecting all populations in the
United States, IDDM, impaired glucose tolerance
(IGT), gestational diabetes mellitus (GDM), and the
malnutrition-related diabetes subtypes described by
the World Health Organization (WHO)2 as protein-
deficient pancreatic diabetes (PDPD) and fibrocalcu-
lus pancreatic diabetes (FCPD).

Other atypical diabetes syndromes characterized by

Chapter 31

Diabetes in African Americans 

Eugene S. Tull, DrPH; and Jeffrey M. Roseman, MD, PhD, MPH

SUMMARY

Among U.S. black children age <15 years,
estimates of insulin-dependent diabetes
mellitus (IDDM) incidence from population
registries range from 3.3 to 11.8 per 100,000

per year. The almost fourfold variation in IDDM inci-
dence may result from differential exposure to etio-
logic agents, differences in susceptibility due to white
genetic admixture, and differing genetic and autoim-
mune phenomena including HLA, islet cell antibod-
ies, and frequency of Asp-57. In contrast to diabetes
in adults, the incidence of diabetes in children (pre-
dominantly IDDM) is lower in black than in white
Americans. Rates for white American children are
nearly twice as high as in blacks, ranging from 13.8 to
16.9 per 100,000 per year.

Based on the 1993 National Health Interview Survey
(NHIS), the prevalence of known, physician-diag-
nosed diabetes among African Americans is 3.7%, ris-
ing from 1.3% at age 0-45 years to 17.4% at age 65-74

years. The rate of diabetes in blacks has tripled during
the past 30 years. Prevalence of diagnosed diabetes in
adults is now 1.4 times as frequent in blacks as in
whites. This excess occurs for both black men and
black women. Approximately 1.3 million African
Americans have been diagnosed as having diabetes. In
addition, based on the 1976-80 Second National
Health and Nutrition Examination Survey (NHANES
II), approximately half of both black and white adults
who meet diagnostic criteria for non-insulin-depend-
ent diabetes mellitus (NIDDM) are undiagnosed. The
frequency of diabetes in black adults is influenced by
the same factors that are associated with NIDDM in
other populations, including obesity, physical inactiv-
ity, insulin resistance, and genetic factors. 

Data on the frequency of diabetes complications in
African Americans are limited but suggest that this
population experiences considerable morbidity and
excess frequency of many diabetic complications.

• • • • • • •

INTRODUCTION

CLASSIFICATION OF DIABETES 
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resistance to ketosis and periods of normoglycemic
remission with subsequent hyperglycemic relapse
have been described in black populations. These in-
clude atypical maturity-onset diabetes of the young
(MODY) in African-American children3 and the dia-
betic syndrome of phasic insulin dependence in Ja-
maica4. Similar atypical diabetes syndromes have been
reported in the United States5 and Africa6. Diagnosis
and classification of these diabetes subtypes (see
Chapters 2 and 5) are based on criteria of the National
Diabetes Data Group (NDDG)7 and the WHO8. A sum-
mary description of the different forms of diabetes is
presented in Table 31.12-12.

The sociodemographic characteristics of populations

are formed by environmental and genetic influences
that change throughout history. To understand how
rates of diabetes vary among African Americans, it is
important to examine the historical origins of black
populations in the Americas. To a great extent, the
sociodemographic characteristics that influence dia-
betes rates in African Americans have been shaped by
the dynamics of European colonialization in the
Americas. African Americans are descended from Af-
ricans whose parent populations were characterized
by much cultural and genetic diversity13. The ships
that brought Africans to the Americas contained indi-
viduals from a variety of ethnic groups of West and
Central African origin (Figure 31.1)14-16. However, be-
cause of the system of slavery, ethnic distinctions did
not persist in the New World14. Thus, the African-
American population became a hybrid population
formed from genetic admixture across African ethnic
groups and with other racial groups, primarily Euro-
pean and North American Caucasians17.

Today, variations in the degree of European admixture
exist across African origin populations in the Ameri-
cas18-20 and by region within the United States17. Simi-
lar differences in culture have emerged that contribute
to the environmental and lifestyle factors that influ-
ence variation in rates of diabetes in African-American
populations. The African-American population in-
cludes many individuals who have immigrated to the
United States from other parts of the Americas, among
whom cultural beliefs may influence lifestyle factors
such as dietary behavior, physical activity patterns,
and attitude toward body size and weight.

North
America

America
South

Africa

Table 31.1
Diagnostic Criteria and Description of Diabetes 
Subtypes

Type of 
diabetes

Diagnostic 
criteria Description

NIDDM FPG ≥140 mg/dl Also termed Type 2 diabetes; 
2-hour OGTT ≥200 mg/dl usually develops after age 40;

associated with obesity and
family history of diabetes

IDDM FPG ≥140 mg/dl Also termed Type 1 diabetes; 
2-hour OGTT ≥200 mg/dl abrupt symptoms;

insulinopenia and ketosis;
may have subclinical period
lasting many years;
associated with HLA and
autoimmunity

GDM FPG ≥140 mg/dl Diabetes during pregancy 
2-hour OGTT ≥200 mg/dl with return to normal

glucose status after delivery;
associated with increased
risk of developing NIDDM

IGT FPG <140 mg/dl Increased risk of developing 
2-hour OGTT 140-199
mg/dl

NIDDM; high frequency of
cardiovascular risk factors

PDPD FPG ≥140 mg/dl Cases present very thin; resis-
2-hour OGTT ≥200 mg/dl tant to ketosis; shows phasic

insulin dependence

FCPD FPG ≥140 mg/dl Characteristics similar to  
PDPD but with pancreatic
calcification

FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; GDM, gesta-
tional diabetes mellitus; IGT, impaired glucose tolerance; PDPD, protein-defi-
cient pancreatic diabetes; FCPD, fibrocalculus pancreatic diabetes. Diagnostic
criteria are those recommended by the World Health Organization; other
criteria for GDM more commonly used in the U.S. are based on a 3-hour OGTT
and are described in Chapter 2.

Source: References 2-12

Figure 31.1
Origin of African Americans from West and Central
Africa

Source: References 14-16

HISTORICAL ORIGINS OF 
AFRICAN AMERICANS
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In contrast to diabetes in adults, the incidence of
diabetes in children (predominantly IDDM) is higher
in white than in black Americans21,22. Among U.S.
black children age <15 years, estimates of IDDM inci-
dence from population registries range from 3.3 to
11.8 per 100,000 per year (Figure 31.2)23-26. Corre-
sponding rates for white Americans are nearly twice as
high, ranging from 13.8 to 16.9 per 100,000 per year.
A racial difference also exists in the distribution of
cases by gender, with a female excess in black children
compared with a slight male preponderance in white
children.

There have been few reports of the frequency of child-
hood diabetes in other black populations in the
Americas. An IDDM incidence of 5.6 per 100,000 per
year for children age 0-14 years was found in the U.S.
Virgin Islands27. The incidence at age 0-14 years on
the island of Barbados was reported to be 4.1 per
100,000 per year28. One report suggested that the
incidence of IDDM on Martinique was lower than 2
per 100,000 per year, but an actual rate was not pro-
vided19.

RACIAL ADMIXTURE

The importance of genetic admixture in determining

rates of IDDM in African-American children was first
suggested by MacDonald29, who observed that black
American children had a frequency of IDDM that was
lower than white American children but higher than
black African children. He hypothesized that rates of
childhood IDDM were higher in African-American
than in black African children because IDDM suscep-
tibility genes, which are more common in the U.S.
white population, had become admixed into the Afri-
can-American gene pool. Studies using genetic mark-
ers30-32 and ancestral histories27 have provided support
for this hypothesis. When the association of European
admixture with the frequency of childhood IDDM was
assessed by grandparental race in the U.S. Virgin Is-
lands, more admixture was found among those with
IDDM than in those without diabetes, which supports
the admixture hypothesis27. As with black populations
in the United States, it is expected that the incidence
of IDDM in African heritage peoples in the Americas
will vary geographically, being influenced by environ-
mental and lifestyle factors as well as the degree and
type of European admixture33.

It is possible that the almost fourfold variation in
incidence seen in black children in IDDM registries in
the United States, as well as gender differences, might
result from differential exposure to etiologic agents.
Another possible explanation is that the geographic
variation might reflect differences in susceptibility
due to white genetic admixture. This would be consis-
tent with the observation that the incidence (11.8 per
100,000 per year) of childhood IDDM among African
Americans in a northern area like Allegheny County,
PA, where the degree of white admixture is 21.2%, is
higher than the incidence (4.4 per 100,000 per year)
in a southern location like Jefferson County, AL,
where genetic admixture is 17.9%23,24,30,34.

HLA AND IDDM IN AFRICAN AMERICANS

Possible genetic factors that admixture may have in-
creased are genes in the major histocompatibility re-
gion (the HLA complex) of chromosome 6. Genes of
this complex are involved in immunological rejection
of foreign cells and synthesis of complement compo-
nents35. There is a strong association between the
presence of HLA antigens, particularly DR3 and DR4,
and the development of IDDM in a number of popula-
tions36-38. The highest risk for IDDM is associated with
HLA DR3/DR4 heterozygosity39. African Americans
with IDDM have HLA DR allelic associations that are
similar to those in U.S. whites36,40,41. When HLA DR
frequencies were examined in black Nigerian IDDM
patients, an association with DR3 but not DR4 was
found, as is characteristic of black and white Ameri-

INCIDENCE OF DIABETES IN CHILDREN
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Figure 31.2
Incidence of Childhood IDDM in U.S. Black and
White Populations

Source: References 23-26

RISK FACTORS FOR CHILDHOOD DIABETES
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cans with IDDM42. Thus, the susceptibility determi-
nant derived from admixture with Caucasians may be
DR4 associated43.

An amino acid substitution for aspartic acid at posi-
tion 57 (non-Asp 57) of the HLA-DQ beta chain was
identified as a highly specific marker of IDDM suscep-
tibility44. There is an almost 100% correlation of this
marker with the incidence of IDDM in different ethnic
populations45. The frequencies of these susceptibility
phenotypes in the population vary among racial
groups but tend to be higher among European and
North American Caucasians45,46. However, no signifi-
cant difference was found between black and white
patients with IDDM in Allegheny County, PA in the
frequency of non-Asp57 homozygosity (associated
with the strongest risk of IDDM)44. 

Relationships between HLA alleles and IDDM among
African Americans that differ from other ethnic
groups may provide important insight into the etiol-
ogy of the disease47. Research on the association of
HLA-DQ genes and HLA-DR7 and DR9, which are
associated with IDDM in black populations but not in
Caucasians, have provided evidence that both DQ A1
and B1 genes convey susceptibility to IDDM48,49. In
black populations, the HLA-DQ A1/B1 combination
A3, DQw2 may be an important marker of IDDM
susceptibility49,50.

IDDM AND AUTOIMMUNITY

Differences in autoimmune phenomena associated
with IDDM exist for black and white individuals with
the disease. The frequency of islet cell antibodies
(ICA) and other organ-specific antibodies that charac-
terize autoimmune beta cell destruction in IDDM is
lower for black than white American cases (ICA in
40% versus 60% of cases, respectively)23,51. In Jamaica,
ICA was not found in sera from 42 IDDM patients52.
Similarly, only two of 24 sera from insulin-treated
young Nigerian diabetic patients were ICA positive53.
Diabetic syndromes resembling IDDM at clinical pres-
entation but lacking the HLA associations occur in
black populations and may possibly confound these
ICA results. However, the tendency to be less prone to
ketosis and show lower frequency of autoantibodies
may indicate that black populations manifest a differ-
ent form of IDDM from that which occurs in white
individuals52. Additional research is needed to deter-
mine the reasons for the apparent differences in mani-
festations of autoimmune phenomena in black and
white Americans with IDDM.

SOCIOECONOMIC STATUS

The relationship between socioeconomic status and
childhood IDDM appears to be weak. Studies relating
socioeconomic status to IDDM incidence have found
positive54 and negative55 results and, in most research,
no association at all24,56,57. Thus, it appears unlikely
that racial differences in the frequency of childhood
IDDM in the United States are significantly related to
socioeconomic status.

Data on the rate of diagnosed diabetes in black and
white adults based on the 1991-92 NHIS are shown in
Table 31.2 and Figure 31.358,59. At age ≥45 years, the
prevalence of known, physician-diagnosed diabetes is
1.4 to 2.3 times as frequent in blacks as in whites. This

PREVALENCE OF DIABETES IN ADULTS

Table 31.2
Percent of Persons Who Have Diagnosed Diabetes,
U.S., 1991-92

Age   1991 1992 Average, 1991-92
(years) Black White Black White Black White

<45 0.85 0.87 0.91 0.74 0.88 0.81
45-64 9.77 5.35 8.18 5.36 8.98 5.36
65-74 21.94 9.12 22.32 10.44 22.13 9.78

≥75 11.11 9.02 15.85 9.92 13.48 9.47
Total 3.67 2.82 3.64 2.91 3.66 2.86

See Appendix 31.1 for 1993 prevalence rates.

Source: References 58 and 59
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Figure 31.3
Prevalence of Diagnosed Diabetes Among Blacks
and Whites, U.S., 1991-92

See Appendix 31.1 for 1993 prevalence rates.

Source: References 58 and 59
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excess occurs in both black men and black women
(Figure 31.4)59-61. Approximately 1.14 million African
Americans had been diagnosed as having diabetes in
1991-92 (Table 31.3). In 1993, the rate increased to
4.1% and the number of African Americans known to
have diabetes was 1.31 million (Appendix 31.1).

In the 1976-80 NHANES II, it was found that approxi-
mately half of both black and white adults who met
diagnostic criteria for NIDDM were undiagnosed62.
Total prevalence of diagnosed and undiagnosed
NIDDM in adults in 1976-80 is shown in Figure 31.5.
Prevalence increased with age and reached 25% of
blacks age 65-74 years. Rates were highest in black
women, in whom one in four age ≥55 years had diabe-
tes (Table 31.4). Because the rate of diagnosed diabe-
tes ascertained in the NHIS has continued to increase
over time, it is likely that the NHANES II rates are low.
However, the excess prevalence in blacks versus
whites seen in the NHIS is also seen when total preva-
lence of diabetes in NHANES II is examined62.

Estimates of the prevalence of diabetes from popula-
tion-based studies of adult black Caribbean popula-
tions have ranged from 0.73% to 14.5%; rates were
higher for females than males63-70. Unfortunately,
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Source: References 59-61

Table 31.3
Number of Persons (in Thousands) with Diagnosed
Diabetes, U.S., 1991-92

Age  1991 1992 Average, 1991-92
(years) Black White Black White Black White

<45 200 1,218 216 1,033 208 1,126
45-64 475 2,175 408 2,238 442 4,413
65-74 353 1,489 367 1,710 360 1,600

≥75 106 981 155 1,106 131 1,044
Total 1,134 5,863 1,146 6,087 1,140 5,975

See Appendix 31.1 for 1993 prevalence rates.

Source: References 58 and 59

Table 31.4
Percent of Blacks and Whites Age 20-74 Years with
Diagnosed and Undiagnosed Diabetes and IGT,
U.S., 1976-80

Age (years)

20-44 45-54 55-64 65-74 20-74 

Black males
Diagnosed diabetes 1.8 3.6 9.2 17.2 4.5
Undiagnosed diabetes 1.0 7.5 5.4 12.2 4.1
IGT 4.7 18.8 18.6 22.6 11.3
Total glucose intolerance 7.5 29.9 33.2 52.0 19.9

Black females
Diagnosed diabetes 2.6 7.5 16.3 10.8 5.9
Undiagnosed diabetes 0.9 7.1 11.6 13.3 5.1
IGT 14.6 15.7 12.3 8.4 13.8
Total glucose intolerance 18.1 30.3 40.2 32.5 24.8

White males
Diagnosed diabetes 0.5 4.5 5.3 9.1 2.8
Undiagnosed diabetes 0.5 3.3 4.1 10.0 2.7
IGT 4.6 12.6 17.2 22.8 10.2
Total glucose intolerance 5.6 20.4 26.6 41.9 15.7

White females
Diagnosed diabetes 1.4 3.9 6.6 8.8 3.6
Undiagnosed diabetes 0.8 4.8 8.6 8.2 3.7
IGT 6.5 14.5 13.7 23.0 11.1
Total glucose intolerance 8.7 23.2 28.9 40.0 18.4

IGT, impaired glucose tolerance; diabetes status determined by medical history
and results of oral glucose tolerance test using World Health Organization
criteria, 1976-80 Second National Health and Nutrition Examination Survey.

Source: Reference 62
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many of these studies used varying population age
structures and screening and diagnostic methods,
such as glycosuria, which have low sensitivity63,
thereby limiting comparisons among them. However,
given the variation in degree of economic develop-
ment throughout the Caribbean islands, it is possible
that large differences in diabetes prevalence do exist
within the region. It would be interesting to compare
patterns of diabetes prevalence and risk factors be-
tween black populations in the United States and the
Caribbean that are at various stages of economic de-
velopment and epidemiologic transition.

Over the past 30 years, increases in the prevalence of
chronic diseases such as NIDDM and heart disease
have occurred in societies where economic develop-
ment has resulted in decreased infant mortality, in-
creased life expectancy, and adoption of a Western
lifestyle in place of more traditional living patterns71.
Data from the 1963-92 NHIS in Figure 31.6 provide
some evidence of the influence of this epidemiologic
transition on the changing frequency of NIDDM
among African Americans. During this period, the
percentage of U.S. blacks who had been diagnosed
with diabetes rose from 1.2% to 3.6% and the number
of black Americans with diagnosed diabetes rose from
230,000 to 1.15 million.

Although there has been an overall increase in the
prevalence of diabetes in the United States, the change
has not been identical for both blacks and whites.

From 1963-85, the rates of known diagnosed diabetes
doubled for whites but tripled for black Americans
(Figure 31.7). An intriguing pattern emerges when
these data are examined by sex and race. During 1963-
85, diabetes rates for black females were consistently
higher than rates for white females. Black males, how-
ever, had a lower rate than white males until 1973.
After that year, there was a reversal such that the rate
for black males became slightly higher than the rate
for white males. It is possible that this crossover rep-
resents a true increase in the prevalence of diabetes
among black males, with this change possibly being
brought about by a concomitant increase in the preva-
lence of diabetes risk factors in the black male popu-
lation. On the other hand, the observed pattern in
diabetes prevalence for black males might only reflect
an increase in the proportion of diagnosed to undiag-
nosed cases. Another possibility is that the increase in
diabetes prevalence among black men resulted from
increased survival, rather than an increase in the un-
derlying rate of diabetes occurrence. 

Additional evidence of the increased frequency of
NIDDM in blacks in the United States is available
from incidence data of the Epidemiologic Follow-up
Study of the 1971-75 NHANES I. The patterns of
race-sex differences in diabetes incidence were consis-
tent with NHIS prevalence data. Of 11,097 individuals
age 25-70 years in 1971-75 who were followed to
1987, 880 were diagnosed with diabetes. The age-ad-
justed incidence of diabetes diagnosis was 15% for
black women, 10.9% for black men, and 7.0% and
6.9% for white men and women, respectively72. 
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A combination of factors, including lifestyle changes
associated with the improving economic conditions of
African Americans such as changes in diet, levels of
physical activity, patterns of obesity, together with
longer life expectancy and increased genetic suscepti-
bility, may account for the observed racial patterns in
diabetes prevalence over the past 30 years. This is only
speculation, however. Unlike other nonwhite popula-
tions in which there is evidence of the relationship
between economic development, lifestyle changes,
and increased rates of NIDDM73, little is known about
changes in risk factors or diagnostic methods that may
have precipitated the dramatic increase in the preva-
lence of NIDDM among African Americans. 

The frequency of NIDDM in the African-American
population is influenced by individual characteristics
such as age and sex, which have been discussed above.
Other factors associated with an increased risk of
developing NIDDM include genetics and lifestyle fac-
tors such as socioeconomic status, obesity, and physi-
cal activity.

GENETICS: THE THRIFTY GENE 
HYPOTHESIS

Neel suggested that populations exposed to periodic
famines, which occur in Africa, would through natu-
ral selection increase the frequency of certain genetic
trait(s), "thrifty genes," which would protect against
starvation during times of famine74. These genes
would allow for efficient energy conservation and fat
storage during times of abundance. In circumstances
of relative plenty, as in the United States in the ab-
sence of feast and famine cycles, these genes would
become disadvantageous, predisposing to the devel-
opment of obesity and an increased frequency of
NIDDM. The higher rates of diabetes and obesity in
African Americans and urban Africans compared with
black Africans in traditional environments is consis-
tent with this hypothesis75. An active search for
NIDDM genes is being conducted (see Chapter 9 for a
detailed discussion).

OBESITY

The association of obesity as a major risk factor for
NIDDM has been established in many ethnic groups,
including African Americans76-78. In most studies, obe-
sity is usually measured as body mass index (BMI),

which relates weight in kilograms to height in meters
squared or as percent desirable weight (PDW) based
on the Metropolitan Life Insurance tables. In the U.S.
population, rates of obesity (BMI >27.3 for women,
>27.8 for men) are higher for African-American
women compared with white women, white men, and
black men79. The close association of obesity with
diabetes can be seen in Table 31.5, where data from
respondents age 20-74 years in the NHANES II cohort
show the prevalence of obesity (PDW >120%) among
diabetic black men and women to be substantially
greater than their nondiabetic counterparts80. 

In addition to the degree of overweight, regional dis-
tribution of body fat (truncal versus peripheral) is
also associated with increased risk of developing
NIDDM, with the risk being greater for individuals
with truncal (central) obesity81. Thus, it is possible
that a greater tendency for African Americans to store
fat centrally82, together with high rates of total obesity,
may partly explain their higher prevalence of NIDDM
compared with white Americans.

The excess risk of NIDDM in blacks relative to whites
increases with increasing level of obesity, particularly
for black females72,83. Obesity cannot account for all
the excess prevalence of NIDDM in black compared
with white Americans, however. Rates of diabetes are
higher for African Americans relative to whites, even
after controlling for age, adiposity, and socioeconomic
status83,84. It appears that other factors, such as genet-
ics, contribute to the observed racial differences in the
frequency of NIDDM in the United States.

SOCIOECONOMIC STATUS

In the United States, an inverse relationship has been
noted for socioeconomic status (education and in-
come) and the prevalence of diabetes in adults for

NIDDM RISK FACTORS IN 
AFRICAN AMERICANS

Table 31.5
Obesity in Blacks and Whites Age 20-74 Years, by
Diabetes Status, U.S., 1976-80

Black White

Men Women Men Women

percent with PDW ≥120%

Previously diagnosed diabetes 44.5 83.4 39.2 62.3

Newly diagnosed diabetes 64.4 78.1 38.5 78.7

No diabetes 32.1 55.8 27.2 35.0

PDW, percent desirable weight; diabetes status determined by medical history
and results of oral glucose tolerance test using World Health Organization
criteria, 1976-80 Second National Health and Nutrition Examination Survey.

Source: Reference 80
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both black and white Americans. Data from the NHIS
show that for both black and white Americans diabe-
tes frequency decreases with increasing level of edu-
cation and family income85. However, rates for the
African-American population are higher than for
whites at each level of education and income. If age
and obesity are controlled for, the association of in-
come and education with NIDDM prevalence is sig-
nificantly reduced80,83. Thus, whether socioeconomic
status has any direct role in the etiology of NIDDM is
unclear.

PHYSICAL ACTIVITY 

Physical inactivity is an independent risk factor for
NIDDM, and physical activity is a strong protective
factor against the development of NIDDM86,87. How-
ever, data on levels of physical activity based on vali-
dated measures are not available for the African-
American population. Given the general inverse rela-
tionship between physical activity and obesity, it is
likely that, relative to black males and white Ameri-
cans, African-American females have lower levels of
physical activity, which may contribute to their higher
rates of obesity and diabetes. It is important that
studies using validated measures of activity88 be con-
ducted on representative samples of African Ameri-
cans to evaluate the role of physical activity in the
development and prevention of diabetes in the black
population.

INSULIN RESISTANCE

Elevated levels of fasting insulin are associated with
an increased risk of NIDDM89. Hyperinsulinemia can
predate the development of diabetes for years90, and
black adolescents are more hyperinsulinemic than
white children91. Although insulin resistance charac-
terizes several atypical diabetic syndromes occurring
in African heritage populations4,5, there are no pro-
spective data on the relationship of insulin resistance
and/or hyperinsulinemia to subsequent development
of NIDDM in African Americans. Clearly, more re-
search is needed in this important area.

IMPAIRED GLUCOSE TOLERANCE

IGT, a category of glucose intolerance in which post-
challenge values are between diabetic and normal, is a
strong risk factor for NIDDM. IGT rates are higher for
black than white Americans (Table 31.4). While IGT
prevalence rates increase with age for black men,
white men, and white women, they decrease for black

women at age ≥55 years92. If IGT is a stage in the
natural history of diabetes, then higher rates of
NIDDM risk factors (such as obesity) among black
females may contribute to this decrease by precipitat-
ing rapid conversion of IGT to overt diabetes92. How-
ever, comparison of the rates of total glucose intoler-
ance (IGT plus diabetes) for the race-sex groups
shows that the total intolerance rate remains lower for
black females at age 65-74 years. This suggests that
conversion from IGT to diabetes cannot completely
account for the age pattern of IGT rates seen in black
women92. One possible explanation for the decrease in
IGT rates for black women at age ≥55 years is in-
creased mortality in the older age groups80. However,
further research in this area is needed. 

Atypical diabetic syndromes that display insulin and
ketosis resistance and intermittent periods of normo-
glycemic remission have been reported in African-
American patients4,5. An insulin-resistant variant of
NIDDM associated with HLA-DQW7 has led to sug-
gestions that NIDDM in African Americans occurs in
insulin-sensitive and insulin-resistant forms that dif-
fer genetically93,94. An atypical diabetes that presents
with features of IDDM but lacks the characteristic
HLA associations has been found in young African
Americans3. This syndrome may be more common in
black than white Americans95 and may account for
10% of cases of youth-onset diabetes among African
Americans in the southeastern United States. In the
Caribbean, a ketosis-resistant diabetic syndrome dis-
playing phasic insulin dependence and associated
with malnutrition has been described in Jamaica96. It
will be useful to obtain population-based prevalence
estimates of these atypical diabetes. Future research
into the genetic basis for the occurrence of atypical
diabetes among black populations in the Americas
may provide important clues about the etiology of
NIDDM.

GDM is defined as glucose intolerance that develops
during pregnancy and returns to normal tolerance
after delivery. Among 3,744 patients screened for
GDM at Northwestern University Medical School, the
relative risk of developing GDM was 1.81 (95% confi-
dence interval (CI) 1.13-2.99) for black compared
with white women97.

ATYPICAL DIABETES

GESTATIONAL DIABETES
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The U.S. birth certificate has a section in which diabe-
tes in the mother can be recorded. Figure 31.8 shows
the percent of birth certificates in which diabetes was
recorded98. However, it is not possible to determine
whether the diabetes was IDDM, NIDDM, or GDM. In
addition, there may be underrecording of maternal
diabetes on these records.

It is estimated that 50% of women who develop GDM
will subsequently develop overt diabetes over a 20-
year period99. Among African-American women, risk
factors for GDM include older age, gravidity, hyper-
tension, obesity, and family history of diabetes100.
These are also risk factors for GDM in other racial/eth-
nic groups.

Data on the frequency of diabetes complications in
African Americans are limited. However, evidence
suggests that African Americans experience consider-
able morbidity and excess frequency of many diabetic
complications compared with the U.S. white popula-
tion1,75,80,101.

DIABETIC EYE DISEASE (RETINOPATHY)

Diabetic retinopathy, which is characterized by altera-
tions in the small blood vessels in the retina, is the
leading cause of new cases of blindness in the United
States in individuals age 20-74 years102. Studies on the
frequency of complications of diabetes affecting the

eyes have reported the prevalence of blindness secon-
dary to diabetic retinopathy to be twice as high in
black compared with white individuals103. The fre-
quency of severe visual impairment has also been
reported to be 40% higher among African Americans
with diabetes than their white counterparts80. The
prevalence of retinopathy in a sample of U.S. blacks
with diagnosed NIDDM in the 1988-91 phase of
NHANES III was substantially higher than the rate in
non-Hispanic whites but was similar to the rate in
Mexican Americans (Figure 31.9)104. Diabetic reti-
nopathy may be more frequent among U.S. blacks
than whites because of higher rates of hypertension
and inadequate metabolic control105.

DIABETIC KIDNEY DISEASE 
(NEPHROPATHY)

Diabetes is the second leading cause of end-stage renal
disease (ESRD) in the black population, accounting
for 32.5% of new ESRD cases in 1988-91, with the
leading cause, hypertension, accounting for 37.9%106.
During this 4-year period, an annual average of 4,036
new cases of diabetic ESRD occurred in blacks; the
average number of black diabetic ESRD patients was
11,411 during 1988-91106.

The increased frequency of diabetic nephropathy in-
cluding ESRD in black compared with white Ameri-
cans with diabetes ranges from 2.6 to 5.6 times ex-
cess107-110. However, it appears that survival after the
development of ESRD may be better for black than
white individuals with diabetes111. Prevalence of
nephropathy among individuals with diabetes has
been associated with hyperglycemia and hyperten-
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sion112. Therefore, it is possible that higher rates of
these factors may contribute to the excess prevalence
of clinically diagnosed nephropathy in diabetic Afri-
can Americans. 

AMPUTATION

Based on a sample of all hospital discharges in the
United States in 1990, the rate of lower extremity
amputations was 8.2 per 1,000 diabetic population for
blacks versus 6.9 per 1,000 for whites113.

CARDIOVASCULAR DISEASE

African Americans with diabetes are at increased risk
of macrovascular disease, including heart disease and
stroke, relative to those without diabetes114,115. How-
ever, the prevalence of cardiovascular disease in dia-
betic patients appears to be lower in blacks than in
whites. The frequency of angina and myocardial in-
farction in the 1976-80 NHANES II cohort was 2.3
and 3.0 times as great among newly diagnosed dia-
betic whites, and 50% and 20% higher, respectively,
among previously diagnosed diabetic whites com-
pared with diabetic African Americans80. Most dia-
betic African-Americans may have an insulin-sensi-
tive form of diabetes that is associated with reduced
levels of cardiovascular disease risk factors, and this
may partially account for the lower rates of angina and
myocardial infarction in the black population116.

Many of the factors that influence the frequency of
diabetic complications in African Americans and con-
tribute to the excess morbidity seen in this ethnic
group are amenable to intervention. A list of some
important factors is presented in Table 31.6. The type
of diabetes may be an important determinant of the
severity of diabetes complications in black Americans.
Among African Americans, the probability of develop-
ing ESRD is greater for individuals who have IDDM
compared with those with NIDDM105. Individuals who
have insulin-resistant diabetes have higher levels of
cardiovascular disease risk factors, including LDL-
cholesterol and triglycerides116.

Delay in diagnosis and treatment for diabetic compli-
cations may increase the likelihood of more severe
morbidity and disability. For 51 African Americans
with diabetes who received an initial examination for

retinopathy, the mean duration between diagnosis of
diabetes and time of examination was 11.5 years;
37.3% of these individuals had severe retinopathy at
the initial examination117. A higher frequency of hos-
pital readmissions (mainly for diabetic ketoacidosis)
in African-American patients was associated with so-
cioeconomic factors, including being from a one-par-
ent home and lacking third-party insurance118. Over-
all, however, medical care for diabetes appears to be
similar for blacks and whites with NIDDM (Table
31.7)119-121.

Personal and lifestyle factors may also increase the
risk of diabetic complications in African Americans.
In the NHANES II cohort there was an almost 50%
greater frequency of cigarette smoking, a risk factor
for cardiovascular disease and diabetic neuropathy,

Table 31.6
Factors That Influence Risk of Diabetes 
Complications

• Type of diabetes (IDDM versus NIDDM; insulin-sensitive versus
insulin-resistant)

• Delay in diagnosis and treatment

• Socioeconomic conditions (limited education, no insurance)

• Personal lifestyle factors (smoking, alcoholism, etc.)

• Psychosocial factors (mental illness, denial of disease)

RISK FACTORS FOR DIABETES 
COMPLICATIONS

Table 31.7
Medical Care for Black and White Adults with
NIDDM, U.S., 1989

Black White 

One physician for regular care of diabetes (%) 87.3 92.7
≥4 visits to regular physician per year (%) 62.4 58.9
Mean no. of visits to regular physician in past 
year 6.9 5.8

Insulin treated (%) 51.9 35.9
Oral agent treated (%) 50.1 39.9
Following a diet for diabetes (%) 88.9 88.2
Self-monitors blood glucose ≥1/day (%)

Insulin-treated 14.0 29.8
Not insulin-treated 4.0 5.1

Seen a dietitian in past year (%) 27.5 18.9
Patient education in managing diabetes (%) 43.3 31.5
Mean no. of health checks by a professional in past year

Blood pressure 10.9 8.0
Blood glucose 4.5 3.7
Sores on feet 1.9 1.6

Visit to ophthalmologist in past year (%) 43.6 44.7
Eye examination in past year (%) 64.0 60.0
Dilated eye examination in past year (%) 47.3 47.5
Visit to podiatrist in past year (%) 19.1 16.2
Visit to cardiologist in past year (%) 26.7 21.5

Source: References 119-121

622



among newly diagnosed black versus white diabetic
subjects (42% versus 28.7%, respectively)80. This dif-
ferential was also found for males in the 1989 NHIS,
where 34% of black men with diagnosed diabetes were
current smokers compared with 20% of white men;
rates for women with diagnosed diabetes were 15%
and 17%, respectively (Figure 31.10). Psychosocial
factors including personal and family denial of the
disease and limited education may lead to less compli-
ance and poorer metabolic control of diabetes in Afri-
can Americans122.

HYPERTENSION

Hypertension is a major risk factor for micro- and
macrovascular disease in diabetes. In the United
States, hypertension occurs more frequently among
black than white Americans with diabetes80 (Figure
31.11). About 60% of hypertension in diabetic blacks
is controlled (Table 31.8). Hypertension also occurs
frequently among African-heritage populations with
diabetes in the Caribbean123,124. The consistency of
higher rates of hypertension among individuals of
African decent in the Americas compared with other
ethnic groups in the United States and Caribbean has
led to the hypothesis that Western Hemisphere blacks
are descendants of a highly selected group of Africans
who were able to survive the long sea voyages from
Africa by efficiently retaining salt, thereby maintain-
ing blood volume homeostasis125. The high rates of
hypertension among African Americans might be re-
lated to hyperinsulinemia and abnormal renal sodium
transport126. 

DYSLIPIDEMIA

Figure 31.12 shows the prevalence of dyslipidemia in
blacks and whites with NIDDM in the 1976-80
NHANES II cohort127. For each lipid, the frequency of
an abnormal value is lower in blacks than in whites.
Compared with nondiabetic blacks, diabetic blacks
had a lower frequency of total cholesterol >240 mg/dl
(men), a lower frequency of low-density lipoprotein
(LDL) cholesterol >160 mg/dl (both sexes), a higher
frequency of high-density lipoprotein (HDL) choles-
terol <35 mg/dl (both sexes), and a higher frequency
of fasting triglycerides >250 mg/dl (women)127.
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Table 31.8
Hypertension in Persons with Diabetes Age 20-74
Years, U.S., 1976-80

Black White

Hypertensive (%) 70.3 63.2 
Diagnosed hypertension 63.7 53.7

Controlled 39.9 32.1
Not controlled 23.8 21.6
Using antihypertensive 
medications 31.9 33.1

Undiagnosed hypertension 6.6 9.6
Not hypertensive (%) 29.7 36.8

Hypertension is defined as a medical history of physician-diagnosed hyperten-
sion and/or systolic blood pressure ≥160 mmHg and/or diastolic blood pressure
≥95 mmHg.

Source: Reference 80

Figure 31.11
Prevalence of Hypertension in Black and White
Adults with NIDDM, U.S., 1976-80

Source: Reference 80
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Unfortunately, there is no study of diabetes mortality
in a population of African Americans. To assess mor-
tality from diabetes, death certificate data can be used,
but there is substantial underreporting of diabetes on
the death certificates of people known to have had
diabetes. For example, in a national sample of deaths
in 1986, only 36.2% of blacks with diabetes and 38.6%
of whites with diabetes had diabetes listed anywhere
on their death certificates128. Data using diabetes as
the underlying cause of death are even more problem-
atic: Only 12.5% of blacks and 9.2% of whites with
diabetes had diabetes listed as the underlying cause of
death128. Despite this underreporting on death certifi-
cates and their serious inaccuracy, death certificates
are frequently used to assess diabetes mortality.

Prior to World War II, diabetes was identified more
frequently on death certificates as a cause of death
among whites than among blacks in the United
States75. However, since about 1950, diabetes mortal-
ity rates for African Americans have been consistently
higher than for whites. In 1993, diabetes was the
ninth most frequently listed underlying cause of death
in African-American males (3,620 deaths) and the
fourth most frequently listed underlying cause in Af-
rican-American females (6,170 deaths)129. The death
rate per 100,000 population based on diabetes listed
as the underlying cause of death was 23.7 for black
males and 36.5 for black females.

Mortality rates based on death certificates in which
diabetes was listed as either the underlying cause of

death or as a contributing cause are shown in Figure
31.13113. Rates are based on the diabetic population,
estimated from the NHIS. It appears that mortality
rates may be higher for blacks at age <75 years and
lower at age ≥75 years, but these data must be viewed
with caution because of the documented substantial
underreporting of diabetes on death certificates128 and
the differential reporting by black and white race128.

Among other black populations in the Americas, mor-
tality rates based on diabetes as the underlying cause
listed on death certificates range from 8 per 100,000
to 63 per 100,000130-132. This wide range includes low

Figure 31.12
Dyslipidemia in Black and White Adults with NIDDM, U.S., 1976-80

Source: Reference 127
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on the study in Reference 128.
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rates that are similar to those of developing African
countries and rates that are nearly twice as high as for
African Americans in the United States. Because dia-
betes death rates may depend on factors such as the
physician’s decision concerning what to assign as
cause of death, the prevalence of diabetes, access to
medical care, and the adequacy of medical care, com-
parison of these rates is questionable.

The vast majority of the deaths attributed to diabetes
relate to the more prevalent NIDDM subtype, and
little is known of IDDM-specific diabetes mortality
rates in African Americans. In an evaluation of the
20-year mortality experience of IDDM cases in Allegh-
eny County, PA, black subjects experienced a mortal-
ity rate nearly 2.5 times greater than whites (9.6 per
1,000 person-years versus 3.9 per 1,000 person-years,
respectively)133. Data from death certificates show a
similar diabetes mortality rate for blacks and whites
(0.1 per 100,000 population) at age <15 years, where
IDDM is the predominant form of diabetes113. Little is
known of IDDM-specific mortality rates in black Car-
ibbean populations, although it has been estimated
that the diabetes mortality rate at age 0-14 years in
Jamaica may be as much as 20 times that of African
Americans in the United States134. Much of the IDDM-
associated mortality in African Americans may be pre-
ventable133,134.

Diabetes is of public health importance for all ethnic
groups in the United States. However, there is a need
to address this problem specifically in the black popu-
lation. Over the past 30 years, the prevalence of diabe-

tes in African Americans has more than tripled. The
recent focus on diabetes in African Americans has led
to new insights concerning the variability in clinical
manifestations of the disease in black populations
(e.g., insulin-resistant NIDDM and insulin-sensitive
NIDDM, which have different cardiovascular disease
risk profiles). Such discoveries suggest the potential
for improved diabetes treatment and care among Afri-
can Americans. However, new intervention strategies
developed to reduce current levels of diabetes compli-
cations among African Americans must consider the
socioeconomic and psychosocial factors that contrib-
ute to poor compliance to diabetes management
strategies, in addition to smoking, diet, hypertension,
and other risk factors for diabetes complications. 

Data on the epidemiology and impact of diabetes in
African Americans suggest several major needs, in-
cluding: 1) identifying factors responsible for the in-
creasing frequency of NIDDM in African Americans;
2) determining the etiology of the unusual types of
diabetes in black populations; 3) addressing the high
rates of morbidity and mortality associated with dia-
betes in blacks; 4) determining reasons for the high
prevalence of diabetes-associated risk factors in
blacks, particularly obesity and hypertension, and de-
veloping effective intervention programs; and 5) in-
creasing awareness in the black community of the
problem of diabetes.

Dr. Eugene S. Tull is Assistant Professor, Diabetes Research
Center, Department of Epidemiology, University of Pittsburgh
School of Public Health, Pittsburgh, PA, and Dr. Jeffrey M.
Roseman is Professor, Department of Epidemiology, Univer-
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APPENDIX

Appendix 31.1
Number and Percent of Persons Who Have 
Diagnosed Diabetes, U.S., 1993

Black White

Age
(years)

No.
(thousands) Percent

No.
(thousands) Percent

<45 304 1.26 1,151 0.82
45-64 578 11.25 2,413 5.63
65-74 292 17.44 1,576 9.54

≥75 141 14.11 1,161 10.16
Total 1,315 4.11 6,300 2.98

Source: Reference 135
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Chapter 32

Diabetes in Hispanic Americans

Michael P. Stern, MD, and Braxton D. Mitchell, PhD

SUMMARY

Most of the information on diabetes in
Hispanic Americans comes from four
large studies: the San Antonio Heart
Study, the San Luis Valley Diabetes

Study, the Starr County Study, and the Hispanic
Heal th and Nutr i t ion Examinat ion Survey
(HHANES). These studies have clearly established
that the prevalence of non-insulin-dependent diabe-
tes mellitus (NIDDM) is two to three times higher
in Mexican Americans than in non-Hispanic whites.
HHANES is the only one of the four studies that
included information on Cuban Americans in the
Miami area and Puerto Ricans in the New York City
area. Diabetes prevalence in Puerto Ricans was as
high as in Mexican Americans. Cuban Americans
had a lower prevalence, although it was still 30%-
50% higher than in non-Hispanic whites. Risk fac-
tors for NIDDM in Hispanic Americans are similar
to those in non-Hispanics and include obesity, unfa-
vorable distribution of body fat, hyperinsulinemia,
and dyslipidemia (high triglyceride and low high-
density lipoprotein, HDL). These abnormalities are
also more common in nondiabetic Mexican Ameri-
cans. NIDDM prevalence in Mexican Americans in
Texas tends to be inversely related to socioeconomic
status and degree of acculturation to mainstream
U.S. society. Little is known about behavioral fac-
tors that may mediate these sociocultural effects,
although newly diagnosed diabetic Hispanics in
Colorado reported consuming greater amounts of
dietary fat than nondiabetic Hispanics. There is a
strong ecological association between the percent-
age of Native American genetic admixture and the
prevalence of diabetes in various Hispanic and Na-
tive American populations. Since admixture and so-
ciocultural factors co-vary, it is difficult to disentan-
gle their joint effects on diabetes risk.

In contrast to NIDDM, registry data indicate that the
incidence of insulin-dependent diabetes mellitus
(IDDM) is lower in Hispanics than non-Hispanics.

Diabetic Mexican Americans experience higher mor-
tality than nondiabetic Mexican Americans although,
surprisingly, all-cause mortality in the general popula-
tion of adult Mexican Americans is quite similar to
that of non-Hispanic whites. The prevalence of myo-
cardial infarction is lower in Mexican-American men,
with or without diabetes, than in the corresponding
category of non-Hispanic white men, but there is no
similar ethnic difference in women. This pattern of a
sex-ethnic interaction for myocardial infarction is
similar to the pattern that has been reported pre-
viously for coronary heart disease mortality. There is
also evidence that diabetic Mexican Americans have a
higher prevalence of peripheral vascular disease as
assessed by ankle-arm blood pressure ratios than non-
Hispanic whites with diabetes.

With respect to microvascular complications of dia-
betes, there is a discrepancy among studies: The San
Antonio Heart Study and the Third National Health
and Nutrition Examination Survey (NHANES III)
show an excess of microvascular complications in
diabetic Mexican Americans compared with non-
Hispanic white diabetic people, although the San
Luis Valley Diabetes Study shows no such ethnic
difference. The explanation for this discrepancy is
not clear but is probably related to the fact that
Mexican Americans with diabetes in San Antonio,
TX were more hyperglycemic than non-Hispanic
whites with diabetes, whereas in the San Luis Valley,
CO there were no differences in the level of hyper-
glycemia between the two ethnic groups. Although
findings differ between the San Antonio and San
Luis Valley studies, statewide surveillance results
indicate that the rates of renal replacement therapy
for diabetes-related end-stage renal disease (ESRD,
kidney dialysis and transplant) are markedly higher
in Hispanics than in non-Hispanics in both Texas
and Colorado. Moreover, this excess is greater
than can be explained on the basis of the higher
diabetes prevalence in Hispanics. Interestingly,  in
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Hispanics are the second-largest minority population
in the United States. In 1991, the estimated size of the
Hispanic population was 21.4 million, representing
~8.6% of the total U.S. population1. Hispanics are also
one of the most rapidly growing minority groups in
the United States, and it is projected that by the year
2050 they will comprise 21% of the U.S. population2.
The three major subgroups that make up the Hispanic
population are Mexican Americans, Puerto Ricans,
and Cubans. By far the largest of these is the Mexican-
American population, the majority of whom live in
the southwestern United States.

In the past 10 years, a great deal has been learned
about the epidemiology of diabetes in Mexican Ameri-
cans. Most of this information has come from four
studies: the San Antonio Heart Study, the San Luis
Valley Diabetes Study, the Starr County Study, and the
HHANES. These studies have established that the
prevalence of NIDDM is two to three times higher in
Mexican Americans than in non-Hispanic whites.
HHANES has also provided information about the
occurrence of diabetes in Puerto Ricans and Cuban
Americans. 

TEXAS

One of the first studies of glucose intolerance in Mexi-
can Americans was carried out in 1979 in Laredo, TX3.
A population-based random sample of 389 Mexican
Americans age 40-74 years was identified and a fasting
blood specimen was obtained from all study partici-
pants. Approximately 16% of men and women re-
ported either a history of diabetes with current use of
antidiabetic medications or had fasting plasma glu-
cose ≥140 mg/dl (Table 32.1). In a sense, these rates
represent the frequency of "severe" diabetes since ad-
ditional individuals could have been diagnosed as
having diabetes on the basis of their 2-hour glucose
values if oral glucose tolerance tests (OGTTs) had
been administered.

The prevalence of "severe" hyperglycemia was as-
sessed in Mexican Americans residing in Starr County,
TX, in 19814. This study included 2,498 persons age
≥15 years who resided in sampled households. Sub-
jects were considered to have "severe" hyperglycemia
if they were currently taking antidiabetic medications
or if they fulfilled all of the following three criteria: 1)
their blood glucose value from a nonfasting finger
stick was ≥130 mg/dl; 2) their glucose value following
a 4-hour fast was ≥130 mg/dl; and 3) their glucose
values following a 12-hour fast met the National Dia-
betes Data Group (NDDG) criteria on a full 2-hour

INTRODUCTION PREVALENCE OF NIDDM IN HISPANICS

Table 32.1
Prevalence of Previously Diagnosed Diabetes and Fasting Hyperglycemia in Mexican Americans, Laredo, TX, 1979

Men Women

Age
(years No.

Previously
diagnosed

%

Fasting
hyperglycemia

%
Total

% No.

Previously
diagnosed

%

Fasting 
hyperglycemia

%
Total

%

40-44 18 5.6 5.6 11.1 34 8.8 0 8.8
45-54 37 8.1 2.7 10.8 93 7.5 0 7.5
55-64 42 16.7 0 16.7 70 12.8 4.3 17.1
65-74 30 16.7 6.7 23.3 65 27.7 3.1 30.8
Total 127 12.6 3.1 15.7 262 14.1 1.9 16.0

Previously diagnosed diabetes defined as a history of diabetes and either fasting plasma glucose ≥140 mg/dl or currently taking antidiabetic medications. Fasting
hyperglycemia defined as fasting plasma glucose ≥140 mg/dl with no medical history of diabetes. 

Source: Reference 3

Texas the survival of Mexican Americans with diabe-
tes on dialysis is longer than for non-Hispanic whites
with diabetes on dialysis. Finally, there is evidence

that the rate of microvascular complications is in-
creased in San Antonio Mexican Americans with diabe-
tes who have less effective health insurance coverage.

• • • • • • •
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OGTT. A total of 5.2% of males and 5.3% of females
age ≥15 years had a history of previously diagnosed
diabetes and were either taking antidiabetic medica-
tions or fulfilled the NDDG criteria for diabetes. Se-
vere hyperglycemia was present in an additional 1.6%
of males and 1.4% of females who had no prior history
of diabetes (Table 32.2). As in the Laredo study, the
true prevalence of NIDDM in Starr County could not
be estimated from these data because glucose toler-
ance tests were administered only to individuals with
fasting hyperglycemia.

The first population-based study of Hispanics in
which a full glucose tolerance test was administered
to all participants was the San Antonio Heart Study.
The baseline component of this study was carried out
in two phases, the first during 1979-82 and the second
during 1984-88. Diabetes was diagnosed by a 2-hour
OGTT. In both baseline phases combined, a total of
3,302 Mexican Americans and 1,877 non-Hispanic
whites age 25-64 years were examined. Subjects were
sampled from three types of neighborhoods: low-in-
come barrios, middle-income transitional neighbor-
hoods, and high-income suburbs. In Mexican Ameri-
cans, NIDDM prevalence was two to four times higher
in the barrio than in the suburban neighborhoods
(Table 32.3). Age-adjusted prevalence for men was
14.0% in the barrio versus 6.5% in the suburbs and for
women was 18.0% in the barrio versus 4.3% in the
suburbs. NIDDM prevalence was similar between
Mexican Americans and non-Hispanic whites in the
suburban neighborhoods, but in the transitional
neighborhoods there was a fourfold excess of NIDDM
among Mexican Americans (Figure 32.1). Overall in
San Antonio, NIDDM prevalence was two to three
times higher in Mexican Americans than in non-His-
panic whites5.

COLORADO

Diabetes prevalence was also estimated for Hispanics
and non-Hispanic whites residing in two counties in
southern Colorado in the San Luis Valley Diabetes
Study6. In this study, all persons with previously diag-
nosed diabetes residing in the two counties, as well as
a random sample of individuals with no prior history
of diabetes, were invited to receive a medical exami-
nation. Individuals with previously diagnosed diabe-
tes were identified through a review of medical re-
cords from all health care facilities in the study area,
and additional cases were ascertained through a pub-
lic media campaign. A sample of 607 persons age
20-74 years without a prior history of diabetes was
also identified, and these individuals, as well as all
previously diagnosed diabetic persons (n=343), at-
tended a medical clinic where they received a 2-hour
OGTT. Diabetes was diagnosed (or verified) using
World Health Organization (WHO) plasma glucose
criteria or by current use of antidiabetic medications.
The prevalence of confirmed, previously diagnosed
NIDDM was estimated for southern Colorado using
county census estimates as the denominator. The
prevalence of previously diagnosed NIDDM in San
Luis Valley was 2.9% in Hispanic men and 4.7% in
Hispanic women age ≥20 years (Table 32.4). These
rates were ~1.8-fold and ~4.1-fold higher than the
rates of previously diagnosed NIDDM in non-His-
panic white males and females of the same age. Diabe-
tes was newly diagnosed in an additional 4.5% of
Hispanic men and 8.4% of Hispanic women, rates that
were also in excess of those for non-Hispanic whites
(Table 32.4). 

Table 32.2
Prevalence of "Severe" Hyperglycemia in Mexican Americans, Starr County, TX, 1981

Males Females

Age
(years) No.

Previously
diagnosed

%

Newly
diagnosed

%
Total

% No.

Previously
diagnosed

%

Newly
diagnosed

%
Total

%

15-24 211 0 0 0 285 0.4 0 0.4
25-34 115 2.6 0 2.6 254 0.4 0 0.4
35-44 92 3.3 0 3.3 210 3.8 1.9 5.7
45-54 95 7.4 5.3 12.6 204 8.3 2.5 10.8
55-64 85 12.9 3.5 16.5 142 18.3 0.7 19.0
65-74 60 13.3 3.3 16.7 94 10.6 6.4 17.0

≥75 35 11.8 5.8 17.6 50 6.0 2.0 8.0
Total 692 5.2 1.6 6.9 1,239 5.3 1.4 6.7

Previously diagnosed hyperglycemia defined as a history of diabetes and either meeting National Diabetes Data Group (NDDG) blood glucose criteria for diabetes or
currently taking antidiabetic medications. Newly diagnosed hyperglycemia defined as casual blood glucose ≥130 mg/dl and 4-hour fasting blood glucose ≥130 mg/dl and
meeting NDDG criteria for diabetes, with no medical history of diabetes.

Source: Reference 4
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Figure 32.1
Prevalence of NIDDM in Mexican Americans and
Non-Hispanic Whites by Neighborhood, San Antonio,
TX, 1979-88

Diabetes diagnosed by World Health Organization criteria (fasting plasma
glucose ≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl) or by current use of
antidiabetic medications.

Source: San Antonio Heart Study
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Table 32.4
Prevalence of NIDDM in Mexican Americans and
Anglos, San Luis Valley, CO, 1984 

Previously diagnosed Newly diagnosed

Age Hispanics Anglos Hispanics Anglos
(years) % No. % No. % No. % No.

Men
20-29 0 802 0.1 1,137 0 5 0 4
30-39 0.8 533 0.1 754 0 7 0 8
40-49 3.6 388 0.9 531 0 21 0 29
50-59 7.4 312 4.6 460 8.3 36 1.9 52
60-69 8.2 255 5.3 375 6.5 31 6.5 46
70-74 6.7 104 2.9 138 0 11 0 10
Total 2.9 2,394 1.5 3,395 4.5 111 2.7 149
Age-adjusted 3.3 1.8 2.2 1.2

Women
20-29 0.1 839 0.1 1,065 0 12 0 9
30-39 0.6 505 0.5 762 0 15 0 20
40-49 2.6 391 0.6 533 4.0 25 0 31
50-59 11.0 344 2.0 545 5.3 38 5.6 72
60-69 12.4 314 2.5 435 11.1 36 5.7 53
70-74 19.0 142 6.2 161 29.4 17 10.5 19
Total 4.7 2,535 1.1 3,501 8.4 143 4.4 204
Age-adjusted 4.9 1.2 4.3 2.1

Previously diagnosed NIDDM defined as a history of previously diagnosed diabe-
tes with confirmation at clinic examination using World Health Organization
criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl).
Newly diagnosed NIDDM defined as subjects with no prior history of diabetes
who met WHO criteria.

Source: Reference 6

Table 32.3
Prevalence of NIDDM in Mexican Americans and Non-Hispanic Whites According to Neighborhood, San Antonio,
TX, 1979-88

Mexican Americans Non-Hispanic whites

Age Barrio Transitional Suburbs Transitional Suburbs
(years) % No. % No. % No. % No. % No.

Men
25-34 2.8 180 1.5 131 0 73 1.2 87 0.9 111
35-44 7.6 119 7.0 100 2.1 143 1.4 142 4.8 63
45-54 19.8 121 24.2 66 8.9 135 3.3 122 7.9 76
55-64 28.6 154 33.3 60 17.0 59 10.6 94 11.6 121
Total 14.3 574 12.6 357 6.1 410 3.8 445 6.5 371
Age-adjusted 14.0 15.6 6.5 3.9 6.0

Women
25-34 2.9 239 1.2 171 2.9 103 0.0 119 0.0 116
35-44 13.1 222 6.6 136 1.7 173 1.6 193 3.5 8
45-54 23.8 235 12.6 95 9.4 117 0.8 126 7.4 95
55-64 36.3 240 23.9 67 4.1 49 8.8 102 16.8 167
Total 19.1 936 8.3 469 4.3 442 2.4 540 8.2 463
Age-adjusted 18.0 10.4 4.3 2.6 6.4

No non-Hispanic white subjects in the barrio neighborhoods were studied; age-adjusted rates were computed by the direct method using the pooled population as the
standard. NIDDM was diagnosed by World Health Organization criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl) or by current use of antidiabetic
medications.

Source: San Antonio Heart Study

634



NEW MEXICO

The prevalence of diagnosed diabetes was ascertained
in 1984-85 through a population-based health survey
conducted among 1,175 Hispanic residents of Albu-
querque, NM7. Diabetes was considered present if the
participant reported ever having been told by a physi-
cian or nurse that he or she had diabetes or sugar
diabetes. The prevalence of reported diabetes in-
creased monotonically with increasing age, with
13.8% of men and 16.1% of women age ≥75 years
reporting a history of diabetes (Table 32.5). These
rates were similar to the rates of previously diagnosed
diabetes among Mexican Americans in Starr County,
TX, and the San Luis Valley, CO.

HHANES

The HHANES, conducted in 1982-84, is the only sur-
vey that has provided data on the prevalence of diabe-

tes in different Hispanic subgroups8. The three popu-
lations in HHANES were Mexican Americans in the
southwestern United States, Cubans in Dade County
(Miami), FL, and Puerto Ricans in the New York City
area. The diabetes component of the survey consisted
of a diabetes history interview, which was adminis-
tered to all 6,588 participants, and an OGTT, which
was administered to a subsample of 1,326 partici-
pants. Cubans were considerably less likely than
either Mexican Americans or Puerto Ricans to have
ever been told that they had diabetes (Table 32.6). The
prevalence of previously and newly diagnosed diabe-
tes combined was also lower in Cubans, whereas there
was little difference in prevalence rates between Mexi-
can Americans and Puerto Ricans (Figure 32.2).
Among those age 20-44 years, 2.4% of Cubans were
estimated to have diabetes, compared with 3.8% and
4.1% of Mexican Americans and Puerto Ricans, re-
spectively. Among individuals age 45-74 years, 15.8%
of Cubans had diabetes, compared with 23.9% and
26.1% of Mexican Americans and Puerto Ricans, re-
spectively.

The lower prevalence of NIDDM in Cubans relative to
Puerto Ricans and Mexican Americans in HHANES8 is
interesting in light of the fact that the latter two
populations are considered to have significantly
higher degrees of native Amerindian genetic admix-
ture than the Cuban population9. As discussed later in
this chapter, it has been hypothesized that genes origi-
nating from Amerindian ancestry influence suscepti-
bility to NIDDM. On the other hand, Cubans partici-
pating in the HHANES survey had a higher socioeco-
nomic status than the Puerto Rican and Mexican
American participants8,10, and it is possible that the
lower prevalence of NIDDM among Cubans is associ-
ated with their higher socioeconomic status. 

Table 32.5
Prevalence of Self-Reported Diabetes in Hispanics,
Albuquerque, NM, 1984-85

Age Men Women
(years) % No. % No.

18-24 0 70 0 127
25-34 1.9 105 0.6 174
35-44 2.2 90 5.9 101
45-54 7.9 76 8.7 92
55-64 9.8 61 10.8 93
65-74 11.5 52 12.2 74

≥75 13.8 29 16.1 31

Reported diabetes defined as previously been told by a physician or nurse that
the subject had diabetes or sugar diabetes.

Source: Reference 7

Table 32.6
Prevalence of NIDDM in U.S. Hispanic Groups, HHANES, 1982-84

Previously diagnosed Newly diagnosed Total

Men Women Both sexes Both sexes Both sexes

% No. % No. % No. % No. %

Age 20-44 years
Mexican American 1.6 1,138 2.3 1,297 1.9 2,435 1.8 566 3.8
Cuban 1.0 202 1.8 267 1.5 469 1.0 77 2.4
Puerto Rican 1.2 311 2.5 521 2.0 832 2.1 122 4.1

Age 45-74 years
Mexican American 13.4 657 15.2 836 14.3 1,493 9.6 337 23.9
Cuban 5.2 302 6.6 363 5.9 665 9.9 114 15.8
Puerto Rican 11.3 269 16.2 418 14.3 687 11.8 110 26.1

HHANES, 1982-84 Hispanic Health and Nutrition Examination Survey. Previously diagnosed NIDDM defined as previously been told by a doctor that the subject had
diabetes. Newly diagnosed NIDDM defined according to World Health Organization criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl).

Source: Reference 8
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PUERTO RICO

The prevalence of previously diagnosed diabetes in
Puerto Rico was estimated through the Puerto Rico
Household Health Interview Survey. This survey was
administered by the Puerto Rico Department of
Health to a multistage probability sample of the
Puerto Rican population. Study participants were
asked if anyone in the family had diabetes, and preva-
lence rates were obtained by dividing the estimated
number of cases by the population census. Household
interviews were conducted annually, and total preva-
lence increased nearly monotonically every year from
3.1% in 1975 to 5.1% in 198611. A total of 4.5% of
males and 5.8% of females reported a history of diabe-
tes (Table 32.7). These rates are comparable to the
prevalence of previously diagnosed diabetes among
Puerto Ricans in the HHANES survey (Figure 32.3). 

In 1969, the Puerto Rico Heart Health Program esti-
mated the prevalence of diabetes to be 3.6% in rural
men and 9.0% in urban men age 45-64 years12. Since
that time, diabetes prevalence has increased at a faster
rate in rural men than in urban men so that, by 1985,
the prevalence of diagnosed diabetes was approxi-
mately similar for urban and rural residents. One
hypothesis to explain the disappearance of the urban-
rural difference is that the modernization of Puerto
Rico has been accompanied by lifestyle changes that
are associated with an increase in diabetes prevalence,
and that these changes have affected the rural as well
as the urban population.

MEXICO

One of the most recent studies to have examined
diabetes prevalence in Hispanics is the Mexico City
Diabetes Study, in which 2,282 Mexicans age 35-65
years were examined during 1989-9213. Participants
were sampled from low-income colonias in Mexico
City, and the examination procedures were identical
to those used in the San Antonio Heart Study. Diabetes
was diagnosed according to WHO criteria and by cur-
rent use of antidiabetic medications. Diabetes was
present in 12.8% of men and 13.3% of women. These
rates were somewhat lower than the corresponding
prevalence rates for Mexican Americans residing in
the San Antonio barrios (Table 32.8). Some, but not
all, of the excess NIDDM in San Antonio could be
accounted for by the higher body mass index of the
Mexican Americans in San Antonio13.

Table 32.7
Prevalence of Self-Reported Diabetes, Puerto Rico, 1985

Age Male Female Total
(years) % Cases % Cases % Cases

<6 0 0 0
6-16 0.6 5 0.5 4 0.5 9

17-24 0.4 2 0.9 6 0.7 8
25-44 2.5 22 2.2 23 2.3 45
45-64 11.9 81 14.8 119 13.5 200

≥65 16.4 60 21.6 92 19.2 152
Mean 4.5 170 5.8 244 5.2 414

Source: Reference 11
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Figure 32.2
Prevalence of NIDDM in U.S. Hispanic Groups,
HHANES, 1982-84

HHANES, 1982-84 Hispanic Health and Nutrition Examination Survey.
Rates of NIDDM are the sum of previously diagnosed NIDDM (previously
told by a doctor that the subject had diabetes) and newly diagnosed
NIDDM (World Health Organization criteria of fasting plasma glucose
≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl).

Source: Reference 8 
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Prevalence of Diagnosed Diabetes in Puerto Rican
Populations, 1982-84 

Source: Reference 11; 1982-84 Hispanic Health and Nutrition Examination Survey
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COMPARISON OF NIDDM PREVALENCE
BETWEEN HISPANICS AND NON-
HISPANIC WHITES

In the San Antonio Heart Study, the San Luis Valley
Diabetes Study, and the HHANES survey, diabetes
prevalence was assessed in a comparison non-His-
panic white population, thus allowing direct compari-
son of diabetes prevalence between Hispanics and
non-Hispanic whites. In addition, a non-Hispanic
white group from the 1971-75 NHANES I survey was
also included as a reference population in the Laredo
Diabetes Study. Comparisons of the ethnic differences
in diabetes prevalence are provided in Table 32.9. In

general, the prevalence of diabetes is two to four times
higher in Hispanics than in non-Hispanic whites. The
only exception is the Cuban population, for which the
prevalence of diabetes is only 1.3-1.5 times higher. 

Only two studies have provided data on the incidence
of NIDDM in Hispanics. In the San Antonio Heart
Study, the incidence of NIDDM in Mexican Americans
varied by neighborhood (Figure 32.4). The 8-year
incidence of NIDDM was 8.7% among Mexican
Americans in the low-income barrio neighborhoods,
8.4% among Mexican Americans in the transitional
neighborhoods, and 3.4% in the suburban neighbor-
hoods (Table 32.10). When compared with NIDDM
incidence among non-Hispanic whites, this represents
a 1.66 times higher odds of NIDDM among Mexican
Americans in the transitional neighborhoods and a
2.27 times higher odds of NIDDM among Mexican
Americans in the suburban neighborhoods. 

The 6-year incidence of previously diagnosed NIDDM
was estimated for Hispanics and non-Hispanic whites
in San Luis Valley, CO14. During 1983-88, medical
record reviews and public media campaigns were used
to ascertain all cases of NIDDM that were medically
diagnosed during this period in two counties in the
San Luis Valley. The diagnosis of NIDDM was con-
firmed by inviting all known cases to receive a 2-hour
OGTT and applying WHO plasma glucose diagnostic
criteria. County census figures were used as estimates
for the population at risk. The age-specific annual
incidence rates for diagnosed diabetes are shown in
Table 32.11. When adjusted for age, the incidence of

INCIDENCE OF NIDDM IN HISPANICS

Table 32.8
Prevalence of NIDDM in Mexican Americans in the
San Antonio Barrio, 1979-85, and Mexicans in 
Mexico City, 1989-92

Men Women

Age SA MC SA MC
(years) % No. % No. % No. % No.

35-44 7.6 119 5.9 389 13.1 222 4.8 563 
45-54 19.8 121 12.7 322 23.8 235 15.3 477 
55-64 29.1 151 25.0 220 36.0 239 26.9 286 
Total 19.7 391 12.8 931 24.6 696 13.3 1,326 
Age-adjusted 17.7 13.6 22.8 14.2

Odds ratio
 adjusted for age 1.38 (p=0.049) 1.81 (p<0.001)

Odds ratio
 adjusted for
 age and sex 1.65 (p<0.004)

SA, San Antonio barrio; MC, Mexico City, Mexico; diabetes diagnosed by
World Health Organization criteria (fasting plasma glucose ≥140 mg/dl or
2-hour glucose ≥200 mg/dl) or by current use of antidiabetic medications.

Source: San Antonio Heart Study and Mexico City Diabetes Study

Table 32.9
NIDDM Prevalence Rate Ratios for Hispanics and Non-Hispanic Whites 

Study Age (years)
Age-adjusted ratio, Hispanic/non-Hispanic white Source of Anglo

 comparison groupMen Women Both

Laredo, TX 45-75 2.6 2.7 NHANES I
San Luis Valley, CO 30-69 2.1 4.8 internal
San Antonio, TX 25-64 2.3 3.1 internal

HHANES
Mexican American 20-44

45-74
2.4
2.0

NHANES II
NHANES II

Cuban 20-44
45-74

1.5
1.3

NHANES II
NHANES II

Puerto Rican 20-44
45-74

2.6
2.2

NHANES II
NHANES II

NHANES, National Health and Nutrition Examination Survey; HHANES, Hispanic Health and Nutrition Examination Survey.

Sources: Laredo, Reference 3; San Luis Valley, Reference 6; San Antonio Heart Study; HHANES, Reference 8
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reported NIDDM was 2.4 times higher in Hispanic
men than in non-Hispanic white men (95% confi-
dence interval (CI) 1.6-3.6), and the incidence in
Hispanic women was 3.6 times higher (95% CI 2.4-
5.4).

Many variables associated with NIDDM in Caucasian
populations are also associated with NIDDM in His-
panic populations. The results from some studies are
summarized in the following sections.

OBESITY

Overall obesity, as reflected by body mass index, is one
of the strongest known risk factors for NIDDM.
Among participants of the San Antonio Heart Study
who were nondiabetic at baseline, the 8-year risk of
developing NIDDM was strongly associated with level
of body mass index15. The age-, sex-, and ethnicity-ad-
justed odds ratio associated with a 5.0 kg/m2 increase
in body mass index was 2.01 (Table 32.12).

The prevalence of overall obesity is higher in Mexican
Americans than in non-Hispanic whites5,7. However,

RISK FACTORS FOR NIDDM IN HISPANICS
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Figure 32.4
Incidence of NIDDM in Mexican Americans and 
Non-Hispanic Whites by Neighborhood, San 
Antonio, TX, 1979-92

Diabetes diagnosed by World Health Organization criteria (fasting plasma glucose
≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl) or by current use of antidiabetic
medications. MA, Mexican American; NHW, Non-Hispanic white.

Source: San Antonio Heart Study

Table 32.10
Eight-Year Incidence of NIDDM in Mexican Americans and Non-Hispanic Whites, San Antonio, TX, 1979-92

Barrio Transitional Suburbs

Age MA MA NHW MA NHW
(years) % No. % No. % No. % No. % No.

25-34 6.9 72 2.9 102 1.4 72 0 62 1.4 70
35-44 7.5 67 10.7 84 9.8 51 2.7 111 1.0 96
45-54 11.3 71 8.6 58 8.7 69 5.2 96 1.0 101
55-64 8.9 56 17.1 41 4.4 92 8.7 23 5.6 90
Total 8.7 266 8.4 285 5.6 284 3.4 292 2.2 357
Age-adjusted odds
 ratio (MA/NHW) 1.66 (0.85-3.22) 2.27 (0.81-6.41)

No non-Hispanic white subjects in the barrio neighborhoods were studied; MA, Mexican American; NHW, Non-Hispanic white; diabetes diagnosed by World Health
Organization criteria (fasting plasma glucose ≥140 mg/dl or 2-hour glucose ≥200 mg/dl) or by current use of antidiabetic medications.

Source: San Antonio Heart Study

Table 32.11
Incidence of Medically Diagnosed NIDDM, San Luis
Valley, CO, 1983-88

Hispanic Non-Hispanic white

Age
(years) Cases

Average
annual rate
(per 1,000) Cases

Average
annual rate
(per 1,000)

Men
20-29 1 0.2 0
30-39 12 3.2 1 0.2
40-49 11 4.6 5 1.5
50-59 19 10.2 12 4.3
60-69 16 10.4 15 6.6
70-74 4 6.3 5 5.8
Total 63 4.3 38 1.8

Women
20-29 3 0.6 3 0.5
30-39 10 2.8 3 0.5
40-49 14 5.8 3 0.9
50-59 31 15.2 9 2.8
60-69 19 10.0 14 5.3
70-74 4 4.6 1 1.0
Total 81 5.3 33 1.5

Source: Reference 14
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the excess obesity in Mexican Americans only par-
tially accounts for their higher prevalence of NIDDM
compared with non-Hispanic whites. This is demon-
strated by analyses of the San Antonio Heart Study
which show that for each level of obesity the preva-
lence of NIDDM remains two to four times higher in
Mexican Americans than in non-Hispanic whites16

(Table 32.13, Figure 32.5). In the San Luis Valley Diabe-
tes Study, the odds ratio between Mexican American
ethnicity and prevalence of NIDDM decreased only
slightly, from 3.5 to 3.0, in multivariate analyses that
adjusted for two measures of obesity: the subscapular
skinfold thickness and the waist-to-hip ratio17. 

Not only overall obesity, but also the distribution of
obesity, is associated with NIDDM. Both upper body
obesity, as measured by the ratio of waist-to-hip cir-

cumference, and central adiposity, as measured by the
ratio of subscapular to triceps skinfolds, are positively
associated with the prevalence of NIDDM in both the
San Antonio Heart Study18 and the San Luis Valley
Diabetes Study17. In the latter study, both the waist-to-
hip ratio and subscapular skinfold thickness were
more strongly associated with NIDDM prevalence
than were either body mass index or the subscapular-
to-triceps skinfold ratio. In an analysis of prospective
data from the San Antonio Heart Study, central adipos-
ity was significantly associated with the incidence of
NIDDM (Table 32.12), although in a multivariate analy-
sis that included body mass index, fasting and 2-hour
plasma glucose, HDL cholesterol level, and pulse pres-
sure as additional independent variables, central adi-
posity was no longer statistically significant15. 

Table 32.12
Risk Factors for the Incidence of NIDDM, San Antonio,
TX, 1979-92

Risk factor
Odds
ratio 95% CI p-value

Anthropometric variables
Body mass index (kg/m2)
 (5 kg/m2 difference) 2.01 1.69-2.49 <0.001*
Subscapular/triceps ratio
 (1.0 unit difference) 1.89 1.22-2.93 0.004

Metabolic variables
Fasting plasma glucose
 (10 mg/dl difference) 3.25 2.54-4.17 <0.001*
Two-hour plasma glucose
 (10 mg/dl difference) 1.43 1.32-1.54 <0.001*
Fasting serum insulin
 (5 µU/ml difference) 1.60 1.49-1.71 <0.001
Impaired glucose tolerance
 (present/absent) 8.88 5.39-14.6 <0.001
Triglycerides
 (50 mg/dl difference) 1.44 1.28-1.63 <0.001
HDL cholesterol
 (5 mg/dl difference) 0.72 0.65-0.80 <0.001*

Hemodynamic variables
Systolic blood pressure
 (10 mmHg difference) 1.49 1.25-1.77 <0.001
Diastolic blood pressure
 (10 mmHg difference) 1.61 1.25-2.07 <0.001
Pulse pressure
 (10 mmHg difference) 1.35 1.08-1.69 0.008*
Heart rate
 (10 beats/min difference) 1.23 0.98-1.59 0.076
Hypertension
 (present/absent) 1.86 1.02-3.39 0.043
Hyperdynamic circulation
 (present/absent) 2.24 1.00-5.01 0.051

*Variable was statistically significant in multiple regression model that in-
cluded all variables in the table. CI, confidence interval. Data are from an age-,
gender-, and ethnicity-adjusted logistic regression analysis of the 8-year inci-
dence of NIDDM. Pulse pressure is defined as difference between systolic and
diastolic blood pressure. Hyperdynamic circulation is defined as all of the
following criteria: heart rate ≥80 beats/min, pulse pressure >50 mmHg, and
diastolic blood pressure <90 mmHg.

Source: Reference 15

Table 32.13
Prevalence of NIDDM in Mexican Americans and
Non-Hispanic Whites According to Obesity Level,
San Antonio, TX, 1979-82

Men Women

Obesity
level

MA NHW MA NHW
% No. % No. % No. % No.

Lean 6.9 87 1.8 55 2.4 83 0 76
Average 7.0 128 3.6 55 7.3 124 0 77
Obese 14.5 166 1.8 56 11.4 334 7.6 79
All levels 10.2 381 2.4 166 9.1 541 2.6 232
Ratio,
 MA/NHW 4.02 (p=0.003) 2.41 (p=0.020)

MA, Mexican American; NHW, non-Hispanic white.

Source: Reference 16
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Figure 32.5
Prevalence of NIDDM in Mexican Americans and
Non-Hispanic Whites by Level of Obesity, San Antonio,
TX, 1979-82

MA, Mexican American; NHW, Non-Hispanic white.

Source: Reference 16
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METABOLIC VARIABLES

There is considerable evidence that Mexican Ameri-
cans, like other populations at high risk for diabetes
(e.g., Pima Indians), show signs of peripheral resis-
tance to the action of insulin. In population studies,
insulin levels have often been used as a proxy for
insulin resistance. In both San Antonio and San Luis
Valley, mean serum insulin levels are higher in Mexi-
can Americans than in non-Hispanic whites19,20. The
San Luis Valley Study has also reported that Hispanics
have higher levels of C-peptide than non-Hispanic
whites20 (Table 32.14).

In addition to obesity and hyperinsulinemia, a num-
ber of other metabolic variables have been associated
with the incidence of NIDDM. For example, an analy-
sis of risk factors for development of NIDDM in the
San Antonio Heart Study was based on 844 Mexican
Americans and 641 non-Hispanic whites who were
nondiabetic at baseline15. In analyses adjusted for age,
gender, and ethnicity, the following variables were
associated with 8-year incidence of NIDDM: body
mass index, subscapular-to-triceps ratio, fasting and
2-hour plasma glucose, fasting serum insulin,
triglycerides, systolic and diastolic blood pressure,
pulse pressure (defined as the difference between sys-
tolic and diastolic blood pressure), hypertension, and
low levels of HDL cholesterol (Table 32.12). When
these variables were entered in a single stepwise mul-
tiple logistic regression model, only fasting and 2-
hour plasma glucose, body mass index, HDL choles-
terol, and pulse pressure remained significantly asso-
ciated with the incidence of NIDDM15 (Table 32.12).
The fact that fasting serum insulin level was not sta-
tistically significant when the other factors were in-
cluded in the model implies that hyperinsulinemia
and the other variables may be in the same causal
pathway in the development of NIDDM.

SOCIOCULTURAL AND BEHAVIORAL
RISK FACTORS

A number of sociocultural factors have been associ-
ated with both the prevalence and incidence of
NIDDM in Mexican Americans. A major challenge of
ongoing research programs is to identify the mediat-
ing factors that account for these relationships.

In Mexican Americans in the San Antonio Heart Study,
the incidence of NIDDM is significantly higher in
subjects with a high school education or less than in
subjects with greater than a high school education21.
When age, sex, and body mass index are also included
in a multiple logistic regression model, however, the
relationship between educational status and NIDDM
incidence becomes less clear. As shown in Table
32.15, the incidence of NIDDM is lower (but not
significantly) in Mexican Americans with more than a
high school education than in Mexican Americans
with less than a high school education, but Mexican
Americans with a high school education have a sig-
nificantly higher incidence of NIDDM than Mexican
Americans with less than a high school education
(odds ratio = 1.82, p=0.05). Among Mexican Ameri-
cans in the San Luis Valley Diabetes Study, higher
prevalence of diagnosed NIDDM was associated with
fewer years of education and smaller annual income17.
In contrast to San Antonio and San Luis Valley, neither
education level nor income was associated with the
prevalence of NIDDM determined by medical history
and OGTT among Mexican Americans examined in
the HHANES survey10.

The hypothesis that increasing levels of acculturation
to mainstream U.S. society correlate with reduced
prevalence of diabetes was examined in Mexican
Americans in the San Antonio Heart Study. Three
dimensions of adult acculturation were measured:
functional integration with mainstream society, value

Table 32.14
Mean Insulin and C-Peptide in Mexican Americans
and Non-Hispanic Whites with Normal Glucose 
Tolerance, San Luis Valley, CO, 1984-88

Serum insulin (nM) Plasma C-peptide (nM)
NHW MA p NHW MA p

Fasting 0.07 0.08 0.003 0.54 0.58 0.012
1-hour 0.47 0.52 0.013 2.46 2.72 <0.001
2-hour 0.27 0.36 <0.001 1.97 2.25 <0.001

1-hour and 2-hour values are after a 75-g glucose challenge; NHW, non-His-
panic white; MA, Mexican American.

Source: Reference 20

Table 32.15
Risk Factors for the Incidence of NIDDM in Mexican
Americans, San Antonio, TX, 1979-92

Variable Odds ratio 95% CI

Age (10-year difference) 1.47 1.16-1.86
Sex (male/female) 0.91 0.56-1.48
Body mass index 1.16 1.12-1.21
Education level

Less than high school 1.00 reference
High school 1.82 1.00-3.30
More than high school 0.76 0.39-1.49

CI, confidence interval. Data are from a multiple logistic regression analysis of
8-year incidence of NIDDM.

Source: San Antonio Heart Study
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placed on preserving Mexican cultural origin, and
attitude towards traditional family structure and sex-
role organization. In both men and women, higher
levels of acculturation were significantly associated
with a lower prevalence of diabetes22. This association
was independent of the effects of socioeconomic
status in women (Table 32.16). In men, however, the
association between acculturation and prevalence of
NIDDM became weaker and no longer achieved statis-
tical significance when socioeconomic status was in-
cluded in the model. In the HHANES Mexican Ameri-
can population, there was no significant association
between diabetes prevalence and acculturation as
measured either by three measures of language prefer-
ence or by an eight-factor acculturation scale that
incorporated language preference, birthplace, and
ethnic identification of the subject and his/her par-
ents10.

The relation between physical activity and diabetes
has been examined in several Hispanic populations.
In the HHANES survey, the prevalence of diabetes in
Mexican Americans declined with increasing occupa-
tional physical activity after controlling for age and
obesity10. However, no significant association was ap-
parent in either the Cuban or Puerto Rican groups.

The relation between diet and NIDDM in Mexican
Americans has been examined in the San Luis Valley
Diabetes Study. The amount of dietary fat and carbo-

hydrate intake, as determined by 24-hour recall, was
compared among 70 subjects with newly diagnosed
NIDDM, 171 subjects with impaired glucose toler-
ance, and 1,076 subjects with normal glucose toler-
ance23. Subjects with newly diagnosed NIDDM and
impaired glucose tolerance had higher fat consump-
tion and lower carbohydrate consumption than sub-
jects with normal glucose tolerance, with the differ-
ences between impaired and normal glucose tolerance
groups achieving statistical significance at the .05
level (Table 32.17). After taking physical activity lev-
els into account, subjects with newly diagnosed
NIDDM were 2.66 times more likely to report a 40 g
per day or higher fat intake than subjects with normal
glucose tolerance, and subjects with impaired glucose
tolerance were 2.17 times more likely to report a 40 g
per day or higher fat intake23. The association of die-
tary fiber intake with NIDDM was also investigated
among Hispanic and Anglo participants of the San
Luis Valley Diabetes Study24. Dietary fiber intake was
higher among persons with known NIDDM than
among nondiabetic subjects. This result may have
been due to changes in the diet that occurred after
onset of NIDDM, however, since there was little dif-
ference in fiber intake between subjects with newly
diagnosed NIDDM and normal controls. 

Table 32.16
Relation of Acculturation and Socioeconomic Status to Prevalence of NIDDM, San Antonio, TX, 1979-82

Odds ratio 95% CI

Estimated prevalence (%) of NIDDM
according to sociocultural stratum

Lowest stratum Highest stratum

Men
Univariate analyses

Socioeconomic status adjusted for age 0.94 0.73-1.21 16.5 14.1
Functional integration adjusted for age 0.75 0.59-0.96 22.7 11.1*

Multivariate analyses
Socioeconomic status adjusted for
 functional integration not significant
Functional integration adjusted for
 socioeconomic status not significant

Women
Univariate analyses

Socioeconomic status adjusted for age 0.64 0.48-0.85 13.2 3.8*
Functional integration adjusted for age 0.63 0.48-0.82 15.2 4.4**

Multivariate analyses
Socioeconomic status adjusted for
 functional integration 0.76 0.55-1.02 10.5 4.8
Functional integration adjusted for
 socioeconomic status 0.73 0.54-0.99 11.9 5.0*

*p<0.05; **p<0.001. Functional integration defined as functional integration with mainstream society; prevalences are age-adjusted. CI, confidence interval.

Source: Reference 22
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GENETIC FACTORS 

In Mexican Americans as in other populations, there
is a strong degree of familial aggregation of diabetes.
In San Antonio, the prevalence of NIDDM was deter-
mined in 375 relatives of NIDDM probands25. Among
first-, second-, and third-degree relatives of the dia-
betic probands, the prevalence of NIDDM diagnosed
by WHO criteria was 28.2%, 13.3%, and 11.1%, re-
spectively. These rates were 2.0-fold, 1.3-fold, and
1.1-fold higher than the corresponding rates for Mexi-
can Americans reporting no parental history of diabe-
tes. Interestingly, diabetes prevalence was twice as
high in the first-degree relatives of early onset pro-
bands (age at onset <40 years) compared with first-de-
gree relatives of late onset probands (age at onset ≥40
years) (47% versus 24%, p<0.001). 

It has been hypothesized that Amerindian popula-
tions are enriched with diabetogenic genes and that
the high prevalence of NIDDM observed in Mexican
Americans may be related to their Amerindian ances-
try. There is a reasonably strong ecologic correlation
between the degree of Amerindian admixture in a
population and the prevalence of NIDDM for that
population26 (Figure 32.6). Among Mexican Ameri-
cans in San Antonio, the degree of Amerindian admix-
ture as estimated from skin reflectance was 46%, 27%,
and 18% for Mexican Americans residing in the bar-
rio, transitional, and suburban neighborhoods, re-
spectively27. The decline in admixture across these
neighborhoods corresponds closely with the decline
in NIDDM prevalence.

Amerindian admixture was estimated from a panel of
17 polymorphic red blood cell and serum protein
markers in subjects with normal glucose tolerance, in
subjects with impaired glucose tolerance, and in sub-
jects with NIDDM in San Antonio28. Consistent with
the skin reflectance analyses27, Amerindian admixture
was highest in the barrio, intermediate in the transi-
tional neighborhoods, and lowest in the suburbs (Ta-
ble 32.18). In all neighborhoods combined, mean

Table 32.18
Proportion of Amerindian Genes in Mexican 
Americans, San Antonio, TX, 1979-85

Diabetes
status Barrio Transitional Suburb Total

Males
NIDDM 43.5±4.5 28.5±4.8 17.8±6.6 31.5±2.6
IGT 41.9±2.4 32.1±2.1 20.1±1.5 30.2±1.4
Normal GT 40.9±2.0 20.7±1.3 22.3±1.6 28.7±1.3
Total 41.7±1.5 25.2±1.4 20.3±1.3 29.3±1.0

Females
NIDDM 44.5±3.4 28.4±5.8 36.6±6.9 41.1±4.6
IGT 39.8±2.0 32.0±1.2 16.2±1.7 31.1±1.2
Normal GT 48.2±2.0 35.8±1.3 17.3±1.6 35.0±1.3
Total 45.1±1.4 33.0±1.2 17.2±1.3 34.0±1.0

IGT, impaired glucose tolerance; Amerindian proportion was detected by 17
polymorphic blood group and protein enzyme loci.

Source: Reference 28
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Relationship of Native American Genetic 
Admixture to NIDDM Prevalence

The populations are 1) Pima Indians in Arizona; 2) Seminole Indians in Florida;
3) Seminole Indians in Oklahoma; 4) Cherokee Indians in North Carolina; 5)
barrio Mexican-American men; 6) transitional Mexican-American men; 7) sub-
urban Mexican-American men; 8) barrio Mexican-American women; 9) transi-
tional Mexican-American women; 10) suburban Mexican-American women
(groups 5-10 are from the San Antonio Heart Study); 11) Mexican Americans in
Starr County, TX; 12) non-Hispanic whites from the San Antonio Heart Study;
13) Hispanics in Colorado; 14) Puerto Ricans in Puerto Rico.

Source: Reference 26

Table 32.17
Dietary Intake According to Glucose Tolerance
Status, San Luis Valley, CO, 1984-88

Newly
diagnosed
NIDDM
 (n=70)

Impaired
glucose

tolerance
(n=171)

Normal
glucose

tolerance
(n=1,076)

No. kilocalories/day 1,943.3±100.7 1,798.4±64.3 1,877.9±25.9 
Fat

g/day 83.7±2.3 84.2±1.5* 80.9±0.6
% of calories 39.2±1.1 39.8±0.7* 38.1±0.3

Carbohydrate
g/day 189.5±6.1 187.3±3.9* 197.3±1.6
% of calories 45.1±1.3 44.3±0.9* 46.6±0.3

Protein
g/day 73.8±2.5 73.2±1.6 70.5±0.7
% of calories 15.7±0.6 16.1±0.4 15.5±0.2

*p<0.05 compared with normal glucose tolerance. Mean dietary intake is
adjusted for age, sex, ethnicity, and kilocalories.

Source: Reference 23
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Amerindian admixture was higher in diabetic persons
than in nondiabetic persons, although the results
were not consistent across all neighborhoods. Overall,
men with impaired glucose tolerance had a mean
Amerindian admixture that was intermediate between
that of men with NIDDM and men with normal glu-
cose tolerance, but this was not true for women.

While admixture analyses provide support for the
hypothesis that Amerindian genes influence suscepti-
bility to NIDDM, this analytic approach suffers from
the limitation that the observed associations are eco-
logical in nature. In San Antonio, for example, the
most admixed neighborhoods (the barrio) differ sub-
stantially from the least admixed neighborhoods (the
suburbs) in a variety of socioeconomic and sociocul-
tural variables. It is thus difficult to determine whether
the observed differences in NIDDM are attributable to
admixture or to other confounding variables.

In the San Antonio Heart Study, an association has
been reported between NIDDM and the distribution
of phenotypes for both the Rhesus blood group and
haptoglobin29. The former association is interesting in
view of the fact that sib-pair analyses from the San
Antonio Family Diabetes Study have revealed evi-
dence for possible linkage between 2-hour insulin
levels and the Rh blood group locus30. In the San Luis
Valley Diabetes Study, however, there was no evidence
for a population level association between Rh blood
group and NIDDM31.

Associations have also been reported between NIDDM
and polymorphisms at loci which are of special inter-
est because of their involvement in glucose and carbo-
hydrate metabolism. One such association was ob-
served among Mexican Americans from the San Anto-
nio Heart Study, where the frequency of a 3.4 kb DNA
restriction fragment length polymorphism (RFLP) of
the insulin receptor gene was present in 42.8% of
diabetic persons, but in only 17.7% of nondiabetic
subjects32. Population level associations such as this
should be interpreted cautiously, however. The fre-
quency of this 3.4 kb allele is reported to be 34% in
Pima Indians33 and the allele is totally absent in non-
Hispanic whites32,33. These population differences
raise the possibility that the association between this
allele and NIDDM in the San Antonio Study may
simply reflect a greater degree of Amerindian admix-
ture among diabetic Mexican Americans relative to
nondiabetic Mexican Americans. 

In the Starr County population, polymorphic length
variation in the signal peptide of the apolipoprotein B
(apoB) gene was described, and individuals who were
homozygous for one of the alleles had elevated plasma

glucose levels relative to other individuals34. However,
there was no association between this allele and
plasma glucose levels in a sample of French whites. In
the San Luis Valley Diabetes Study, an association was
reported between the mean level of fasting glucose
and polymorphisms of GC, the vitamin D binding
protein of human plasma35.

It seems reasonable to expect that genes associated
with diabetes susceptibility will influence traits that
precede the onset of clinical NIDDM. Among nondia-
betic participants in the San Antonio Heart Study,
fasting serum insulin concentration was significantly
higher in nondiabetic subjects reporting that both
parents had diabetes (87.6 pmol/L) than in subjects
reporting that neither parent had diabetes (71.7
pmol/L)36. In the San Antonio Family Diabetes Study,
nondiabetic first-degree relatives of diabetic probands
had significantly higher body mass indexes than non-
diabetic second-degree family members (29.7 versus
27.5 kg/m2), implying that the diabetes genes also
influence the accumulation of body fat long before the
development of diabetes37.

Evidence that a major gene influences 2-hour post-
challenge insulin levels has been observed among 641
pedigreed members of 45 randomly ascertained Mexi-
can-American families in San Antonio38. Using com-
plex segregation analysis, an autosomal dominant ma-
jor gene best described the inheritance of 2-hour in-
sulin levels in these families. Eighty-four percent of
the population was heterozygous or homozygous for
the high insulin allele, and the major gene accounted
for ~30% of the variation in 2-hour insulin levels.

There are considerably fewer data concerning the
epidemiology of IDDM in Hispanic Americans than
there are for NIDDM. One of the first incidence stud-
ies of IDDM that included Hispanics was conducted in
San Diego, CA in 1978-8139. Although the number of
cases in the non-Anglo ethnic groups was small, this
study suggested that Mexican-American children had
a lower incidence of IDDM than non-Hispanic white
children.

A major source of data on IDDM in Hispanics is the
Colorado IDDM Registry, which was developed to
identify all newly diagnosed cases of IDDM in Colo-
rado. During 1978-83, the incidence of IDDM state-
wide among children age 0-17 years was estimated to
be 15.2 per 100,000 per year, a rate similar to other
populations in the United States40. Ethnic compari-
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sons of these data revealed a 50%-70% lower inci-
dence in Hispanics compared with non-Hispanic
whites41,42. During 1978-88, IDDM incidence in each
age group in Hispanics was lower than in the non-
Spanish origin population, although for the age group
10-17 years, the 95% confidence intervals overlapped
particularly for females (Table 32.19). While Hispan-
ics of both sexes had a lower incidence of IDDM than
non-Hispanic whites, the differential was larger for
males than for females (Figure 32.7). After adjusting
for age, non-Hispanic males had a 2.3-fold greater
incidence of IDDM, while non-Hispanic females had a
1.4-fold excess of IDDM. Among non-Hispanics,
IDDM incidence was slightly higher in males than in
females, whereas Hispanic females had a higher inci-
dence than Hispanic males (10.5 per 100,000 per year
in Hispanic females versus 7.1 per 100,000 per year in
Hispanic males)42.

Comparisons made from the Colorado IDDM registry
do not provide any evidence that the clinical charac-
teristics of IDDM cases differ between Hispanic and
non-Hispanic white children. For example, in neither
boys nor girls were there marked differences in insulin
dose, level of HbA1, distribution of HLA-DR antigens,
or level of islet cell antibodies. Compared with non-
Hispanic white girls with IDDM, however, Hispanic
girls with IDDM had higher body mass index,
subscapular skinfold thickness, waist-to-hip ratio,
and C-peptide level. Hispanic ethnicity, however, ac-
counted for just 3% of the overall variability in C-pep-
tide levels after controlling for diabetes duration, age,

sex, and fatness43. In several other populations, differ-
ences in HLA-DR antigens and haplotype frequencies
have been reported between Hispanics and non-His-
panic whites, with the IDDM-associated HLA antigens
observed more frequently among non-Hispanic
whites44-46.

Most mortality data on Hispanic Americans pertains
specifically to Mexican Americans and, to a lesser
extent, Puerto Ricans. Moreover, since these data are
derived principally from vital statistics, they relate to
mortality in the overall population rather than to
mortality in diabetic subjects, per se. To obtain the
latter, cohort data, which are much more limited, are
necessary. 

ALL-CAUSE MORTALITY IN THE TOTAL
POPULATION

Despite their high rate of NIDDM, all-cause mortality
in Mexican-American adults is not excessive relative
to non-Hispanic whites. Table 32.20 compares age-
specific and age-adjusted mortality derived from
1979-81 vital statistics for Texas for Mexican Ameri-
cans and non-Hispanic whites age ≥35 years47. It is
apparent that there is little if any excess mortality in
Mexican Americans. (At age <45 years, all-cause mor-
tality is higher in Mexican American men, but this
excess is principally due to trauma, homicides, etc.) It
has also been reported that life expectancy at attained
ages of 0, 15, 40, and 65 years among Spanish-sur-
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Figure 32.7
Incidence of IDDM in Colorado by Ethnic Group,
1978-88

Source: Reference 42

Table 32.19
IDDM Incidence in Colorado According to Ethnic
Group, 1978-88

Non-Hispanics Hispanics

Age
(years)

No. of
cases Rate 95% CI

No. of
cases Rate 95% CI

Males
0-4 120 10.1 8.4-12.1 12 4.9 2.5-8.6
5-9 199 18.8 6.3-21.6 10 4.4 2.1-8.1

10-14 241 22.5 19.8-25.5 25 12.0 7.8-17.8
15-17 94 12.9 10.4-16.0 9 6.7 3.1-12.7
Total 654 16.2 14.9-17.5 56 6.9 5.2-9.0

Age-adjusted 16.4 15.1-17.7 7.1 5.4-9.3
Females

0-4 82 7.3 5.8-9.1 8 3.4 1.5-6.7
5-9 178 17.6 15.2-20.4 25 11.7 7.6-17.3

10-14 228 22.4 19.8-25.4 37 18.3 12.8-25.4
15-17 56 8.1 6.2-10.5 9 7.0 3.2-13.3
Total 544 14.1 13.0-15.4 79 10.1 8.0-12.6

Age-adjusted 14.5 13.0-15.7 10.5 8.4-13.1

Rate is per 100,000 population in the age group per year; CI, confidence interval.

Source: Reference 42 
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named individuals in California is virtually identical
to life expectancy among non-Hispanic whites48.
These results are in marked contrast to African Ameri-
cans, whose life expectancies at these same ages are
substantially less than among non-Hispanic whites.
All-cause mortality has also been examined for the
"Spanish-origin" population of Suffolk County, NY,
which is predominantly Puerto Rican49. Compared
with the "all whites" population of the county, the
standardized mortality ratio for all-cause mortality in
Puerto Ricans is significantly less than 1.0 (Table
32.21). Finally, based on the U.S. National Death In-
dex, standardized mortality ratios are consistently be-
low 1.0 for the three major Hispanic subgroups, Mexi-
can American, Cuban American, and Puerto Rican50.

MORTALITY IN DIABETIC SUBJECTS

Table 32.22 presents age-adjusted mortality with dia-
betes listed as the underlying cause of death derived
from vital statistics data from New Mexico for the
years 1958-8751. There are rising trends in diabetes
mortality in both sexes and in all three ethnic groups,
especially in Hispanics and Native Americans, whose
rates, at least after 1967, far exceed those observed in
non-Hispanic whites. Limitations of these data in-
clude the fact that only 55% of the death certificates
that mention diabetes listed it as the underlying cause
of death. Also, growing physician awareness of diabe-
tes as an important public health problem in Hispan-
ics and Native Americans could have contributed to

increasing mentions of diabetes as a cause of death on
death certificates.

Cohort data are presented in Table 32.23, which
shows 8-year crude and age-adjusted all-cause mortal-
ity rates from the San Antonio Heart Study. Mortality
among diabetic persons was increased in both ethnic
groups. The relative risks associated with diabetes
were nearly identical in non-Hispanics whites and
Mexican Americans (2.64 and 2.67, respectively). The
age-adjusted all-cause mortality rates for diabetic and
nondiabetic persons combined was slightly, but not
significantly, higher in Mexican Americans than in
non-Hispanic whites (1.8% versus 1.4%).

Additional cohort data have been reported from Starr
County, TX52. A population-based cohort consisting of
353 Mexican Americans with NIDDM was followed
for a mean duration of 8 years, during which 67
deaths were recorded. Table 32.24 shows the distribu-
tion of causes of death in 55 of the individuals for
whom death certificates were obtained. Of note is the
fact that, among these known diabetic persons, diabe-
tes was mentioned on the death certificate in only

Table 32.21
Standardized Mortality Ratios for Deaths in Hispanics,
Suffolk County, NY, 1979-83

Underlying cause of
death (ICD codes) Sex

Observed
no.

Expected
no. SMR

All causes Male
Female

513
392

642.2
523.9

0.80
0.75

Infectious diseases
 (001-139)

Male
Female

13
5

5.3
4.5

2.43
1.12

All neoplasms (140-239) Male
Female

105
91

152.5
145.8

0.69
0.62

Diabetes mellitus (250) Male
Female

8
19

10.2
11.0

0.79
1.73

Ischemic heart disease
 (410-414)

Male
Female

130
196

197.2
150.6

0.66
0.70

Pulmonary circulation
 (415-429)

Male
Female

26
25

28.7
25.9

0.90
0.97

Cerebrovascular diseases
 (430-438)

Male
Female

27
31

31.3
43.5

0.86
0.71

Respiratory system
 (460-519)

Male
Female

26
15

31.3
22.1

0.83
0.68

Chronic liver disease (571) Male
Female

12
7

14.1
9.8

0.85
0.71

Accidents (E800-929) Male
Female

54
27

61.7
23.2

0.88
1.16

Suicide (E950-959) Male
Female

11
3

15.6
6.0

0.71
0.50

Homicide (E960-969) Male
Female

15
3

6.0
2.8

2.48
1.08

Expected number of deaths is computed on the basis of age- and sex-specific
death rates for "all whites" in Suffolk County; SMR, standardized mortality
ratio, is the ratio of observed to expected number of deaths.

Source: Reference 49

Table 32.20
All-Cause Mortality Rate for Mexican Americans and
Non-Hispanic Whites, Texas, 1979-81

Age
(years)

Mexican
Americans

Non-Hispanic
whites

Ratio,
MA/NHW

Men
35-44 340 269 1.26
45-54 720 712 1.01
55-64 1,545 1,733 0.89
65-74 3,717 3,969 0.94

≥75 9,397 10,514 0.89
Age-adjusted 2,013 2,170 0.93

Women
35-44 134 145 0.92
45-54 340 374 0.91
55-64 885 833 1.06
65-74 2,145 1,880 1.14

≥75 7,335 7,386 0.99
Age-adjusted 1,294 1,260 1.03

Mortality is expressed as the average annual number of deaths per 100,000
persons in the age group per year. MA, Mexican American; NHW, Non-His-
panic white.

Source: Reference 47
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25.5% of cases, and in no case was it listed as the
underlying cause of death. Heart disease was over-
whelmingly the most common cause of death, ac-
counting for 60.0%-72.7% of all deaths, and cere-
brovascular disease accounted for another 12.7%-
23.6% of deaths. This is in marked contrast to San
Antonio, where heart disease and cerebrovascular dis-
ease combined accounted for only 37.1% (13/35) of
deaths among diabetic persons. One probable factor
contributing to this discrepancy is that the mean age
at baseline of diabetic decedents in Starr County was
64 years, whereas in San Antonio it was only 54 years.
It is also noteworthy that baseline glucose and gly-
cated hemoglobin levels were virtually identical in the
Starr County diabetic persons who died and those

who survived (10.6 mM versus 10.6 mM for glucose
and 10.7% versus 10.8% for glycated hemoglobin).
Disease duration was longer in those who died (9.6
versus 5.9 years), but this difference disappeared after
adjusting for the presence of diabetic retinopathy. 

MYOCARDIAL INFARCTION

The prevalence of myocardial infarction (MI) has been
reported for Mexican Americans and non-Hispanic
whites who participated in the San Antonio Heart
Study53. In both sexes and both ethnic groups, diabe-
tes was associated with an increased prevalence of MI
ascertained either by Minnesota-coded EKGs or by
self-report of a physician-diagnosed MI (Table 32.25).
Mexican-American men, whether diabetic or not, had
a lower prevalence of MI, although this ethnic differ-
ence was not statistically significant. A similar ethnic
difference was not seen in women. Thus, the sex-eth-
nic pattern of MI prevalence parallels the pattern for
cardiovascular mortality53. Similar results were re-
ported from the San Luis Valley Diabetes Study in
southern Colorado in that Hispanics tended to have a
lower prevalence of MI than non-Hispanic whites54

(Table 32.26). A difference between these results and
the San Antonio results was that the deficit in Hispan-
ics was present in both men and women with diabetes
and in men with impaired glucose tolerance. 

Table 32.23
Eight-Year Mortality in Mexican Americans and 
Non-Hispanic Whites, San Antonio, TX, 1979-90

Mexican
Americans

Non-Hispanic
whites

Diabetic Nondiabetic Diabetic Nondiabetic

Number of subjects 249 1,713 75 1,054
Mean age (years) 52.3 41.3 55.2 44.9
Crude mortality (%) 12.9 1.8 8.0 3.1
Age-adjusted
 mortality (%) 4.0 1.5 3.7 1.4
Mortality ratio,
 DM/nonDM 2.67 2.64

Mortality rates are adjusted to the mean age of the overall population (43.8
years) by multiple logistic regression analysis.

Source: San Antonio Heart Study

Table 32.22
Mortality from Diabetes Listed as the Underlying Cause, U.S. and New Mexico, 1958-87

1958-62 1963-67 1968-72 1973-77 1978-82 1983-87
Men

U.S. whites 15.3 15.8 17.1 14.6 13.0 12.5 
New Mexico 

Non-Hispanic whites 12.0
(118)

13.3
(157)

13.4
(156)

12.2
(166)

18.0
(293)

16.2 
(295) 

Hispanic whites 10.5
(55)

16.0
(92)

23.0
(136)

21.8
(143)

27.9
(203)

25.3*
(205) 

American Indians 11.6
(10)

10.5
(10)

26.2
(28)

24.9
(30)

22.4
(29)

40.5*
(57) 

Women
U.S. whites 18.5 17.6 17.8 14.4 12.3 11.6*
New Mexico

Non-Hispanic whites 13.5
(154)

9.6
(145)

12.0
(184)

12.3
(216)

15.0
(329)

15.7 
(388) 

Hispanic whites 15.7
(84)

19.8
(120)

27.3
(167)

24.5
(170)

28.6
(234)

33.3*
(305) 

American Indians 6.6
(5)

7.7
(7)

26.0
(26)

18.0
(20)

32.2
(46)

42.9*
(65) 

*p<0.05 using linear regression to assess temporal trends. Values are age-adjusted rates per 100,000 with number of deaths in parentheses.

Source: Reference 51
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PERIPHERAL VASCULAR DISEASE

Mexican Americans with NIDDM appear to have an
increased prevalence of peripheral vascular disease,
although this condition represents both a micro- and
a macrovascular complication. In the San Antonio
study, ankle-arm blood pressure ratios were measured
by Doppler ultrasound using the brachial artery and
either the posterior tibial or dorsalis pedis artery on
each leg55. Peripheral vascular disease was considered
to be present if any of the four ratios was <0.95. For
subjects with NIDDM, the odds of peripheral vascular
disease for Mexican Americans compared with non-
Hispanic whites was 1.84, although this excess was
not statistically significant (Table 32.27).

HYPERGLYCEMIA

In the San Antonio Heart Study, diabetic Mexican
Americans had higher levels of glycemia, a major risk
factor for microvascular complications, than diabetic
non-Hispanic whites56. This led to the hypothesis that
the former group would also have higher rates of
microvascular complications, since these complica-
tions are generally considered to be glycemia depend-
ent. It is not known whether the ethnic difference in
glycemia observed in San Antonio has a genetic or an
environmental or lifestyle basis. The latter could in-
clude access to and quality of health care. A point
against the health care explanation is the fact that in
San Antonio, among diabetic persons newly discov-
ered at the time of their survey visit, Mexican Ameri-

Table 32.25
Age-Adjusted Percent with Myocardial Infarction, San Antonio, TX, 1979-88

Diabetic Nondiabetic Diabetes adjusted ethnic odds ratio
MA NHW MA NHW MA/HNW 95% CI p

Men
ECG 13.5 19.8 3.2 4.6 0.65 0.37-1.15 0.14
Self-reported 12.6 13.3 3.1 4.0 0.79 0.51-1.22 0.29
Either 21.6 29.9 5.6 8.2 0.65 0.41-1.03 0.06
Both 4.8 2.6 0.5 1.8 0.58 0.21-1.59 0.29

Women
ECG 6.3 4.5 1.8 1.1 1.49 0.65-3.33 0.34
Self-reported 4.2 7.2 1.1 1.2 0.99 0.52-1.89 0.96
Either 10.7 11.7 3.1 2.5 1.24 0.68-2.26 0.49
Both 0.0 0.0 0.2 0.1 Too few events 

MA, Mexican American; NHW, non-Hispanic white; CI, confidence interval; ECG, electrocardiogram.

Source: Reference 53

Table 32.24
Percent Distribution of Deaths Based on Death Certificates, U.S. (1988) and Starr County, TX (1981-92)

U.S. population Deaths in Starr County individuals with NIDDM*

Cause of death
(ICD 9-CM codes)

Underlying cause,
 percent of total deaths

Underlying cause of death Underlying or contributing cause
No. % of total No. % of total

Heart disease (390-398, 402, 404-429) 35.3 33 (36) 60.0 (53.7) 40 72.7
Malignant neoplasms (140-208) 22.4 3 (4) 5.5 (6.0) 4 7.3
Cerebrovascular disease (430-438) 6.9 7 (7) 12.7 (10.4) 13 23.6
Accidents (E800-E949) 4.5 0 (4) 0 (6.0) 0 0
COPD (490-496) 3.8 0 (0) 0 (0) 1 1.8
Pneumonia and influenza (480-487) 3.6 0 (0) 0 (0) 0 0
Diabetes mellitus (250) 1.9 0 (2) 0 (3.0) 14 25.5
Suicide (E950-E959) 1.4 1 (1) 1.8 (1.5) 1 1.8
Liver disease (571) 1.2 0 (0) 0 (0) 2 3.6
Nephritis (580-589) 1.0 1 (2) 1.8 (3.0) 6 10.9
All other 18.0 10 (15) 18.2 (22.4) 30 54.5

COPD, chronic obstructive pulmonary disease; numbers in parentheses include both death certificates results and interview results.

Source: Reference 52
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cans were still more hyperglycemic than non-Hispanic
whites, i.e., even before differential health care could
have had an impact. Plasma glucose values for
HHANES, the San Luis Valley Study, and the San
Antonio Study are shown in Appendix 32.1.

RETINOPATHY

In the San Antonio Heart Study, seven-field stereo-
scopic fundus photographs were taken of each eye by
certified photographers, and these were graded by the
University of Wisconsin Fundus Photographic Read-
ing Center. As predicted by their greater degree of
hyperglycemia, diabetic Mexican Americans had a
higher prevalence of retinopathy than diabetic non-
Hispanic whites57. Figure 32.8 shows the prevalence
of any grade of retinopathy (background, preprolifera-
tive, and proliferative) and Figure 32.9 shows the
prevalence of severe retinopathy (preproliferative and
proliferative) according to ethnic group and diabetes
duration. The prevalence of retinopathy increases
with increasing duration in both ethnic groups, but
for any given duration Mexican Americans with dia-
betes have a higher prevalence than non-Hispanic
whites with diabetes. Mexican Americans with diabe-
tes diagnosed prior to the survey (previously diag-
nosed) also had a two- to threefold higher prevalence
of diabetic retinopathy than previously diagnosed
non-Hispanic whites with diabetes in the Wisconsin

Table 32.27
Ethnic Differences in Peripheral Vascular Disease
in NIDDM, San Antonio, TX, 1984-88

Mexican
Americans

Non-Hispanic
whites Odds

ratioNo. % No. % 95% CI

Male 140 16.9 38 10.0 1.83 0.51-6.61
Female 225 14.7 42 8.6 1.84 0.53-6.41
Ethnic odds ratio 1.84 0.75-4.49
Sex effect NS NS

CI, confidence interval; odds ratio is the Mexican American/non-Hispanic
white Mantel-Haenszel odds ratio.

Source: Reference 55

Table 32.26
Prevalence of Coronary Heart Disease Endpoints, Age 25-74 Years, San Luis Valley, CO, 1984-88

Men Women

CHD
endpoint

Normal IGT NIDDM Normal IGT NIDDM
No. % No. % No. % No. % No. % No. %

Heart attack
Hispanic
NHW

16
17

6.7
4.8

5
6

8.8
11.6*

8
14

5.6†
12.3**

1
8

0.4
2.0

2
1

2.5
1.4

8
5

2.8*
4.4

Angina
Hispanic
NHW

17
17

8.0
5.4

1
3

2.6
7.7

7
5

6.1
5.7

16
14

7.3†
4.0

4
3

6.8
5.8

25
6

13.0
8.2

Ischemic ECG
Hispanic
NHW

27
31

12.5
9.7

6
8

13.3
19.0*

17
16

14.2
16.7*

32
53

14.9
15.5

13
10

20.9
18.3

40
21

18.5
25.5**

Asymptomatic
 ischemic ECG

Hispanic
NHW

11
14

5.2
4.5

1
3

2.4
7.4

14
7

12.2**
7.7

22
40

10.3
11.8

10
8

16.7
15.3

28
14

13.6
17.8

Probable MI
Hispanic
NHW

6
9

2.6
2.7

2
2

4.5
4.9

2
6

1.7 
5.5

2
7

0.8
1.9

0
0

0.0
0.0

5
4

1.8
3.7

Possible MI
Hispanic
NHW

34
40

16.3
12.8

7
7

18.0
18.1

13
23

11.3††
26.5**

19
24

8.7
7.0

7
5

11.6
9.5

25
11

12.4
14.2

Overall CHD
Hispanic
NHW

61
70

29.7
23.1

11
14

29.1
37.7*

33
31

29.7
36.9**

70
83

32.6
24.6

21
20

36.4
40.1**

84
36

44.5**
50.6**

*p<0.1, **p<0.05 for comparison with the normal glucose tolerance group. †p<0.1, ††p<0.05 for the comparison with non-Hispanic whites.  Data are age-adjusted
prevalences. IGT, impaired glucose tolerance; NHW, non-Hispanic white; CHD, coronary heart disease; ECG, electrocardiogram; MI, myocardial infarction. Heart attack,
subject has been told by a physician that he/she had had a heart attack; angina pectoris, Rose questionnaire; ischemic ECG, Whitehall criteria, Minnesota codes 1.1-1.3 or
7.1 or 4.1-4.3 or 5.1-5.3; asymptomatic ischemic ECG, ischemic ECG without history of heart attack, angina, MI pain, or exertional chest pain; probable MI, Minnesota
codes 1.1-1.2 or 7.1; possible MI, history of heart attack or pain of MI or Minnesota codes 1.1-1.2; overall CHD, any of the above or nitrate use or exertional chest pain.

Source: Reference 54
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Epidemiologic Study of Diabetic Retinopathy
(WESDR)57. Multivariate analysis showed that, in ad-
dition to duration of diabetes, level of glycemia was a
risk factor for diabetic retinopathy, although age and
systolic blood pressure were not (Table 32.28). Even
after controlling for these risk factors, however, reti-
nopathy was significantly more common in diabetic
Mexican Americans than in diabetic non-Hispanics by
a factor of two to three. Among previously diagnosed
diabetic persons who were on hypoglycemic treat-
ment, insulin use was also a risk factor for retinopathy,
probably because its use implied greater disease sever-
ity. Contrary to expectation, lower socioeconomic
status was not a risk factor for retinopathy among
Mexican Americans with diabetes58. The impact on

diabetic retinopathy of risk factors such as age, gen-
der, diabetes duration, level of glycemia, type of ther-
apy, and blood pressure was similar in Mexican Ameri-
cans with diabetes in San Antonio and non-Hispanic
whites with diabetes in the WESDR, with the possible
exception of systolic blood pressure, which was statis-
tically significant in the WESDR population but not in
Mexican Americans59. Thus, the excess of retinopathy
in diabetic Mexican Americans in San Antonio does
not appear to be due to a greater susceptibility to the
standard risk factors.

In the San Luis Valley Study in southern Colorado,
fundus photographs were obtained and graded using
the same protocol as the San Antonio Heart Study. The
results, however, were very different from those in San
Antonio. In Colorado, the prevalence of diabetic reti-
nopathy was lower in Hispanics than in non-Hispanic
whites60 (Figure 32.10). After adjustment for various
retinopathy risk factors, the odds of retinopathy in
diabetic Mexican Americans compared with diabetic
non-Hispanic whites fell to 0.40, which was highly
statistically significant (Table 32.29). As in San Anto-
nio, insulin use and glycemia (assessed as glycated
hemoglobin in the Colorado study) were significantly
associated with retinopathy. However, the Colorado
study differed from the San Antonio study in that
diabetes duration was not significantly associated
with retinopathy, but systolic blood pressure was. The

Table 32.28
Risk Factors for Retinopathy in Previously Diagnosed
NIDDM, San Antonio, TX, 1984-88

Any retinopathy Severe retinopathy

Risk factor OR 95% CI OR 95% CI

Ethnic group
 (MA vs. NHW) 1.65 0.91-2.99 2.91* 1.30-6.51
Duration of diabetes

<10 years 1.00 1.00
>10 years 3.31† 1.71-6.44 5.51† 1.36-11.4

Glucose sum
Low 1.00 1.00 
Medium 2.08 0.95-4.59 1.50 0.53-2.16
High 5.01† 3.29-10.9 3.01* 1.12-8.08

Age (10-years intervals) 1.12 0.75-1.68 0.99 0.59-1.42
Systolic blood pressure 

Low 1.00 1.00
Medium 0.75 0.34-1.66 0.89 0.35-2.24
High 1.36 0.50-3.71 1.87 0.77-4.56

Therapy 
None 1.00 1.00
Oral agents 1.76 0.92-3.39 1.92 0.85-4.42
Insulin 3.00‡ 1.27-7.12 3.20‡ 1.31-10.0

*p<0.01, †p<0.001, ‡p<.05. Data were calculated by multiple logistic regres-
sion analysis; OR, odds ratio; CI, confidence interval; MA, Mexican American;
NHW, non-Hispanic whites from the Wisconsin Epidemiology Study of Dia-
betic Retinopathy (WESDR).

Source: Reference 57
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Colorado investigators carried out detailed analyses
and concluded that the discrepancy between their
results and the San Antonio results was genuine and
not an artifact caused by different definitions or differ-
ences in disease duration. The ethnic differences are
highly dependent on the rates of retinopathy in non-
Hispanic whites, which constitute the denominator
for the rate comparisons. Because of its much larger
number of diabetic persons, the WESDR population
provides the most definitive retinopathy rates for non-
Hispanic whites, although this study did not include
newly diagnosed diabetics. The discrepancy between

the Colorado and San Antonio retinopathy results
appears to be due more to a low rate of retinopathy in
San Antonio non-Hispanic whites than to a high rate
in Colorado non-Hispanic whites61(Table 32.30).
However, even when compared with WESDR non-
Hispanic whites, San Antonio Mexican Americans
have more retinopathy57. A possible clue to resolving
this dilemma is that in Colorado the average glycated
hemoglobin levels were similar in Hispanic and non-
Hispanic whites with diabetes (10.6% and 10.3%),
whereas in San Antonio, diabetic Mexican Americans
were clearly more hyperglycemic than diabetic non-
Hispanic whites56.

Results from the 1988-91 phase of NHANES III are
similar to those from San Antonio in that blacks and
Mexican Americans with previously diagnosed
NIDDM had a higher prevalence of retinopathy than
non-Hispanic whites with NIDDM62. These results are
presented in Figure 32.11 according to diabetes dura-
tion and in Figure 32.12 according to severity of reti-
nopathy.

In Starr County, TX, diabetic retinopathy was highly
predictive of subsequent mortality over 8 years in
Mexican Americans of both sexes (Figure 32.13), an
effect that was independent of both age and diabetes
duration52. When cholesterol was added to the multivari-
ate model, however, the effect of retinopathy on sub-
sequent mortality was statistically significant only in men.

NEPHROPATHY AND END-STAGE RENAL
DISEASE

In the San Antonio Heart Study, the prevalence of
clinical proteinuria (≥1 on Ames Albustix) was 1.87
times as common in diabetic Mexican Americans as in

Table 32.29
Risk Factors for Diabetic Retinopathy in NIDDM,
San Luis Valley, CO, 1984-86

Model 1 Model 2

Risk factor
Odds
ratio

95%
CI

Odds
ratio

95%
CI

Ethnicity, Hispanic vs.
 non-Hispanic white 0.40 0.21-0.76 0.40 0.21-0.78
Duration of NIDDM
 (5-year increase) 1.23 0.98-1.54 1.20 0.95-1.51
Age at diagnosis
 (5-year increase) 0.85 0.72-0.99 0.86 0.73-1.01
Glycosylated hemoglobin
 (% increase) 1.12 1.00-1.27 1.14 1.01-1.30
Systolic blood pressure
 (10-mmHg increase) 1.27 1.11-1.46 1.29 1.12-1.49
Insulin use (yes vs. no) 3.06 1.61-5.82
Current smoking (yes vs. no)

Taking insulin 0.37 0.14-0.94
Not taking insulin 2.62 0.93-7.34

CI, confidence interval; an interaction term between current smoking and
insulin therapy was significant (p<0.01) in model 2.

Source: Reference 60

Table 32.30
Percent with Retinopathy in Previously Diagnosed
NIDDM in Three Studies

Retinopathy level

Population No. None
Back-

ground
Pre-

proliferative
Pro-

liferative

Non-Hispanic
 white

Wisconsin 1,370 45.6 28.7 16.9 8.5
San Antonio, TX 49 65.3 20.4 8.2 6.1
Colorado 85 48.2 32.9 14.1 4.7

Mexican
 American

San Antonio, TX 206 48.1 21.3 23.3 7.3
Colorado 166 57.2 23.5 12.7 6.6

Source: Reference 61
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diabetic non-Hispanics63 (Table 32.31). After adjust-
ment for age and duration of diabetes, the odds ratio
for clinical proteinuria in Mexican American versus
non-Hispanic white persons with diabetes increased
to 2.82 (p=0.039). Among previously diagnosed per-
sons with diabetes, the frequency of clinical prote-
inuria was 43% higher in Mexican Americans in San
Antonio than in non-Hispanic whites in the WESDR
(Table 32.31). Among diabetic subjects without clini-
cal proteinuria, the odds ratio for microalbuminuria
(≥30 mg/L) also indicated a higher prevalence in
Mexican Americans than in non-Hispanic whites

(OR=3.62, p=0.063)63. Adjustment for covariates in-
cluding age, diabetes duration, systolic blood pres-
sure, fasting glucose, and cigarette smoking increased
this odds ratio rather dramatically to 6.95 (p=0.004).

As in the case of retinopathy, results from San Luis
Valley differed from those of the San Antonio Heart
Study. Duration-adjusted indicators of diabetic neph-
ropathy indicated either no difference or an excess in
non-Hispanic whites relative to Hispanics61 (Table
32.32). Again, the discrepancy between the San Anto-
nio and the San Luis Valley results may be due to the
fact that, in San Antonio, Mexican Americans with
diabetes had significantly higher levels of fasting glu-
cose than non-Hispanic whites with diabetes56,
whereas no ethnic differences in the level of glycemia
were observed in the San Luis Valley study. Thus,
ethnic differences in microvascular complications
would not have been expected in the latter. 

Among subjects with NIDDM in San Antonio, those
with microalbuminuria had higher systolic and dia-
stolic blood pressures and fasting plasma glucose con-
centrations than those without microalbuminuria64.
They did not, however, have higher lipids or lipoprote-
ins, including Lp(a). Obesity and body fat distribution
were also similar in NIDDM subjects with and without
microalbuminuria. A somewhat different pattern has
been reported for nondiabetic persons among whom
those with microalbuminuria had higher systolic and
diastolic blood pressures, serum triglyceride concentra-
tions, and insulinemia, and lower levels of HDL choles-
terol but no differences in plasma glucose levels65.

Table 32.33 shows the incidence of renal replacement
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Table 32.31
Clinical Proteinuria According to Ethnicity in NIDDM, San Antonio, TX, and Wisconsin

Mexican Americans Non-Hispanic whites

Newly diagnosed
(SAHS)

Previously
diagnosed (SAHS)

Newly diagnosed
(SAHS)

Previously
diagnosed (SAHS)

Previously diagnosed
(WESDR)

No. of subjects 74 243 9 58 476

Negative/trace (%) 90.5 81.1 100 89.7 86.8

1-4+ (%) 9.5 18.9 0 10.3 13.2

SAHS, San Antonio Heart Study; WESDR, Wisconsin Epidemiology Study of Diabetic Retinopathy.

Source: Reference 63

Table 32.32
Prevalence of Markers of Nephropathy in People with NIDDM, San Luis Valley, CO, 1984-86

Hispanic Non-Hispanic white 

Nephropathy marker No.

Adjusted
prevalence

%

95%
confidence

interval No.

Adjusted
prevalence

%

95%
confidence

interval

Serum creatinine >132.6 uM 10/184 5.2 2.1-8.3 7/92 8.9 3.2-14.7

Urine protein-creatinine ratio >1 18/187 9.2 5.4-13.1 9/91 11.4 4.8-18.0

Urinary albumin >25.5 ug/ml* 53/145 34.5 27.1-41.9 21/62 34.3 24.3-44.3

*Roughly equal to 30 ug/min excretion rate. Prevalence is adjusted for NIDDM duration by the direct method with use of duration distribution of all subjects as standard.

Source: Reference 61

Table 32.33
Diabetes-Related End-Stage Renal Disease in the Texas Population, 1978-84

Incidence per 100,000 per year Incidence ratios

Years Mexican American Non-Hispanic white Black
Mexican American/
Non-Hispanic white Black/Non-Hispanic white

1978-80 6.68
(6.29-7.07)

1.02
(0.95-1.08)

4.42
(4.06-4.78)

6.55 4.33

1979-81 8.43
(7.98-8.87)

1.27
(1.20-1.34)

5.00
(4.75-5.52)

6.64 3.94

1980-82 9.62
(9.15-10.09)

1.46
(1.38-1.54)

5.14
(4.72-5.55)

6.59 3.52

1981-83 6.77
(6.30-7.24)

1.51
(1.43-1.59)

5.84
(5.42-6.26)

4.48 3.87

1982-84 10.11
(9.63-10.60)

1.57
(1.49-1.66)

7.14
(6.69-7.60)

6.44 4.55

Age-adjusted 3-year moving average annual incidence per 100,000 population; data in parentheses are 95% confidence intervals; statistical significance for incidence ratios,
z ≥3.29, p=0.001.

Source: Reference 66
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therapy (dialysis or transplant) for diabetes-related
ESRD in 1978-84 for Mexican Americans, non-His-
panic whites, and blacks in Texas66. The age-adjusted
incidence ratios comparing Mexican Americans to
non-Hispanic whites exceed six in four of the five
3-year time periods. These incidences represent the
rate of occurrence of diabetes-related ESRD in the
general population and not among diabetic persons
per se. The excess ESRD in the Mexican-American
population is greater than would be expected based on
their excess prevalence of diabetes alone, which is
only about two- to threefold (Table 32.9). These re-
sults imply that diabetic Mexican Americans in Texas
have an excess risk of ESRD compared with diabetic
non-Hispanic whites; the results are thus compatible
with the proteinuria data from the San Antonio Heart
Study (Table 32.31). Blacks in Texas have an approxi-
mate fourfold excess of diabetes-related ESRD (Table
32.33), which is probably also greater than would be
predicted based on their excess prevalence of diabetes.
The age-specific incidence ratios presented in Figure
32.14 indicate that for both Mexican Americans and
blacks, the excess of diabetes-related ESRD occurs
after age 50 years, suggesting that it is principally due
to NIDDM. Indeed, at age <40 years, the ratios are
very close to 1.0, suggesting that the occurrence of
ESRD due to IDDM is quite similar in the three major
race/ethnic groups in Texas. The excess at age ≥50
years is clearly much greater in Mexican Americans
than in blacks. These inferences are reinforced by data
from a surveillance study in two Texas counties
(which include Dallas and San Antonio) involving
medical record review and algorithms for IDDM and
NIDDM. The results indicate that among diabetic

Mexican Americans developing ESRD, 99% met crite-
ria for NIDDM, whereas the corresponding figure for
diabetic non-Hispanic whites was 56%, with 44% of
incident cases in the latter ethnic group categorized as
being due to IDDM67.

Surveillance data on replacement therapy for ESRD
from Colorado also support an increased risk of ESRD
in Hispanics with NIDDM. Diabetic Hispanics age ≥45
years have a higher incidence of treatment for diabe-
tes-related ESRD than diabetic non-Hispanic whites68

(Figure 32.15). Unfortunately, these data cannot be
directly compared with those presented in Table
32.33, since the latter present incidence of diabetes-
related ESRD treatment for the population as a whole
rather than for persons with diabetes. In contrast to
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Figure 32.15
Average Annual Incidence of ESRD Treatment in 
Diabetic Patients, Colorado, 1982-89

ESRD, end-stage renal disease.

Source: Reference 68
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Figure 32.14
Incidence of Diabetic ESRD in Mexican Americans
and Blacks Relative to Non-Hispanic Whites, Texas,
1980-82

ESRD, end-stage renal disease; MA, Mexican American; NHW, Non-Hispanic
white.

Source: Reference 66

Table 32.34
Risk of Death in Mexican Americans and African
Americans with ESRD Compared with Non-
Hispanic Whites with ESRD in Texas

ESRD etiology No.

Hazard ratio,
African

American

Hazard ratio,
Mexican
American

All etiologies 11,963 0.72 (0.70-0.75) 0.94 (0.88-1.00)
Diabetes 3,260 0.56 (0.49-0.64) 0.79 (0.71-0.88)
Hypertension 2,951 0.65 (0.58-0.73) 0.82 (0.70-0.96)
Glomerulonephritis 1,841 0.88 (0.72-1.08) 0.86 (0.71-1.04)
Other 3,911 0.86 (0.77-0.97) 0.90 (0.80-1.01)

Age-adjusted hazard ratios were computed from Cox proportional hazards model;
numbers in parentheses are 95% confidence intervals; ESRD, end-stage renal
disease.

Source: Reference 69
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the Texas results, the incidence of diabetes-related
ESRD treatment in Colorado was higher in diabetic
blacks age 45-74 years than in diabetic Hispanics in
the same age range. This excess persisted even when
the rates were presented as incidence rates for the
general population and may reflect an interaction be-
tween diabetes and hypertension, the prevalence of
which is exceedingly high among blacks.

Surprisingly, the survival of diabetic Mexican Ameri-
cans with ESRD in Texas is superior to the survival of
diabetic non-Hispanic whites with ESRD69. This sur-
vival advantage is observed for all ESRD etiologies and
in blacks as well as Mexican Americans (Table 32.34).
Etiology-specific survival rates by ethnic group are
presented in Table 32.35. In a retrospective surveil-
lance study involving medical record review, diabetic
Mexican Americans beginning renal dialysis had more
severe kidney disease and more non-renal diabetic
complications than diabetic non-Hispanics entering
renal dialysis. Thus, the survival advantage of Mexican
Americans could not be explained by a lesser degree of
severity of ESRD at onset of replacement therapy70.
This unanticipated finding remains unexplained.

NEUROPATHY

Diabetic neuropathy was diagnosed in the San Luis
Valley Diabetes Study on the basis of a screening
examination that included a symptom questionnaire
and testing of cold sensation and deep tendon reflexes
in the lower extremities71. Neuropathy was diagnosed
if the patient demonstrated at least two of the follow-
ing three findings: pain or discomfort such as numb-
ness, burning, or tingling in both legs or feet; absent
or decreased ankle reflexes bilaterally; and lack of cold
sensation over the dorsum of both feet. The screening
examination was carried out by a nurse clinician and
was validated against a standard neurological exami-
nation by a neurologist. There was 90% agreement
(34/38) between the two approaches and the kappa
statistic was 0.79. Using the screening examination,
there was no significant difference in the prevalence
of diabetic neuropathy in Hispanics and non-Hispanic
whites61 (Table 32.36). 

Table 32.36
Prevalence of Distal Symmetrical Sensory Neuropathy,
San Luis Valley, CO, 1984-86

Hispanic
Non-Hispanic

white
Glucose tolerance status No. % No. %

Normal glucose tolerance 188 4.8 298 2.7
Impaired glucose tolerance 48 12.5 41 9.8
NIDDM 186 26.9 91 29.7
NIDDM (duration-adjusted*) 26.3 31.6

*Directly adjusted with duration distribution of all subjects as standard.

Source: Reference 61

Table 32.35
Percent Survival Among Patients with End-Stage Renal Disease in Texas

1-year survival 5-year survival

ESRD etiology
Non-Hispanic

white
Mexican
American

African
American

Non-Hispanic
white

Mexican
American

African
American

Hypertension 76 82 88 35 46 54
Glomerulonephritis 89 90 93 55 64 65
Diabetes mellitus 75 76 83 31 31 41
Other 79 83 85 46 52 54

Source: Reference 69
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Figure 32.16
Prevalence of Sensory Neuropathy, by Race and
NIDDM Duration, U.S., 1989
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In the 1989 National Health Interview Survey, the
prevalence of sensory neuropathy was defined as a
self-report of numbness, loss of feeling, pain, tingling,
or decreased ability to feel hot or cold72. Compared
with non-Hispanic whites with NIDDM, the preva-
lence of sensory neuropathy was higher in Mexican
Americans with 0-4 and 5-14 years duration of diabe-
tes and in blacks with 5-14 years duration (Figure
32.16). These differences were not statistically signifi-
cant, however. For diabetic persons with duration >15
years, there were no racial or ethnic differences in
neuropathy prevalence.

HEALTH INSURANCE AND DIABETIC
COMPLICATIONS

The relationship between health insurance and mi-
crovascular complications has been studied in Mexi-
can Americans with diabetes in San Antonio73. Clini-
cal proteinuria, microalbuminuria, and retinopathy
(defined as above) were consistently less frequent in
individuals with private health insurance and indi-
viduals whose health insurance included reimburse-
ment for outpatient medications and at least some
outpatient physician visits (Figure 32.17). Since these
results are cross-sectional, they do not conclusively
indicate the direction of cause and effect, i.e., patients
with complications may suffer loss of employment
with resultant loss of health insurance, rather than the
inadequate health insurance leading to development
of diabetic complications.

Dr. Michael P. Stern is Professor, Department of Medicine,
University of Texas Health Science Center, San Antonio, TX,
and Dr. Braxton D. Mitchell is Staff Scientist, Southwest
Foundation for Biomedical Research, San Antonio, TX.

Proteinuria Albuminuria Retinopathy
0

10

20

30

40

50

60
Private Other insurance

Proteinuria Albuminuria Retinopathy
0

10

20

30

40

50

60
Covered Not covered
Outpatient medication

Proteinuria Albuminuria Retinopathy
0

10

20

30

40

50

60
All visits Some visits No visits

Physician visits coverage

Figure 32.17
Prevalence of Microvascular Complications by Health
Insurance Coverage, San Antonio, TX

Source: Reference 73

655



1. U.S. Bureau of the Census: The Hispanic population in the
United States: March 1991. Current Population Reports.
Series P-20, no. 455. Washington DC: U.S. Govt. Printing
Office

2. U.S. Bureau of the Census: How we’re changing: Demo-
graphic state of the nation, 1993. Current Population
Reports: Special Studies. Series P-23, no. 184. Washington
DC: U.S. Govt. Printing Office, February 1993

3. Stern MP, Gaskill SP, Allen CR, Garza V, Gonzales JL, Waldrop
RH: Cardiovascular risk factors in Mexican Americans in
Laredo, Texas: I. Prevalence of overweight and diabetes and
distribution of serum lipids. Am J Epidemiol 113:546-55, 1981

4. Hanis CL, Ferrell RE, Barton SA, Aguilar L, Garza-Ibarra A,
Tulloch BR, Garcia CA, Schull WJ: Diabetes among
Mexican-Americans in Starr County, Texas. Am J Epidemiol
118:659-72, 1983

5. Mitchell BD, Stern MP, Haffner SM, Hazuda HP, Patterson
JK: Risk factors for cardiovascular mortality in Mexican
Americans and non-Hispanic whites: The San Antonio Heart
Study. Am J Epidemiol 131:423-33, 1990

6. Hamman RF, Marshall JA, Baxter J, Kahn LB, Mayer EJ,
Orleans M, Murphy JR, Lezotte DC: Methods and prevalence
of non-insulin-dependent diabetes mellitus in a biethnic
Colorado population: The San Luis Valley Diabetes Study.
Am J Epidemiol 129:295-311, 1989

7. Samet JM, Coultas DB, Howard CA, Skipper BJ, Hanis CL:
Diabetes, gallbladder disease, obesity, and hypertension
among Hispanics in New Mexico. Am J Epidemiol 128:1302-
11, 1988

8. Flegal KM, Ezzati TM, Harris MI, Haynes SG, Juarez RZ,
Knowler WC, Perez-Stable EJ, Stern MP: Prevalence of
diabetes in Mexican Americans, Cubans, and Puerto Ricans
from the Hispanic Health and Nutrition Examination Survey,
1982-84. Diabetes Care 14 (Suppl. 3):628-38, 1991

9. Hanis CL, Hewett-Emmett D, Bertin TK, Schull WJ: Origins
of U.S. Hispanics: Implications for diabetes. Diabetes Care
14 (Suppl. 3):618-27, 1991

10. Harris MI: Epidemiologic correlates of NIDDM in Hispanics,
Whites, and Blacks in the U.S. population. Diabetes Care 14
(Suppl. 3):639-48, 1991

11. Haddock L, Torres de Conty I: Prevalence rates for diabetes
mellitus in Puerto Rico. Diabetes Care 14 (Suppl. 3):676-84,
1991

12. Cruz-Vidal M, Costas R Jr, García-Palmieri MR, Sorlie PD,
Hertzmark E: Factors related to diabetes mellitus in Puerto
Rican men. Diabetes 28:300-07, 1979

13. Stern MP, González C, Mitchell BD, Villalpando E, Haffner
SM, Hazuda HP: Genetic and environmental determinants
of type II diabetes in Mexico City and San Antonio, TX.
Diabetes 41:484-92, 1992

14. Baxter J, Hamman RF, Lopez TK, Marshall JA, Hoag S,
Swenson CJ: Excess incidence of known non-insulin-de-
pendent diabetes mellitus (NIDDM) in Hispanics compared
with non-Hispanic whites in the San Luis Valley, Colorado.
Ethnicity & Disease 3:11-21, 1993

15. Stern MP, Morales PA, Valdez RA, Monterrosa A, Haffner SM,
Mitchell BD, Hazuda HP: Predicting diabetes: Moving
beyond impaired glucose tolerance. Diabetes 42:706-14,
1993

16. Stern MP, Gaskill SP, Hazuda HP, Gardner LI, Haffner SM:
Does obesity explain excess prevalence of diabetes among
Mexican Americans? Results of the San Antonio Heart Study.
Diabetologia 24:272-77, 1983

17. Marshall JA, Hamman RF, Baxter J, Mayer EJ, Fulton DL,
Orleans M, Rewers M, Jones RH: Ethnic differences in risk
factors associated with the prevalence of non-insulin-de-
pendent diabetes mellitus. The San Luis Valley Diabetes
Study. Am J Epidemiol 137:706-18, 1993

18. Haffner SM, Stern MP, Hazuda HP, Pugh JA, Patterson JK: Do
upper body and centralized adiposity measure different
aspects of regional body fat distribution? Relationship to
non-insulin dependent diabetes mellitus, lipids and lipopro-
teins. Diabetes 36:43-51, 1987

19. Haffner SM, Stern MP, Hazuda HP, Pugh JA, Patterson JK:
Hyperinsulinemia in a population at high risk for non-insulin
dependent diabetes mellitus. New Engl J Med 315:220-24, 1986

20. Boyko E, Keane EM, Marshall JA, Hamman RF: High insulin
and C-peptide concentrations in a Hispanic population at
high risk for NIDDM. The San Luis Valley Diabetes Study.
Diabetes 40:509-15, 1991

21. Haffner SM, Hazuda HP, Mitchell BD, Patterson JK, Stern
MP: Increased incidence of type II diabetes mellitus in
Mexican Americans. Diabetes Care 14:102-08, 1991

22. Hazuda HP, Haffner SM, Stern MP, Eifler CW: Effects of
acculturation and socioeconomic status on obesity and
diabetes in Mexican Americans: The San Antonio Heart
Study. Am J Epidemiol 128:1289-1301, 1988

23. Marshall JA, Hamman RF, Baxter J: High-fat, low-carbohy-
drate diet and the etiology of noninsulin-dependent diabetes
mellitus: The San Luis Valley Diabetes Study. Am J Epidemiol
134:590-603, 1991

24. Marshall JA, Weiss NS, Hamman RF: The role of dietary fiber
in the etiology of non-insulin dependent diabetes mellitus:
The San Luis Valley Diabetes Study. Ann Epidemiol 3:18-26,
1993

25. Mitchell BD, Kammerer CM, Reinhart LJ, Stern MP: NIDDM
in Mexican American families: Heterogeneity by age of onset.
Diabetes Care 17:567-73, 1994 

26. Stern MP, Haffner SM: Type II diabetes and its complications
in Mexican Americans. Diabetes Metabolism Reviews 6:29-45,
1990

27. Gardner LI, Stern MP, Haffner SM, Gaskill SP, Hazuda HP,
Relethford JH, Eifler CW: Prevalence of diabetes in Mexican
Americans: Relationship to percent of gene pool derived from
native American sources. Diabetes 33:86-92, 1984

28. Chakraborty R, Ferrell RE, Stern MP, Haffner SM, Hazuda
HP, Rosenthal M: Relationship of prevalence of non-insulin
dependent diabetes mellitus with Amerindian admixture in
the Mexican Americans of San Antonio, Texas. Genetic
Epidemiology 3:435-54, 1986

29. Stern MP, Ferrell RE, Rosenthal M, Haffner SM, Hazuda HP:
Association between non-insulin-dependent diabetes melli-
tus, Rh blood group, and haptoglobin phenotype: Results
from the San Antonio Heart Study. Diabetes 35:387-91, 1986

30. Mitchell BD, Kammerer CM, O’Connell P, Harrison CR,
Manire M, Shipman PA, Moyer M, Stern MP, Frazier ML:
Evidence for linkage of post-challenge insulin levels with
intestinal fatty acid binding protein (FABP2) in Mexican
Americans. Diabetes, in press, 1995

REFERENCES

656



31. Iyengar S, Hamman RF, Marshall JA, Baxter J, Majumder PP,
Ferrell RE: Genetic studies of Type 2 (non-insulin
dependent) diabetes mellitus: Lack of association with seven
genetic markers. Diabetologia 32:690-93, 1989 

32. Raboudi SH, Mitchell BD, Stern MP, Eifler CW, Haffner SM,
Hazuda HP, Frazier ML: Type II diabetes mellitus and
polymorphism of insulin-receptor gene in Mexican Ameri-
cans. Diabetes 38:975-80, 1989

33. Elbein SC, Corsetti L, Ulrich A, Permutt MA: Multiple
restriction fragment length polymorphisms at the insulin
receptor locus: A highly informative marker for linkage
analysis. Proc Natl Acad Sci USA 83:5223-27, 1986

34. Boerwinkle E, Chen S, Visvikis S, Hanis CL, Siest G, Chan
L: Signal peptide-length variation in the human apolipopro-
tein B gene: Molecular characteristics and association with
plasma glucose levels. Diabetes 40:1539-44, 1991

35. Iyengar S, Hamman RF, Marshall JA, Majumder PP, Ferrell
RE: On the role of Vitamin D binding globulin in glucose
homeostasis. Genetic Epidemiol 6:691-98, 1989

36. Haffner SM, Stern MP, Hazuda HP, Mitchell BD, Patterson
JK: Increased insulin concentrations in non-diabetic off-
spring of diabetic parents. New Engl J Med 319:1297-1301,
1988

37. Mitchell BD, Kammerer CM, Stern MP: Differences in body
mass index between nondiabetic first and second degree
relatives of diabetic probands. Am J Hum Genet
51(Suppl.):A155, 1992

38. Mitchell BD, Kammerer CM, Hixson JE, Atwood LD,
Hackleman S, Blangero J, Haffner SM, Stern MP, MacCluer
JW: Evidence for a major gene affecting post-challenge
insulin levels in Mexican American families. Diabetes
44:284-89, 1995

39. Lorenzi M, Cagliero E, Schmidt NJ: Racial differences in
incidence of juvenile-onset Type 1 diabetes: Epidemiologic
studies in southern California. Diabetologia 28:734-38, 1985

40. Hamman RF, Gay EC, Cruickshanks KJ, Cook M, Lezotte
DC, Klingensmith GJ, Chase HP: Colorado IDDM Registry:
Incidence and validation of IDDM in children aged 0-17 yr.
Diabetes Care 13:499-506, 1990

41. Gay EC, Hamman RF, Carosone-Link PJ, Lezotte DC, Cook
M, Stroheker R, Klingensmith G, Chase HP: Colorado IDDM
Registry: Lower incidence of IDDM in Hispanics. Compari-
son of disease characteristics and care patterns in biethnic
population. Diabetes Care 12:701-08, 1989

42. Kostraba J, Gay EC, Cai Y, Cruikshanks KJ, Rewers MJ,
Klingensmith GJ, Chase HP, Hamman RF: Incidence of
insulin-dependent diabetes mellitus in Colorado. Epidemiol-
ogy 3:232-38, 1992

43. Kostraba J, Cruikshanks KJ, Neville TG, Lawler-Heavner J,
Chase HP, Klingensmith GJ, Gay EC, Hamman RF: Clinical
characteristics of IDDM in Hispanics and non-Hispanic
whites. Diabetes Care 15:1303-09, 1992

44. Zeidler A, Loon J, Frasier SD, Kumar D, Penny R, Terasaki
P: HLA-DRw antigens in Mexican-American and Black-
American diabetic patients. Diabetes 29:247-50, 1980

45. Zeidler A, Frasier SD, Kumar D, Loon J: Histocompatibility
antigens and immunoglobulin G insulin antibodies in
Mexican-American insulin-dependent diabetic patients. J
Clin Endocrinol Metab 54:569-73, 1982.

46. Patel R, Ansari A, Covarrubias CL-P: Leukocyte antigens and
disease. III. Association of HLA-B8 and HLA-BW15 with
insulin-dependent diabetes in three different population

groups. Metabolism 26:487-92, 1977

47. Stern MP, Patterson JK, Mitchell BD, Haffner SM, Hazuda
HP: Overweight and mortality in Mexican Americans. Int J
Obes 14:623-29, 1990

48. Schoen R, Nelson VE: Mortality by cause among Spanish-
surnamed Californians, 1969-71. Soc Sci Q 62:259-72, 1981

49. Polednak AP: Mortality in the Hispanic population of Suffolk
County, New York. NY State J Med 90:442-46, 1990

50. Sorlie PD, Backlund E, Johnson NJ, Rogot E: Mortality by
Hispanic status in the United States. JAMA 270:2464-68,
1993

51. Carter JS, Wiggins CL, Becker TM, Key CR, Samet JM:
Diabetes mortality among New Mexico’s American Indian,
Hispanic, and non-Hispanic white populations, 1958-87.
Diabetes Care 16 (Suppl. 1):306-09, 1993

52. Hanis CL, Chu HH, Lawson K, Hewett-Emmett D, Barton
SA, Schull WJ, Garcia CA: Mortality of Mexican Americans
with NIDDM: Retinopathy and other predictors in Starr
County, Texas. Diabetes Care 16:82-09, 1993

53. Mitchell BD, Hazuda HP, Haffner SM, Patterson JK, Stern
MP: Myocardial infarction in Mexican Americans and
non-Hispanic whites: The San Antonio Heart Study.
Circulation 83:45-51, 1991

54. Rewers M, Shetterly SM, Baxter J, Marshall JA, Hamman RF:
Prevalence of coronary heart disease in subjects with normal
and impaired glucose tolerance and non-insulin-dependent
diabetes mellitus in a biethnic Colorado population. The San
Luis Valley Diabetes Study. Amer J Epidem 135:1321-30, 1992

55. Haffner SM, Mitchell BD, Stern MP, Hazuda HP: Macrovas-
cular complications in Mexican Americans with type II
diabetes. Diabetes Care 14 (Suppl. 3):665-71, 1991

56. Diehl AK, Stern MP: Special health problems of Mexican
Americans: Obesity, gallbladder disease, diabetes mellitus,
and cardiovascular disease. Adv Int Med 34:79-86, 1989

57. Haffner SM, Fong D, Stern MP, Pugh JA, Hazuda HP, Patterson
JK, Van Heuven WAJ, Klein R: Diabetic retinopathy in
Mexican Americans and non-Hispanic whites. Diabetes
37:878-84, 1988

58. Haffner SM, Hazuda HP, Stern MP, Patterson JK, Van Heuven
WAJ, Fong D: Effect of socioeconomic status on hypergly-
cemia and retinopathy levels in Mexican Americans with
NIDDM. Diabetes Care 12:128-34, 1989

59. Haffner SM, Mitchell BD, Moss SE, Stern MP, Hazuda HP,
Patterson JK, Van Heuven WAJ, Klein R: Is there an ethnic
difference in the effect of risk factors for diabetic retinopathy.
Ann Epidemiol 3:2-8, 1993

60. Hamman RF, Mayer EJ, Moo-Young GA, Hildebrandt W,
Marshall JA, Baxter J: Prevalence and risk factors for diabetic
retinopathy in non-Hispanic Whites and Hispanics with
NIDDM: San Luis Valley Diabetes Study. Diabetes 38:1231-
37, 1989

61. Hamman RF, Franklin GA, Mayer EJ, Marshall SM, Marshall
JA, Baxter J, Kahn LB: Microvascular complications of NIDDM
in Hispanics and non-Hispanic whites: San Luis Valley Diabetes
Study. Diabetes Care 14(Suppl. 3):655-64, 1991

62. Harris MI, Rowland M, Klein R: Racial differences in the
prevalence of diabetic retinopathy in the U.S. Third National
Health and Nutrition Examination Survey, 1988-91

63. Haffner SM, Mitchell BD, Pugh JA, Stern MP, Kozlowski MK,
Hazuda HP, Patterson JK: Proteinuria in Mexican Americans
and non-Hispanic whites with NIDDM. Diabetes Care
12:530-36, 1989

657



64. Haffner SM, Morales PA, Gruber MK, Hazuda HP, Stern MP:
Cardiovascular risk factors in non-insulin-dependent dia-
betic subjects with microalbuminuria. Arterio and Thromb
13:205-10, 1993

65. Haffner SM, Stern MP, Kozlowski MK, Hazuda HP, Mitchell
BD, Patterson JK: Microalbuminuria: A potential marker for
increased cardiovascular risk factors in non-diabetic sub-
jects. Arteriosclerosis 10:727-31, 1990

66. Pugh JA, Stern MP, Haffner SM, Eifler CW, Zapata M: Excess
incidence of treatment of end-stage renal disease in Mexican
Americans. Amer J Epidemiol 127:135-44, 1988

67. Jameel N, Pugh JA: Ethnic/racial differences in incidence of
treatment of diabetic end-stage renal disease (ESRD) by
diabetic type. Diabetes 39 (Suppl. 1):39A, 1990

68. Morbidity and Mortality Weekly Reviews: Incidence of
treatment for end-stage renal disease attributed to diabetes
mellitus by race/ethnicity W Colorado, 1982-89. Vol. 41,
Nov. 6, 1992, p. 845-47

69. Pugh JA, Tuley MR: Survival among Mexican Americans,
non-Hispanic whites, and African Americans with end-stage

renal disease: The emergence of a minority pattern of
increased incidence and prolonged survival. Am J Kidney Dis
23: 803-07, 1994

70. Medina RA, Pugh JA, Ramirez ML: Tri-ethnic comparisons
in severity of disease at onset of treatment for noninsulin-
dependent diabetes-related ESRD. SGIM Abstracts. Clin Res
41:589A, 1993

71. Franklin GM, Kahn LB, Baxter J, Marshall JA, Hamman RF:
Sensory neuropathy in non-insulin-dependent diabetes
mellitus: The San Luis Valley Diabetes Study. Amer J Epidemiol
131:633-43, 1990

72. Harris M, Eastman R, Cowie C: Symptoms of sensory
neuropathy in adults with NIDDM in the U.S. population.
Diabetes Care 16:1446-52, 1993

73. Pugh JA, Tuley M, Hazuda HP, Stern MP: The influence of
outpatient insurance coverage on the microvascular compli-
cations of non-insulin-dependent diabetes in Mexican
Americans. J Diab Comp 6:236-41, 1992

658



APPENDIX

Appendix 32.1
Values for Metabolic Variables in Hispanic and Non-Hispanic Subjects Age 40-64 Years with NIDDM in U.S. 
Population Samples and in Community-Based Studies

HHANES San Luis Valley San Luis Valley San Antonio San Antonio

Mexican
American

men

Mexican
American
women

Hispanic
men

Hispanic
women

Anglo
men

Anglo
women

Mexican
American

men

Mexican
American
women

Anglo
men

Anglo
women

Previously diagnosed diabetes
Mean fasting plasma glucose 191.8 197.8 184.0 171.5 181.9 188.2 162.8 167.7
Mean 2-hour plasma glucose 309.8 331.6 299.5 287.0 326.8 333.5 308.0 288.5
Mean fasting insulin 21.8 24.5 22.7 26.2 24.6 29.8 25.7 26.6
Mean 2-hour insulin 87.6 98.7 79.3 116.7 57.6 78.5 52.2 73.6
Mean number of years since
 diagnosis of diabetes 6.8 8.0 7.6 7.7 6.0 9.1 6.6 10.1 8.8 9.9

Newly discovered diabetes
Mean fasting plasma glucose 141.6 125.2 164.6 143.4 125.5 165.3 155.2 151.6 161.8 120.5
Mean 2-hour plasma glucose 268.1 260.1 269.2 267.0 244.3 280.2 295.0 289.6 298.4 235.3
Mean fasting insulin 19.2 23.6 25.2 22.7 22.2 28.0 19.8 23.8
Mean 2-hour insulin 101.4 108.2 105.3 84.4 98.9 139.4 84.1 151.3

All diabetes combined
Percent with self-reported history
 of diabetes in mother and/or father 43.5 46.9 37.3 37.5
Mean BMI 28.0 31.4 27.6 30.4 29.0 31.1 29.7 32.1 28.6 31.3
Percent with BMI ≥25 83.0 94.0 74.0 84.9 83.0 82.9 83.1 87.4 81.3 79.4
Percent with BMI ≥30 27.4 52.2 31.5 47.2 35.8 48.6 41.9 58.7 25.0 52.9
Percent with BMI ≥35 3.2 22.8 2.7 17.9 9.4 31.4 14.5 26.7 9.4 23.5
Mean subscapular-to-triceps 
 skinfold ratio 1.89 1.15 1.74 1.19 1.77 1.02 1.93 1.32 1.72 1.33
Mean waist-to-hip ratio 1.00 0.91 0.99 0.91 0.98 1.00 0.98 1.16
Mean systolic blood pressure 134.5 131.0 134.1 136.8 134.5 134.8 132.0 129.4 132.2 129.6
Mean diastolic blood pressure 83.6 77.1 82.5 79.8 81.1 77.7 75.9 73.4 77.6 71.9
Percent with hypertension 25.0 22.8 45.2 52.8 49.1 71.4 25.8 22.3 31.3 47.1
Mean total cholesterol 220.3 224.5 206.6 244.3 207.2 220.8 215.7 218.8 216.2 221.4
Mean LDL cholesterol 132.5 127.5 126.3 148.2 132.6 123.3 138.0 137.7 137.9 138.0
Mean HDL cholesterol 43.2 46.6 41.2 47.1 40.1 43.7 38.0 43.9 39.6 44.4
Mean fasting triglycerides 197.9 185.0 212.4 268.9 186.1 246.0 262.4 198.5 276.6 212.6
Percent with total cholesterol ≥240 27.9 28.0 22.2 45.7 15.1 31.4 20.2 25.7 18.8 26.5
Percent with LDL cholesterol ≥160 18.1 20.8 16.7 33.0 18.8 18.8 23.4 25.7 21.9 29.4
Percent with HDL cholesterol <35 20.6 16.6 27.8 15.2 40.4 25.7 48.4 22.3 53.1 20.6
Percent with triglycerides ≥250 12.9 6.7 27.8 35.2 17.0 37.1 33.9 22.3 31.3 20.6 

Hypertension defined as systolic blood pressure ≥160 mmHg or diastolic blood pressure ≥95 mmHg or using antihypertensive medication; values for blood pressure include
values for subjects using antihypertensive medications; values for lipids are in mg/dl; for empty cells, data were not available. HHANES, 1982-84 Hispanic Health and
Nutrition Examination Survey; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Source:1982-84 Hispanic Health and Nutrition Examination Survey, unpublished data; Richard Hamman, University of Colorado, San Luis Valley Diabetes Study,
unpublished data; Michael Stern, University of Texas, San Antonio Heart Study, unpublished data
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Chapter 33

Diabetes in Asian and
Pacific Islander Americans
Wilfred Y. Fujimoto, MD

SUMMARY

Asian and Pacific Islander Americans, al-
though constituting <3% of the total U.S.
population in 1990, comprise a very diverse
group, with >20 population groups. The

majority (~95%) are Asian, with the major categories
being Chinese, Filipino, Japanese, Asian Indian, Ko-
rean, and Vietnamese. These numbered almost 7 mil-
lion in the 1990 U.S. Census. The major categories of
Pacific Islanders are Hawaiian, Samoan, and Guama-
nian, numbering ~323,000 in the same census. Fifty-
six percent of the Asian and Pacific Islander popula-
tion lived in the West in 1990, and ~73% lived in just
seven states (California, New York, Hawaii, Texas,
Illinois, New Jersey, and Washington).

The number of Asians and Pacific Islanders in the
United States has increased rapidly in recent years, a
nearly 2.5-fold increase from 1970 to 1980 and an-
other nearly twofold increase from 1980 to 1990.
Immigration after the adoption of the Immigration
Act of 1965 was a major factor in this increase, as well
as the large number of Southeast Asian refugees who
arrived after 1975 under the Refugee Resettlement
Program. Since many of the Asians in the United
States are fairly recent immigrants, the majority are
foreign-born. Among the main Asian-American
groups, only the Japanese had a majority who were
born in the United States.

Insulin-dependent diabetes mellitus (IDDM) is rela-
tively rare in this population. Among Japanese, a
lower frequency of those genes that are associated
with IDDM has been offered as possible explanation

for the low incidence of the disease. Limited data
suggest, however, that IDDM may be higher in mi-
grant Japanese and Asian-Indian children.

Diabetes in the Asian and Pacific Islander population
is predominantly of the non-insulin-dependent type
(NIDDM). Among Asian Americans, data on preva-
lence of NIDDM are available only for Japanese, Chi-
nese, Korean, and Filipino populations. Information
is available, however, for migrant Asian populations
in other countries (Singapore, Mauritius, Brazil,
South Africa, Fiji, Trinidad, and England). Informa-
tion is also available for several native nonmigrant
Asian populations (Japanese, Chinese, Asian Indian,
Korean, and Filipino). Taken together, these data
show prevalence of NIDDM to be higher in migrant
Asians than in native nonmigrant Asians. For Pacific
Islanders, the limited data available for Hawaiians and
Samoans show prevalence rates for NIDDM to be high
in these groups.

Since NIDDM is considered to be one of the diseases
associated with lifestyle changes seen with western-
ization, research in this population may lead to a
better understanding of factors mediating this associa-
tion. A possible explanation of this is the "thrifty"
genotype hypothesis, which proposes that in popula-
tions that were subject to periods of famine, a survival
advantage was given those with a metabolism that
stored energy with maximum efficiency. In periods of
abundance, however, this leads to obesity and to de-
velopment of the insulin resistance syndrome, or
"Syndrome X."

• • • • • • •
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Data compiled on estimates of abnormal glucose tol-
erance in adults from diverse populations worldwide
have shown diabetes in adults to be a global health
problem1. The risk for development of diabetes, how-
ever, is not uniform among populations. At greatest
risk appear to be minority populations living in indus-
trialized countries. This increase is especially trou-
bling since many high-risk migrant populations have
been traditionally believed to have low diabetes preva-
lence in their homelands. Data on diabetes prevalence
in Asian and Pacific Islander Americans are, however,
sparse. For this reason, this chapter includes a review
of diabetes prevalence in native and migrant Asian
and Pacific Islander populations that emphasizes the
major health problem this disease already is in Asian
and Pacific Islander Americans, a segment of the U.S.
population that has grown tremendously since 1970.

DEFINITION OF ASIAN AND 
PACIFIC ISLANDER

Asian and Pacific Islander Americans include all per-
sons residing in the United States who have originated
from Asian and Pacific Island areas. Within this ethnic
grouping, ~7.3 million in the 1990 U.S. Census, the
vast majority (~95%) are Asian. The major categories
of Asians in the United States are Chinese, Filipino,
Japanese, Asian Indian, Korean, and Vietnamese (Fig-
ure 33.1)2. The major categories of Pacific Islanders in
the United States are Hawaiian, Samoan, and Guama-
nian, who numbered ~323,000 in the same census.

U.S. CENSUS

Ethnic Distribution of Asians and
Pacific Islanders

Asian and Pacific Islander Americans comprise a di-
verse group, with >20 population subgroups (Table
33.1). Asians and Pacific Islanders are, however, a
small portion of the U.S. population, constituting <3%
of the total population in 1990 (Table 33.2).

The number of Asians and Pacific Islanders in the
United States has increased rapidly since 1970. Asians
and Pacific Islanders numbered ~1.5 million in 1970,
>3.7 million in 1980, and 7.3 million in 19902-4. This
growth represents an increase of nearly 2.5-fold from
1970 to 1980, and another nearly twofold increase
from 1980 to 1990. Over the same period, the propor-
tion of Asians and Pacific Islanders in the total popu-
lation increased from 0.8% in 1970 to 1.6% in 1980

INTRODUCTION Table 33.1
Distribution of Resident Asian and Pacific Islander
Population in the U.S., by Ethnic Origin, 1990

Race No. (1,000) Percent

Total 7,274 100.0
Chinese 1,645 22.6
Filipino 1,407 19.3
Japanese 848 11.7
Asian Indian 815 11.2
Korean 799 11.0
Vietnamese 615 8.5
Laotian 149 2.0
Cambodian 147 2.0
Thai 91 1.3
Hmong 90 1.2
Pakistani 81 1.1
Hawaiian 211 2.9
Samoan 63 0.9
Guamanian 49 0.7
Other 264 3.6

Source: Reference 2

Table 33.2
Resident Population in the U.S., by Race, 1990

Race No. Percent

Total 248,709,873 100.0
White 199,686,070 80.3
Black 29,986,060 12.1
Asian or Pacific Islander 7,273,662 2.9
American Indian, Eskimo, Aleut 1,959,234 0.8
Other races 9,804,847 3.9

Source: Reference 2

Filipino
20.3%

All others
11.7%

Chinese
23.7%

Indian
11.8%

Korean
11.5%

Vietnamese
8.8%

1.41

0.85

0.80
0.61

0.82

1.65

0.81

Japanese
12.2%

Figure 33.1
Ethnic Origin of the Asian-American Population in
the 1990 U.S. Census

Data within the circle are numbers in millions.

Source: Reference 2
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and 2.9% in 1990. The percent change in resident
Asian and Pacific Islander populations in the United
States by ethnic origin is shown in Table 33.3. Asians
showed the greatest percent change between 1980 and
1990 when compared with other major ethnic groups
in the United States (Figure 33.2).

Immigration after the adoption of the Immigration
Act of 1965 was a major factor for the increase, as well
as the large number of Southeast Asian refugees who
came to the United States after 1975 under the Refu-
gee Resettlement Program. In addition to immigration
and natural increases, part of the growth has also been

attributable to changes in the census race definition to
include more groups (there were only five population
groups in the 1970 Census).

Since many of the Asians in the United States are fairly
recent immigrants, the majority are foreign-born.
Among the main Asian-American groups, only the
Japanese have a majority who were born in the United
States.

Geographic Distribution of Asians and 
Pacific Islanders

Nearly 56% of the Asian and Pacific Islander popula-
tion lived in the western region of the United States in
1990, compared with just over 21% of the total popu-
lation (Table 33.4)2. Of the six largest Asian groups
(Chinese, Filipino, Japanese, Asian Indian, Korean,
and Vietnamese), the heaviest population concentra-
tions were in the West, except for Asian Indians, who
resided primarily in the Northeast. The majority of all
Pacific Islanders lived in the West.

Approximately 73% of Asians and Pacific Islanders
lived in just seven states: California, New York, Ha-
waii, Texas, Illinois, New Jersey, and Washington (Ta-
ble 33.5). The Asian population was concentrated in
California, New York, and Hawaii, while the over-
whelming majority of Pacific Islanders lived in Hawaii
and California.

The age-adjusted annual incidence rates (per 100,000
persons per year) of childhood-onset (<15 years)
IDDM in the United States, although ranging about
twofold from 9.4 (95% confidence interval (CI) 6.9-
12.5) in San Diego, CA (estimate of ascertainment
unavailable) to 20.8 (95% CI 14.1-29.6) in Rochester,
MN (virtually 100% ascertainment), are considerably
greater than rates reported in Japan5. A nationwide
survey in Japan reported a rate of 0.6 (95% CI 0.5-0.7,
about 60% ascertainment), while in a survey of Hok-
kaido, Japan (~100% ascertainment), the incidence rate
was 1.7 (95% CI 1.3-2.2), the lowest incidence of
IDDM reported by a diabetes registry having virtually
complete ascertainment. A lower frequency of those
genes that are associated with IDDM has been offered
as a possible explanation for the low frequency of the
disease among Japanese6-8.

Reliable incidence rates for IDDM in other Asian
populations are not available, nor are they available

Table 33.3
Resident Asian and Pacific Islander Population in
the U.S., by Ethnic Origin, 1980 and 1990 Census

Number (1,000) Percent growth
Race 1980 1990   1980-90

Total 3,726 7,274 95.2
Chinese 812 1,645 102.2
Filipino 782 1,407 79.9
Japanese 716 848 18.4
Asian Indian 387 815 110.6
Korean 357 799 123.8
Vietnamese 245 615 151.0
Laotian 48 149 210.4
Cambodian 16 147 818.8
Thai 45 91 102.2
Hmong 5 90 1,700.0
Pakistani 16 81 406.3
Hawaiian 172 211 22.7
Samoan 40 63 57.5
Guamanian 31 49 58.1
Other 54 264 388.9

Source: References 2 and 4
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Figure 33.2
U.S. Population Growth Between 1980 and 1990, 
by Race and Ethnicity

Source: References 2 and 4
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for Pacific Islander populations. However, for the in-
cidence of IDDM in the different Asian and Pacific
Islander groups in the United States, an epidemiologic
study of IDDM patients age 0-19 years in San Diego,
CA has reported IDDM incidence rates in Asians, as
well as in Mexicans and blacks, to be significantly less
than among Caucasians9. This suggests that among
multiple racial groups living in the same environment,
Caucasians may be at higher risk of developing IDDM
than Asians.

Data showing that risk for IDDM is increased among
Japanese children in Hawaii when compared with
children in Tokyo would suggest that environmental

factors may also be important in etiology, although
this study was severely limited by the very small num-
ber of incident cases10. Data collected in England have
also suggested that IDDM may be more common
among Asian children of Indian origin in England
than in India11.

ASIANS

Diabetes mellitus is less frequent in Asian than in
western countries and is usually of the non-insulin-
dependent type. Since NIDDM is considered to be one
of the diseases associated with the lifestyle changes
seen with westernization, research among immigrant
Asian populations may lead to better understanding of
factors mediating this association.

Various methods have been used to diagnose diabetes,
often making difficult direct comparisons of diabetes
rates among studies. Nonetheless, differences in dia-
betes rates between native Asian populations and mi-
grant Asian populations are quite striking. Some of
the data illustrating these differences are given for
Japanese (Figure 33.3), Chinese (Figure 33.4), and
Asian Indians (Figure 33.5), and are discussed in

Table 33.5
States with Largest Number of Asian and Pacific 
Islander Populations, 1990

No. (1,000) Percent

Total 7,274 100.0
California 2,846 39.1
New York 694 9.5
Hawaii 685 9.4
Texas 319 4.4
Illinois 285 3.9
New Jersey 273 3.8
Washington 211 2.9
All others 1,961 27.0

Source: Reference 2

NIDDM IN ASIAN AND
PACIFIC ISLANDER POPULATIONS

Table 33.4
U.S. Resident Population, by Region and Race, 1990

Percent distribution
Race Northeast Midwest South West

Total 20.4 24.0 34.4 21.2
White 21.1 26.0 32.8 20.0
Black 18.7 19.1 52.8 9.4
American Indian, Eskimo, Aleut 6.4 17.2 28.7 47.6
Asian, Pacific Islander 18.4 10.6 15.4 55.7

Chinese 27.0 8.1 12.4 52.4
Filipino 10.2 8.1 11.3 70.5
Japanese 8.8 7.5 7.9 75.9
Asian Indian 35.0 17.9 24.0 23.1
Korean 22.8 13.7 19.2 44.4
Vietnamese 9.8 8.5 27.4 54.3
Laotian 10.7 18.6 19.6 51.0
Cambodian 20.5 8.8 13.1 57.7
Thai 12.9 14.2 26.0 46.8
Hmong 1.9 41.3 1.8 55.0
Pakistani 34.3 18.9 26.5 20.4
Hawaiian 2.0 2.6 5.8 89.6
Samoan 2.4 3.6 6.4 87.6
Guamanian 7.3 6.4 16.8 69.5

Other races 17.0 8.5 24.0 50.6

Source: Reference 2
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greater detail in subsequent sections.

Asian Americans

Within the United States, Hawaii has the highest per-
centage of individuals of Asian ancestry. Hawaii offers
an excellent opportunity to examine the effects of
lifestyle change on the frequency of diabetes among
different racial groups. From a survey conducted in
1958 and 1959, Sloan12 reported the ethnic distribution
of diabetes among 38,103 adults on the Island of Oahu.
Capillary blood samples were obtained at between 2 to 2.5
hours after a meal containing at least 50 g carbohydrate.
Persons with blood glucose >130 mg/dl were referred to
their physicians, who were asked to determine whether
the subject was diabetic and to indicate whether the
diagnosis had been previously known. Age-adjusted
prevalence rates, both for total cases and for newly diag-
nosed diabetes, were at least twofold greater in each of the

four major Asian groups (Chinese, Filipino, Japanese,
and Korean) than in Caucasians (Figure 33.6).

Japanese
The data collected by Sloan12  in Hawaii showed an
increased age-adjusted prevalence of diabetes in Japa-
nese when compared with Caucasians, 20.1% versus
7.3% for total cases and 12.6% versus 4.8% for new
cases. Several other studies have also reported an
increased prevalence of NIDDM in Japanese Ameri-
cans.
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Figure 33.6
Age-Adjusted Prevalence of New Cases of Diabetes and
Total Cases of Diabetes on the Island of Oahu, 1958-59

Capillary blood samples were obtained at 2-2.5 hours after a meal containing
at least 50 g carbohydrate, and persons with blood glucose >130 mg/dl were
referred to their physicians, who were asked to determine whether the person
was diabetic and whether the diagnosis had been previously known.

Source: Reference 12

Figure 33.3
Prevalence of Diabetes in Selected Japanese Populations
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✴Oral glucose tolerance
      testing (OGTT)
✴✴ Self-reported diabetes
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Seattle, WA (1983-86)-                                          <----- --> ✴
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Diagnosis of diabetes was based on either self-report or oral glucose tolerance
testing. Age range was ~40-75 years.

Source: References 13-15, 19, 20, 22, 36, 46, and 47

Figure 33.5
Prevalence of Diabetes in Selected Asian-Indian
Populations
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Diagnosis of diabetes was based on either self-report or oral glucose tolerance
testing. Age range was ~50-70 years.

Source: References 32, 34, 37, 39-42, 59, and 60

Figure 33.4
Prevalence of Diabetes in Selected Chinese Populations
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Diagnosis of diabetes was based on oral glucose tolerance testing. Age range
was ~50-70 years.

Source: References 32, 34, 50, 51, 53, 54, and 57
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In the Hiroshima University Study, surveys were done
of individuals who were originally from Hiroshima
prefecture and their offspring living on the Island of
Hawaii (in 1973, 1976, and 1978), and in Los Angeles
(in 1978), and of Japanese living in Hiroshima prefec-
ture (in 1975 and 1978)13-15. Since the majority of
Japanese migrants to the United States were from rural
areas of Japan, agricultural areas of Hiroshima prefec-
ture were selected. Prevalence of diabetes was ascer-
tained from either known treatment with insulin or
oral hypoglycemic agents, or serum glucose ≥200
mg/dl at 2 hours after a 50-g oral glucose tolerance
test (OGTT). Prevalence rates for diabetes were simi-
lar between Hawaii and Los Angeles. Gender- and
age-specific diabetes prevalence rates were about two-
fold higher among Japanese Americans than among
native Japanese (Table 33.6).

The Ni-Hon-San Study coordinated studies carried out
in three populations of Japanese men: in Japan (Hi-
roshima and Nagasaki); Honolulu, HI; and eight San
Francisco Bay area (CA) counties16,17. In Japan, the sam-
ple group was drawn from a population of about
100,000 persons under study by the Atomic Bomb Casu-
alty Commission and the Japanese National Institute of
Health; 3,322 had an OGTT. In Honolulu, the sample
group was identified by the Honolulu Heart Program
through World War II Selective Service records of
14,426 men of pure Japanese ancestry born between
1900 and 1919 and living on the Island of Oahu in 1965.
Of these, 9,878 were studied, among whom an OGTT
was done in 8,006. California subjects were persons
born in Japan who had immigrated to the United States
before 1925 and their children, selected from a roster of
Japanese-American households drawn from a variety of
sources. In this cohort were 3,809 men age 30-69 years;
an OGTT was done in 2,319 of them. Greater glucose

intolerance was observed 1 hour after 50 g oral glu-
cose among both migrant Japanese populations than
among the population residing in Japan (Table 33.7).

In the Oahu component of this study, known diabetes
was present in 5.9% of participants, while an addi-
tional 6.7%, who had 1-hour serum glucose ≥225
mg/dl following 50 g oral glucose, were considered to
have asymptomatic hyperglycemia18. Rates for known
diabetes in the Japanese-American men were about
twice that for all U.S. men in comparable age groups.

The Seattle Japanese-American Community Diabetes
Study, conducted in the Japanese population of King
County, WA, found self-reported diabetes in 1983 pre-
sent in 13.2% of 189 second-generation men and 8.3%
of 157 second-generation women age 45-74 years.
Based on these rates of self-reported diabetes plus
results of a 75-g OGTT performed in a study sample
of 420 subjects (mean age 62 years, age range 45-74
years) from this population (diabetes diagnosed by
fasting plasma glucose ≥140 mg/dl or 2-hour plasma
glucose ≥200 mg/dl), diabetes prevalence was esti-
mated to be 20% (CI 18-22%) in second-generation
men and 16% (CI 14-18%) in second-generation

Table 33.6
Prevalence of Diagnosed Diabetes in Japanese
Americans in Hawaii and Los Angeles, CA and 
Native Japanese in Hiroshima Prefecture

Age
Diabetes

prevalence (%)
(years) Men Women

Hawaii (1973, 1976, 1978) 40-59 10.1 2.9
and Los Angeles (1978) 60-96 19.4 7.6

Age- and sex-adjusted 13.9

Hiroshima (1975, 1978) 40-59 9.8 4.8
60-96 21.0 10.3

Age- and sex-adjusted 6.5

Diagnosis of diabetes was based on treatment for diabetes or serum glucose
≥200 mg/dl at 2 hours after 50 g oral glucose.

Source: References 13-15

Table 33.7
Mean Serum Glucose (mg/dl) 1 Hour After an Oral 
50-g Glucose Load in Japanese and Japanese-American
Men

Age
(years)

Japan
(1965-66)

Hawaii
(1965-68)

California
(1969-70)

45-49 137.0 151.4 155.0
50-54 147.8 158.6 155.0
55-59 140.6 164.0 162.2
60-64 147.8 173.0 158.6
65-69 153.2 182.1 171.2

In California, oral glucose was not given to men with known diabetes.

Source: References 16 and 17

Table 33.8
Age-Specific Prevalence of Diabetes in U.S., Tokyo,
and Seattle Nisei

Prevalence (%)
Years Age (years) Men Women

U.S. white 1976-80 45-74 12 14

Tokyo 1981-82 ≥40 5 4

Seattle Nisei 1983-85 45-74 20

1986-88 45-74 16

Diagnosis of diabetes was based on treatment for diabetes, fasting serum glucose
≥140 mg/dl, or 2-hour serum glucose ≥200 mg/dl after 75 g oral glucose.

Source: References 19-22
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women19,20. These rates are higher than reported for
the U.S. white population in 1976-80 National Health
and Nutrition Examination Survey II21 or in Tokyo in
1981-8222 for persons of similar age (Table 33.8). The
prevalence of impaired glucose tolerance (IGT) was
also estimated in this study to be 36% (CI 33-39%) in
second-generation men and 40% (CI 37-43%) in sec-
ond-generation women (Figure 33.7). Of interest
were the high prevalence of diabetes and of IGT

among self-reported nondiabetic second-generation
men and women, indicating that abnormal glucose
tolerance occurred frequently (Figure 33.8). Further-
more, during a 5-year follow-up period, conversion to
diabetes occurred much more often in individuals who
had IGT at baseline than in those with normal glucose
tolerance at baseline (Table 33.9). This study has also
shown NIDDM to be related to visceral adiposity, meas-
ured by computed tomography, and fasting hyperin-
sulinemia (insulin resistance)23-27. Some metabolic
variables for the diabetic subjects in this study are
shown in Appendix 33.1.

From an examination of death certificates, mortality
rates attributed to diabetes have been ascertained for
Japanese and Caucasians in Hawaii from 1952-7928.
Over this period, there was a marked secular increase
in diabetes death rates in Japanese while diabetes
death rates fell in Caucasians (Figure 33.9).

Chinese
Sloan12 showed the age-adjusted diabetes prevalence
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IGT, impaired glucose tolerance.  Subject had a 75-g OGTT. Diagnosis of IGT
was based on fasting plasma glucose <140 mg/dl and 2-hour plasma glucose
≥140 mg/dl and <200 mg/dl; diagnosis of diabetes was based on treatment for
diabetes or fasting plasma glucose ≥140 mg/dl or 2-hour plasma glucose ≥200
mg/dl.

Source: References 19 and 20

Figure 33.7
Prevalence of IGT and Diabetes Among Second-
Generation Japanese-American Men and Women in 
Seattle, WA
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Figure 33.8
Prevalence of IGT and Diabetes Among Second-
Generation Japanese-American Men and Women in
Seattle, WA with Self-Reported Absence of Diabetes

IGT, impaired glucose tolerance.  Subjects had a 75-g OGTT. Diagnosis of IGT
was based on fasting plasma glucose <140 mg/dl and 2-hour plasma glucose
≥140 mg/dl and <200 mg/dl; diagnosis of diabetes was based on fasting plasma
glucose ≥140 mg/dl or 2-hour plasma glucose ≥200 mg/dl.

Source: References 19 and 20

Table 33.9
Baseline and Follow-Up Diagnoses in 5-Year Follow-
Up of Second-Generation Japanese-American Men 
in Seattle, WA

Follow-up diagnosis
Baseline diagnosis Normal IGT Diabetes

Normal (n=71) 44 (62%) 26 (37%) 1   (1%)
IGT (n=66) 24 (36%) 30 (46%) 12 (18%)

Subjects had a 75-g OGTT and diagnosis of normal glucose tolerance was based
on fasting and 2-hour plasma glucose <140 mg/dl, IGT on fasting plasma
glucose <140 mg/dl and 2-hour plasma glucose ≥140 mg/dl and <200
mg/dl, and diabetes on fasting plasma glucose ≥140 mg/dl or 2-hour plasma
glucose ≥200 mg/dl. IGT, impaired glucose tolerance.

Source: Seattle Japanese-American Community Diabetes Study
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to be 10.3% for new cases and 14.6% for total cases
among Chinese in Hawaii (Figure 33.6). Diabetes as
cause of death has been reported to be increased
among Chinese Americans, not only when compared
with Caucasians in the United States, but also when
compared with Chinese in Taiwan, Hong Kong, and
Singapore (Figure 33.10)29. Diabetes has been shown
to be a more frequent underlying cause of death in
Chinese men than in Caucasian men in New York City
(Figure 33.11)30. The prevalence of diagnosed diabe-
tes was high among elderly Chinese Americans age
≥60 years in Boston, MA, ascertained in 1981-83 to be
12.5% among men (mean age 69 years) and 13.3%
among women (mean age 70 years)31.

Korean
Sloan12 reported the age-adjusted prevalence of total

cases of diabetes in Koreans in Hawaii to be 19.7% and
for new cases of diabetes to be 11.7% (Figure 33.6).

Filipino
The age-adjusted prevalence of total cases of diabetes
in Filipinos in Hawaii was 21.8% and for new cases of
diabetes 15.5%, as reported by Sloan (Figure 33.6)12.
Filipinos had the highest prevalence of both total
cases and new cases of diabetes among the four largest
ethnic Asian groups in Hawaii (Chinese, Filipino,
Japanese, and Korean).

Migrant Asian Populations 
in Other Countries

The island city-state of Singapore is multiethnic. In
1985 Chinese comprised the majority (76.5%), with
Malays (14.8%) and Asian Indians (6.4%) being the
next two major ethnic groups32. In 1975, subjects
screened and found positive for postprandial (post-
meal) glucosuria had a 50-g OGTT, with diagnosis of
diabetes based on a 2-hour blood glucose ≥140
mg/dl33. Diabetes was strikingly higher in Asian-In-
dian males than in any other group (Figure 33.12).

In a second survey done in 1985, subjects with fasting
plasma glucose ≥108 mg/dl and no known history of
diabetes had a 75-g OGTT and diabetes diagnosed by
fasting plasma glucose ≥140 mg/dl and/or 2-hour
plasma glucose ≥200 mg/dl32. Age-standardized preva-
lence rates indicated that the ethnic differences had
been maintained since 1975 (Figure 33.13).

Prevalence of NIDDM also has been determined for
the multiethnic island nation of Mauritius, in the
southwestern Indian Ocean34. In 1986, the population
of Mauritius comprised Indians (70%); Creoles (peo-
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ple with mixed African, Malagasy, and European an-
cestry, 28%); and Chinese (2%). The survey, con-
ducted with a 75-g OGTT among those age 25-74
years on the main island of Mauritius, where 96% of
the total population resides, based diagnosis of diabe-
tes on a 2-hour plasma glucose ≥200 mg/dl or current
treatment with insulin or oral hypoglycemic medica-
tion, and IGT upon a 2-hour plasma glucose ≥140
mg/dl but <200 mg/dl combined with a fasting plasma
glucose <140 mg/dl. Prevalence of diabetes was
greatly increased in all three ethnic groups but espe-
cially in Asian-Indian men (Table 33.10).

Japanese
About 1,168,000 individuals of Japanese descent lived
in Brazil in 1987, and of these about 290,000 lived in
Sao Paulo. Thus, after Japan, Brazil has the second-
largest number of resident Japanese.

Death certificates (1979-81) for first-generation Japa-
nese-Brazilian men and women age >50 years were
examined in Sao Paulo and numbers of deaths from
diabetes were compiled35. Japanese Brazilians in Sao
Paulo had significantly higher standardized mortality
rates attributable to diabetes than Japanese in Japan,
although standardized mortality rates due to diabetes
were lower than in the general population of Sao
Paulo (Table 33.11).

A survey of self-reported diabetes was carried out in
1987 in a sample derived from Japanese-Brazilian so-
ciocultural organizations in Sao Paulo36. This survey
found that among 747 first-generation and 1,017 sec-
ond-generation Japanese Brazilians age 45-74 years,
prevalence of diabetes was 10.5% for men and 13.0%
for women in the first generation (mean age 63 years)
and 11.1% for men and 7.9% for women in the second
generation (mean age 44 years). The prevalence of
self-reported diabetes among Japanese Brazilians in
Sao Paulo was similar to prevalence of self-reported
diabetes found for Japanese Americans in Seattle, WA
(Figure 33.14).

Two other surveys have been conducted on Japanese
Brazilians36. The first of these, carried out during a

Table 33.10
Age-Adjusted Prevalence (95% CI) of Diabetes and Impaired Glucose Tolerance (IGT) in Mauritius

Diabetes IGT

Men Women Men Women
Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Chinese 16.0 10.5-21.5 10.3 5.3-15.3 16.5 11.0-22.1 21.7 15.2-28.1
Creole 9.3 6.4-12.1 15.8 12.7-18.9 17.1 13.5-20.7 21.9 18.4-25.4
Indian

Hindu 17.8 15.1-20.4 13.2 10.9-15.4 14.5 12.2-16.9 22.4 19.6-25.1
Muslim 18.0 12.6-23.3 16.6 12.0-21.2 9.6 5.8-13.3 19.7 14.8-24.5

Subjects had a 75-g OGTT and diagnosis of IGT was based on a 2-hour plasma glucose ≥140 mg/dl and <200 mg/dl, and diabetes on treatment for diabetes or 2-hour plasma
glucose ≥200 mg/dl.

Source: Reference 34
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Figure 33.13
Prevalence of Diabetes in Chinese, Malays, and
Asian Indians in Singapore, 1985

Table 33.11
Numbers of Deaths from Diabetes and Standardized
Mortality Rates for First-Generation Japanese
Age >50 Years, Sao Paulo, Brazil, 1979-81

No. SMR-J p-value* SMR-S p-value*

Men 26 176 <0.01 43 <0.01

Women 52 389 <0.01 71 <0.05

SMR-J was based on age-specific mortality rates for Japan in 1980, and SMR-S
on age-specific mortality rates for Sao Paulo in 1980. *SMR significantly
different from 100.

Source: Reference 35
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socioeconomic census of the Japanese-Brazilian popu-
lation in 1987-88, asked questions about the presence
of diabetes and treatment used. In Sao Paulo preva-
lence of self-reported diabetes in the sample was 7.4%
for the first generation and 5.2% for the second gen-
eration. After age adjustment, rates were 5.3% for the
first generation and 5.8% for the second generation.

In the second survey, carried out in 1990 among em-
ployees (70% of whom were of Japanese ancestry) of
branches of a bank in metropolitan Sao Paulo, preva-
lence of self-reported diabetes in those age >40 years
was 7.1% in the first generation and 4.2% in the
second generation. The age-adjusted prevalence rates
were 7.3% for the first generation and 8.2% for the
second generation.

Chinese
Rates for diabetes-related deaths among Chinese in
Singapore were greater than in Taiwan or Hong Kong
(Figure 33.10). Prevalence of diabetes among Chinese
in the multiethnic populations of Singapore and Mau-
ritius were high, as shown in Figures 33.12 and 33.13
and Table 33.10.

Indian
An increasing number of studies have shown diabetes
prevalence to be high among migrant Asian Indians.
Diabetes prevalence was higher in Indians than in
either Chinese or Malays in Singapore in 1975 and in
1985 (Figures 33.12 and 33.13). Indians in the Cape
Town area of South Africa, 65% of whom were Muslim
and 20% Hindu, also had an increased prevalence of
diabetes, as reported in 196937. Subjects were screened
for postprandial glucosuria or capillary blood glucose
>140 mg/dl after a carbohydrate-rich meal or >160

mg/dl after ingestion of 50 g glucose. Subjects who
screened positive had a 50-g OGTT and diabetes was
diagnosed if two of three of the following blood glu-
cose levels were exceeded: fasting 120 mg/dl, 1-hour
200 mg/dl, and 2-hour 140 mg/dl. Known diabetes
was confirmed from medical records or by blood glu-
cose. Prevalence of new cases of diabetes for the age
groups 35-54 years and ≥55 years were 11.0% and
20.0%, much higher than found in Bantu living in the
same area.

Similarly, diabetes prevalence among Asian Indians
who had settled in the Fiji Islands of the southwest
Pacific Ocean were reported in 1967 to be much
higher than in indigenous Fijians of Melanesian ori-
gin38. In this survey, individuals with postprandial
glucosuria were evaluated further with blood tests.
Fasting blood glucose ≥120 mg/dl was accepted as
diabetic, while those with fasting blood glucose be-
tween 100 mg/dl and 120 mg/dl had a 50-g OGTT.
Diabetes was diagnosed from fasting or 2-hour blood
glucose ≥120 mg/dl. Known diabetes was present in
3.8% of Indians age >21 years and proven diabetes in
5.7%.

In a population survey in 1961-62 carried out on the
island of Trinidad in the western Atlantic Ocean, all
persons with postprandial glucosuria and all known
diabetic individuals were referred for further diagnos-
tic testing39. Diabetes was diagnosed if there was post-
prandial glucosuria or a history of diabetes and a
venous blood glucose ≥170 mg/dl at 2 hours after 100
g oral glucose in the nonfasting state, or an abnormal
100-g OGTT with fasting blood glucose ≥110 mg/dl,
1-hour blood glucose ≥170 mg/dl, and 2-hour blood
glucose ≥120 mg/dl. Diabetes prevalence rates for the
adult population age >20 years were 4.5% for Indians
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and 2.5% for Africans. Diabetes prevalence was re-
markably high among Indians in the 55-59 years age
group, 14.7% of men and 19.4% of women.

A number of surveys of diabetes have been performed
in the Asian-Indian population of England. In the
Southall area of London, where there is a large influx
of people from India, house-to-house ascertainment
was done in 1984 to determine the prevalence of
known diabetes among Asians and Europeans40. In the
age range 40-74 years, prevalence rates were much
higher for Asians than Europeans (Figure 33.15).

A study in 1987 in a predominantly Asian-Indian
community in Coventry, England, also showed diabe-
tes prevalence to be higher in the Indian than in the
white population (Figure 33.16)41,42. Subjects were
screened with measurement of casual capillary blood
glucose and if this was ≥108 mg/dl within 2 hours of
eating or >80 mg/dl at ≥2 hours after eating, a 75-g
OGTT was done, with diagnosis of diabetes based on
a 2-hour capillary blood glucose ≥200 mg/dl. Pre-
viously diagnosed diabetes was confirmed by a casual
blood glucose >144 mg/dl, the patient receiving treat-
ment, or verification from the physician. For Asians in
the age group 40-59 years and 60-79 years, known
diabetes was present in 8.2% and 17.3% of men, re-
spectively, and 5.9% and 14.3% of women. In the same
age groups, new cases of diabetes were found in 4.4%
and 8.1% of Asian men and 3.4% and 5.6% of Asian
women. Among Asians, age-specific diabetes preva-
lence for people age 20-79 years were 11.2% for men
and 8.9% for women, while among whites, rates were
2.8% for men and 4.3% for women. Other studies43,44

have shown diabetes prevalence in Asian Indians liv-
ing in London to be related to central obesity, meas-
ured as waist-to-hip circumference ratio, and insulin
resistance (hyperinsulinemia). The increased preva-

lence of central obesity and insulin resistance among
Asian Indians in England has also been shown in
Bradford, in the Yorkshire region45.

Native Non-Migrant Asians

Japanese
Prevalence of NIDDM has been uniformly reported as
much lower in Japan than in the United States. In a
survey conducted in 1972-73 in a small rural town in
northern Honshu Island, diabetes prevalence in per-
sons age ≥40 years ranged from 0.8%-7.5% for men
and 1.6%-7.0% for women (Table 33.12)46. Diagnosis
of diabetes was based on a 50-g OGTT, and 1-hour
blood glucose >160 mg/dl and 2-hour blood glucose
>130 mg/dl. Using similar criteria, diabetes preva-
lence in Tokyo men in 1973 was slightly higher (Table
33.12)46. Prevalence was not determined for women in
the latter survey.
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Table 33.12
Prevalence of Diabetes in Japan, 1972-73

Prevalence (%)
Age (years) Men Women

Rural Honshu 40-49 0.8 1.6
50-59 3.4 3.4
60-69 4.5 4.7

≥70 7.5 7.0
Tokyo 40-49 2.3

50-59 5.1
60-69 6.9

Diagnosis of diabetes was based on 1-hour blood glucose >160 mg/dl and
2-hour blood glucose >130 mg/dl after 50 g oral glucose. (Prevalence was not
determined for women in the Tokyo survey.)

Source: Reference 46
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In a survey done in 1981-82 in rural Japan, diabetes
prevalence was 4.4% for men and 3.8% for women age
40-69 years, based on a 75-g OGTT and fasting plasma
glucose ≥140 mg/dl or both a 2-hour plasma glucose and
a mid-test plasma glucose ≥200 mg/dl47. In a survey done
in Tokyo in 1980-82, 4.1% of men and 2.5% of women
age >40 years had diabetes, based on fasting plasma
glucose ≥140 mg/dl or a 2-hour plasma glucose ≥200
mg/dl after 75 g oral glucose22.

Although the above surveys suggest that diabetes
prevalence is much lower in native Japanese than in
Japanese Americans, data from Japan show diabetes
prevalence in Japan to be increasing. Data compiled
by the Ministry of Health and Welfare of Japan have
shown a >2.5-fold increase in the number of diabetic
patients in Japan from 1975 to 1985 (Figure 33.17)48.
The greatest increase was found in Japanese age 65-74
years (Figure 33.18)49. Data compiled in 1990 from
Japan show the prevalence of diabetes to be at least
double the rates reported earlier (Table 33.13)49.

Chinese
As discussed previously, standardized mortality ratios
for diabetes as the cause of death for several Chinese

populations showed these to be lowest in Taiwan and
Hong Kong (Figure 33.10).

In 1979-81, 39,896 people were screened in Beijing
with a 100-g OGTT, and diabetes was diagnosed if
fasting serum glucose was ≥140 mg/dl or 2-hour se-
rum glucose was >200 mg/dl (Table 33.14)50. A survey
on diabetes was started in Shanghai in 1978, and
prevalence was lower than in Beijing (Table 33.14)51.
A different diagnostic procedure was followed, how-
ever, since all subjects were first screened for gluco-
suria while those age >40 years also had a measure-
ment of plasma glucose 2-3 hours after a meal. In
those with glucosuria or postprandial plasma glucose
>140 mg/dl but <160 mg/dl, a 100-g OGTT was done.
Diagnosis of diabetes was established if at any three
sampling times levels exceeded fasting plasma glucose
≥130 mg/dl, 0.5-hour and/or 1-hour plasma glucose
≥180 mg/dl, 2-hour plasma glucose ≥140 mg/dl, and
3-hour plasma glucose ≥130 mg/dl. Diabetes was also
diagnosed if there was glucosuria or fasting plasma
glucose ≥130 mg/dl or 2-hour postprandial plasma
glucose ≥160 mg/dl. The prevalence rate standardized
to the age distribution of Shanghai was 0.9%. Sub-
sequently, a national survey was carried out using
essentially the same procedure as in Shanghai. An
overall standardized prevalence rate of 0.7% was
found, ranging from 0.16% in Guizhou to 1.1% in
Beijing52.

In 1985 and 1986, a diabetes survey was carried out in
rural Taiwan and in Taipei City53,54. Each subject was
tested for capillary blood glucose and those with fast-
ing glucose ≥120 mg/dl or 2-hour postprandial glu-
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Table 33.13
Prevalence of Diabetes in Japan, 1988-90

Prevalence (%)
Year Location    Age (years) Men Women

1988 Hisayama >40 13.1 9.1
1989-90 Osaka 30-79 10.4 6.0
1990 Yamagata ≥40 9.9 11.5

Diagnosis of diabetes was based on treatment for diabetes, fasting serum glucose
≥140 mg/dl, or 2-hour serum glucose ≥200 mg/dl after 75 g oral glucose.

Source: Reference 49

Table 33.14
Prevalence of Diabetes in China

Age (years) Prevalence (%)

Beijing (1979-81) 40-49 2.3
50-59 5.6
60-69 6.4
70-79 9.7

Shanghai (1978) 40-49 1.4
50-59 2.4
60-69 3.6
70-79 4.1

Diagnosis of diabetes in Beijing was based on fasting serum glucose ≥140 mg/dl
or 2-hour serum glucose ≥200 mg/dl after 100 g oral glucose. In Shanghai, all
subjects were first screened for glucosuria; those age >40 years also had a
measurement of post-meal (2-3 hours) glucose. In those with glucosuria or
post-meal plasma glucose >140 mg/dl and <160 mg/dl, a 100 g OGTT was done
and diagnosis of diabetes was made if, at any three sampling times, levels
exceeded fasting plasma glucose ≥130 mg/dl, 0.5-hour and/or 1-hour plasma
glucose ≥180 mg/dl, 2-hour plasma ≥140 mg/dl, and 3-hour plasma glucose
≥130 mg/dl. Diabetes was also diagnosed in Shanghai if 2-hour post-meal
plasma glucose was ≥160 mg/dl.

Source: References 50 and 51
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cose ≥200 mg/dl were defined as diabetic, and fasting
glucose <100 mg/dl or 2-hour postprandial glucose
<150 mg/dl as normal. Those with equivocal results
underwent a 75-g OGTT, and both 1- and 2-hour
plasma glucose levels ≥200 mg/dl defined diabetes.
Those with a history of diabetes and being treated
with insulin or sulfonylurea were classified as diabetic
regardless of their glucose levels. The age-adjusted
prevalence of diabetes was 7.6% in Taipei City and
4.7% in rural areas. Age-specific prevalence rates are
shown in Table 33.15. Subsequent cross-sectional and
longitudinal studies carried out in the adult popula-
tion of Taiwan showed a positive association between
diabetes and body mass index, even though this popu-
lation is relatively lean55.

A community-based survey in 1987-88 determined
diabetes prevalence using a stratified cluster sampling
of residents age ≥30 years in the town of Pu-Li in
central Taiwan. Diagnosis of diabetes was based on
either a medical history of diabetes or, in those with-
out this history, a fasting plasma glucose >140 mg/dl

or in those with fasting plasma glucose 100-140
mg/dl, a 75-g OGTT showing either fasting plasma
glucose >140 mg/dl or 2-hour plasma glucose >200
mg/dl56. Age-specific prevalence rates of total cases of
diabetes are given in Table 33.15. The prevalence of
total cases of diabetes was 12.4%, and the age-ad-
justed prevalences were 6.9% for previously diag-
nosed cases of diabetes and 4.4% for newly diagnosed
cases. These prevalence rates were higher than those
reported for Taiwan in 1985-86 (Table 33.15).

The prevalence of diabetes has also been ascertained
in elderly Chinese age ≥60 years in Hong Kong57.
Those with a random plasma glucose >225 mg/dl were
considered diabetic. A 75-g OGTT was done on sub-
jects with glucosuria, random plasma glucose 140-
225 mg/dl, glycosylated hemoglobin >8.5%, and fruc-
tosamine >2.2mM, and diabetes diagnosed by fasting
plasma glucose >140 mg/dl or 2-hour and mid-OGTT
plasma glucose >200 mg/dl. Overall prevalence of dia-
betes was 9.8%. Age-specific rates are shown in Table
33.15.

Indian
In a survey begun in 1970, prevalence of diabetes
diagnosed by venous blood glucose >130 mg/dl at 2
hours after 50 g oral glucose was found to be 8.8%
among South Indian railway doctors and 2.7% in
North Indian railway doctors58. Among South Indian
carpenters and fitters, those on a rice diet typical of
the South had a diabetes prevalence of 4.7%, while
those on a wheat diet typical of the North had a rate
of 1.4%. Railway doctors with an intermediate diet
had a diabetes prevalence of 5.5%.

Prevalence of diabetes in six widely separated geo-
graphical regions of India was determined by the In-

Table 33.15
Prevalence of Diabetes in Taiwan and Hong Kong,
1985-88

Age (years) Prevalence (%)

Taiwan (1985-86)
Taipei City 40-49 4.2

50-59 7.4
60-69 10.9

≥70 12.6
Rural 40-49 1.9

50-59 4.9
60-69 6.5

≥70 9.0

Taiwan (1987-88)
Pu-Li 30-39 10.2

40-49 10.5
50-59 11.4

≥60 17.5

Hong Kong 60-64 8.3
65-69 5.7
70-74 12.6

≥75 17.1

In Taipei City and rural Taiwan, subjects were tested for capillary blood glucose
and those with fasting blood glucose ≥120 mg/dl or 2-hour postprandial blood
glucose ≥200 mg/dl were defined as diabetic, and fasting blood glucose <100
mg/dl or 2-hour blood glucose <150 mg/dl as normal. Those with equivocal
results had a 75-g OGTT and both 1- and 2-hour plasma glucose levels ≥200
mg/dl defined diabetes. In Pu-Li, diagnosis of diabetes was based on either a
medical history of diabetes or, in those with fasting plasma glucose 100-140
mg/dl, a 75-g OGTT showing either fasting plasma glucose >140 mg/dl or
2-hour plasma glucose >200 mg/dl. In Hong Kong, those with a random plasma
glucose >225 mg/dl were considered diabetic. A 75-g OGTT was done on
subjects with glucosuria, random plasma glucose 140-225 mg/dl, glycosylated
hemoglobin >8.5%, or fructosamine >2.2mM, and diabetes was diagnosed by
fasting plasma glucose >140 mg/dl or 2-hour and mid-OGTT plasma glucose
>200 mg/dl.

Source: References 53, 54, 56, and 57

Table 33.16
Prevalence of Diabetes in India, 1975

Prevalence (%)
Age (years) Men Women

Rural 41-50 1.3 0.7
51-60 1.3 1.3

>60 5.7 4.8
Urban 41-50 4.7 4.6

51-60 13.6 6.5
>60 16.6 15.3

Diagnosis of diabetes was based on a two-stage testing scheme. Those with
blood glucose >100 mg/dl at 2-hour after 75-g oral glucose were given oral
glucose at a standard dose of 40 g/m2, and diabetes diagnosed if the summed
value of the fasting, 1-, 2-, and 3-hour venous blood glucose exceeded 500
mg/dl or if at least two of the following occurred: fasting blood glucose >100
mg/dl, 1-hour blood glucose >170 mg/dl, 2-hour blood glucose >120 mg/dl,
3-hour blood glucose >110 mg/dl.

Source: Reference 59
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dian Council of Medical Research in 197559. Diagnosis
of diabetes was based on a two-stage testing scheme. The
first stage was a 75-g OGTT, with those individuals
having a blood glucose >100 mg/dl at 2 hours undergo-
ing a second stage of testing in which subjects were
given oral glucose at a standard dose of 40 g/m2; criteria
for diabetes was a summed value of the fasting, 1-, 2-,
and 3-hour venous blood glucose >500 mg/dl or at least
two of the following being met: fasting >100 mg/dl,
1-hour >170 mg/dl, 2-hour >120 mg/dl, and 3-hour
>110 mg/dl. Age-specific prevalence rates are shown in
Table 33.16. Diabetes prevalence was higher in urban
than rural areas and slightly higher for men than
women.

A report60 provided age-specific prevalence rates for
self-reported diabetes in a relatively affluent suburb of
New Delhi. Diabetes prevalence was quite high for the
age range 45-74 years, as shown in Table 33.17. This
higher prevalence of diabetes in urban India has been
confirmed in a separate study61. A 75-g OGTT was
administered and diabetes diagnosed if the post-glu-
cose plasma glucose was ≥200 mg/dl, and a diagnosis
of IGT was made if the post-glucose value was ≥140
mg/dl but <200 mg/dl. The age-adjusted prevalence of
diabetes was 8.2% (8.4% in men and 7.9% in women)
in the urban population of Madras and 2.4% (2.6% in
men and 1.6% in women) in a rural population near
Madras. The age-adjusted prevalence of IGT was 8.7%
(8.8% in men and 8.3% in women) and 7.8% (8.7% in
men and 6.4% in women) in the urban and rural areas,
respectively.

Korean
The prevalence of diabetes has been determined in
Korea from surveys among bank employees in Seoul,
workers in the small town of Kwang-Ju, and inhabi-
tants of a rural area62. Subjects were screened in two
stages: a test for glucosuria, with a 50-g OGTT for all
those with glucosuria, diagnosis of diabetes being
established by 1-hour blood glucose >170 mg/dl and

2-hour blood glucose >120 mg/dl. Diabetes preva-
lence rates were higher in Seoul than in either Kwang-
Ju or the rural area (Table 33.18). In both Seoul and
Kwang-Ju, very few females age ≥40 years were exam-
ined. In the rural area, prevalence was higher in men
than women.

Filipino
Limited information is available concerning diabetes
prevalence in the Philippines. Diabetes prevalence has
been reported to be 8%-10% among Filipino adults,
with an almost equal distribution between genders
and a peak prevalence at age 50-60 years63.

PACIFIC ISLANDERS

As shown in Table 33.1, in 1990 the two largest Pacific
Islander groups in the United States were Hawaiians
and Samoans, both of Polynesian origin. Diabetes
prevalence in isolated Polynesian populations is low.
In Funafuti, Tuvalu, prevalence of diabetes was 1.1%
in males and 7.2% in females in 197664. The large
gender difference was attributed to differing levels of
physical activity, men being engaged in manual labor
while women were almost completely sedentary. Fur-
thermore, caloric intake by women was inappropri-
ately high in relation to their level of physical activity.

In Western Samoa, home to the world’s largest Polyne-
sian population, age- and sex-adjusted diabetes preva-
lence in the rural population was less than half that in
the urban (3.4% versus 8.7%)65. This difference was
still present after adjusting for body weight. In con-
trast to the urban areas, daily activities in the rural
areas involved heavy labor and gave access to basic
traditional foods. In rural subjects, prevalence of dia-
betes was about threefold greater in women than in
men, a finding similar to that in Tuvalu. Since diet was
similar between rural men and women, greater physi-

Table 33.17
Prevalence of Self-Reported Diabetes in a Suburb of
New Delhi, India

Prevalence (%)
Age (years) Men Women

45-49 10.7 3.8

50-54 9.8 7.1

55-59 10.8 7.2

60-64 20.7 12.4

65-69 11.9 11.4

70-74 14.1 10.5

Source: Reference 60

Table 33.18
Prevalence of Diabetes in Korea

Prevalence (%)
Age (years) Men Women

Seoul 40-49 15.9
50-59 13.4

Kwang-Ju 40-49 3.0
50-59 2.6

Rural area 40-49 2.0 1.2
50-59 3.6 1.9
60-69 4.4 3.0

Subjects with glucosuria had 50-g OGTT, diagnosis of diabetes being established
by 1-hour blood glucose >170 mg/dl and 2-hour blood glucose >120 mg/dl.

Source: Reference 62
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cal activity in men may have had a protective effect.

American Samoa, a traditionally agricultural island,
experienced rapid modernization in the late 1950s.
Correlated with this has been an increase in adiposity.
In 1976, official death records of American Samoa for
the years 1962-74 were examined66. The Samoan dia-
betes-related mortality rate was 13.9 per 100,000
compared with a U.S. rate of 15.9 in 1959. After age
adjustment, the Samoan rate was more than double
that of the United States (32.2 versus 13.4). It is likely
that a significant contributing factor was the adiposity
of the Samoan people.

Hawaiians

Diabetes prevalence has been reported to be high in
full- and part-Hawaiians on the Island of Oahu12. The
age-adjusted diabetes prevalence was 4.9% in Hawaiians
and 2.7% in part-Hawaiians in the survey for years 1958
and 1959, compared with 0.7% in Caucasians (Figure
33.19). Data on self-reported diabetes prevalence were
also obtained for 1974-76 through questionnaires ad-
ministered by the Health Surveillance Unit of the Hawaii
State Department of Health67. Hawaiians and part-Ha-
waiians had intermediate diabetes prevalence rates (men
2.0% and women 2.2%, compared with 4.5% in Chinese
men and 2.8% in Chinese women, and 1.3% in Cauca-
sian men and 1.5% in Caucasian women). There were,
however, possible errors in these data related to the
method of sampling and respondent errors that could
not be corrected by verification. One study68 reported
age-adjusted diabetes prevalence rates during 1980-86
of 3.0% for native Hawaiian men and 3.1% for native
Hawaiian women in Hawaii (compared with 1.4% for
Caucasian men and 1.5% for Caucasian women). Diag-
nostic criteria were not described, however. In another
study69, diabetes prevalence (physician-diagnosed or
glucosuria ≥2+) was greatly increased in Hawaiians age
20-59 years on the Island of Molokai, particularly in the
age groups 40-49 years (>15%) and 50-59 years (>20%).
Approximately 65% of those participating were ≥20%
above the average body mass index for Caucasians, and
45% were ≥40% overweight by these standards.

Samoans

Obesity is highly prevalent in migrant Samoan popu-
lations. In an urbanized Samoan community living in
the San Francisco Bay area, ~50% of the sample ex-
ceeded the 95th percentile for weight, although aver-
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Figure 33.19
Age-Adjusted Prevalence of Diabetes in Full- and
Part-Hawaiians and Caucasians in Hawaii, 1958-59

Capillary blood samples were obtained at 2-2.5 hours after a meal containing
at least 50 g carbohydrate, and persons with blood glucose >130 mg/dl were
referred to their physicians, who were asked to determine whether the person
was diabetic and whether the diagnosis had been previously known.

Source: Reference 12

Table 33.19

Macronutrient Intake of Japanese-American Men in Seattle, WA by Glucose Tolerance Status (Mean ± SEM)

Self-reported nondiabetic
Normal NIDDM p-value Normal NIDDM p-value

Energy (kcal) 2,191±65 2,197±66 NS 2,177±65 2,273±121 NS

Protein (%) 15.8±0.3 18.0±0.4 <0.001 15.7±0.3 16.4±0.7 NS

Fat (%) 31.3±0.7 34.0±0.8 0.013 31.3±0.7 33.7±1.2 NS

Carbohydrate (%) 50.1±0.8 46.3±0.8 0.001 50.2±0.8 46.8±1.4 0.073

Protein (g) 85.4±2.6 96.9±3.0 0.005 84.3±2.5 92.8±5.4 NS

Animal (g) 47.5±2.0 58.3±2.2 <0.001 46.8±1.9 57.5±4.3 0.017

Animal cal (%) 8.8±0.3 10.9±0.4 0.001 8.8±0.3 10.1±0.6 0.070

Fat (g) 76.7±3.1 83.4±3.5 NS 76.1±2.9 84.2±4.6 NS

Animal (g) 34.0±1.6 41.3±2.1 0.006 33.8±1.6 42.3±3.2 0.026

Animal cal (%) 14.1±0.6 17.1±0.8 0.002 14.1±0.6 16.9±1.1 0.047

Source: Reference 75
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age height was between the 25th and 50th percentile
of the U.S. population70,71. Weight of Samoans in Cali-
fornia exceeded that of their counterparts in Hawaii
and Samoa. Obesity was accompanied by elevated
blood pressure, and in women, by elevated fasting
plasma glucose. Although the number of fasting
plasma glucose samples was too small for detailed
analysis, 18% of the male fasting sample and 9% of the
female had plasma glucose levels that exceeded the
95th percentile for fasting plasma glucose in the U.S.
population.

POTENTIAL CAUSAL RISK FACTORS

Lifestyle

Studies in Asian and Pacific Islander populations have
suggested that dietary changes and reduction in
physical activity are lifestyle changes that may be
important in the etiology of NIDDM. A possible expla-
nation of this is the "thrifty" genotype hypothesis,
which proposes that in populations that were subject
to periods of famine, a survival advantage was given
to those with a metabolism that stored energy with
maximum efficiency72. In periods of abundance, how-
ever, this leads to obesity. It has been further proposed
that such populations may be prone to developing the
insulin resistance syndrome, or "Syndrome X"73, un-
der lifestyle changes of westernization74.

Research in the Seattle Japanese-American Commu-
nity Diabetes Study has shown that diabetic men were
consuming a significantly greater amount of animal
fat and protein than men with normal glucose toler-
ance, even when total kilocalories were similar (Table
33.19)75. Self-reported nondiabetic men who were di-
agnosed diabetic from a 75-g OGTT also consumed
significantly more animal fat and protein than self-re-
ported and confirmed nondiabetic men. A comparison
of macronutrient intakes of similarly-aged Japanese-
American men in Seattle and Japanese men in Japan,
summarized in Table 33.20, showing much lower in-

take of fat in Japan, is of interest in view of the lower
prevalence of diabetes in Japan. Furthermore, the in-
crease in prevalence of diabetes in Japan is associated
with a change between 1960 and 1985 in the dietary
pattern of the Japanese towards the consumption of
proportionally greater amounts of fat and saturated fat
and lesser amounts of carbohydrate (Figure 33.20)76.

As regards physical activity, there is evidence that
urbanization and movement away from heavy manual
labor has been associated with increased diabetes
prevalence in Asian and Pacific Islander populations.

Table 33.20
Mean Daily Macronutrient Intake of Similarly Aged
Japanese-American Men in Seattle,WA and Japanese
Men in Japan

Japanese-American Japanese

Energy (kcal) 2,137 2,016
Protein (%) 16.5 14.8
Fat (%) 32.4 16.7
Carbohydrates (%) 48.5 61.1

Source: Reference 75
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Figure 33.20
Dietary Patterns in Japan, 1960 and 1985, and U.S.,
1985
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Figure 33.21
Relationship of Genotype and Lifestyle to Central
Obesity and Insulin Resistance in the Development
of the Insulin Resistance Syndrome and NIDDM
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Weight gain

In westernizing migrants, weight gain, a powerful risk
factor for NIDDM, probably plays an important role77-79.
It has been postulated that westernizing migrants
with the "thrifty" genotype are susceptible to develop
central obesity as a consequence of both reduced
physical activity and consumption of a diet high in
saturated fat. In some Asian populations, the amount
of weight gain may not be large. Central obesity is in

turn associated with insulin resistance and hyperin-
sulinemia and other adverse metabolic consequences,
such as dyslipidemia. NIDDM, however, occurs only
when a significant islet beta-cell secretory defect de-
velops. This paradigm is shown in Figure 33.21.

Dr. Wilfred Y. Fujimoto is Professor, Division of Metabolism,
Endocrinology, and Nutrition, Department of Medicine, 
University of Washington School of Medicine, Seattle, WA.
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APPENDIX

Appendix 33.1
Values for Metabolic Variables in Diabetic Subjects in the Seattle Japanese-American Community Diabetes Study,
Age 40-64 Years

Japanese-American men Japanese-American women

Previously diagnosed diabetes
Mean fasting plasma glucose (mg/dl) 196.0 162.1
Mean 2-hour plasma glucose (mg/dl) 360.5 335.9
Mean fasting insulin (µu/ml) 15.0 22.6
Mean 2-hour insulin (µu/ml) 49.2 103.8
Mean number of years since diagnosis of diabetes 7.1 6.6

Newly discovered diabetes
Mean fasting plasma glucose (mg/dl) 122.3 128.8
Mean 2-hour plasma glucose (mg/dl) 234.7 271.9
Mean fasting insulin (µu/ml) 19.5 20.6
Mean 2-hour insulin (µu/ml) 153.3 140.4 

All diabetes combined
Percent with self-reported history of diabetes in mother and/or father 57.1 81.8
Mean BMI 25.9 24.8
Percent with BMI ≥25 55.1 63.6
Percent with BMI ≥30 6.1 18.2
Percent with BMI ≥35 0 18.2
Mean subscapular/triceps skinfold ratio 2.6 1.3
Mean waist/hip ratio 0.87
Mean CT thoracic fat (cm2) 100.8 180.2
Mean CT subcutaneous abdominal fat (cm2) 132.9 206.6
Mean CT intra-abdominal fat (cm2) 130.0 125.0
Mean systolic blood pressure (mmHg) 141.7 137.9
Mean diastolic blood pressure (mmHg) 81.7 79.6
Percent with hypertension 57.1 36.4
Mean total cholesterol (mg/dl) 226.7 229.3
Mean LDL cholesterol (mg/dl) 135.9 143.6
Mean HDL cholesterol (mg/dl) 44.5 60.6
Mean fasting triglycerides (mg/dl) 221.8 125.1
Percent with total cholesterol ≥240 mg/dl 36.7 40.9
Percent with LDL cholesterol ≥160 mg/dl 24.5 36.4
Percent with HDL cholesterol <35mg/dl 26.5 0
Percent with triglycerides ≥250 mg/dl 24.5 4.5

BMI, body mass index; CT, computed tomography; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Hypertension defined as systolic blood pressure ≥160
mmHg or diastolic blood pressure ≥95 mmHg or using antihypertensive medication; values for blood pressure include values for subjects using antihypertensive medications;
waist/hip ratio was not available for men.

Source: Wilfred Fujimoto, University of Washington

681



682



Native Americans are a diverse group of people whose
ancestors lived in North America before the European
settlement. In the United States alone, there are more
than 500 tribal organizations. In addition to their
tribal affiliations, Native Americans are often distin-
guished by language and/or cultural groups, some of
which extend across both the United States and Can-
ada. Contemporary Native American populations live
in urban areas and on reservations or reserves in both
countries. In the United States, ~1.9 million individu-
als identified themselves in the 1990 Census as Ameri-
can Indian or Alaska Native, but only 1.2 million of
these resided in the 33 reservation states served by the
Indian Health Service (IHS), an agency of the U.S.
Public Health Service1,2. Few data exist on the health
of urban Native Americans in either the United States
or Canada. Overall, the Native American populations

of North America are young, with a median age in
1990 of 26 years, compared with 33 years for all races
in the United States. In addition, Native Americans
are disadvantaged both economically and education-
ally compared with the general U.S. population.

Because American Indians living on reservations are
not included in U.S. national health surveys, data on
the prevalence of diabetes in Native Americans resid-
ing in the United States are limited. Rates have been
estimated from case registries maintained at health
facilities, glucose testing at a community level, and
surveys of self-reported diabetes. In the United States
and Canada, prevalence estimates for diagnosed dia-
betes are available from health care facilities where
care is provided at no charge to Native Americans. The
IHS estimated the rates of diagnosed diabetes from

Chapter 34

Diabetes in North American 
Indians and Alaska Natives
Dorothy Gohdes, MD

SUMMARY

The epidemic of non-insulin-dependent dia-
betes mellitus (NIDDM) in Native American
communities has occurred primarily during
the second half of this century. Although

NIDDM has a genetic component, with rates highest
in full-blooded Native Americans, the incidence and
prevalence of the disease have increased dramatically
as traditional lifestyles have been abandoned in favor
of westernization, with accompanying increases in
body weight and diminished physical activity. Anthro-
pologic studies have shown that several tribes per-
ceive diabetes as an assault from outside the commu-
nity. Diabetes was once described as benign in Ameri-
can Indians; now, diabetes and its complications are
major contributors to morbidity and mortality in all
Native American populations, except the isolated Arc-
tic groups whose lifestyles remain relatively un-
changed. Insulin-dependent diabetes mellitus
(IDDM) is rare in Native Americans and most cases of

IDDM are found in individuals with significant non-
Native American ancestry.

Much of our understanding of the natural history of
NIDDM in North American Indians is derived from
the longitudinal epidemiologic studies of the Pima
Indians in southern Arizona. The relationship of obe-
sity to subsequent diabetes as described in studies of
the Pimas is present in all Native American popula-
tions. Native American communities experience high
rates of microvascular complications from diabetes,
although the rates of cardiovascular disease differ
from tribe to tribe. The differences may reflect geneti-
cally based variations in lipid metabolism or other
coronary risk factors or, alternatively, differences in
lifestyle. The extent of diabetes in Native American
communities today demands public health programs
that incorporate specific psychosocial and cultural
adaptations for individual tribes.

• • • • • • •

INTRODUCTION

PREVALENCE
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ambulatory care visits that covered 86% of the esti-
mated 1 million American Indians served through the
IHS in 19873. Duplicate records were excluded by
using unique patient identifiers. Rates were calculated
for the regions shown in Figure 34.1. A similar esti-
mate covering 76% of the Inuit and Canadian Natives
living on reserves was also undertaken in 1987, using
cases known to the Medical Services Branch of the
Department of National Health and Welfare in Can-
ada4. Crude and age-adjusted rates of diabetes from
these two surveys are shown in Table 34.13,4. The rates
decreased toward the north and west in Canada. Al-
though a similar trend was not apparent in the United
States, rates in the far northwest were relatively low in
both countries. Rates of diabetes were higher in
women than in men in all Canadian provinces, a trend
also found for the United States in current diabetes
estimates by the IHS. Women had higher rates of
diabetes (13.2%) than men (11.0%) in a special medi-
cal expenditure survey of American Indians eligible
for IHS services conducted in 19875. In the survey, the
age- and sex-adjusted diabetes rate in individuals age
≥19 years was 12.2%, compared with 5.2% in the
general U.S. population. A summary of published
studies6-24 of diabetes prevalence in individual tribes
in North America is presented in Table 34.2. These
studies used criteria of the World Health Organization
(WHO) and the U.S. National Diabetes Data Group
(NDDG) for diagnosis of NIDDM25,26.

Striking increases in the prevalence of diabetes in
recent years have been described in Pima Indians and
other tribes11,22,27- 29 . Because the incidence of diabetes
has also increased in Pimas, and presumably in other
tribes, the increased prevalence in many tribes is prob-

ably due to an increased incidence and cannot be
attributed solely to longer survival of diabetic indi-
viduals27. Figure 34.2 shows the prevalence of diabe-
tes in Pima Indians in each of three time periods since
196527. Appendix 34.1 compares prevalence of diabe-
tes in Pima Indian men and women with prevalence of
NIDDM in a sample of U.S. white men and women.

The longitudinal studies of diabetes conducted in
Pima Indians since 1965 have provided extensive in-
formation about NIDDM and its natural history in
American Indians. The form of diabetes that affects
Pimas is characterized biochemically and immu-
nologically as NIDDM, an observation that confirms
the paucity of IDDM also noted in other tribes27,30.

Table 34.1
Diagnosed Diabetes in Native American Communities 
in the U.S. and Canada, All Ages, 1987

Crude prevalence
per 1,000

Age-adjusted
prevalence per 1,000  

United States
Tucson 76 119
Aberdeen 60 105
Phoenix 65 104
Albuquerque 55 94
Bemidji 53 92
Nashville 63 87
Billings 50 86
Oklahoma 49 60
Navajo 32 56
Portland 29 49
Alaska 9 15
All IHS 45 69

Canada
Atlantic 43 87
Quebec 29 48
Ontario 46 76
Manitoba 28 57
Saskatchewan 17 39
Alberta 22 51
Yukon 7 12
NW Terr. Indian 5 8
NW Terr. Inuit 3 4
British Columbia 9 16

U.S. rates are age-adjusted to the 1980 U.S. population; Canada’s rates are
age-adjusted to the 1985 Canadian population.

Source: References 3 and 4

Figure 34.1
Indian Health Service Areas

Source: Indian Health Service
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Table 34.2
Prevalence of Diabetes in North America Native Populations by Region

Reservation/Location Tribe  Age Date Rate/1,000 Adjustment Method           Reference

Southwest
Tohono O’odham, AZ Tohono O’odham ≥18 1985-86 183 None Case registry

 w/record review
6

Gila River, AZ Pima 30-64 1982-87 500 Age
World pop.

Biennial community
 screening

7

New Mexico Pueblo
(Rio Grande)

≥35 1985 213 None Case registry
 w/record review

8

Zuni, NM Zuni ≥35 1985 282 None Case registry
 w/record review

8

Jicarilla Apache, NM Apache ≥35 1985 98 None Case registry
 w/record review

8

Mescalero Apache, NM Apache ≥35 1985 164 None Case registry
 w/record review

8

Navajo, NM Navajo ≥35 1985 165 None Case registry
 w/record review

8

Arizona and  New Mexico
  reservations

Apache ≥15 1987 101 Age
U.S. 1980 

Outpatient records
 not verified

9

Navajo, AZ and NM Navajo ≥15 1987 72 Age
U.S. 1980

Outpatient records
 not verified

9

Navajo, AZ Navajo 20-74 1989 165 Age/sex
U.S. 1980

Case registry
 community screening

10

Navajo, AZ Navajo ≥20 1988 124 Age
U.S. 1980

Community sample
 w/screening

11

Rocky Mountain West
Fort Hall, ID Shoshone/Bannock All 1987 95 Age/sex

U.S. 1980
Case registry
 w/chart review

12

Nez Perce, ID Nez Perce All 1987 105 Age/sex
U.S. 1980 

Case registry
 w/chart review

12

Blackfeet, MT Blackfeet ≥15 1986 168 Age ≥15
U.S. 1980

Case registry
 w/chart review

13

Crow, MT Crow ≥15 1986 85 Age ≥15
U.S. 1980

Case registry
 w/chart review

13

Fort Belknap, MT Assiniboine/
 Gros Ventre

≥15 1986 118 Age ≥15
U.S. 1980

Case registry
 w/chart review

13

Fort Peck, MT Assiniboine/Sioux ≥15 1986 173 Age ≥15
U.S. 1980

Case registry
 w/chart review

13

Northern Cheyenne, MT Northern Cheyenne ≥15 1986 59 Age ≥15
U.S. 1980

Case registry
 w/chart review

13

Wind River, WY Shoshone/Arapaho ≥15 1986 125 Age ≥15
U.S. 1980

Case registry
 w/chart review

13

Utah and Colorado Ute ≥15 1987 124 Age
U.S. 1980

Outpatient records
 not verified

9

Northern Plains
Cheyenne River, SD Sioux All 1987 106 Age

U.S. 1980
Outpatient records
 not verified

14

Crow Creek,
  Lower Brule, SD

Sioux All 1987 83 Age
U.S. 1980

Outpatient records
 not verified

14

Devil’s Lake, ND Sioux All 1987 111 Age
U.S. 1980

Outpatient records
 not verified

14

Pine Ridge, SD Sioux All 1987 70 Age
U.S. 1980

Outpatient records
 not verified

14

Rosebud, SD Sioux All 1987 82 Age
U.S. 1980

Outpatient records
 not verified

14

Sisseton/Wahpeton, SD Sioux All 1987 64 Age
U.S. 1980

Outpatient records
 not verified

14

Turtle Mountain, ND Chippewa All 1987 105 Age
U.S. 1980

Outpatient records
 not verified

14

Standing Rock, ND/SD Sioux All 1987 125 Age
U.S. 1980

Outpatient records
 not verified

14

Table 34.2—Continued next page    
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Table 34.2—Continued

Reservation/Location Tribe  Age  Date  Rate/1,000 Adjustment Method         Reference

Yankton/Santee, SD Sioux All 1987 196 Age
U.S. 1980

Outpatient records
 not verified

14

Winnebago/Omaha, NE Winnebago/Omaha All 1987 218 Age
U.S. 1980

Outpatient records
 not verified

14

North and South Dakota
  reservations

Sioux ≥15 1987 117 Age
U.S. 1980 

Outpatient records
 not verified

9

Upper Midwest
Red Lake, MN Chippewa All 1987 148 Age/sex

U.S. 1980
Case registry
 verified/screening

15

MN and ND—Chippewa
  reservations combined

Chippewa ≥15 1987 144 Age
U.S. 1980

Outpatient visits
 not verified

9

Ontario and Manitoba,
  Canada

Cree/Ojibwa All 1983 28 None Case registry
 w/chart review

16

SW Ontario, Canada Oneida/Chippewa  ≥5 1985 147 Age
Canada 1985

Case registry
 w/chart review

17

Northeast
St. Regis, NY Mohawk All 1989 49 Age

U.S. 1980
Case registry
 w/chart review

18

River Desert/Lac Simon, 
  Quebec, Canada

Algonquin ≥15 1989 150 None Community survey 19

Nova Scotia, Canada Micmac All 1989 53 None Case registry 20

South
Choctaw, MS Choctaw All 1989 163 Age

U.S. 1980
Case registry
 w/chart review

21

Cherokee, NC Cherokee All 1988 106 Age
U.S. 1980

Case registry 22

Pacific Northwest
Lummi, WA Lummi All 1987 40 Age/sex

U.S. 1980
Case registry
 w/chart review

12

Tahola, WA Quinalt All 1987 50 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Makah, WA Makah All 1987 53 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Colville, WA Colville All 1987 52 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Spokane, WA Spokane All 1987 56 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Yakima, WA Yakima All 1987 75 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Umatilla, OR Umatilla All 1987 65 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Warm Springs, OR Warm Springs All 1987 75 Age/sex
U.S. 1980

Case registry
 w/chart review

12

Far North
Alaska All native All 1987 17 Age

U.S. 1980
Case registry
 w/chart review

23

Alaska Eskimo All 1987 10 Age
U.S. 1980

Registry verified
 w/chart audit

23

Alaska Indian All 1987 24 Age
U.S. 1980

Case registry
 w/chart review

23

Alaska Aleut All 1987 29 Age
U.S. 1980

Case registry
 w/chart review

23

Yukon Indian Indian All 1987 9 Age
World pop.

Case registry
 not verified

24

NW Territories Indian Indian All 1987 7 Age
World pop.

Case registry
 not verified

24

NW Territories Inuit Inuit All 1987 4 Age
World pop.

Case registry
 not verified

24

Source: References are listed within the table
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GENETICS

Diabetes rates are highest in full-blooded Native
Americans, as first observed in Choctaw Indians in
1965 and subsequently in other tribes31-33. The preva-
lence of diabetes in residents of the Pima community
is highest in individuals of full Native American heri-
tage (Figure 34.3)33. In Pimas, diabetes rates are high-
est in the offspring of parents who themselves devel-
oped diabetes at a young age (Figure 34.4)34. Diabetes
is also familial in Oklahoma Indians, an observation
suggesting that genetics and/or family lifestyles pre-
dispose individuals to NIDDM35. Although the precise
genetic components of NIDDM have not been com-
pletely described in American Indians, a genetic
marker linked with insulin resistance, a major factor

in the pathogenesis of NIDDM, has been described in
Pimas36.

OBESITY

Obesity is a major risk factor for diabetes in Pimas and
is widespread in many tribes, with increasing rates of
obesity measured in several communities in the
United States and Canada11,37-41 . The interaction of
obesity with genetic susceptibility to diabetes as meas-
ured by parental diabetes is shown in Figure 34.5 for
Pimas42. A striking increase in obesity has occurred in
Pimas in recent years (Figure 34.6)27,43 . In addition,

Figure 34.2
Prevalence of Diabetes in Pima Indians, by Age, Sex, and Time Period

Source: Reference 27
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Source: Reference 34

Figure 34.4
Prevalence of Diabetes in Pima Indians, by Presence
and Age at Onset of Diabetes in the Parents

Non-Indian Half-Indian Full Indian
0

10

20

30

40

Figure 34.3
Prevalence of NIDDM in Pima Indians, by Indian
Heritage

Data are age- and sex-adjusted.

Source: Reference 33
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longer duration of obesity has been shown to increase
the risk of diabetes44.

Central obesity was characteristic of Canadian Indi-
ans studied in Manitoba and Ontario40. In young Pi-
mas, waist-to-hip ratio, a measure of central obesity,
was more strongly associated with diabetes than body
mass index, a measure of overall obesity38. In Navajo
women, a small study found an increased waist-to-hip
ratio associated with a statistically significant in-
creased risk of diabetes, but a similar association was
not significant in Navajo men45. Appendix 34.2 shows
data on obesity and other metabolic variables in Na-
tive American groups included in the Strong Heart
Study.

LIFESTYLE

Both diet patterns and physical activity have changed
markedly in Native American communities over re-
cent decades. Although detailed longitudinal surveys
are not available for most tribes, the disruption of
traditional agriculture and hunting has resulted in
increased consumption of fat—typical of the contem-
porary western diet. In Pimas, a high-calorie diet has
been associated with the development of diabetes27.
Carbohydrate intake was the single strongest predic-
tor of NIDDM but was closely related to total calorie
and fat consumption.

Physical activity has decreased as individuals have
acquired motorized transportation and sedentary oc-
cupations. Diabetic Pimas reported less lifetime and
current physical activity than nondiabetic individu-
als46. A recent case-control study in Zuni Indians
showed the risk of presenting with diabetes decreased
significantly with increasing physical activity, even
after adjusting for obesity, suggesting that physical
activity itself decreased the risk of NIDDM inde-
pendently of body weight47.

PATHOGENESIS

Studies of the pathogenesis of NIDDM in Pimas indi-
cate that insulin resistance, as measured by nonoxida-
tive glucose disposal, is an early metabolic defect48.
Longitudinal studies have found that insulin secretion
and insulin resistance increase as individuals develop
impaired glucose tolerance49. Insulin levels then fall as
frank NIDDM develops, often at a relatively young age50,51.

Figure 34.6
Mean Body Mass Index in Pima Indians and the U.S. White Population 

Data for U.S. whites are from the Second National Health and Nutrition Examination Survey.

Source: References 27 and 43
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Energy metabolism and obesity have been studied in
an attempt to characterize a "thrifty gene"52. Although
the exact causes of obesity have not been explained,
studies in Pimas have found energy expenditure to be
familial and a low metabolic rate to be predictive of
subsequent weight gain. Detailed metabolic studies
have not been conducted in other tribes, but a propen-
sity to obesity and NIDDM is widespread, as has been
the change from traditional high-carbohydrate diets
to modern high-fat diets. Contemporary high-fat diets
are associated with deterioration of carbohydrate me-
tabolism in both Pimas and Caucasians53. Although
our understanding of the current "epidemic" of
NIDDM in Native Americans is based on studies of
Pimas, the interaction between environmental
changes and genetic susceptibility to NIDDM is not
limited to Pimas but appears to be widespread in all
indigenous North Americans, as well as other popula-
tions throughout the world.

The mortality from diabetes in Native Americans is
striking, yet it is seriously underestimated in U.S. vital
statistics data. The figures published for diabetes
death rates in 1986-88 showed the age-adjusted
American Indian death rate was 2.7 times the rate for
the general U.S. population2. These figures reflect
only cases in which diabetes was the underlying cause
of death, not those in which it was a contributing
cause or those in which diabetes was not listed on the
death certificate. Mortality rates by IHS Area are
shown in Table 34.3. During 1984-86, there were
1,252 Native American deaths with diabetes listed as
a contributing cause of death and 708 deaths with
diabetes listed as the underlying cause54. In addition,
the National Mortality Followback Study found that
Native American heritage was underreported on death
certificates by 65%54. When the 1986-88 relative mor-
tality rates are adjusted for underreporting of heritage,
the diabetes mortality for Native Americans is 4.3
times the rate for whites. In a New Mexico study,
American Indians experienced 3.6 times the diabetes
death rates of whites55. Over a 30-year period in New
Mexico, diabetes death rates in American Indians in-
creased 550% in women and 249% in men. A mortal-
ity study on Canadian Indian reserves in seven prov-
inces found the risk of death from diabetes to be 2.2
times higher for native men and 4.1 times higher for
native women than the rates for the Canadian popula-
tion as a whole56.

Detailed mortality studies in Pimas during 1975-84
found that the age- and sex-adjusted death rate from

diabetes was 11.9 times greater than the 1980 death
rate for all races in the United States57. Diabetic neph-
ropathy was the leading cause of death in diabetic
Pimas, followed by ischemic heart disease58. Longer
duration of diabetes (Figure 34.7)58 and proteinuria59

were both associated with increased mortality. A 10-
year followup of a cohort of diabetic Oklahoma Indi-
ans also showed striking death rates: 5% annually for
men and 4% for women, which were three and four
times the rates expected for men and women in the
general Oklahoma population60. Circulatory disease

Table 34.3
Age-Adjusted Mortality Rates for Deaths Due to 
Diabetes, American Indian and Alaska Native 
Population, 1984-89

Rate per 100,000 population
IHS Service Area 1984-86 1985-87 1986-88 1987-89

Total 24.5 25.2 26.2 29.1
Aberdeen 44.7 41.3 35.6 50.1
Alaska 5.7 5.9 5.8 7.6
Albuquerque 25.0 32.4 33.1 32.8
Bemidji 32.9 29.4 28.6 39.0
Billings 24.8 27.8 23.6 40.1
California 10.4 15.2 15.5 15.3
Nashville 30.5 30.4 39.5 45.0
Navajo 21.2 23.8 23.6 27.4
Oklahoma 21.3 20.1 20.6 21.1
Phoenix 54.0 51.4 53.9 53.2
Portland 15.5 18.3 24.2 25.4
Tucson 52.9 59.0 69.6 68.1

Data are for populations residing in the IHS service areas and are age-adjusted
to the 1940 U.S. Census; Alaska rates are based on <20 deaths.

Source: Indian Health Service Program statistics
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Figure 34.7
Age-Adjusted Mortality of Pima Indians by 
Duration of Diabetes

Data are for deaths due to natural causes in diabetic individuals age ≥35 years.

Source: Reference 58

MORTALITY

689



causes of death in this cohort exceeded those attrib-
uted to diabetes as the underlying cause. Although the
contributions of diabetic renal disease and
atherosclerotic heart disease to overall diabetes-re-
lated mortality vary among tribes, both clearly con-
tribute to the very significant mortality from diabetes
in North American Indian communities.

DIABETIC NEPHROPATHY

End-stage renal disease (ESRD) registries in the
United States and Canada have documented that Na-
tive American populations are at high risk for entering
treatment for kidney failure. During 1981-86, ESRD
rates in Canadian Natives were 2.5 to 4 times the
national rates, depending on the assumptions used to
determine the native population61. One-fourth of the
ESRD cases were attributed to diabetes. In the United
States, the age-adjusted ESRD incidence for Native
Americans during 1983-86 was 2.8 times the rate for
whites, with 55% of Native American cases attributed
to diabetes62. In 1987-90, the diabetic ESRD incidence
for Native Americans was six times higher than the
white rate (Figure 34.8)63. Reports from individual
tribes confirm that high rates of diabetic renal failure
occur in many tribes, including the Navajo, Cherokee,
Alaska Native, Sioux, Pima, Zuni, Chippewa, and
Oklahoma tribes14,15,23,64-68 . In Pimas, diabetic neph-
ropathy surpassed ischemic heart disease as the lead-
ing cause of nontraumatic death during 1975-8458.

The natural history of diabetic kidney disease in Pi-
mas has been well defined69. Both overt diabetic neph-

ropathy and ESRD increase as the duration of diabetes
increases70. High blood pressure and hyperglycemia
predict the development of overt nephropathy. Simi-
larly, fasting blood glucose and hypertension were
found to be significant risk factors for the develop-
ment of renal failure in Oklahoma Indians68. Diabetic
offspring who have at least one parent with diabetes
and proteinuria are at greater risk to develop neph-
ropathy than diabetic offspring whose parents do not
have proteinuria71. Studies of glomerular function in
Pimas also showed that individuals with recent-onset
NIDDM had higher glomerular filtration rates than
nondiabetic Pimas72. Both clinical and epidemiologic
studies have suggested that the natural history of
diabetic nephropathy in Pimas is similar to diabetic
nephropathy in individuals with IDDM (Figure
34.9)66,73 . 

DIABETIC RETINOPATHY

Diabetic retinopathy has been reported in many
tribes13,15,22,74-76 .  Detailed studies of the incidence and
risk factors for retinopathy have been reported for the
Pima and several tribes of Oklahoma Indians77-83.
Rates of retinopathy and risk factors are summarized
in Table 34.4. An association of insulin therapy with
diabetic retinopathy similar to that found in U.S. stud-
ies has also been found in Native Americans in Canada84.

LOWER EXTREMITY AMPUTATION

Lower extremity amputation (LEA) rates are unfortu-
nately high in many tribes, although the rates in small
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studies vary among reservations13-15,22,23 . During 1982-
87, Navajos experienced hospital discharge rates of 74
per 10,000 for LEA, compared with 240 per 10,000 for
the Indians of southern Arizona85. Ten percent of iden-
tified diabetic patients in southern Arizona had a re-
corded history of LEA on their medical records in
1985-866. Several studies have reported higher LEA
rates in males than in females6,76,85-87 . Duration of
diabetes has been reported as a significant risk factor
for LEA in several tribes86,87. Prospective data on risk
of foot ulceration and LEA in Chippewa Indians
showed 9.9 times higher foot ulceration rates and 17
times higher amputation rates in diabetic patients
without protective sensation, compared with patients
who retained the ability to perceive the 5.07 Semmes-
Weinstein monofilament88. Of 358 diabetic individu-
als, 7.7% had severe peripheral neuropathy as evi-
denced by lack of sensitivity to the 5.07 monofila-
ment.

Rates of first LEA in retrospective studies were 13.7
per 1,000 diabetic person-years in Pima Indians
(1972-84) and 18 per 1,000 in Oklahoma Indians
(1972-80)86,87. Hyperglycemia, retinopathy, neph-
ropathy, and signs of neuropathy including medial
artery calcification were predictive risk factors for
LEA in Pimas86. Although amputation rates in Pimas
increased with age, the effect of age was not signifi-
cant after controlling for duration of diabetes. Similar

risk factors were reported for first LEA in Oklahoma
Indians, although no indicators of neuropathy were
reported87. Five-year survival after amputation was
40% in Oklahoma Indians and 61% in Pimas86,87. Hy-
pertension was a significant risk factor in the Okla-
homa tribes but not in the Pima. These variations
suggest  that  peripheral vascular disease and
neuropathy may differ significantly among tribes in
their contribution to LEA.

PERIODONTAL DISEASE

Periodontal disease rates in Pima Indians were 2.6
times higher in diabetic patients than in nondiabetic
individuals89. Destructive periodontal disease was also
more severe in diabetic individuals90. The frequency of
edentulousness increased markedly with diabetes du-
ration91. At 20 years duration, 75% of diabetic Pimas
were edentulous. The presence of retinopathy and
poor glycemic control were associated with an in-
creased risk of periodontal disease.

INFECTIONS

Although the pathogenesis of infections as complica-
tions of diabetes is not simple, it is clear that infec-
tions are of particular importance in Native Ameri-
cans. Tuberculosis mortality in American Indians in
1987 was 5.8 times higher than the rate for all races in
the United States2. A case-control study in Sioux Indi-
ans showed that diabetic individuals were 4.4 times
more likely to develop tuberculosis than nondiabetic
individuals92. Mortality from infectious diseases in
Pimas is significant57. Although overall infectious dis-
ease mortality rates did not differ between diabetic
and nondiabetic Pimas during 1975-84, the number of
deaths studied was small58. Five of the six deaths from
coccidioidomycosis, a disease endemic in the South-
west, occurred in diabetic patients. Similarly, 81% of
the 26 cases of necrotizing fasciitis, a rare but severe
soft-tissue infection, reported from the Phoenix In-
dian Medical Center during a 9-year period occurred
in diabetic patients93. Thus, infections associated with
diabetes in Native Americans are of particular con-
cern. Unfortunately, detailed epidemiologic data on
the particular associations are lacking for most tribes.

GALLBLADDER DISEASE

Gallbladder disease and diabetes have been linked
together in Native Americans as part of a "New World
syndrome" with both a genetic and evolutionary ba-
sis94. In an analysis of gallbladder disease in Pimas

Table 34.4
Diabetic Retinopathy in American Indians

Ref. Group  
Retinopathy

 (%)   Risk factors          

Retinopathy Prevalence
79 Oklahoma 24.4 Hyperglycemia
75 Oklahoma 49.3 Hypertension
80,82 Pima 18 Duration of diabetes

Insulin therapy

Retinopathy Incidence
81 Oklahoma 72.3

Proliferative Retinopathy Incidence
83 Oklahoma 

 (mean  12.7 
 years 
 followup)

18.5 Hyperglycemia
Duration of diabetes
Cholesterol 
Systolic blood pressure 
Insulin therapy

82 Pima (after
 20 years
 followup)

14 Young age at diagnosis
Duration of diabetes
Background retinopathy
Hypertension
Proteinuria 
Renal insufficiency
Neuropathy
Cholesterol 
Insulin therapy

Source: References are listed within the table
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during a 20-year period, no excess risk of death was
found in diabetic individuals with gallstones com-
pared with individuals with normal glucose tolerance
and gallstones95. However, Pimas with gallstones ex-
perienced both increased mortality from gallbladder
cancer and total mortality from other causes. Overall
cancer mortality, however, was not significantly differ-
ent between diabetic and nondiabetic Pimas58.

CATARACTS

The incidence of visually disabling cataracts as esti-
mated by first cataract surgery was higher in Pimas,
compared with the U.S. population as a whole96. After
controlling for age and sex, diabetic individuals expe-
rienced more than twice the rate of cataract extraction
than nondiabetic individuals. Cataract surgery rates
increased with longer duration of diabetes and in
those treated with insulin. 

Although our understanding of the epidemiology of
cardiovascular disease is incomplete, studies of spe-
cific tribes clearly suggest that diabetes is a major risk
factor for cardiovascular disease in all Native Ameri-
can populations.

ISCHEMIC HEART DISEASE

Our understanding of cardiovascular disease in Native
Americans and its relationship to diabetes and other
risk factors is evolving. Rates of ischemic heart disease
have changed markedly in recent years, and both the
rates and the relative contribution of known risk fac-
tors appear to vary among tribes97. Ischemic heart
disease and stroke rates in Canadian Indians have
equaled or exceeded Canadian national rates in recent
years, sparing only the more isolated and less accul-
turated communities98. In Pima Indians, a tribe with
low coronary heart disease rates, diabetes is a major
risk factor for coronary artery disease99. All fatal coro-
nary events in Pimas during 1975-84 occurred in
diabetic individuals. Reports from many tribes de-
scribe myocardial infarction or ischemic heart disease
in association with diabetes13,15,23,100-103 . The Strong
Heart Study of diabetic and nondiabetic American
Indians age 45-74 years in Arizona, Oklahoma, and
North and South Dakota was designed to quantify
cardiovascular morbidity and mortality and to com-
pare risk factors among tribes104. Major electrocardio-
gram (ECG) abnormalities were significantly higher

in diabetic individuals in all tribes, with the associa-
tion greatest in Arizona, where cardiovascular disease
rates were lowest105.

The interactions among diabetes and its risk factors
and cardiovascular disease are complex and have been
studied in detail only in Pimas, where the influence of
hyperinsulinemia, insulin therapy, insulin resistance,
and hypertension have been examined106. In this tribe,
neither endogenous hyperinsulinemia nor exo-
genonous insulin therapy was prospectively associ-
ated with ECG abnormalities. In addition, mean blood
pressure was not correlated with insulin resistance107.
Diabetes and insulin resistance, however, were associ-
ated with increased levels of very low-density lipopro-
teins and decreased high-density lipoproteins108. In a
preliminary report from the Strong Heart Study, rates
of hypercholesterolemia varied among different
tribes104. The WHO study of vascular disease in diabe-
tes also found higher mean cholesterol values in Okla-
homa Indians than in Pimas103. The relative influences
of diabetes and insulin resistance on cardiovascular
disease remain unknown.

HYPERTENSION

From the limited data available, hypertension in Na-
tive Americans in the United States appears to be less
prevalent than in the general U.S. population105,109. In
Canada, however, a sample of Canadian Indians had
higher diastolic blood pressures than the overall Ca-
nadian population99. Diabetes and hypertension coex-
ist at varying rates in the United States109. The relative
risk of diagnosed hypertension in diabetic patients
compared with nondiabetic individuals ranges from
4.7 to 7.7 in different IHS regions; overall, 37% of
ambulatory diabetic patients had diagnosed hyperten-
sion. Hypertension in diabetic individuals has been
reported in 46.5% of Navajos, 53% of Cherokees, and
48.6% of Canadian Cree and Ojibwa tribes22,110,111 .

STROKE

There is a paucity of published data on stroke rates in
diabetic Indians. In Pima Indians, stroke-related mor-
tality did not differ between diabetic individuals and
those with normal glucose tolerance; however, the
number of stroke events was small58. In diabetic
Alaska Natives, rates of stroke were similar to rates
found in a white diabetic population23. 

CARDIOVASCULAR DISEASE
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DIABETES ANTEDATING PREGNANCY

The short- and long-term interactions of diabetes and
pregnancy are of major concern for both mother and
offspring in Indian communities. Although IDDM is
rare in North American Indians, young Pima women
with NIDDM antedating pregnancy experienced the
same pattern of congenital abnormalities described in
pregnancies complicated by IDDM112. Diabetes ante-
dated pregnancy in 7 (1%) of 591 Zuni Indian women
during 1989-90, and in 38 (2%) of 1,854 Tohono
O’odham women during 1984-88113,114. In the latter
group, gestational diabetes was diagnosed before the
20th week of pregnancy in 25 (42%) of 59 of the
gestational diabetic pregnancies, suggesting that dia-
betes may also have antedated pregnancy in these
cases. Preexisting diabetes occurred in 13 (0.3%) of
4,094 Navajo women who delivered during 1983-87
in IHS facilities on the Navajo Reservation115. For
Pima women, a diagnosis of diabetes antedating preg-
nancy was associated with increased rates of perinatal
mortality, large-for-gestational-age births, toxemia,
and Caesarian section, compared with women with
normal glucose tolerance116.

GESTATIONAL DIABETES

Gestational diabetes mellitus (GDM) diagnosed ac-
cording to O’Sullivan and Mahan criteria has been
reported in many tribes with varying rates. For exam-
ple, 14.5% of pregnancies in Zuni, 3.4% of deliveries
in Navajo, and 5.8% of deliveries in Yupik Eskimo
women were in women with GDM113,115,117,118. Im-
paired glucose tolerance during pregnancy diagnosed
in Pima Indians by WHO criteria was associated with
rates of fetal and maternal complications that were
intermediate between the rates experienced by normal
and overtly diabetic women25,113,119 . Follow-up studies
of American Indian women with a history of abnormal
glucose tolerance during pregnancy found high risks
of developing subsequent overt diabetes: 27.5% of
Pima women developed diabetes within 4-8 years and
30% of Zuni women with GDM developed diabetes
within 0.5-9 years113,119.

The longitudinal studies of diabetes in the Pima com-
munity have revealed striking associations of diabetic
pregnancy with obesity and diabetes in the off-
spring120-123 . By age 20-24 years, offspring of a diabetic
pregnancy had a higher rate of diabetes (45%) than
offspring of prediabetic women (8.6%) or nondiabetic
women (1.4%) (Figure 34.10)121. Fasting hyperin-

sulinemia, obesity, and abnormal glucose tolerance
occurred at an earlier age in offspring of women with
abnormal glucose tolerance, compared with offspring
exposed to normal glucose levels in utero121,122 .

Because of the longitudinal nature of the Pima studies,
these data are unique. However, the widespread emer-
gence of NIDDM in Native American children has
been noted in both the United States and Canada,
suggesting that the interactions of diabetes and preg-
nancy, which are well described in Pima Indians, are
probably not limited to one tribe but pose major pub-
lic health challenges in many North American indige-
nous communities124,125 .

PREVENTIVE HEALTH SERVICES

The magnitude and scope of health problems related
to diabetes in American Indian communities have
evoked changes in the health care systems that were
originally designed primarily to prevent symptomatic
infectious disease and to promote maternal and child
health126. Efforts to organize consistent preventive
health services for diabetic patients and to evaluate
patient outcomes in the primary health care setting
have used public health techniques such as surveil-
lance and registries88,127-133 . Programs of high-quality
diabetes care have been organized in rural, isolated
Native American communities127,128,133. These pro-
grams incorporate unique features, with each program
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Prevalence of Diabetes in Pima Offspring by Age
and Maternal Diabetes Status

Diabetes defined by 2-hour post-challenge glucose ≥200 mg/dl.

Source: Reference 121
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designed specifically to promote the involvement of
the community it serves. The importance of Native
American community involvement in the implemen-
tation of practice guidelines was specifically noted by
the Expert Committee of the Canadian Diabetes Advi-
sory Board134. Today, preventive health care programs
in Native American communities combine the strate-
gies successfully used in the past for infectious dis-
eases with the newer diabetes care guidelines. In some
cases these preventive strategies overlap. Because of
the high risk of the reactivation of tuberculosis in
diabetic individuals, the IHS has recommended sys-
tematic tuberculosis prophylaxis for diabetic Ameri-
can Indian patients92. Effective intervention strategies
continue to be studied in the United States and Canada.

EDUCATION

Just as diabetes clinical guidelines have been adapted
for the needs of Native American Indians with diabe-
tes, educational programs and materials have also
been developed and evaluated systematically to target
these cultures135-137. Nutrition education has empha-
sized single-concept messages rather than conven-
tional dietary exchange systems137. Diabetes educa-
tion programs that involve the community have
evolved by using a stepwise approach to implement-
ing national diabetes education standards138. Native
American interpreters trained in diabetes terminology
have become crucial to the success of diabetes educa-
tion in cross-cultural settings139. Diabetes training for
community health representatives and Alaska village
health aides has been organized to promote effective
preventive care and education from within the com-
munity by mobilizing community health workers.

PRIMARY PREVENTION

Both the historical experience of Native American
communities and the growing understanding of the
pathophysiologic interactions between genetics and
lifestyle suggest that NIDDM can be prevented in
Native Americans. In response to the growing burden
of diabetes, communities have organized health pro-
motion efforts to increase fitness and decrease obe-
sity140. For example, the Pueblo of Zuni has main-
tained a community-based prevention program for
more than 10 years141,142 . Metabolic control improved
in the program’s diabetic patients who exercised, com-
pared with patients who did not143. A recent retrospec-
tive study in Zuni found that even after adjusting for
obesity, the odds of presenting with diabetes de-
creased with increasing exercise frequency in this
high-risk community47. Diabetes prevention efforts

have spread to many Native American communities.
These efforts include the revival of traditional physi-
cal activities and native foods to promote a healthy
lifestyle140. Formal clinical trials to test the feasibility
of preventing NIDDM will be of major significance to
these communities.

The growing burden of diabetes in Native Americans
has stimulated communities and investigators to ex-

Table 34.5
Psychosocial and Cultural Studies of Diabetes in 
Native Americans

Books

Diabetes and Native Americans: The impact of lifestyle and cultural
changes on the health of indigenous peoples. Joe J, Young R, eds.
Moulton Press, Berlin, 1994

Monographs

Diabetes in Canadian native population: Biocultural perspectives.
Young TK, ed. Canadian Diabetes Association, 1987

Pine CJ: Diabetes and behavior: American Indian issues. American 
Indian and Alaska Native Mental Health Research. Monograph
1:94-115, 1988

Rokala DA, Bruce SG, Meiklejohn C: Diabetes mellitus in native
populations of North America: An annotated bibliography. Mono-
graph, Series No. 4. Northern Health Research Unit, Department of
Community Health Services. University of Manitoba, Winnipeg,
1991

Articles

Camazine SM: Traditional and western health care among the Zuni
Indians of New Mexico. Soc Sci Med 14B:73-80, 1980

Hagey R: The phenomenon, the explanations and the responses: Meta-
phors surrounding diabetes in urban Canadian Indians. Soc Sci Med
18:265-72, 1984

Huttlinger K, Krefting L, Drevdahl D, Tree P, Baca E, Benally A:
"Doing battle": A metaphorical analysis of diabetes mellitus among
Navajo people. Am J Occup Ther 46:706-812, 1992

Jackson MY, Broussard BA: Cultural challenges in nutrition educa-
tion among American Indians. Diabetes Educator 13:47-50, 1987

Lang GC: Diabetics and health care in a Sioux community. Human
Organization 44:251-60, 1985

Lang GC: "Making sense" about diabetes: Dakota narratives of ill-
ness. Medical Anthropology 11:305-27, 1989

Miller P, Wikoff R, Keen O, Norton J: Health beliefs and regimen
adherence of the American Indian diabetic. American Indian and
Alaska Native Mental Health Research 1:24-36, 1987

Tom-Orme L: Chronic disease and the social matrix: A Native
American intervention. Recent Advances in Nursing 22:89-109, 1988

Womack RB: Measuring the attitudes and beliefs of American 
Indian patients with diabetes. Diabetes Educator 19:205-09, 1993
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amine traditional and modern perspectives on diabe-
tes. Several anthropologic studies have documented
the interpretations of Native Americans affected by
diabetes regarding the etiology of the disease, the
experience of illness, and the efficacy of treatment.
Native American communities perceive diabetes as a
new disease that has come from the outside. If ap-
proaches to diabetes in both individuals and commu-
nities are to be effective, these efforts require appro-
priate cultural adaption to local health beliefs. Se-
lected references from the growing number of studies

are presented in Table 34.5. These studies are the
foundation for the important cultural understandings
that must develop along with the scientific framework
to enable Native Americans to control the diabetes
epidemic.

Dr. Dorothy Gohdes is Director, Indian Health Service Diabe-
tes Program, Albuquerque, NM.
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Appendix 34.1
Age-Specific Prevalence of NIDDM in Pima Indians
and U.S. Whites

Diabetes includes both diagnosed and undiagnosed cases by World Health
Organization criteria. 

Source: Pima data for 1974-82 (Reference 27); U.S. data are from the 1976-80
Second National Health and Nutrition Examination Survey

Appendix 34.2
Values for Metabolic Variables in American Indian Diabetic Subjects in the Strong Heart Study, Age 45-64 Years

Arizona Oklahoma South Dakota/North Dakota

Men Women Men Women Men Women

Previously Diagnosed Diabetes

Mean fasting plasma glucose (mg/dl) 221.1 242.6 197.4 211.9 210.9 225.4

Mean 2-hour plasma  glucose (mg/dl) 341.9 356.1 298.6 247.4 297.1 275.8

Mean fasting insulin (µu/ml) 23.5 29.7 24.1 29.4 21.6 26.5

Mean number of years since diagnosis of diabetes 13.0 14.0 9.0 10.8 7.9 9.0

Newly Discovered Diabetes

Mean fasting plasma glucose (mg/dl) 154.0 164.7 168.5 156.2 149.7 149.5

Mean 2-hour plasma glucose (mg/dl) 257.1 287.8 254.9 256.2 256.0 262.5

Mean fasting insulin (µu/ml) 30.0 32.3 29.0 29.6 26.5 27.2

All Diabetes Combined

Percent with self-reported history of diabetes in

mother and/or father 62.3 63.1 47.0 61.7 52.2 48.9

Mean BMI 31.2 33.4 32.7 33.7 30.7 31.9

Percent with BMI ≥25 85.2 89.1 93.4 94.5 90.0 90.6

Percent with BMI ≥30 48.4 66.1 64.7 71.0 56.3 60.6

Percent with BMI ≥35 20.1 35.8 28.7 40.3 12.5 26.0

Mean waist/hip ratio 0.97 0.96 0.98 0.94 1.01 0.96

Mean systolic blood pressure (mmHg) 131.2 131.0 134.8 130.0 127.5 122.8

Mean diastolic blood pressure (mmHg) 81.6 76.6 83.3 76.9 80.3 74.8

Percent with hypertension 39.4 32.4 41.9 41.2 25.6 24.2

Appendix 34.2—Continued next page
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Appendix 34.2—Continued

Arizona Oklahoma South Dakota/North Dakota

Men Women Men Women Men Women

All Diabetes Combined

Mean total cholesterol (mg/dl) 181.1 184.1 190.7 197.2 203.9 203.9

Mean LDL cholesterol (mg/dl) 100.4 105.6 115.5 115.5 118.2 118.7

Mean HDL cholesterol (mg/dl) 43.0 43.7 38.9 44.4 37.8 43.6

Mean fasting triglycerides (mg/dl) 190.5 173.5 179.9 179.4 224.7 197.6

Percent with total cholesterol ≥240 mg/dl 6.7 10.7 5.4 12.2 16.9 15.0

Percent with LDL cholesterol ≥160 mg/dl 2.8 5.9 9.6 7.1 8.1 9.1

Percent with HDL cholesterol <35mg/dl 29.3 20.7 39.5 16.4 34.4 21.7

Percent with triglycerides ≥250 mg/dl 16.6 15.7 18.0 16.8 23.1 21.5

Hypertension defined as systolic blood pressure  ≥160 mmHg or diastolic blood pressure  ≥95 mmHg or using antihypertensive medication; values for blood pressure includes
values for subjects on antihypertensive medications.  American Indian tribes are: Arizona—Pima, Maricopa; Oklahoma—The Seven Tribes (Apache, Caddo, Comanche,
Delaware, Fort Sill Apache, Kiowa, Wichita); North Dakota/South Dakota—Oglala Sioux, Cheyenne River Sioux, Devil’s Lake Sioux.

Source: Elisa Lee, University of Oklahoma, Strong Heart Study
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Gestational diabetes, defined as "carbohydrate intol-
erance of variable severity with onset or first recogni-
tion during pregnancy"1, existed as a concept as early
as 19462 and was invoked to explain high perinatal
mortality rates in pregnancies of women who sub-
sequently developed diabetes. Early studies used the
same diagnostic criteria for diabetes in pregnancy that
were applied in the nonpregnant state. In 1964 O’Sul-
livan and Mahan3, recognizing that pregnancy had
measurable effects on carbohydrate metabolism, pub-
lished diagnostic criteria based on the results of 100-
g, 3-hour oral glucose tolerance tests (OGTTs) per-
formed at various times during pregnancy on 752
unselected women and validated by their predictive
value for subsequent diabetes. This study, a classic
among early epidemiologic investigations, deter-
mined the testing conditions and criteria used today
throughout the United States4. 

Many changes in our understanding and clinical prac-
tices regarding gestational diabetes have occurred
during the 30 years following O’Sullivan and Mahan’s

publication. As epidemiologic methodology has be-
come more sophisticated, the early studies have been
criticized because of issues of possible confounders,
bias in population selection that may limit the gener-
alization of conclusions, and the need for validation
based on pregnancy outcome rather than subsequent
maternal diabetes5. Some epidemiologists have recom-
mended abandoning efforts to detect gestational dia-
betes until more data become available5. 

Screening for gestational diabetes with a glucose chal-
lenge test has been proposed6; over the past 20 years
its use has become relatively routine7. In the interim,
it has become apparent that the prevalence of gesta-
tional diabetes is not uniform throughout the United
States. Various racial and ethnic groups differ in their
susceptibility to this condition, just as with insulin-
dependent diabetes mellitus (IDDM) and non-insu-
lin-dependent diabetes mellitus (NIDDM). Factors
such as age, obesity, and family history of diabetes also
increase the risk. Such differences may have impeded
our understanding of gestational diabetes because
they led to major discrepancies among reports, de-
pending on the population studied. 

Chapter 35

Gestational Diabetes

Donald R. Coustan, MD

SUMMARY

Gestational diabetes complicates between
1% and 14% of pregnancies in the United
States, depending on the screening method
employed, the diagnostic criteria used, and

the population tested. Most studies report prevalence
rates of 2%-5%. Individuals with gestational diabetes
may have increased risk for perinatal mortality and
morbidity and clearly are at increased risk for the later
development of diabetes and perhaps cardiovascular
disease. Researchers should conduct appropriately
blinded and controlled studies to improve our under-
standing of the risks associated with undiagnosed
gestational diabetes and to determine the most appro-
priate diagnostic thresholds. It is likely that there is a

continuum of metabolically related reproductive mor-
bidity, with most cases of preexisting diabetes near
one end and most cases of gestational diabetes near
the other. The actual position along the continuum,
i.e., the amount of reproductive risk, is probably de-
termined by ambient glucose (or other metabolite)
values, rather than by the mechanism (insulin resis-
tance versus insulinopenia) responsible for the carbo-
hydrate intolerance. Thus, it is not helpful to argue
whether gestational diabetes does or does not exist.
Rather, the degree of disturbance of carbohydrate me-
tabolism that can cause measurable reproductive dam-
age needs to be established.

• • • • • • •

INTRODUCTION
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This chapter considers the diagnostic criteria currently
in use, various screening paradigms, prevalence, and
the implications of gestational diabetes for mother and
offspring. It is  hoped that in the near future more valid
and generalizable data will be available.

The current definition of gestational diabetes, "carbo-
hydrate intolerance of variable severity with onset or
first recognition during pregnancy"1, was first pro-
posed by the National Diabetes Data Group (NDDG)
in 19798, although that group used the term "diabetes
or impaired glucose tolerance (IGT)" rather than "car-
bohydrate intolerance of varying severity." The latter
term was introduced at the Second International
Workshop-Conference on Gestational Diabetes in
19859. The significance of this change is that it ac-
knowledges the uncertainty regarding the most appro-
priate diagnostic criteria. Currently, the World Health
Organization (WHO) does not consider that different
diagnostic criteria are appropriate for the pregnant
versus the nonpregnant state, preferring instead to
use the same definitions of diabetes and IGT for both
situations. This approach is consistent with the con-
cept that there should be a single definition for diabe-
tes in all populations, since adjustment of criteria
upward or downward to maintain a stable proportion
of each population as abnormal does not appear to be
biologically appropriate. In general, individuals with
diabetes who come from populations with higher
prevalence are not less likely to encounter complica-
tions than those from low-prevalence populations.
However, the use of pregnancy-specific criteria stems
from the recognition that pregnancy is a "provocative
test" for carbohydrate intolerance, inducing a state of
relative insulin resistance. Because the O’Sullivan and
Mahan pregnancy criteria have been validated as pre-
dictors of subsequent diabetes in a relatively high
proportion of women with gestational diabetes, and to
a lesser extent have been demonstrated to be associ-
ated with increased risk for perinatal morbidity and
possibly mortality, they have been assimilated into
routine obstetric care in the United States.

The current diagnostic criteria in the United States are
based on the values of O’Sullivan and Mahan2. They
were derived from the results of 100-g, 3-hour OGTTs
administered to 752 unselected gravidas, who repre-
sented 76% of individuals registering at a prenatal
clinic over a 4-month period. The population was
evenly divided among white and black women, and
97% of the tests were administered during the second
or third trimesters. Data for each of the four venous

whole blood glucose values (fasting, 1 hour, 2 hours,
and 3 hours) were normally distributed. The predic-
tive value of the derived thresholds (mean plus two
standard deviations) for future diabetes was validated
by applying them to a second population of 1,013
nonpregnant women who had been tested during a
previous pregnancy and followed for up to 8 years.
Using the life table method of analysis, O’Sullivan
estimated that 29% of those whose values exceeded
two standard deviations above the mean would de-
velop diabetes within 7-8 years. It was concluded that
the mean plus two standard deviations (rounded to
the nearest 5 mg/dl) would be the most appropriate
lower limits for diagnosing gestational diabetes (Table
35.1). To avoid reliance on a single laboratory value
for diagnosis of gestational diabetes, O’Sullivan and
Mahan determined that two of the thresholds should
be met or exceeded to make the diagnosis.

Since the original publication of the above thresholds
for diagnosing gestational diabetes, a number of
changes have occurred in the way glucose is analyzed.
The most critical change was the switch from whole
blood samples to plasma, or occasionally serum.
Plasma or serum glucose levels are, on average, 14%
higher than simultaneously measured levels in whole
blood10. In 1979, the NDDG8 published conversions of
the O’Sullivan and Mahan criteria that were intended
to apply to plasma. The resulting values are shown in
Table 35.2. Although no explanation was provided, it
seems that the NDDG changed the 1-hour whole
blood value of O’Sullivan and Mahan from 165 mg/dl
to 170 mg/dl. Then, it appears, the NDDG added 14%
to each of the whole blood values and rounded off to
the nearest 5 mg/dl. These thresholds comprise the
most widely used conversion of O’Sullivan and Ma-
han’s criteria and are currently recommended by both
the American Diabetes Association (ADA)1 and the
American College of Obstetricians and Gynecologists
(ACOG)11.

Table 35.1
O’Sullivan and Mahan Diagnostic Criteria for
Gestational Diabetes Based on Whole Blood Glucose

Time Raw numbers Rounded thresholds

Fasting 90 mg/dl 90 mg/dl
1 hour 165 mg/dl 165 mg/dl
2 hours 143 mg/dl 145 mg/dl
3 hours 127 mg/dl 125 mg/dl

If any two threshold values for whole blood glucose after a 100-g oral glucose
challenge are met or exceeded, gestational diabetes is diagnosed.

Source: References 3 and 6

DEFINITION AND DIAGNOSTIC CRITERIA
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Another change that has occurred since the publica-
tion of the O’Sullivan and Mahan criteria has been the
switch away from tests, such as the Somogyi-Nelson
method, that measure glucose and, to a lesser extent,
other reducing substances. Currently available enzy-
matic methods are more specific for glucose. In whole
blood, the Somogyi-Nelson method detects, on aver-
age, ~5 mg/dl12 or more13 of reducing substances other
than glucose compared with enzymatic analyses. For
this reason, in 1982 Carpenter and Coustan14 sug-
gested conversions of the O’Sullivan and Mahan crite-
ria that first subtracted 5 mg/dl from the whole blood
glucose values to compensate for the change to spe-
cific enzymatic analysis, and then added 14% to con-
vert from whole blood to plasma. The resulting values
are shown in Table 35.3.

Because the NDDG8 and the Carpenter and Coustan14

conversions of the original O’Sullivan and Mahan cri-
teria3 are theoretical, the only way to determine which
are most appropriate would be to re-create the original
methodology (whole blood, Somogyi-Nelson) and
run simultaneous samples against the newer plasma,
glucose oxidase, or hexokinase methods. When this
was carried out15, it appeared that the NDDG conver-
sions were above the 95% confidence limits for all but
the fasting sample, whereas the Carpenter and Cous-

tan conversions were always within the 95% confi-
dence intervals. In one study16, patients whose glu-
cose tolerance tests were abnormal by the lower, but
not the higher, thresholds had a 26% chance to require
insulin during pregnancy, versus a 30% chance among
those meeting the higher thresholds. These data lead
to the conclusion that the conversions recommended
by the NDDG significantly overestimate the original
O’Sullivan and Mahan values. Nevertheless, the
NDDG conversions are most commonly used, and
most of the data in this chapter are based on these
values.

HISTORIC RISK FACTORS

A number of risk factors have been associated with a
greater likelihood of developing gestational diabetes.
By and large these are the same factors that predict
overt diabetes, and they include advanced maternal
age, a family history of diabetes in a first-degree rela-
tive, obesity, and glycosuria. In addition, certain out-
comes in a previous pregnancy are believed to be
predictive, including stillbirth and the birth of a
macrosomic baby. The taking of a history can be con-
sidered to be a "screening test." Important attributes
of any screening test are its sensitivity, i.e., the propor-
tion of individuals with the condition being sought
who are correctly identified, and its specificity, the
proportion of individuals without the condition who
are correctly eliminated from further testing. In stud-
ies of screening by means of history taking, sensitivi-
ties are reported in the vicinity of 50%6,17-19, with
specificities similarly ~50%. Thus, approximately half
of women with gestational diabetes do not have his-
toric risk factors, and approximately half of nondia-
betic women do have historic risk factors. In one
study in which obesity (prepregnancy weight >150
pounds) and maternal age (≥25 years) were added to
the usual risk factors, sensitivity of history-taking was
97%, but specificity was only 24%, meaning that 76%
of normal patients had risk factors20. Another study,
which included maternal age >30 years and obesity
>120% of ideal body weight as additional risk factors
and a screening test threshold of 140 mg/dl, found a
sensitivity of 62% (46/74), but specificity could not be
calculated from the data presented21. It is thus appar-
ent that using historic risk factors to screen for gesta-
tional diabetes is relatively inefficient, since a large
proportion of the population has risk factors present
and a significant number of those with gestational
diabetes do not have such risk factors.

Table 35.2
National Diabetes Data Group Conversion of 
O’Sullivan and Mahan Diagnostic Criteria

Time Venous blood Venous plasma

Fasting 90 mg/dl 105 mg/dl
1 hour 170 mg/dl 190 mg/dl
2 hours 145 mg/dl 165 mg/dl
3 hours 125 mg/dl 145 mg/dl

If any two threshold values for glucose after a 100-g oral glucose challenge are
met or exceeded, gestational diabetes is diagnosed.

Source: Reference 8

Table 35.3
Carpenter and Coustan Criteria for Gestational 
Diabetes

Time Whole blood,
Somogyi-Nelson

Plasma,
glucose oxidase

Fasting 90 mg/dl 95 mg/dl

1 hour 165 mg/dl 180 mg/dl

2 hours 143 mg/dl 155 mg/dl

3 hours 127 mg/dl 140 mg/dl

If any two threshold values for glucose after a 100-g oral glucose challenge are
met or exceeded, gestational diabetes is diagnosed.

Source: Reference 14
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Because the prevalence of gestational diabetes, like
that of NIDDM, increases with advancing maternal
age, using specific maternal age thresholds at which to
pursue universal glucose challenge screening has
been advocated by some11. Although a number of
studies6,18 found that as many as 80% of women with
gestational diabetes are age ≥25 years, the value of an
age threshold depends on the characteristics of the
population being investigated. For example, in an
adolescent pregnancy program all gravidas are age <20
years, while in an infertility program the majority of
patients tend to be older. One population-based
study19 of 6,214 pregnancies demonstrated that use of
the ACOG11 recommendations (testing all women age
>29 years and younger women if risk factors are pre-
sent) would detect only 65% of cases of gestational
diabetes. Such findings support the ADA’s recommen-
dation1 that all pregnant women should be screened
with a glucose challenge test.

GLUCOSE CHALLENGE TEST

In 1973, O’Sullivan et al. suggested the use of a 50-g,
1-hour oral glucose challenge to screen for gestational
diabetes6. Using venous whole blood samples and the
Somogyi-Nelson technology, this group found that a
threshold of 130 mg/dl was 79% sensitive and 87%
specific for gestational diabetes in a population of 752
gravidas, all of whom also underwent the diagnostic
100-g, 3-hour OGTT. While sensitivity and specificity
are the epidemiologic measures usually considered,
the clinician is often most interested in positive and
negative predictive accuracy. The positive predictive
accuracy of a test is the likelihood of the presence of
the condition being sought, given a positive screening
test. For the O’Sullivan study, the positive predictive
accuracy was 14% (15/109). The negative predictive
accuracy, or the likelihood of normalcy given a nega-
tive screening test, was 99.4% (639/643). This means
that 0.6% of individuals with normal screening tests
had gestational diabetes. These two attributes of a
screening test, unlike sensitivity and specificity, are
highly dependent on the prevalence of the condition
in the population. If the prevalence of gestational
diabetes in O’Sullivan’s population had been 10% in-
stead of 2.5%, the negative predictive accuracy would
have decreased to 97.5%, meaning that 2.5% of indi-
viduals with 1-hour glucose values <130 mg/dl would
still have gestational diabetes. The O’Sullivan study is
unique because the entire population was tested with
both the screening test and the diagnostic test, thus
providing complete ascertainment. The 50-g, 1-hour
oral glucose challenge proposed by O’Sullivan has
been recommended by both the ADA1 and the
ACOG11, although the latter group recommends this

test only for gravidas age ≥30 years and younger
women if risk factors are present. 

Thresholds

Subsequent research regarding the 50-g, 1-hour glu-
cose challenge test has focused on the most appropri-
ate thresholds and conditions for testing. Because no
study, other than that of O’Sullivan et al.6, has in-
cluded universal diagnostic testing, sensitivities re-
ported by various studies should be considered as
overestimates; there is always the possibility that
cases of gestational diabetes existed at lower screening
test values in these studies and were undetected. As
laboratories changed from whole blood to plasma and
adapted enzymatic methods of glucose analysis, it
became necessary to extrapolate from O’Sullivan’s
data10,12-13 to set screening test thresholds. While the
ADA1 and ACOG11 recommend a threshold of 140
mg/dl for the 1-hour screen when plasma and enzy-
matic methods of analysis are used, studies using
lower thresholds have demonstrated that 10% of indi-
viduals with gestational diabetes manifested screening
tests between 130 and 139 mg/dl19,22. 

Conditions of Testing

A number of investigators have explored whether
there is any effect on the test if administered to fasting
or fed subjects. In one study, normal subjects had a
similar screening test result whether they were fasting
at the time of glucose challenge or had eaten a mixed-
nutrient meal 1 hour earlier23. However, women with
gestational diabetes showed higher glucose excur-
sions when the test was administered in the fasting
rather than in the fed state. Thus it was suggested that
administering the screen in the fasting state would
allow an increased threshold to be used. Another
study also found no difference in the glucose chal-
lenge test result for normal subjects, whether admin-
istered in the fasting state or at various intervals since
the last meal24. However, this study purposely ex-
cluded women with gestational diabetes, so no con-
clusion can be drawn regarding its relevance to the
screening test, which is, after all, designed to detect
gestational diabetes. At present, it seems that the de-
cision on whether to administer the 50-g, 1-hour
screening test in the fasting state, or to administer it
without regard to the timing of the last meal, rests on
the judgment as to whether increased efficiency (i.e.,
the use of a higher threshold in the fasting state) is
more important than the convenience of being able to
perform the test at any time of day, without prior
scheduling or preparation. This judgment may differ,
depending on the circumstances at a particular center.
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Composition of Challenge

Researchers have examined the possibility of using a
challenge composed of mixed nutrients instead of the
traditional pure glucose load. Their rationale was that
a mixed meal more closely approximates the way in
which people normally ingest nutrients and is more
palatable than pure glucose. For example, the use of a
plasma glucose determination 1 hour after a standard
600 kcal breakfast was compared with the 50-g chal-
lenge in a randomized crossover design in which 50
presumed normal subjects and 20 with known gesta-
tional diabetes were tested25. At a threshold of 100
mg/dl, sensitivity of the breakfast challenge was 96%
and specificity was 74%. Using a threshold of 120
mg/dl at 1 hour after the breakfast would yield a
sensitivity of only 75%. This test may be useful, par-
ticularly in patients who are unable to tolerate the
usual glucose challenge. A 100 mg/dl threshold is
recommended.

Timing of the Screening Test

Because of the common recommendation that the glu-
cose challenge be administered at 24-28 weeks gesta-
tion, a number of investigators have explored the
effect of advancing gestation on screening test func-
tion. Hong et al.26 performed a cross-sectional study of
999 prenatal patients, administering the glucose
screening test at the first prenatal visit. There was an
increasing likelihood of gestational diabetes as preg-
nancy progressed, suggesting that the screening test
performed early in pregnancy is likely to miss affected
individuals (Table 35.4).

Watson et al.27 performed a longitudinal study of 550
prenatal patients screened at 20, 28, and 34 weeks
gestation. There was an average increase in the screen-
ing test result of 1.1±1.9 mg/dl per week. Nahum et
al.28 found a significant increase in positive screening
test results from the first to the early third trimester in
124 subjects who had serial testing. Gravidas with
first trimester screening test results <110 mg/dl were
highly unlikely (0/69) to have gestational diabetes
when tested in the third trimester. Super et al.29 found

that a threshold of 130 mg/dl in the first trimester
provided a sensitivity of 91% for gestational diabetes
at any time during pregnancy among a group of 43
high-risk patients, but in this study patients prepared
assiduously for the screening test with 3 days of car-
bohydrate loading and an overnight fast. It is unclear
whether similar results could be expected in a popu-
lation-based study and whether the preparation is an
important determinant of the high sensitivity. Ben-
jamin et al.30 tested 101 high-risk subjects with a 50-g
screen in the first trimester and full OGTTs in the
second and third trimesters. The first-trimester
screening test was 88% sensitive, but the second-tri-
mester OGTTs diagnosed only 25% of the gestational
diabetic subjects, the other 75% not becoming posi-
tive until the third trimester. Jovanovic and Peterson31

increased their yield for gestational diabetes by ~50%
by retesting, at 33-36 weeks, individuals who were
obese, had a positive screen at 27-31 weeks, and were
age >33 years. These data suggest that, at least among
high-risk individuals, glucose tolerance continues to
decrease even in the mid-third trimester. It can be
concluded from the foregoing studies that some, but
not all, gestational diabetes can be diagnosed as early
as the first half of pregnancy. However, early screen-
ing, if negative, requires repeat testing in the early
third trimester to ensure adequate sensitivity. This
retesting will inevitably increase the cost of the
screening program. Therefore, evidence of a beneficial
effect of early diagnosis of gestational diabetes (i.e.,
before 24-28 weeks) would be required before univer-
sal screening at the first prenatal visit as well as at
24-28 weeks should be recommended. Such evidence
is currently lacking. Therefore, it may be most appro-
priate to reserve early screening for those with a par-
ticularly high likelihood of gestational diabetes. Such
patients would include, among others, those with ges-
tational diabetes in a previous pregnancy, who appear
to have a 50% recurrence risk32-34.

Reflectance Meters for Screening

Whereas most studies of the screening test for gesta-
tional diabetes have used standard laboratory technol-
ogy, some authors have recommended the use of fin-
ger-stick capillary blood samples and reflectance me-
ters, which have the advantages of being inexpensive
and convenient to use in the office setting35-37. In
general, these investigators have studied the accuracy
of reflectance meter systems by running parallel sam-
ples of capillary blood on meters and venous plasma
on standard laboratory instruments. (Accuracy is usu-
ally defined as the ability of a test to produce results
that are close to the best available measure.) Reflec-
tance meter systems are generally accurate, meaning
that their results correlate highly with standard labo-

Table 35.4
Prevalence of Gestational Diabetes According to
Gestational Age

Gestation (weeks) <14 14-23 24-28 >28
Number of subjects 228 354 122 295
GDM prevalence (%) 1.8 2.5 5.7 6.4

National Diabetes Data Group criteria were used to diagnose gestational diabetes.

Source: Reference 26
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ratory technology, although it is always necessary to
add a "correction factor" to compensate for the fact
that these meters tend to systematically over- or un-
derestimate standard laboratory results. The correc-
tion factor is specific to each brand and model, and
perhaps to each individual meter. However, the stud-
ies did not evaluate the precision of the meters35-37.
Precision refers to the reproducibility, or ability of the
test to produce consistent results when performed and
interpreted independently under the same conditions.
Precision is assessed by repeating the test numerous
times on the same samples and it is described by the
coefficient of variation, which is the standard devia-
tion of the repeated measures expressed as a percent-
age of the mean absolute value. The 95% confidence
limits are defined as two times the coefficient of vari-
ation at a given value. When the precision of various
reflectance meters was investigated and compared
with standard laboratory technology, the reflectance
meters had coefficients of variation between 7% and
10%, whereas the standard laboratory technology
ranged from 1%-2%38. According to the latter study, if
reflectance meters were used for screening and full
glucose tolerance testing was desired for 95% of sub-
jects with screening results ≥140 mg/dl (by standard
laboratory technology), then 45% of subjects would
require glucose tolerance testing, compared with only
16% when standard laboratory methods were used.
The ADA does not recommend the use of reflectance
meters for screening or diagnostic testing in preg-
nancy1.

Variations of the 50-Gram, 1-Hour Screen

Huffman et al.39 recommended the use of a 2-hour
plasma glucose screen after a 50-g load, on the basis
of fewer false positive tests. However, in this study
patients underwent either the 1-hour or the 2-hour
screen, but not both. Gestational diabetes (NDDG
criteria) was found in 3.2% of those having the 1-hour
screen and 1.9% of those undergoing the 2-hour
screen, with the same 130 mg/dl threshold used for
both screening tests. Because these figures did not
differ statistically, the authors concluded that the
yield was similar for the two tests. However, the re-
sults could be viewed as showing that 68% more cases
were found with the 1-hour screen, and the lack of
statistical significance was simply a reflection of in-
adequate sample size. Sacks et al.40 have suggested
that fasting plasma glucose may be a better screening
test than the 1-hour value, because of its higher repro-
ducibility and better performance on a receiver opera-
tor characteristic curve. However, these authors only
analyzed the data for subjects whose 1-hour screen
was ≥135 mg/dl. Thus, the discriminatory value of
fasting plasma glucose in the total population could

not be evaluated. Further study is clearly necessary
before this approach is recommended.

GLYCOSYLATED HEMOGLOBIN AS A
SCREENING TEST

One study found the value of glycosylated hemoglo-
bin at 10-15 weeks gestation to be a sensitive and
specific predictor of gestational diabetes41. However,
other investigators have not confirmed that this meas-
ure compares favorably with the 50-g, 1-hour oral
glucose challenge42-44. Measurement of fructosamine
or glycosylated serum protein allows estimation of
shorter-term glycemia than does glycohemoglobin.
Like glycosylated hemoglobin, fructosamine does not
appear to have adequate sensitivity or specificity to be
a practical screening test for gestational diabetes45-47.

CURRENT PRACTICE

As noted above, there is not complete agreement
among the various professional organizations as to
appropriate screening procedures. In 1987, Landon et
al.48 surveyed all board-certified maternal-fetal medi-
cine specialists who were members of the Society of
Perinatal Obstetricians, and a random sample of 504
generalist obstetricians, who were members of the
ACOG. ACOG members were divided into recent resi-
dency graduates (<15 years) and senior practitioners
(>15 years). The survey found that 90% of subspecial-
ist respondents, 77% of recent residency graduates,
and 76% of more senior practitioners practice univer-
sal screening for gestational diabetes. The 50-g 1-hour
glucose challenge is used by 95% of specialists and
younger generalist obstetricians and 74% of more sen-
ior obstetricians. In a 1985 survey of 26 health main-
tenance organizations serving more than 1.5 million
patients, Hughey noted that 65% routinely offered
blood glucose screening during pregnancy, most often
a 1-hour test49. A survey of 228 family practitioners
and 188 obstetrician/gynecologists in Indiana found
that 72% of family doctors universally screen for ges-
tational diabetes using the 50-g, 1-hour challenge, a
significantly lower proportion than the 86% of obste-
trician/gynecologists (p<0.001)50.

Just as population differences exist with regard to the
prevalence of IDDM and NIDDM, various ethnic and
racial groups in the United States manifest different
proportions affected by gestational diabetes. These
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differences confound comparisons between different
studies. In turn, estimates of the prevalence of gesta-
tional diabetes among different groups are themselves
confounded by differences in screening protocols and
diagnostic criteria. The only fully accurate method to
estimate the prevalence of gestational diabetes within
a population is to perform the "gold standard" diag-
nostic test on all subjects. This approach has not been
taken, with the exception of the study of O’Sullivan et
al.6 All other studies selected patients for glucose
tolerance testing based on screening criteria, either
historic risk factors or a glucose challenge test. Nev-
ertheless, it is useful to view the range of prevalence
reported by various investigators (Table 35.5). Each
study stated that the prevalence figure was population
based, or that descriptor could be inferred from the
methods described. As is obvious, there is a wide
range of prevalences reported. Some, but clearly not
all, of this variability may be ascribed to differences in
diagnostic standards or screening methods employed.
However, there are unquestionably racial and ethnic
differences in the prevalence of gestational diabetes,
just as there are for the prevalence of IDDM and
NIDDM. Some Native American populations, among
whom there is a high rate of NIDDM, are also highly
likely to develop gestational diabetes64, although in

one study a rate of 3.2%, similar to that in non-Native
American populations, was reported56. However, an
additional 2% of these Tohono O’odham pregnant
women had NIDDM, so that the overall rate of diabe-
tes in pregnancy was 5.2%. Nahum et al.65 noted the
prevalence of gestational diabetes at the Kaiser Foun-
dation Hospital in Los Angeles, CA to be highest
among black (7.5%) and Hispanic (6.3%) women, and
lower in non-Hispanic whites (4.9%), Asians (4.7%),
and Filipinos (3.6%). Dooley et al.58 similarly have
reported relative risks of 2.45 for Hispanic and 1.81
for black women compared with whites. Age and obe-
sity influence the likelihood of gestational diabetes,
making comparisons of prevalence among different
centers very complex. Some have suggested race-spe-
cific screening or diagnostic criteria65. However, since
the diagnosis of gestational diabetes is presumably
sought to decrease perinatal morbidity and mortality,
the use of different diagnostic criteria should await data
demonstrating differential fetal sensitivity to hypergly-
cemia in different groups. The criteria for NIDDM are
similar around the world, and we generally assume that
different groups manifest differing susceptibility to
NIDDM. It thus makes little sense to use population-
specific criteria for gestational diabetes simply to main-
tain the prevalence at a similar level across groups.

Table 35.5
Prevalence of Gestational Diabetes in Various Studies

Author Location Race of patients GDM criteria Number of subjects Prevalence of GDM (%)

Chen51 Brooklyn, NY ? local 8,288 1.1

Lavin52 Akron, OH ? NDDG8 2,077 1.5

Dietrich53 Omaha, NE 95% white NDDG8 200 2.0

Coustan19 Providence, RI 88% white NDDG8 6,214 2.0

Dacus21 Memphis, TN 82% black NDDG8 3,563 2.1

Marquette54 Baltimore, MD 84% black NDDG8 1,034 2.3

O’Sullivan6 Boston, MA 60% white O’Sullivan3 752 2.5

Merkatz55 Cleveland, OH 61% white local 2,225 3.1

Livingston56 Arizona Tohono O’odham Indian NDDG8 1,853 3.2

Magee57 Seattle, WA mainly white NDDG8 2,019 3.2

C&C14 5.0

Dooley58 Chicago, IL mixed NDDG8 3,744 3.5

C&C14 5.5

Sacks59 Los Angeles, CA ? NDDG8 4,116 3.4

Hong26 Long Island, NY 61% black NDDG8 999 3.9

C&C14 4.4

Berkowitz60 Manhattan, NY 62% Hispanic C&C14 7,762 4.6

Watson27 Military ? NDDG8 550 4.9

Murphy61 Alaska Yup’ik Eskimo NDDG8 605 5.8

Amankwah62 Springfield, IL ? local 1,184 6.0

Nahum28 Los Angeles, CA 61% white C&C14 1,151 7.1

Mestman63 Los Angeles, CA mainly Hispanic local 652 8.8

Benjamin64 Zuni, NM Zuni Indian NDDG8 809 14.3

Question mark indicates missing data. GDM, gestational diabetes mellitus; NDDG, National Diabetes Data Group; C&C, Carpenter and Coustan.

Source: References are listed within the table 

709



Another approach to obtaining population data has
been the use of birth certificates. Unfortunately, al-
though the 1989 revision of the standard birth certifi-
cate includes information about the presence of diabe-
tes in pregnancy, it does not differentiate between
gestational diabetes and preexisting diabetes66. Since
in most populations (other than Native Americans
and Hispanics) gestational diabetes is 10 or more
times as prevalent as preexisting diabetes, the com-
bined figures from birth certificates should approxi-
mate gestational diabetes ascertainment rates. In a
study of 3.8 million births in 47 states during 198966,
the rate of diabetes (established or gestational) was
2.1%. This figure is probably an underestimate, to the
extent that universal screening for diabetes was not
invariably carried out. Appendix 35.1 shows the per-
cent of U.S. birth certificates in 1991 that listed diabe-
tes in the mother.

PERINATAL MORTALITY

Most studies conducted during the past 15 years find
no increase in the perinatal mortality rate in pregnan-
cies complicated by gestational diabetes. Indeed, it
appears to have been primarily this finding that
prompted Hunter and Keirse5 to recommend aban-
doning screening programs. All studies showing no
increased perinatal mortality, however, included some
kind of treatment for gestational diabetes. A broad
range of treatments can be considered, from insulin to
diet to antepartum testing of fetal well-being to simply
diagnosing and identifying the patient as being at
some increased risk. This may lead to increased sur-
veillance as subtle as paying more attention to the
patient when she notes a change in fetal activity. An-
other issue that confounds studies with negative re-
sults is sample size that is inadequate to identify dif-
ferences in rare events such as perinatal death. If
screening for gestational diabetes were to be aban-
doned, and if there is truly an increased perinatal
mortality risk in cases of undiagnosed gestational dia-
betes, then potentially preventable perinatal deaths
would occur without being noticed. Thus, the most
apropos data regarding whether screening is desirable
are those collected with the caregivers blinded to the
results or in which no specific treatment is offered.
Pettitt et al.67 administered 75-g, 2-hour oral glucose
challenges to 811 Pima women in the early third
trimester of pregnancy. The results were not used in
management. Perinatal mortality was directly propor-
tional to the plasma glucose levels at 2 hours after
ingestion of the challenge, rising from 3 per 1,000 at

levels <100 mg/dl to 12 per 1,000 at levels of 120-159
mg/dl and 125 per 1,000 when the challenge test
result was >200 mg/dl. Although this latter value rep-
resented only eight subjects, the association was
highly statistically significant. O’Sullivan et al.68 com-
pared perinatal mortality rates among gravidas whose
gestational diabetes was not managed in any special
way with that of nondiabetic pregnant women, and
found a fourfold increase among the gestational dia-
betic individuals. Excess perinatal mortality could not
be documented in the 53 gestational diabetic indi-
viduals age <25 years because there were no perinatal
deaths in this small subgroup. Abell and Beischer in
Melbourne, Australia69 also demonstrated an associa-
tion between relatively mild degrees of hyperglycemia
on a glucose tolerance test and increased perinatal
mortality. These studies support the likelihood that
there is an association between undiagnosed gesta-
tional diabetes and perinatal mortality. It is clear that
women with preexisting diabetes who become preg-
nant have a significantly increased risk of perinatal
loss, and that such risk is related to the absence of
good metabolic control (see Chapter 36). Because ges-
tational diabetes is part of a broad continuum of hyper-
glycemia, it would seem most productive to focus
future investigations on identifying a threshold glu-
cose value for increased perinatal mortality, rather
than on endlessly debating the existence of the entity.

PERINATAL MORBIDITY

While perinatal mortality is a useful endpoint because
death is unequivocal and easy to measure, attention
has shifted to perinatal morbidity, which refers to any
problem associated with immediate pregnancy out-
come. The same problems known to occur in the
offspring of women with preexisting diabetes, includ-
ing neonatal hypoglycemia, plethora, jaundice, and
respiratory distress syndrome, may occur in infants of
gestational diabetic women. However, the most
widely studied "adverse" outcome is macrosomia.
Macrosomia is variously defined as birth weight in
excess of 8.5 pounds, 9 pounds, 4,000 g, and 4,500 g.
Appendix 35.2 shows the proportion of infants weigh-
ing >4,000 g at birth in 1991, based on U.S. birth
certificate data. "Large for gestational age" is diag-
nosed when infants are at or above the 90th, 95th, or
97.5th centile for gestational age, and this may be
adjusted for variables such as gender and birth order.
This lack of uniform standards makes comparing
studies difficult. In Pettitt’s study of Pima women
undergoing a 75-g, 2-hour glucose challenge, there
was a direct relationship between the glucose value
and the likelihood of macrosomia67. In a study of
women with normal glucose tolerance tests, Tallarigo

IMPLICATIONS FOR PREGNANCY OUTCOME
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et al.70 demonstrated a direct relationship between the
2-hour OGTT value and the likelihood of
macrosomia. Berkus and Langer71 found an approxi-
mate doubling of the rate of newborns weighing more
than the 90th centile among 764 women with one,
two, or three abnormal values on their glucose toler-
ance tests compared with 636 normal control sub-
jects, but the degree of glucose tolerance abnormality
was not predictive of macrosomia. The most impor-
tant variable appeared to be suboptimal diabetic con-
trol. Other morbidities, such as neonatal hypoglyce-
mia, have been reported with increased frequency in
infants of gestational diabetic mothers72. In the popu-
lation-based study of Magee et al.57, women with ges-
tational diabetes had a significantly higher likelihood
of experiencing any of 33 possible perinatal morbidi-
ties, and this was true whether the NDDG criteria8 or
the lower criteria of Carpenter and Coustan14 were
used to make the diagnosis. Many studies relating
gestational diabetes to perinatal morbidity have been
questioned on the basis of possible confounding vari-
ables5, and the ideal study remains to be performed. It
would include a cohort of women with varying de-
grees of carbohydrate abnormality whose glucose tol-
erance test results were not known to the caregivers.
Data on pregnancy outcome would be collected
prospectively for the entire cohort. Until such data
become available, it is necessary to use existing, ad-
mittedly flawed, data while acknowledging the limita-
tions that exist.

A good deal of research, over many years, has focused
on the fetal and neonatal implications of gestational
diabetes and preexisting diabetes. Freinkel73, in his
1980 Banting lecture to the ADA, suggested that the
effects of the metabolic milieu of the diabetic (or ges-
tational diabetic) mother may extend beyond the peri-
ods of organogenesis and the immediate neonatal pe-
riod, and he speculated that "fuel-mediated terato-
genesis" may bring about behavioral, metabolic, and
anthropometric changes that last a lifetime. Both ex-
perimental and clinical evidence are accumulating to
support this concept. Van Assche et al.74 infused strep-
tozotocin into early pregnant Wistar rats, inducing
mild hyperglycemia similar to that seen in gestational
diabetes. The female offspring developed "gestational
diabetes" when pregnant, as did the third generation.
Gauguier et al.75 used glucose infusions in late preg-
nant rats to produce similar long-term effects on the
offspring. In a review of the family history of individu-
als with gestational diabetes, Martin et al.76 found that
a history of maternal diabetes was three times more

likely than paternal diabetes (33% versus 9%), sug-
gesting the possibility of an in utero effect of the dia-
betic mother. This was in contradistinction to preg-
nant women with preexisting diabetes, in whom no
such discrepancy was found (12% diabetic mother
versus 7% diabetic father), and to nondiabetic con-
trols. Pettitt et al.77 have meticulously followed 552
Pima Indian offspring from birth to (in some cases) age
24 years. Subjects were stratified according to their
mother’s plasma glucose response to a 75-g, 2-hour
oral glucose challenge during the third trimester of
pregnancy. There was a striking direct relationship
between the maternal glucose response and the off-
spring 2-hour glucose response to a 75-g challenge
(Figure 35.1). This relationship held true even when
controlled for gender, age, and obesity. During preg-
nancies occurring in offspring at age 15-24 years, ab-
normal glucose tolerance was found in 6% of those
whose mothers’ glucose response was <100 mg/dl, 19%
of those with responses of 100-120 mg/dl, 43% of those
with 121-139 mg/dl, and 50% of those with ≥140
mg/dl.

In the Pima Indian study77, there was also a direct
relationship between the maternal glucose response
during pregnancy and the relative weight of the off-
spring up to age 14 years, particularly in subjects
whose maternal glucose value was ≥140 mg/dl. As
offspring grew older, the general tendency toward
obesity among Pimas seemed to obscure any effect of
maternal glycemia. Silverman et al.78 followed off-
spring of mothers with preexisting diabetes and gesta-
tional diabetes and found that childhood obesity be-
came particularly common after age 6 years. This group

IMPLICATIONS FOR THE OFFSPRING
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Figure 35.1
Mean 2-Hour Glucose in Pima Indian Offspring, by
Age and Maternal 2-Hour Glucose During Pregnancy

2-hour glucoses are mean values at 2 hours after a 75-g glucose challenge.

Source: Reference 77
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also reported a relationship between second- and
third-trimester maternal metabolism and neonatal be-
havior as well as intellectual performance in child-
hood79,80. Thus, the above evidence lends support to
Freinkel’s broader vision of global effects of maternal
fuel disturbances during pregnancy on long-term out-
come.

As mentioned earlier, the O’Sullivan and Mahan crite-
ria were validated for their ability to predict overt
diabetes in the nonpregnant state within 7-8 years3. In
subsequent studies these investigators found that
nearly 40% of former gestational diabetic women had
developed diabetes by USPHS criteria within 20 years
of their pregnancies (Figure 35.2)81. Similar findings
have been reported from Melbourne, Australia, using
a different glucose challenge and different diagnostic
criteria for gestational diabetes82. In both of these
studies there was an increasing prevalence of diabetes
with increasing elapsed time since the index preg-
nancy, indicating that the overt diabetes was probably
not present prior to pregnancy in most cases and that
the gestational diabetes was at least in part related to
the diabetogenic influence of pregnancy. On the other
hand, Kjos et al.83 performed 75-g, 3-hour oral glucose
tolerance tests in 246 Hispanic women at 5-8 weeks
postpartum after pregnancies complicated by gesta-
tional diabetes. Diabetes was found in 9%, with an

additional 10% diagnosed as having impaired glucose
tolerance. Catalano et al.84 tested 103 predominantly
Caucasian former gestational diabetic patients at ~6
weeks postpartum and found only 3% with diabetes
and 4% with impaired glucose tolerance. The differ-
ences between the two studies are probably due to
population differences in the prevalence of diabetes
but may also relate to the lower criteria for gestational
diabetes used in the latter study. Another possible
confounder is the proximity to pregnancy of postpar-
tum glucose tolerance testing. Lam et al.85 followed
120 Chinese patients who had met WHO criteria for
diabetes or impaired glucose tolerance during preg-
nancy and who continued to have abnormal tests at 6
weeks postpartum. By 12 months postpartum, only
13% of these subjects still had diabetes or impaired
glucose tolerance.

Damm et al.86 retested 241 women with former gesta-
tional diabetes at 2-11 years postpartum, looking for
predictive factors for future diabetes. Overt diabetes
had developed in 17% and impaired glucose tolerance
in another 17%. While there was no relationship be-
tween the development of diabetes and the time since
index pregnancy, the strongest predictive factors were
high fasting glucose during the pregnancy glucose
tolerance test, preterm delivery, and an abnormal glu-
cose tolerance test at 2 months postpartum. Coustan
et al.87 carried out a similar study on 350 former
gestational diabetic subjects at 0-10 years after preg-
nancy. Diabetes or impaired glucose tolerance had
developed in 6% of those tested at 0-2 years, 13% at
3-4 years, 15% at 5-6 years, and 30% at 7-10 years.
Predictive variables included fasting glucose during
the pregnancy OGTT, obesity, and time elapsed since
the index pregnancy. Logistic regression allowed the
construction of an equation to describe the likelihood

Table 35.6
Estimated Percent of Women with Gestational 
Diabetes Developing NIDDM or IGT After 
Pregnancy

% at 2 years
after pregnancy

% at 4 years
after pregnancy

Fasting plasma
glucose (mg/dl)
during pregnancy

BMI before index
pregnancy

BMI before index
pregnancy

15 25 35 15 25 35

100 1.2 2.5 5.5 2.3 8.1 10.6
120 2.5 5.5 11.4 5.1 10.6 20.9
140 5.5 11.4 22.3 10.6 20.9 37.0

Risk of subsequent NIDDM or IGT (impaired glucose tolerance) is calculated
from a regression equation based on data from 350 former gestational diabetic
women retested at 0-10 years after their index pregnancy with a 75-g 2-hour
OGTT, using NDDG criteria.

Source: Reference 87
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Figure 35.2
Cumulative Incidence of Diabetes in Women with
Normal Glucose Tolerance or Gestational Diabetes
During Their Index Pregnancy

United States Public Health Service criteria were used to diagnose diabetes
during the followup.

Source: Reference 81
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of subsequent diabetes based on these three variables
(Table 35.6). Such studies allow the identification of
a high-risk population for future diabetes, possibly
enhancing our ability to test various interventions to
prevent this problem. This is not a trivial issue, as
undiagnosed diabetes is a highly prevalent situation
that is associated with significant morbidity88. Consider-
able cost savings could accrue if interventions succeed89.
Indeed, O’Sullivan found that former gestational dia-
betic women were at greater risk for hypertension, hy-
perlipidemia, ECG abnormalities, and mortality81.

It should be noted that pregnancy appears to function
as a provocative test and not as an independent risk
factor for future diabetes90-91. Thus, there is little rea-
son to believe that the avoidance of pregnancy would
decrease the likelihood of developing diabetes.

Dr. Donald R. Coustan is Professor and Chairman, Depart-
ment of Obstetrics and Gynecology, Brown University School
of Medicine, and Obstetrician and Gynecologist in Chief,
Women and Infants’ Hospital of Rhode Island, Providence, RI.
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Appendix 35.1
Percent of Birth Certificates Listing Diabetes in the
Mother, U.S., 1991

Appendix 35.2
Percent of All U.S. Births with Birthweight ≥4,000
Grams, by Race of Mother, 1992

Rates were determined from birth certificates that contained a checkbox for the
presence of maternal diabetes (most states and the District of Columbia). The
checkboxes do not distinguish among IDDM, NIDDM, and gestational diabetes
in the mother. Other limitations of birth certificate data that may have led to
an underestimation of diabetes rates are discussed in the text.

Source: Reference 92

Data from all birth certificates filed in the United States in 1992.

Source: Reference 93
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Chapter 36

Pregnancy in Preexisting
Diabetes
Thomas A. Buchanan, M.D.

SUMMARY

Data from birth certificates in the United
States indicate that maternal diabetes com-
plicates 2%-3% of all pregnancies, but
these data may underestimate the true

prevalence of maternal diabetes in pregnancy. Two
major forms of maternal diabetes may occur during
pregnancy: preexisting or "pregestational" diabetes,
and gestational-onset or gestational diabetes mellitus
(GDM). Only the former is known prior to pregnancy,
and this form constitutes ~10% of cases of maternal
diabetes. Thus, prevalence rates for pregestational
diabetes appear to be in the range of 0.1%-0.3% of all
pregnancies. These pregnancies are at risk for both
maternal and fetal complications.

Fetal complications of maternal diabetes can be di-
vided into two major categories. Complications that
arise from the effects of maternal diabetes on early
fetal development (i.e., in the first trimester) include
spontaneous abortions and major congenital malfor-
mations. In the absence of special preconceptional
diabetes management, spontaneous abortions occur
in 7%-17% of diabetic pregnancies and major malfor-
mations occur in 7%-13%. Rates of both complica-
tions are highest in women with the most marked
hyperglycemia during the first trimester, and the rates
of malformations appear to be decreasing in countries
and medical centers where standards of diabetes care
result in improved maternal blood glucose control
prior to and during early pregnancy. The most promi-
nent fetal complications that can arise during the
second and third trimesters are stillbirth and

macrosomia (an excessively large infant). Stillbirths
are now uncommon in diabetic pregnancies; congeni-
tal malformations and complications of maternal hy-
pertensive disorders account for most of the 1.5- to
2-fold increase in perinatal mortality compared with
nondiabetic pregnancies. Macrosomia appears to be
the most frequent fetal complication, affecting 10%-
33% of infants, depending on the definition used for
macrosomia. Macrosomia increases the risk of birth
trauma and has been associated with a long-term risk
of obesity in offspring.

Maternal risks in diabetic pregnancies are greatest in
the presence of preexisting microvascular disease (ret-
inopathy and nephropathy). Diabetic retinopathy is
present in 15%-66% of women early in pregnancy, and
the retinopathy frequently worsens during gestation,
especially when severe background or proliferative
changes are present early on. Laser photocoagulation
therapy prior to pregnancy can reduce the risk that
proliferative retinopathy will worsen during gesta-
tion. Overt diabetic nephropathy is present before
pregnancy in 5%-10% of patients; of these, two-thirds
manifest hypertensive disorders during gestation. The
hypertensive disorders precede pregnancy in approxi-
mately half of the cases and develop during pregnancy
in the other half. Overt diabetic nephropathy in moth-
ers increases the prevalence of intrauterine growth
retardation and prematurity in infants; fetal morbidity
and mortality increase as well. The long-term impact
of pregnancy on diabetic retinopathy and neph-
ropathy in mothers is not known.

• • • • • • •
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There is no national surveillance program for diabetes
during pregnancy in the United States. As a result, it
is not possible to determine true national prevalence
rates for diabetes during pregnancy or for the various
maternal and fetal complications that can occur when
diabetes and pregnancy coexist. Data to help estimate
prevalence rates for diabetes and its complications
during pregnancy come from several sources. Since
1989, birth certificates in most states and the District
of Columbia have included information on a variety of
maternal and infant risk factors, including diabetes1.
The birth certificate data provide the first national
estimates of the prevalence of diabetes during preg-
nancy. However, the certificates do not distinguish
between the focus of this chapter, diabetes that existed
prior to pregnancy—pregestational diabetes, includ-
ing insulin-dependent diabetes mellitus (IDDM) and
non-insulin-dependent diabetes mellitus (NIDDM)—
and diabetes that is first detected during pregnancy
(GDM, discussed in Chapter 35). Birth certificate data
may also suffer from inaccurate reporting of maternal
and fetal complications (e.g., only 65% of maternal
diabetes was recorded on birth certificates surveyed in
Tennessee in 1989)2. 

Other data sources include regional or statewide data
derived from a combination of birth certificate and
hospital record information and published reports
from individual medical centers. The former source
may be the most complete for a specific region, al-
though the magnitude of inaccurate reporting on
birth certificates and hospital discharge summaries is
difficult to assess. The latter source may suffer from at
least two forms of bias related to patterns of patient
referral and care. First, the medical centers that have
published their patient data were predominantly spe-
cialized referral centers. It is likely that these centers
managed the most complicated cases of maternal dia-
betes, so that prevalence rates of various maternal
complications may be overestimated compared with
the entire population. Second, physicians in most of
these centers have extensive experience in the man-
agement of diabetes during pregnancy, so that mater-
nal and fetal outcomes might be better for a given
severity of diabetes than would be true for less special-
ized medical centers.

Because of the limitations imposed by the lack of
national data for many aspects of pregestational diabe-
tes in pregnancy in the United States, some informa-
tion from other countries has been included in this
chapter, particularly when the structure of the health
care system in those countries has allowed the collec-

tion of reasonably good national data on pregnancies
complicated by maternal diabetes.

Data from the 1991-92 National Health Interview Sur-
vey (NHIS)3,4 on the prevalence of known diabetes in
white and black women age 18-44 years are shown in
Figure 36.1. These data are based on self-reporting of
physician-diagnosed diabetes and they indicate that
1.2% of white women and 2.2% of black women in the
age group (525,000 and 140,000 women, respec-
tively) have been diagnosed by a physician as having
diabetes. The responses did not distinguish between
IDDM and NIDDM, which have different age distribu-
tions in the population (see Chapter 2). Data from the
National Health and Nutrition Examination Surveys
(NHANES), in which medical history and oral glucose
tolerance testing were used to ascertain diabetes, indi-
cate that an additional 0.7%-1.3% of women age 20-44
years have undiagnosed diabetes (Figure 36.2). Of the
women without diabetes, many have impaired glucose
tolerance (IGT) (Figure 36.2), a condition in which
blood glucose concentrations are above normal but
not in the diabetic range (Chapter 2). When diabetes
and IGT estimates are combined, 10%-18% of non-
pregnant women age 20-44 years have some type of
abnormal glucose tolerance that would be associated
with fetal or maternal risks if those women became
pregnant.
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Figure 36.1
Prevalence of Diagnosed Diabetes in Women Age 
18-44 Years, U.S., 1991-92

Data are based on self-reported information on physician-diagnosed diabetes
in the 1991-92 National Health Interview Surveys.

Source: References 3 and 4
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Precise details on the age distribution of diabetes in
women of childbearing age are not available. How-
ever, data have been collected on the maternal age
distribution for all live births and on birth rates ac-
cording to maternal age in the entire U.S. population5.
In 1992, 39% of births occurred to women age <25
years and only 10% occurred to women age ≥35 years
(Figure 36.3). The birth rate was highest for white

women age 25-29 years, and for black women age
20-24 years and birth rates declined almost linearly at
older ages (Figure 36.4). This decline contrasts with
the rising prevalence rates of diabetes with increasing
age among women who are pregnant, as presented
below.

Data from birth certificates indicate that 2%-3% of
pregnancies in the United States are complicated by
some form of maternal diabetes1,6-8. These data do not
distinguish between pregestational diabetes and
GDM. However, since prevalence rates for the latter
condition are in the range of 2%-4% when routine
blood glucose screening is employed during preg-
nancy9,10 (see Chapter 35), it is likely that: 1) the birth
certificate data underestimate the overall prevalence
of maternal diabetes during pregnancy2; and 2) a mi-
nority of diabetic pregnancies occur in women with
pregestational diabetes. 

Age-specific prevalence rates for all types of diabetes
in white and black pregnant women, based on U.S.
birth certificate data, are shown in Figure 36.5. Com-
bined prevalence rates rise from <1% for women age
<20 years to >6% for women age >40 years. Prevalence
rates are higher for white women at age <25 years,
when IDDM predominates and NIDDM and GDM are
relatively uncommon. Rates are higher for black
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Figure 36.2
Prevalence of NIDDM and IGT in Women Age 
20-44 Years, U.S., 1976-82

Figure 36.4
Birth Rates by Maternal Age for All Black and
White Women, U.S., 1992

Figure 36.3
Distribution of All Live Births by Maternal Age for
Black and White Women, U.S., 1992

Diagnosed diabetes is based on self-reported information on physician-diag-
nosed diabetes; undiagnosed NIDDM and impaired glucose tolerance (IGT)
were determined by a 75-g, 2-hour oral glucose tolerance test interpreted
acccording to World Health Organization criteria.

Source: 1976-80 Second National Health and Nutrition Examination Survey
and 1982-84 Hispanic Health and Nutrition Examination Survey

Rates were determined from data on all birth certificates filed in the U.S. in
1992.

Source: Reference 5

Data are from all birth certificates filed in the U.S. in 1991. Rates are expressed
as the percent of births at all ages that occurred to women in each age group.

Source: Reference 5
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women at age >30 years, when NIDDM and GDM are
more common complications of pregnancy. This pat-
tern is consistent with the relative prevalence rates of
IDDM and NIDDM or GDM in the two ethnic groups:
IDDM is more common in whites, while NIDDM and
GDM are more common in blacks.

Population-based data from hospital records in the
state of Washington11 indicate a prevalence rate for
pregestational diabetes (both IDDM and NIDDM) of
2.1 per 1,000 live births in 1979-80. This figure is
close to the prevalence rate for IDDM of 1.8 per 1,000
live births reported for 1982-85 in Sweden, where
national data for IDDM in pregnancy are available. A
slightly lower rate of diabetes has been reported from
a population-based study (birth certificate data fol-
lowed up by telephone interviews) of congenital mal-
formations in Georgia; 1 per 1,000 pregnancies were
complicated by pregestational diabetes in that study,
which included both live-born and stillborn infants
rather than live births alone12.

On the basis of these limited population data, it ap-
pears that preexisting diabetes complicates pregnan-
cies at a rate of ~1-3 per 1,000 births. A slightly higher
prevalence rate would be expected if all pregnancies
complicated by preexisting diabetes were considered,
since 10%-20% of such pregnancies end in spontane-
ous abortions (discussed below) and an unknown
number end in elective terminations. Even if these
two factors are taken into account, the prevalence rate
for pregestational diabetes appears to be somewhat

less than predicted by the background prevalence of
diagnosed diabetes in women of reproductive age (14
per 1,000 women age 18-44 years in 1991-92)3,4.
Whether the discrepancy represents an underestima-
tion of the rates of pregestational diabetes in preg-
nancy or a true reduction in the fertility rates of
diabetic women is not known.

The relative proportion of IDDM compared with
NIDDM in pregestational diabetes is likely to vary
according to the ethnicity of the population and the
background prevalence of IDDM and NIDDM. For
example, only NIDDM complicates pregnancies in
Pima Indians with pregestational diabetes13, since
IDDM does not occur in that ethnic group. By con-
trast, ~25% of pregestational diabetic pregnancies
were complicated by NIDDM in the Washington
state11 and Georgia12 studies. A large majority (>80%)
of women with pregestational diabetes at California’s
Los Angeles County/USC Medical Center, which pro-
vides care for a predominantly Latino population,
have clinical characteristics consistent with NIDDM14.

Maternal diabetes may be associated with abnormal
fetal development and excess fetal morbidity and mor-
tality compared with nondiabetic pregnancies (dis-
cussed below). The frequencies of fetal abnormalities
vary according to the type and timing of medical care
delivered to women with diabetes. As a result, fre-
quencies of fetal morbidity and mortality in diabetic
pregnancies have been changing over the past six
decades15, and the frequencies vary according to the
intensity of maternal medical care provided during
specific developmental periods. Thus, it is difficult
and perhaps inappropriate to derive a single preva-
lence rate for any fetal complication of maternal dia-
betes in the absence of some knowledge of maternal
health care. In the discussion below, an attempt had
been made to express fetal risks in relation to meas-
ures of maternal health care such as glycemic control
or access to specialized prenatal centers.

SPONTANEOUS ABORTIONS

Published data on overall rates of spontaneous abor-
tion (SAB, generally defined as spontaneous loss prior
to 20 weeks gestation) in pregestational diabetic preg-
nancies reveals no clear answer regarding whether the
rates are increased compared with nondiabetic preg-
nancies. Some studies in the past16,17 reported rates
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Figure 36.5
Percent of Birth Certificates Listing Diabetes in the
Mother, U.S., 1991

FETAL COMPLICATIONS OF MATERNAL 
PREGESTATIONAL DIABETES

Rates were determined from birth certificates that contained a checkbox for the
presence of maternal diabetes (most states and the District of Columbia). The
checkboxes do not distinguish among IDDM, NIDDM, and gestational diabetes
in the mother. Other limitations of birth certificate data that may have led to
an underestimation of diabetes rates are discussed in the text.

Source: Reference 1
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that were twice as high as rates in nondiabetic women.
More recent reports conclude that overall rates are no
higher than observed18,19 or expected20,21 in the ab-
sence of maternal diabetes (Table 36.1). 

Some of the conflicting results may be attributed to
methodological differences (e.g., ascertainment of
SAB, recruitment of nondiabetic controls). However,
in most studies there is a clear pattern of increased
SAB rates when maternal metabolic control in early
pregnancy is poor. For example, the Diabetes in Early
Pregnancy Study reported SAB rates of 16.2% and
16.1% in prospectively recruited nondiabetic control
subjects and patients with IDDM, respectively18.
Among the diabetic women, the minority with evi-
dence of poor metabolic control during the first tri-
mester (as indicated by elevated blood glucose and
glycosylated hemoglobin levels) had increased SAB
rates (Table 36.2 and Figure 36.6). In a study of 303
women referred for management of pregestational dia-

betes, an overall SAB rate of 17% was found20. The SAB
rate in nondiabetic control pregnancies was not deter-
mined, but diabetic women with poor glycemic con-
trol (elevated glycohemoglobin levels) in early preg-
nancy had much higher SAB rates than did women
with good early-pregnancy control (Table 36.2).
Population-based data from Sweden on SAB rates also
indicate increased rates when maternal glycemic con-
trol is poor in early pregnancy. A study was made on
532 pregnancies complicated by pregestational IDDM,
representing ~80% of all such pregnancies in Sweden
during a 4-year period19. The SAB rate in these preg-
nancies was 7.7%, nearly the same as the 7.2% rate in

Table 36.2
Rates of Spontaneous Abortion in Pregnancies Complicated by Pregestational Diabetes, by Maternal GHb During
the First Trimester 

Reference 18 Reference 20 Reference 19

GHb      Spontaneous GHb Spontaneous GHb Spontaneous
SD>mean No. abortion (%) SD>mean No. abortion (%) SD>mean No. abortion (%)

<2 108 9.3 <6 113 12.4 <2 118 2.5
2-4 182 14.8 6-9 85 8.3 2-4 150 4.7
4-6 43 16.3 9-12 61 24.6 4-6 135 7.4
6-8 26 23.1 12-15 28 35.7 6-8 87 11.5
>8 16 37.5 >15 16 37.5 >8 42 26.2

GHb, glycohemoglobin; SD, standard deviation. GHb was determined during the first trimester or early second trimester and is expressed as SDs above the mean of
nondiabetic individuals (References 18 and 19) or above the mean of the entire diabetic group (Reference 20). "No." denotes the number of diabetic women in each GHb
category. Spontaneous abortion (%) denotes the percent of women in each GHb category who had a spontaneous abortion. Rates increased significantly with increasing
GHb level in each study.

Source: References are listed within the table
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Figure 36.6
Rates of First Trimester Spontaneous Abortion 
in Pregnancies Complicated by Pregestational 
Diabetes, by Maternal GHb Levels

Table 36.1
Rates of Spontaneous Abortion in Recent Series 
of Pregnancies Complicated by Pregestational 
Diabetes and in Nondiabetic Pregnancies

Years Nondiabetic Diabetic
Ref. of study No. % No. % 

18 1980-85 70/432 16.2 62/386 16.1
19 1982-85 16/222 7.2 41/532 7.7
20 1983-87 52/303 17.2
21 1982-88 12/122 9.8

Nondiabetic control subjects were recruited prospectively in Reference 18 and
were selected at random from one of the 36 hospitals at which diabetic women
received care in Reference 19. Spontaneous abortion rates did not differ
significantly between diabetic and nondiabetic groups in these two studies. No
data from nondiabetic pregnancies were presented in References 20 or 21.

Source: References are listed within the table

GHb, glycohemoglobin; SD, standard deviation. Maternal GHb concentrations
were measured during the first trimester or early second trimester of preg-
nancy. GHb is expressed as SDs above the mean of nondiabetic individuals
(References 18 and 19) or as SDs above the mean of the entire diabetic group
(Reference 20). See Table 36.2 for numbers of subjects in each study by GHb
category.

Source: References 18-20
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a group of randomly selected, concurrent controls.
However, the survey revealed that there was a progres-
sive increase in the SAB rate among diabetic women as
glycohemoglobin levels increased above normal (Ta-
ble 36.2). 

Thus, it seems clear that the prevalence of SABs in
women with pregestational diabetes is increased when
blood glucose control is poor during the first trimester
of pregnancy. Women with good control, whether re-
cruited into a prospective program of preconceptional
diabetes management or not, do not appear to have
increased rates of SAB compared with nondiabetic
women. Populations in which overall diabetes control
is good (e.g., in Sweden19 ) can be expected to have no
excess of SABs even in the absence of preconceptional
diabetes management programs. By contrast, popula-
tions in which many diabetic women of reproductive
age have poor metabolic control may be expected to
have an increased rate of SABs unless specific pro-
grams of planned pregnancy and preconceptional dia-
betes management are implemented. It is important to
note that, although the type of diabetes was not noted
in all studies, most of the data cited above were de-
rived from studies on patients with IDDM.

PERINATAL MORTALITY

Data from pregnancies complicated by maternal dia-
betes in 225 hospitals in North America and Europe
reveal a large decline in the perinatal mortality rate,
from 250-300 per 1,000 live births in 1940 to 30-50
per 1,000 live births in 198822 (Figure 36.7). Perinatal
mortality also fell in nondiabetic pregnancies during
the same period, but the magnitude of the fall was not
as great. For example, in the United States, overall
perinatal mortality declined from 60 per 1,000 in the
1940s to 15 per 1,000 in the 1980s. Specific disease
processes that accounted for the higher perinatal mor-
tality in diabetic pregnancies in past decades were not
given. However, the number of perinatal deaths that
were related to congenital malformations (discussed
below) remained relatively constant over this period,
so the reduction in overall mortality must have re-
sulted from a progressive lowering of deaths not re-
lated to congenital malformations. Prevention of still-
births in non-malformed infants and improvement in
maternal diabetes management and neonatal care
likely accounted for much of the reduced mortality. As
a result of the reduction in mortality not related to
congenital malformations, the contribution of malfor-
mations to overall perinatal mortality in diabetic preg-
nancies has risen from 10%-15% in the 1940s to ~50%
in the 1980s (Figure 36.8). 

The perinatal mortality rates shown in Figure 36.7 are
hospital-based and may reflect the favorable impact of
high-level medical, obstetrical, and neonatal care on
infant mortality in diabetic pregnancies. Analyses of
vital records and hospital discharge data from the
states of South Carolina in 19786 and Washington in
1979-8011 revealed perinatal mortality rates of 182 per
1,000 and 108 per 1,000 births, respectively. The data
from South Carolina included all insulin-treated pa-
tients, some of whom may have had gestational diabe-
tes. The data from Washington state were limited to
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Figure 36.7
Perinatal Mortality Rates in Pregnancies 
Complicated by Insulin-Treated Diabetes, 1940-88

Figure 36.8
Contribution of Congenital Anomalies to Overall
Perinatal Mortality in Diabetic and Nondiabetic
Pregnancies, 1940-88

Data are from 12,893 pregnancies in insulin-treated diabetic women at hospi-
tals in the United States and Canada; data for all pregnancies were derived from
published hospital-based data for all women.

Source: Reference 22

Data are from 225 hospitals in the United States and Canada (12,893 pregnan-
cies) and Europe (17,538 pregnancies).

Source: Reference 22
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women with pregestational diabetes and indicated an
increased perinatal mortality in both IDDM and
NIDDM compared with the overall state perinatal
mortality rate of 14 per 1,000. The apparently greater
perinatal mortality in statewide data compared with
data from specific medical centers (Figure 36.7) sug-
gests that access to specialized medical centers may
have an important beneficial impact on perinatal mor-
tality in diabetic pregnancies. However, since no spe-
cific information on management practices or meta-
bolic regulation were available from any of the three
studies, it is not possible to ascertain the impact of
different medical practices on the reported perinatal
mortality rates.

CONGENITAL MALFORMATIONS

Data collected during the past five decades from cen-
ters specializing in the care of pregnant women with
diabetes indicate that major congenital malformations
(generally defined as malformations that are fatal,
require surgical correction, or lead to marked physical
or psychological handicaps) occur in 7%-13% of pre-
gestational diabetic pregnancies in the absence of spe-
cial preconceptional diabetes care (Table 36.3)20,21,23-28.
These data suffer from the potential bias created by
patterns of referral to specialty centers. However, the
fact that the prevalence rates are remarkably similar
across centers and over time suggests that the bias
may be relatively small.

The precise types of anomalies that occur in excess in
diabetic pregnancies remains controversial. In 1971,

data on >7,000 pregnancies in diabetic women in
Europe, North America, Australia, and South Africa
were summarized29. Congenital malformations were
reported in 4.8% of those pregnancies, compared with
only 0.65% of nondiabetic pregnancies in different
published series. Malformations of the spine, skele-
ton, kidneys/ureters, and heart, along with situs inver-
sus, were significantly increased in the diabetic preg-
nancies. The study suffers from a lack of population-
based data and appropriate nondiabetic control preg-
nancies, as well as a lack of systematic methods for
ascertainment of malformations. However, the study
is frequently cited in reference to the types of anoma-
lies in diabetic pregnancies because of the large num-
ber of pregnancies considered.

Most subsequent reports on malformations in diabetic
pregnancies have involved too few women to deter-
mine whether specific anomalies were increased.
However, a population-based, case-control study in
the metropolitan Atlanta, GA area found that the risks
of anomalies of the central nervous system and the
cardiovascular system were increased significantly
(15- to 18-fold) in infants of women with pregesta-
tional diabetes compared with nondiabetic women12.
Anomalies of these two systems were also among the
most frequently reported in most of the series in Table
36.3, so it appears very likely that the cardiovascular
and central nervous systems are specifically affected
by maternal diabetes. The caudal regression syndrome
has also been reported to be much more frequent in
diabetic compared with nondiabetic pregnancies, so
the risk of that rare abnormality is likely to be in-
creased by maternal pregestational diabetes as well.
Whether major malformations of other organ systems
are related specifically to maternal diabetes in the
United States remains in question. Prevalence rates of
minor congenital anomalies (those not requiring sur-
gical or medical intervention and not causing signifi-
cant morbidity) do not appear to be increased by the
presence of maternal diabetes28,30,31.

The above discussion considers pregnancies in which
no special preconceptional diabetes management was
provided. Data from at least five studies21,28,32-34, two of
which were conducted in the United States, indicate
that rates of major congenital malformations are lower
in offspring of women who participate in special pre-
conceptional diabetes management programs than in
offspring of diabetic women who first seek medical
attention while they are pregnant (Table 36.4). This
suggests that careful metabolic regulation prior to and
during early pregnancy can lower the incidence of
malformations in diabetic pregnancies. However, it is
also possible that women who participate in precon-
ceptional care programs are more health conscious

Table 36.3
Rates of Major Congenital Malformations in 
Offspring of Women with Pregestational Diabetes

Years of % with anomalies in infants of:
Ref. study Diabetic mothers Nondiabetic mothers

23 1946-78 8 3
24 1961-70 11
26 1971-75 7
27 1977-80 13
25 1977-81 8 2
28 1980-85 9 2
20 1983-87 8
21 1982-88 11

Definitions of a major malformation vary among studies but usually require
significant impact on the well-being of the infant. A control group of nondia-
betic women was recruited prospectively only in References 25 and 28; malfor-
mation rates were significantly higher in the diabetic groups in these studies.
The nondiabetic malformation rate in Reference 23 is the rate in nondiabetic
women at the same hospital.

Source: References are listed within the table
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and at lower risk for a malformed infant for reasons
unrelated to improved metabolic control. Data from
countries such as Sweden19, Denmark31, and parts of
England35, where diabetes care has improved in the
population as a whole, suggest that improved metabo-
lic control does contribute to reduction in malforma-
tions associated with participation in preconception
care programs. Congenital malformation rates in dia-
betic pregnancies have declined in these regions in the
last decade, even among women who do not partici-
pate in preconceptional care programs35. Thus, it is
likely that at least some of the differences in anomaly
rates in Table 36.4 are related to an effect of improved
metabolic control during early pregnancy. Efforts to
improve general diabetes care in the United States36

are likely to result in an overall reduction in malfor-
mation rates in diabetic pregnancies similar to the
reductions observed in Sweden, Denmark, and parts
of England. A reduction in malformation rates would
effect a significant reduction in the cost of diabetic
pregnancies in the United States37. 

MACROSOMIA AND HYPOGLYCEMIA

One of the major effects of maternal diabetes during
the second and third trimesters is fetal overnutrition,
which may result  in excessive fetal  growth
(macrosomia) and fetal hyperinsulinemia with neona-
tal hypoglycemia. The reported prevalence of these
two complications varies due to at least two factors: 1)
lack of standard definitions for macrosomia and neo-
natal hypoglycemia, and 2) different approaches to
clinical management of diabetic pregnancies. Preva-
lence rates reported from medical centers for infants
that are large-for-gestational-age (LGA, >90th percen-

tile weight for age) in pregestational diabetic pregnan-
cies have been in the range of 29%-33% during the
past decade38-40. These rates are significantly greater
than the expected prevalence of 10% based on the
definition of LGA as >90th percentile. Among all
births in the United States in 1991, the proportion of
infants weighing >4,000 grams at birth was 10.6%
(Figure 36.9). Prevalence rates were highest in Native
Americans (12.6%) and whites (11.9%) and lowest in
blacks (5.2%) and Asian Americans (5.2%-8.9%)5.

At least two significant morbidities may result from
fetal macrosomia. Birth trauma may result from fetal
size that is disproportionate to the birth canal. This
complication was reported to be twice as common in
infants of diabetic compared with nondiabetic moth-
ers in a statewide survey based on birth certificate data
from North Carolina in 1989-907. Reports from cen-
ters specializing in the care of diabetic pregnancies
indicate lower rates of birth trauma41, although rates
of cesarean delivery are often high in these centers
(see below). The second major complication that may
occur following fetal macrosomia is a long-term risk
of obesity. When measured at age 7-8 years42 or age
15-19 years43, offspring of mothers with diabetes (in-
cluding NIDDM, IDDM, and GDM) were overweight
compared with offspring of nondiabetic mothers. The
long-term impact of this phenomenon on the preva-
lence of obesity in offspring of diabetic mothers re-
mains to be determined.

Prevalence rates of neonatal hypoglycemia (i.e., se-
rum or plasma glucose <30 mg/dl for term infants or
<20 mg/dl for preterm infants) in infants of mothers

Table 36.4
Rates of Major Congenital Malformations in 
Infants of Women with Pregestational Diabetes, 
by Participation in a Preconception Care Program

Malformation rate (%) in infants of women who:

Ref. Did not participate Participated

32 7.5 0.8
33 9.6 0.0
34 10.4 1.4
21 10.9 1.2
28 9.0 4.9

Those who did not participate received no special preconceptional care; those
who participated were enrolled in a diabetes care program prior to conception
(up to the third week postconception in Reference 28). In References 21 and
32-34, attempts were made to maintain maternal glycemia as close to normal
as possible prior to conception; no special preconception glycemic goals were
used in Reference 28. The infants of women who participated in a preconcep-
tional care program had significantly lower malformation rates in each study.

Source: References are listed within the table
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Percent of All U.S. Births with Birthweight ≥4,000
Grams, by Race of Mother, 1992

Data are from all birth certificates filed in the United States in 1992.

Source: Reference 5
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with pregestational diabetes have been reported to be
in the range of 8%-37%6,40,44-47. The prevalence rates
may vary according to degree of maternal metabolic
regulation and intensity of neonatal glucose monitor-
ing, since many infants show no physical signs of low
blood glucose concentration. Hypoglycemia requiring
glucose infusion was more common in diabetic than
nondiabetic pregnancies in one study40. However,
strict criteria for institution of glucose infusion were
not provided in that study, so it is possible that knowl-
edge of the maternal condition biased the treatment
for hypoglycemia.

OTHER MORBIDITIES IN OFFSPRING

Offspring of women with pregestational diabetes have
been reported to be at increased risk for several other
perinatal complications based on studies at single or
multiple medical centers. These complications in-
clude polyhydramnios48, polycythemia44,47, neonatal
jaundice40,44,47, hypocalcemia44,49, and respiratory dis-
tress syndrome44,47. The last three of these complica-
tions may be made more frequent by premature deliv-
ery44,50,51, which was a routine practice 10-15 years ago
but has become less common with the advent of im-
proved glycemic control and noninvasive techniques for
fetal monitoring. Thus, the frequencies of most of these
fetal complications have fallen in the past decade. 

Population-based data for these perinatal complica-
tions are not available from diabetic pregnancies in
the United States. However, data from a population-
based study of IDDM in Sweden provides an estimate
of the frequency of polycythemia, jaundice, hypogly-
cemia, and respiratory distress syndrome in neonates
when diabetic mothers have ready access to special-
ized diabetes care before and during pregnancy47. In

this study, each of these four complications was more
frequent in diabetic than nondiabetic pregnancies (Ta-
ble 36.5). Gestational ages at delivery were slightly
lower in diabetic compared with control pregnancies
in the study, so prematurity may have contributed to
the intergroup differences in fetal complications.

MORTALITY

Prior to the advent of exogenous insulin therapy, ma-
ternal survival during pregnancy was severely com-
promised by the presence of preexisting diabetes. For
example, survival was <50% in one small series re-
ported from the early 1900s52. Today, maternal mortal-
ity is a rare event in diabetic and normal pregnancies.
Commonly cited figures for maternal mortality during
pregnancy have been in the range of 3-7 per 100,000
for diabetic women and 7-9 per 100,000 for the gen-
eral population53. A lack of good population-based
data makes it impossible to determine whether mor-
tality rates differ between these two groups in the
United States.

Women with maternal vascular disease, particularly
coronary artery disease, do appear to be at increased
risk for mortality during pregnancy. In a series of
pregnancies managed at the Joslin Clinic in Boston,
MA during 1963-75, only one of four diabetic women
with symptomatic heart disease survived pregnancy
and the perinatal period52. The only survivor had
coronary bypass surgery prior to pregnancy. In a sepa-
rate study, only three of 11 diabetic women with
symptomatic heart disease survived pregnancy54. Data
on survival of patients who have had successful coro-
nary revascularization are largely anecdotal, so no
firm conclusions can be drawn about maternal mortal-
ity in these women.

DIABETIC RETINOPATHY

Virtually all data on diabetic retinopathy in pregnancy
are based on diabetic women whose pregnancies were
managed at medical centers. Thus, it is impossible to
determine the true population-based prevalence rate
for diabetic retinopathy among pregnant women with
pregestational diabetes. Published data indicate that
15%-66% of women with pregestational diabetes have
retinopathy at the start of pregnancy26,47,48,55-57 . To the
extent that patients with diabetic complications are
preferentially referred to specialized centers, these fig-

Table 36.5
Neonatal Morbidity in Pregnancies Complicated by
Pregestational IDDM, Sweden, 1982-85

Infants with morbidity (%)

Neonatal
morbidity 

Diabetic
mothers

(n=491 births)

National data
(n=279,000

births) p

Idiopathic respiratory
distress syndrome 1.6 0.6 <0.01

Hypoglycemia 8.0 0.2 <0.001
Jaundice 16.3 3.9 <0.001
Polycythemia 2.2 0.1 <0.001

Data from diabetic mothers come from ~80% of all pregnancies with IDDM in
Sweden during the study period. Hypoglycemia denotes blood glucose <30
mg/dl with signs of hypoglycemia. Jaundice denotes serum bilirubin >300
µmol/L. Polycythemia denotes a central venous hematocrit >70%. 

Source: Reference 47
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ures may represent an overestimate of the prevalence
of retinopathy among all women with pregestational
diabetes.

While data from specialized referral centers may not
provide accurate estimates of the prevalence of dia-
betic retinopathy in pregnant women, these data are
useful for assessing changes in retinopathy during
pregnancy. Data from many published series indicate
that retinopathy often worsens during pregnancy and
the risk of worsening is greatest for women who enter
pregnancy with existing retinopathy. Thus, incidence
rates for development of background retinopathy in
women with no retinopathy prior to pregnancy were
reported to be 0%-33%55,56,58,59 . Progression from back-
ground to proliferative changes occurred in 10%-65%
of patients and worsening of proliferative changes
occurred in 14%-100% of patients55,56,58,59. Three addi-
tional facts are of note. First, many of the new back-
ground and mild proliferative changes regressed with-
out laser therapy within 1 year after delivery, so the
deterioration that occurred during pregnancy was not
necessarily permanent. Second, it is likely that some
of the deterioration was related to rapid improve-
ments in glycemic control60 that are often initiated to
protect the fetus. Thus, the incidence of new retinal
changes may be altered by the degree of metabolic
control at the start of pregnancy, with worse control
predisposing to a higher risk of retinopathy55. Finally,
incidence rates for retinal complications during preg-
nancy may be altered by prior treatment. For example,
of six diabetic women who had laser therapy for pro-
liferative changes prior to conception, worsening of
proliferative changes during pregnancy occurred in
only one (17%)59. This rate was much lower than the
86% rate in women with untreated proliferative
changes at the beginning of pregnancy. The long-term
status of vision in women who have had diabetic
retinopathy during pregnancy is not known.

DIABETIC NEPHROPATHY

As was true for retinopathy, most data on diabetic
nephropathy during pregnancy in the United States
come from specialized referral centers, so the data
may overestimate the true prevalence of nephropathy
in women with pregestational diabetes. The data sug-
gest that 2%-22% of diabetic women have overt neph-
ropathy (generally defined as proteinuria >300-500
mg/24 hours during the first half of gestation)21,26,47,61-

64. The study with a 2% prevalence of nephropathy
involved Latino patients, most of whom had
NIDDM26. The later age at onset of NIDDM compared
with IDDM may explain the relatively low prevalence
of overt nephropathy in this study.

Population-based data from Sweden47 indicate that
~5% of women with IDDM have proteinuria consis-
tent with overt nephropathy in early pregnancy. State-
wide data from Washington11 indicate that ~10.5% of
women with IDDM have diabetic nephropathy or ret-
inopathy, but the exact prevalence of nephropathy is
not clear from these data. On the basis of these two
studies, it appears that 5%-10% is a reasonable esti-
mate for the overall prevalence of overt nephropathy
in women with IDDM who become pregnant. Similar
data for women with NIDDM are not available.

Several obstetrical and perinatal complications are
common in women with overt nephropathy. These
women have a high prevalence (13%-48%) of chronic
hypertension antedating pregnancy26,62,64-66 . In addi-
tion, patients without preexisting hypertension fre-
quently (21%-52% of cases) develop pregnancy-in-
duced hypertension or preeclampsia (see be-
low)47,62,65,67 . Thus, a majority of patients with overt
nephropathy have elevated blood pressure by the
third trimester. Premature delivery is common. Deliv-
ery at <37 weeks gestation occurs in 23%-60% of
women with nephropathy and 9%-31% are delivered
at <34 weeks gestation65,68,69 . Hypertensive disorders
account for 17%-63% of deliveries before 37
weeks62,65,66,69 . Prematurity is associated with a variety
of neonatal complications, including respiratory dis-
tress syndrome, intracranial bleeding, jaundice, hypo-
calcemia, and hypoglycemia. Infants have been re-
ported to be small-for-gestational-age at birth in 10%-
21% of pregnancies with overt nephropathy64,66,68. The
growth retardation may be related to hypertensive
disorders, placental vascular abnormalities, or unde-
termined factors. Maternal anemia has been reported
in ~40% of women with overt diabetic neph-
ropathy62,64.

The effect of pregnancy on renal function in women
with overt diabetic nephropathy has been studied pri-
marily during and shortly after pregnancy. Many pa-
tients with overt nephropathy experience a rise in
protein excretion during the last half of gesta-
tion62,66,70. For example, in one study about two-thirds
of patients manifested a >3g/24 hour increase in pro-
teinuria between the first and third trimesters; most of
the increase occurred during the third trimester62.
Patients with marked proteinuria often develop sig-
nificant fluid retention and edema. Protein excretion
has been reported to return to prepregnancy or early
pregnancy levels soon after delivery in 66%-100% of
patients62,66,70. Creatine clearance often remains stable
or declines slightly during gestation62, in contrast to
the increase in creatinine clearance that normally oc-
curs during pregnancy.
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Whether pregnancy causes any long-term deteriora-
tion in renal function is largely unknown. Two uncon-
trolled studies measured renal function in a small
number of women with overt nephropathy for several
years after delivery62,64. In both, rates of decline in
renal function were consistent with the natural course
of diabetic nephropathy, suggesting that pregnancy
per se did not accelerate the decline. Nonetheless, the
natural history of diabetic nephropathy dictates that
women who have overt nephropathy during preg-
nancy are likely to experience a worsening of renal
function in the years following delivery. Actual rates
of development of renal failure in these patients re-
main to be determined, particularly with the imple-
mentation of renal protective therapy such as blood
pressure control71 or angiotensin converting enzyme
inhibition72.

Diabetic nephropathy may be detected prior to the
development of overt proteinuria by measuring the
urinary albumin excretion rate. Patients who do not
have overt proteinuria detectable by indicator strips
but who excrete albumin at greater-than-normal rates
(i.e., microalbuminuria) are at risk for developing
overt nephropathy and renal failure. The prevalence
of microalbuminuria has not been reported in women
with pregestational diabetes. However, in one report
the prevalence rates for hypertensive disorders of
pregnancy and for premature deliveries were in-
creased in women whose albumin excretion rates were
190-299 mg/24 hours (i.e., in the range of microalbu-
minuria) in early pregnancy65. This finding may ac-
count for some of the increased prevalence of hyper-
tensive disorders of pregnancy observed in diabetic
women without overt nephropathy (see below).

DIABETIC NEUROPATHY

No prevalence rates are available for any form of dia-
betic neuropathy during pregnancy. One cross-sec-
tional study in Finland suggests that pregnancy does
not increase the prevalence of diabetic autonomic
neuropathy73, although symptoms of autonomic
neuropathy may worsen during pregnancy74, 75.

HYPERTENSIVE DISORDERS

Definitions of pregnancy-induced hypertension (PIH)
vary among studies. The definitions apply to women
who do not have hypertension at the beginning of
pregnancy and usually are based on the development
of a defined level of elevated blood pressure (e.g.,
systolic >140/90 mmHg or diastolic >105 mmHg) or
an increase in blood pressure above a first trimester

value (e.g., by ≥20 mmHg in mean arterial pressure).
Preeclampsia is generally defined as PIH with overt
proteinuria. Population-based data from Sweden47 in-
dicate that PIH and preeclampsia occur three to four
times more frequently in women with pregestational
diabetes than in nondiabetic women. Undoubtedly,
some of the increase is due to women with overt
diabetic nephropathy, since approximately half of
these women develop hypertensive disorders during
pregnancy. However, even women without overt
nephropathy are at increased risk for PIH and
preelampsia. For example, in a Swedish study hyper-
tensive disorders occurred in 18.7% of pregnant
women with IDDM who did not have overt diabetic
nephropathy in early pregnancy47. This prevalence
was significantly higher than the 5% prevalence of
hypertensive disorders in nondiabetic women in Swe-
den.

At least two factors might explain the association
between pregestational diabetes and hypertensive dis-
orders in the absence of overt nephropathy: 1) the
presence of incipient nephropathy with microalbu-
minuria in some patients, and 2) an association be-
tween diabetes (especially NIDDM) and hypertensive
disorders in general76, 77. The relative contributions of
these factors to hypertensive disorders of pregnancy
in women with IDDM and NIDDM and in women
from different ethnic groups remain to be determined.

PRETERM AND CESAREAN DELIVERY

The prevalence of cesarean deliveries has consistently
been reported to be higher in pregestational diabetic
pregnancies than in nondiabetic pregnancies in pa-
tients at specialized medical centers. Cesarean rates
have been in the range of 24%-66% in diabetic pa-
tients48, rates that were three to five times the rates in
nondiabetic women26,45,47,78 . Cesarean rates are higher
in women with retinopathy or nephropathy than in
women without these complications48. Reasons for
cesarean delivery are seldom specified in published
reports, so it is difficult to determine factors that
underlie the increased cesarean rates. Undoubtedly,
the practice of early delivery to avoid fetal demise
contributed to the high rate of cesarean delivery in the
past. However, recent information indicates that rates
of cesarean delivery are still three to four times the
rates in nondiabetic pregnancies44. The relative contri-
butions of hypertensive disorders, fetal distress, and
fetal macrosomia to the excess of cesarean deliveries
remain to be established.

Preterm deliveries have also been reported to be more
frequent in diabetic compared with nondiabetic preg-
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nancies. Recent population-based data from Sweden47

revealed a 25% rate of preterm delivery (<37 weeks
gestation) in women with IDDM, compared with only
6% in the general population. At the University of
Cincinnati69 in Ohio and McMaster University in Can-
ada40, preterm delivery rates in patients with pregesta-
tional diabetes were 24% and 30%, respectively. The
diabetic rate was greater than the 12% rate of preterm
delivery in nondiabetic women in the Cincinnati
study. Hypertensive disorders accounted for 48% of
preterm deliveries in the McMaster series but only
16% of preterm deliveries in Cincinnati. In the latter,
54% of the preterm deliveries resulted from spontane-
ous preterm labor. Other factors that may contribute
to preterm deliveries in diabetic pregnancies include
fetal distress (16% at the University of Cincinnati)
and suspected fetal macrosomia.

MATERNAL HYPOGLYCEMIA

Strict glucose regulation in diabetic patients is known
to increase the frequency of hypoglycemic episodes79.
Relatively few recent data are available to define the
prevalence of symptomatic hypoglycemia in pregesta-
tional diabetic women during pregnancy; none of the
prevalence rates comes from population-based stud-
ies. Of 165 women with IDDM managed at the Univer-
sity of Cincinnati during 1978-86, 34% experienced
symptomatic hypoglycemia80. A similar frequency of
hypoglycemia (35% of patients) during the first tri-
mester was reported for women with IDDM who re-
ceived care during 1982-8821. Hypoglycemia that re-
quired assistance treatment from others was found in
72% of a small group of intensively treated patients

with IDDM; 36% of these women had hypoglycemia
requiring intravenous glucose81. No adverse effects of
maternal hypoglycemia on fetal outcome were noted
in these studies.

Although a large amount of information has been
published regarding pregnancy in women with diabe-
tes, very few population-based data are available to
reveal true prevalence rates for maternal pregesta-
tional diabetes or its complications during pregnancy.
The information presented in this chapter, derived
largely from specialized referral centers, provides
strong evidence that several fetal and maternal com-
plications are increased in women with pregestational
diabetes. Few of the studies made any distinction
between IDDM and NIDDM; those that did presented
data primarily on pregnancies complicated by IDDM.
Very little of the information is reported on the basis
of specific ethnic groups. Thus, although it seems
clear that maternal diabetes is an important health
risk during pregnancy, much additional information is
needed to assess the true impact of pregestational
IDDM and NIDDM on maternal and fetal well-being
in different ethnic groups in the United States.

Dr. Thomas A. Buchanan is Associate Professor of Medicine
and Obstetrics and Gynecology, University of Southern Cali-
fornia School of Medicine, and Staff Physician, Los Angeles
County and University of Southern California Medical Cen-
ter, Los Angeles, CA.
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* Page numbers followed by t, f, and a indicate tables, figures and appendices.
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29f
percent screened for diabetes, 29t
psychosocial factors, severity of com-

plications and, 623
racial admixture, childhood diabetes

risk and, 615
retinopathy in, 621, 621f
socioeconomic status

diabetes and, 619–620
severity of complications and, 622

stroke in, risk, 449, 452, 452t
blood glucose levels and, 454

undiagnosed diabetes in, 12, 23t
prevalence, 617t

Africans, in Trinidad, diabetes in,
670–671

Age
alcohol consumption and, by diabetes

status, sex, and race/ethnicity,
159a

blood glucose testing and, 138a
blood pressure and, by diabetes

status, 146a
body mass index and

by diabetes status, 141a
measured and self-reported, 144a
by sex, race/ethnicity, and diabetes

status, 141a
by sex and diabetes status, 141a

diabetes as underlying cause of death
with, 247, 247f, 248f, 249, 249t,
250

diabetes status and, with parental his-
tory of diabetes, by sex and
race/ethnicity, 139a–140a

diabetic retinopathy risk and, 309–
310, 310f, 310t, 311t

disability and, 259
exercise participation and, by diabe-

tes status, 160a
family history of diabetes and, diabe-

tes status and, 217a, 218a
fasting triglycerides and, by diabetes

status, 153a, 154a, 156a
HDL cholesterol and, by diabetes

status, 154a, 155a
health status and, by diabetes status,

160a
heart disease risk and, 438–439
hypertension and

antihypertensive treatment for,
150a

by diabetes status and sex, 147a
measured and self-reported, by dia-

betes status, 148a

in NIDDM, by race/ethnicity, 146a
LDL cholesterol and, by diabetes

status, 153a, 155a
mean fasting triglycerides and, by dia-

betes status, 151a
mean HDL cholesterol and, by diabe-

tes status, 151a, 152a
mean LDL cholesterol and, by diabe-

tes status, 150a, 152a
mean total cholesterol and, by diabe-

tes status, 150a, 151a
NIDDM and, 181, 181f

prevalence, by obesity level and
sex, 220a

obesity and, in NIDDM, 143a
plasma glucose and

by sex, race/ethnicity, and diabetes
status, 137a

by sex and race/ethnicity, 134a–
135a

smoking and, by diabetes status, 158a
total cholesterol and, by diabetes

status, 153a, 154a, 155a
2-hour post-challenge plasma glucose

and, by sex and race/ethnicity,
135a–136a

urine glucose testing and, 137a
urine ketone testing and, 138a
vision disorders and, 301t, 301–302,

302f
Age at diagnosis

diabetic retinopathy and, 313
IDDM mortality and, 229, 230f
mean, in IDDM, 85, 105a
by population group, in U.S., 90, 90f,

104a, 105a
Age distribution

of diabetic adults, 87f, 87–88, 88f,
102a–103a

comparisons with 1979–81, 99
of hypertension, by sex, race, and dia-

betes status, 124–127, 125f,
126f, 146a, 147a–148a

of impaired glucose tolerance, 55
of NIDDM, 53, 53f, 53t, 54f

Alameda County, CA, coronary heart
disease data, 435, 436t

Alanine aminotransferase, in diabetic
patients, 469–470

Alaska natives
diabetic end-stage renal disease in,

690
NIDDM in

mortality from, 689t, 689–690
prevalence, 13, 686t

stroke in, 692
Albumin, urinary excretion

correlation with glycohemoglobin
and creatinine clearance, 526–
527

correlation with retinopathy, 527
elevated. See Albuminuria
normal, 354

Albumin-to-creatinine ratio, 349
Albuminuria

antihypertensive therapy and, 369,
369f

in diabetes, 6–7, 354–358
prevalence, 349, 354t, 354–355,

355f, 355t
selective glomerular permeability

and, 353–354
in diabetic glomerulosclerosis, 350
in IDDM, cumulative incidence, 356,

357f
incidence, 356f, 356–357, 357f
NIDDM and, 197, 252, 354
quantification, 349
as risk factor for death, 357–358
as risk marker for NIDDM mortality,

252
Alcohol

consumption
diabetic retinopathy and, 320
in diabetic versus nondiabetic per-

sons, 118, 129, 159a
NIDDM and, 3, 191, 196

glycemic effects, 525
Aldose reductase inhibition, renopro-

tective effects, 375
Aleuts, diabetes prevalence in, 686t
Algonquin Indians, diabetes preva-

lence in, 686t
Allegheny County, PA, IDDM in

distribution
by age, 88, 88f, 102a
by age at diagnosis, 90, 90f
by age at onset, 104a
by duration of diabetes, 104a
by duration of disease, 89, 89f

incidence, 39, 40
by age at onset, 42f
annual sex-race specific, 42t
in children, 166
epidemic pattern, 44f
by month of year, 42, 42f
by race, age, and sex, 166, 166f
by race, sex, and year, 43f
seasonal variation in, by race, 167,

167f
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by sex, 43, 43t
temporal variation in, 43f, 44f

mortality from, in DERI cohort, 223,
223f, 225, 225f, 227, 227f, 229f,
229–230, 230f

prevalence study, 39t
Alprazolam, side effects, in adult dia-

betic populations, 514, 515t
Alstr{uml}om syndrome, secondary

diabetes with, 70t
Ambulatory care visits, 541–552

characteristics, 548–549
counseling services in, 549, 550t
diagnostic services in, 549, 550t
duration, 548, 549t, 549f

mean, 548, 549t
trend in, 548–549, 549t

frequency, 547
to regular physician, 547, 547t
by type of diabetes, 547, 547f

interval since last, number of persons
with diabetes by, 546t, 547

national surveys and data sources,
541–543

number, 542t, 543
by age, 552a
by race, 552a
by sex, 552a

payment for, expected sources, 550,
550t

rate
for all persons, 544, 544f
per person with diabetes, 543t,

543–544, 544, 544f
return, for care of 10 most frequent

diagnoses associated with pri-
mary complaint, 545–546, 546t

sources, 543–544
to specialists, 548f, 548–549
by specialty, 548t, 548–549, 549f
in which diabetes was diagnosis most

associated with patient’s primary
complaint, 544–545, 545t

in which diabetes was listed as diag-
nosis, versus all diagnoses, 545,
545t

Ambulatory medical care, 541–552.
See also Ambulatory care visits

characteristics, 552a
for diabetes, 10
patient clinical characteristics, 552a
patient demographic characteristics,

552a
American Association of Diabetes

Educators, 583

American Diabetes Association
(ADA), 583

1992 cost study, 607
comparison with other studies, 607

diagnostic criteria for diabetes, 50–51
American Dietetic Association, geriat-

ric curricula, 583
American Samoa

adiposity in, 675
diabetes mortality rate in, 675
modernization, 675

Americans with Disabilities Act, 260,
274

Amerindian admixture, in Hispanic
Americans, NIDDM and, 642f,
642t, 642–643

Amoxapine, side effects, in adult dia-
betic populations, 514, 515t

Amputation. See Lower extremity am-
putation

Amylin. See Islet amyloid polypeptide
(amylin)

Anatomical factors, in diabetes, infec-
tion risk and, 485–486

Anemia, with glucagonoma, 76
Angina, diabetes and, prevalence by

type of diabetes, insulin use, and
age, 430, 430t

Angiography, in lower extremity arte-
rial disease, 402

Angiotensin converting enzyme gene,
diabetic nephropathy and, 362

Angiotensin converting enzyme inhibi-
tors

effects
on diabetic nephropathy, 369–370,

370t
on protein excretion, 369–370, 370t

mechanism of action, 370
for microproteinuria/macroprote-

inuria, 534
renoprotective effects, 349

Anglos with NIDDM
female

HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

metabolic characteristics, by sex, com-
munity-based studies, 130–132,
162a

Ankle/arm index. See Ankle-brachial
index

Ankle-brachial index
low, foot ulcer risk and, 413, 413t
in lower extremity arterial disease,

402
measurement, 402

Ankle jerk reflex, changes, by diabe-
tes status, 344f, 345, 345f

Anorexia nervosa, in adult diabetic
population

prevalence, 507, 509–511
sex distribution, 511
signs and symptoms, 509

Anticonvulsants, diabetogenic effects,
70t

Antidepressant therapy, in adult dia-
betic populations, 514, 515t

efficacy, 507
side effects, 514, 515t

Antihypertensive therapy
agents, diabetogenic effects, 70t
albuminuria and, 369, 369f
blood pressure control with, 369, 369f
diabetic nephropathy and, 369f, 369–

370, 370t
glomerular filtration rate and, 369,

369f
in NIDDM, 117, 127, 127f, 150a

Antineoplastic agents, diabetogenic
effects, 70t

Antiprotozoal agents, diabetogenic ef-
fects, 70t

Antisocial personality, in adult dia-
betic population, 511t, 512

Anxiety, in adult diabetic population,
507, 511t, 512

Aortic arch, dilatation, in NIDDM, at
diagnosis, 18

Aortic calcifications, in NIDDM, at di-
agnosis, 18

Apache Indians, diabetes in, preva-
lence, 685t

Aphakia, 323, 325t
Apolipoprotein(s)

A-I gene, chromosomal location, 187t
A-II gene, chromosomal location, 187t
A-IV cluster gene, chromosomal loca-

tion, 187t
B

gene, chromosomal location, 187t
signal peptide-length variation, in

Hispanic Americans, NIDDM
and, 643

C-III gene, chromosomal location,
187t

D gene, chromosomal location, 187t
Appetite suppression, for refractory

morbid obesity, in NIDDM, 524
Arapaho Indians, diabetes prevalence
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in, 685t
Arizona, Native Americans in

diabetic, metabolic characteristics, by
sex, in Strong Heart Study, 130–
132, 163a

women with NIDDM
HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

Arterial insufficiency. See also Lower
extremity arterial disease (LEAD)

foot ulcers and, 413
Arteriosclerosis obliterans. See also

Pulse deficits
definition, 417
in lower extremity arterial disease,

lower extremity amputation risk
and, 417–418

Aseptic meningitis, IDDM and, 43,
44f

Asia, IDDM incidence in, 165
Asian Americans

definition, 662
demographics, 662–663
diabetes in, 12–13, 661–681
ethnic categories, 662
ethnic distribution, 662t, 662–663

time trends in, 662–663, 663t
ethnic origins, 662f
foreign-born, 663
geographic distribution, 663, 664t
in Hawaii, 665
IDDM in, 663–664

incidence, 664
NIDDM in, 12, 665–668

lifestyle factors and, 12–13
undiagnosed, 12

Asian Indians
central obesity and insulin resistance

among, 671
diabetes in, 668

in Cape Town area of South Africa,
670

in Coventry, England, 671, 671f
in Fiji islands, 670
prevalence, 665f, 670
in Singapore, 669t
in Southall, England, 670f, 671

geographic distribution, 663, 664t
in Trinidad, diabetes in, 670–671

Asians. See also Pacific Islanders
diabetes in

in migrant populations in other
countries, 668–671

in native versus migrant popula-

tions, 664–665
reduction in physical activity and,

676
end-stage renal disease in, 360, 361t
gestational diabetes in, 709, 709t
mortality, from stroke, 449, 449t
with NIDDM, 664–674

end-stage renal disease in, 361
percent screened for diabetes, 29t

HL-Asparaginase, diabetogenic ef-
fects, 70t

Aspirin
ESRD risk in diabetes and, 366, 367t
in stroke prevention, 455
vision disorders and, 321

Assiniboine Indians, diabetes preva-
lence in, 685t

Association studies
advantages and disadvantages, 184
interpretation, 184
in NIDDM, 184t–185t, 184–185

Ataxia-telangiectasia, secondary dia-
betes with, 70t

Atherosclerosis
dyslipidemia of diabetic renal disease

and, 367
of extremity, hospital discharge data

for, 404t
factors promoting, 196–197
prevalence, in diabetic and nondia-

betic men, autopsy studies, 434,
434f

risk factors for, 196–197
stroke risk and, 449

Atherosclerosis Risk in the Commu-
nity Study, 453f, 454

Atomic Bomb Casualty Commission,
666

Atypical diabetic syndromes
in African Americans, 620
IDDM without HLA associations, 620
ketosis-resistant with phasic insulin

dependence, associated with mal-
nutrition, 620

Auckland, New Zealand, IDDM inci-
dence, temporal variation in, 44f

Austria, IDDM incidence, temporal
variation in, 44f

Autonomic neuropathy
bowel disturbances in diabetes and,

467t, 468
in diabetes, 340, 340t, 346t, 347

prevalence, 341, 341f, 342
diabetic renal disease and, 364
foot ulcers and, 412–413

Bacteremia
average annual frequency, in hospital

discharge summaries, 490t
in diabetes, 493

microbiology, 493
mortality, 493

in hospitalized patients, 493
Bacteriuria, asymptomatic

definition, 486
in diabetic patients, 7, 9, 375, 375t,

376t, 486, 486t, 487
Bannock Indians, diabetes prevalence

in, 685t
Barbados, IDDM incidence in, 615
Bardet-Biedl syndrome, 80

secondary diabetes with, 70t, 80
Beaver Dam, WI

disability data from, 277, 278
eye study

cataract data, 323, 324t, 325t
corneal disease data, 328
glaucoma data, 326, 327t

Beck Depression Inventory scores,
correlation with glycosylated he-
moglobin and symptom report-
ing, 513, 513t

Bedtime insulin/daytime sulfonylurea
(BIDS), 521

Behavioral factors
assessment, 189–190
NIDDM and, 189–196

in Hispanic Americans, 640–641
Beijing, China, diabetes in, 672
Bezoars, dietary fiber and, in diabe-

tes mellitus, 525
BIDS (bedtime insulin/daytime sul-

fonylurea), 521
Birth certificate data

on prevalence of diabetes in preg-
nancy, 720, 721–722, 722f

reporting of diabetes, 621f
Birth order, IDDM risk in offspring

and, 172
Birth weight

high. See also Macrosomia
in pregestational diabetic pregnan-

cies, 726f, 726–727
low, diabetes risk and, 194

Blackfeet Indians, diabetes preva-
lence in, 685t

Blacks, non-Hispanic. See also Afri-
can Americans

alcohol consumption, by diabetes

B
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status, age, and sex, 159a
blood glucose testing in, 138a
blood pressure, by diabetes status,

146a
body mass index

by duration of NIDDM, age, and
sex, 142a

measured and self-reported, by age
and sex, 144a

by sex, diabetes status, and age,
141a

with diabetes, sociodemographic char-
acteristics, 85, 89, 89f, 90–91,
93, 95–97, 99, 103a, 104a–116a

diabetes status, and parental history
of diabetes, by age, 139a

dialysis patients, survival, 371, 372f
end-stage renal disease in, 360, 361t
exercise participation, by diabetes

status, 160a
with family history of diabetes, by dia-

betes status and age, 216a, 217a,
218a

fasting triglycerides, by diabetes
status, 153a, 154a, 156a

females with NIDDM
HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

gestational diabetes in, 709, 709t
HDL cholesterol, by diabetes status,

154a, 155a
health status, by diabetes status, 160a
hypertension in

antihypertensive treatment for,
150a

by diabetes status and sex, 147a
measured and self-reported, by dia-

betes status, 148a
physician-diagnosed, by age and

diabetes status, 149a
IDDM in

end-stage renal disease in, 361, 361f
incidence, age-adjusted, 40, 40t

LDL cholesterol, by diabetes status,
153a, 155a

mean fasting triglycerides, by diabe-
tes status, 151a

mean HDL cholesterol in, by diabetes
status, 151a, 152a

mean LDL cholesterol in, by diabetes
status, 150a, 152a

mean total cholesterol, by diabetes
status, 150a, 151a

mortality in, diabetes as underlying

cause of death for, 247, 247f,
249, 249t, 250

NIDDM in
age-standardized prevalence, by

percent desirable weight and
age, 219a

end-stage renal disease in, 361, 361f
and hypertension, by age, 146a
metabolic characteristics, national

and community-based studies,
comparison, 130–132, 161a

prevalence, by family history of dia-
betes and age, 219a

retinopathy risk in, 308, 309, 309f
obesity in, in NIDDM, by age and

sex, 143a
overweight in, by age and sex, 220a
parity, by diabetes status, age, and

sex, 156a–157a, 157a, 158a
plasma glucose in

by age and sex, 134a
by diabetes status, 137a

smoking and, by diabetes status, age,
and sex, 158a

stroke in
mortality from, 449, 449t, 450f
risk, carotid artery intimal-medial

wall thickness and, 453f, 454
subscapular-to-triceps skinfold ratio,

by age, sex, and diabetes status,
145a

total cholesterol, by diabetes status,
153a, 154a, 155a

2-hour post-challenge plasma glucose
in, by age and sex, 136a

urine glucose testing in, 137a
urine ketone testing in, 138a

Bladder infection. See also Cystitis
prevalence, by diabetes status and

sex, 488t, 489
Bleeding, gastrointestinal, diabetes

and, 464
Blindness/legal blindness

from all causes, prevalence, 294, 295t
definition, 294
diabetes-related, 293

age-adjusted relative risk for, 294,
294t

causes, by age and sex, 298, 299t
diabetic retinopathy and, 297, 298f
duration of disease and, 296–297,

297f
economic impact, 303–304
IDDM mortality risk and, 229
in IDDM versus NIDDM, 297–298

incidence, 298t, 298–301
prevalence, 294, 294t
rehabilitation for, 303–304
research needs related to, 305
retinopathy and, 5
risk factors for, 301–303

Blood glucose. See also Hyperglyce-
mia; Plasma glucose

community-based studies, 119, 119f,
130, 161a–163a

control. See Glycemic control
elevation. See Hyperglycemia
national data sources, 119–121, 120f,

121f, 134a–136a, 137a, 138a
Blood glucose test(s). See also Fasting

plasma glucose; Glucose toler-
ance, tests; Oral glucose toler-
ance test(s)

in diagnosis, 21, 21f, 21t, 22t
frequency, 15

Blood pressure. See also Hypertension
by age, sex, race, and diabetes status,

124–127, 125f, 126f, 146a, 147a–
148a

cerebrovascular disease risk and, 451,
452, 452t

control, diabetic renal disease and,
369f, 369–370, 370t

diabetic retinopathy and, 318t, 318–
319, 319t

in diabetics, community-based stud-
ies, 131, 131f, 161a, 162a, 163a

IDDM mortality risk and, 228
NIDDM and

in Hispanic Americans, 639t, 640,
659a

in non-Hispanic Americans, 659a
with undiagnosed NIDDM, 117

Blue Cross-Blue Shield, percentage of
cost reimbursed by, decrease in,
550

BMI. See Body mass index
Body fat distribution, NIDDM and,

193, 619
Body mass index, 619

diabetes risk and, in North American
Indians, 687f, 688, 688f

diabetic retinopathy and, 320
in diabetics, 673

community-based studies, 130,
131f

racial/ethnic distribution, 123,
123f, 141a

by sex and duration of disease, in
non-Hispanic whites, 123,
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123f, 142a
sex distribution, 123, 123f, 141a

by duration of diabetes, 123, 123f,
142a

age distribution, 142a
racial/ethnic distribution, 142a
sex distribution, 142a

with IGT, 117, 122f, 123, 141a
in NIDDM, 3, 117, 122f, 122–124,

123f, 141a
in Hispanic Americans, 639t, 640,

659a
mean measured and self-reported,

124, 144a
in non-Hispanic Americans, 659a

with normal glucose tolerance, 117,
122f, 122–123, 141a

in obesity, 123
in undiagnosed NIDDM, 122f, 123,

141a, 219a
Borderline diabetes, 19
Bovine serum albumin antibodies

(ABBOS), in childhood IDDM,
171

Bowel disturbances, in diabetes,
458t–459t, 467–468

Brazil, diabetes in, 669
Breast-feeding, in prevention or delay

of IDDM, 3, 170–171
Bronchitis

chronic, in diabetic patients, fre-
quency, 487t

in diabetes, 492–493
prevalence, by diabetes status and

sex, 488t
Bronze diabetes, 72
Bulimia nervosa, in adult diabetic

population
prevalence, 507, 509–511
sex distribution, 511
signs and symptoms, 509–511

Canada, diabetes care costs in, 609
Canadian Indians/Canadian Natives

diabetes in
end-stage renal disease in, 690
prevalence, 684, 684t

hypertension in, 692
ischemic heart disease in, 692
NIDDM in

mortality from, 689
obesity and, 688

stroke in, 692

Candida vaginitis, average annual fre-
quency, in hospital discharge
summaries, 490t

Candida vulvovaginitis, in diabetes,
489–491, 490t

Candidiasis
oral, in diabetes, 504
urogenital, average annual frequency,

in hospital discharge summaries,
490t

CAPD. See Continuous ambulatory
peritoneal dialysis

Cape Town, South Africa, diabetes in,
670

Captopril, effects on incidence of re-
nal disease in IDDM patients
with nephropathy, 370, 370f

Capture-recapture technique, 38
Carbohydrate metabolism

diet and, 689
oral contraceptive effects on, 77
sex steroid hormone effects on, 77

Carbohydrates, dietary, NIDDM and,
190, 190t

Carcinoid syndrome, secondary dia-
betes with, 70t, 76

Cardiomyopathy, diabetic
autopsy studies, 434–435
clinical studies, 433–434

Cardiovascular disease
in African Americans, 622
costs, attribution to diabetes, 602
in diabetes, 429

in elderly, 576t, 581, 582
hospital discharge data on, 558,

565a
hypertension and, 623
in IDDM, mortality from, 4, 221, 222,

222f, 225–226, 226f
in North American Indians, 692
nutritional therapy and, in diabetes

mellitus, 522–523
risk, insulin-resistant diabetes and,

622
risk factors for, NIDDM mortality

and, 251f, 251–252
Cardiovascular Health Study, 454,

454f
Caribbean populations. See also Afri-

can Americans
atypical diabetic syndromes in, 620
diabetes prevalence in, 617–618
hypertension in, 623
IDDM in

mortality from, 625

pediatric, 615
Caries, in IDDM, 501
Carotid artery

intimal-medial wall thickness
by diabetes status, 454, 454f
stroke risk and, 453f, 454

stenosis
by diabetes status, 454, 454f
surgery for, in stroke prevention,

455
Carotid bruits, stroke risk and, by

diabetes status, 453, 453f
Carpal tunnel syndrome, in diabetes,

340, 340f
prevalence, 341, 341f
Rochester Diabetic Neuropathy Pro-

ject, 341f, 341–342
Carter Center study, cost estimates,

604–607
disability and mortality productivity

loss, 606
hospital service, 605
nursing home service, 606
physician service, 605

Casein. See Lactoglobulin
Cassava (tapioca), diabetes and, 72
Castleman’s disease, 76
Cataracts, 321–326

definition, 293
in diabetes, 293
extraction, 323–326, 325t
in NIDDM, 6
in North American Indians, 692
prevalence

by age, 322, 322f
by age and diabetes status, 321–

322, 322f
by diabetes status, 321–322, 322f

risk factors for, 323, 324t
as risk marker for NIDDM mortality,

252
Catecholamines

antiinsulin effects, 75
diabetogenic effects, 70t, 74t
sites of action, 74t

Caucasians. See Whites
CCPD. See Continuous cycling perito-

neal dialysis
Celiac disease

diabetes and, 457, 468, 468f
in IDDM, 8–9

β-Cell autoimmunity, NIDDM associ-
ated with, 179, 180

Cellulitis
average annual frequency, in hospital

C
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discharge summaries, 490t
in diabetes, 490t, 491
of toe, 9

Central obesity. See Obesity, central
Cerebral infarction. See Stroke
Cerebrovascular disease. See also

Stroke
in diabetes, 450

mortality from, 242t, 243f
in NIDDM, mortality from, 4, 242t,

243f, 248–249
risk, hypertension and, 451
risk factors, 451

Cesarean delivery, in pregestational
diabetic pregnancy, 13, 729

Charcot foot, in diabetes, 410t
Charcot joint disease of ankle, 339
Chemical agent(s), diabetogenic ef-

fects, 70t, 76
Chemical diabetes, 19
Cherokee

diabetes prevalence in, 686t
end-stage renal disease in, 690
hypertension in, 692

Chicago, IL, coronary heart disease
data, 435, 436t

Children
African-American, diabetes in

incidence, 615
risk factors for, 615–616

IDDM in
incidence, 37, 38f
mortality, risk factors for, 228, 229

NIDDM in, among North American
Indians, 693

Chile, IDDM incidence in, 166
China, diabetes prevalence in, 672,

672t
Chinese

diabetes in
among elderly, 673
mortality from, 668, 668f, 670
prevalence, 665f, 667–668, 670
in Singapore, 669t, 670

IDDM in, HLA associations, 168
insulin levels, genetic factors associ-

ated with, 188
mortality in, diabetes as underlying

cause of death for, 249, 249t
Chippewa Indians

diabetes prevalence in, 685t, 686t
diabetic end-stage renal disease in,

690
foot ulcers in, 413, 413t, 691
lower extremity amputation rate, 691

Chlorthalidone, diabetogenic effects,
70t, 77

Choctaw Indians
diabetes prevalence in, 686t
NIDDM in, genetics, 687

Cholecystectomy. See Gallbladder op-
eration (cholecystectomy)

Cholesterol
dietary intake, diabetes mellitus and,

519, 524
levels, with NIDDM, by race, 623,

624f
mean total, in NIDDM, in Hispanic

and non-Hispanic Americans,
659a

serum. See also High-density lipopro-
tein(s); Low-density lipopro-
tein(s)

by age, sex, race/ethnicity, and dia-
betes status, 127–128, 128f,
150a, 151a

cerebrovascular disease risk and,
451

community-based studies, 131,
132f, 161a, 162a, 163a

diabetic renal disease and, 364, 364t
elevated, NIDDM mortality and,

251
lower extremity amputation risk

and, 417t, 418
management, in stroke prevention,

455
in NIDDM, 3, 118

total serum
abnormalities, by age, sex, race/eth-

nicity, and diabetes status,
128, 153a, 154a, 155a

in NIDDM, in Hispanic and non-
Hispanic Americans, 659a

Chromium, dietary, for hyperglyce-
mia, 525

Chromosomal defects, secondary dia-
betes with, 70t

Chromosome 20q, markers, in
MODY, 180

Cigarette smoking
in African Americans, with NIDDM,

622–623, 623t
by age, sex, race/ethnicity, and diabe-

tes status, 129, 129f, 158a, 159a
cessation, in stroke prevention, 455
diabetic renal disease and, 365–366,

366t
diabetic retinopathy and, 313t, 320
foot ulcer risk and, 413, 413t

in IDDM, mortality and, 4, 228
lower extremity amputation risk and,

417t, 417–418
in NIDDM, 3

mortality and, 251
prevalence, in diabetic versus nondia-

betic persons, 118
stroke risk with, 8, 449, 451
in undiagnosed NIDDM, 24

Cirrhosis
in hemochromatosis, 73
hepatic, diabetes and, 470

Classification, 613–614
Clinical presentation, of diabetes,

psychological factors affecting,
512–514

Clinical studies, of diabetic patients,
methodological problems in, 430

Clonidine, diabetogenic effects, 70t
Coccidioidomycosis, in North Ameri-

can Indians, 691
Cockayne’s syndrome, secondary dia-

betes with, 70t
Cognitive-behavioral psychotherapy

(CBT), in adult diabetic popula-
tions, 515

Cohabitation type, distribution of dia-
betic adults by, in U.S., 93, 93f,
94f, 108a

Colonization
definition, 491
in diabetic patients, lower extremity

skin infection and, 491
Colorado

Hispanics in, diabetes prevalence in,
633, 634f, 634t

IDDM incidence
by sex, 43t
time trends in, 43f, 44f

IDDM prevalence study, 39t
Colorado IDDM Registry, data on

IDDM in Hispanics, 643–644,
644f, 644t

Colville Indians, diabetes prevalence
in, 686t

Coma. See also Diabetic coma; Hy-
perosmolar nonketotic coma

hypoglycemic
hospitalization rates for, 5, 285t
incidence, 289, 290t

Comorbid conditions
costs, 601

attribution to diabetes, 602
in NIDDM, 527

Complications of diabetes, 4–9, 17
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acute, in IDDM, mortality from, 227,
227f, 229, 230f

adjuvant therapy for, 533–534
in African Americans, 613, 621–622
diagnosis, delay in, and risk of mor-

bidity and disability, 622
disability and, 259, 267
fasting plasma glucose as predictor,

18, 19, 27
glycosylated hemoglobin as predictor,

19, 27
in Hispanic Americans, health insur-

ance and, 655, 655f
interventions for, 622, 622t
late, disability and, 270, 270f, 270t
metabolic, acute, 283–291
microvascular, 526, 526f, 527f

fasting plasma glucose as predictor,
18

in NIDDM, at diagnosis, 17–18
oral, 9, 501–504. See also Periodontal

disease
risk factors for, 622t

in African Americans, 622–623
treatment, delay in, and risk of mor-

bidity and disability, 622
Congenital malformation(s)

in diabetic pregnancy, 719, 725t, 725–
726

preconceptional care and, 725–
726, 726t

in infants of diabetic mothers, in
North American Indians, 693

perinatal mortality and, in diabetic
and nondiabetic pregnancies,
724, 724f

Congenital rubella syndrome (CRS),
IDDM incidence and, 172

Congestive heart failure, diabetes
and, clinical studies, 432–433

Conn’s syndrome, 75
Constipation, in diabetes, 8–9, 458t–

459t, 467t, 467–468
alternating with diarrhea, 467t

Continuous ambulatory peritoneal di-
alysis. See also Peritoneal dialysis

cause-specific death rates for, by age,
race, and diabetes status, 372,
374t

death rates (1989–91) for patients
not yet transplanted, by age,
race, and primary disease, 393a

Continuous cycling peritoneal dialy-
sis. See also Peritoneal dialysis

annual death rates (1989–91) for pa-

tients not yet transplanted, by
age, race, and primary disease,
393a

cause-specific death rates for, by age,
race, and diabetes status, 372,
374t

Copenhagen City Heart Study, stroke
risk data, by diabetes and ca-
rotid bruit status, 453, 453f

Coping style(s), effects on glucose
regulation with stress, 512

Corneal disease, in diabetes, 293, 328
research needs, 328

Coronary artery disease
in diabetes, 8

incidence, 8
prevalence, community-based stud-

ies, 431–432, 432t, 433f
in diabetic versus nondiabetic popula-

tions, 435, 435f, 435t, 436t
excess risk, in diabetic versus nondia-

betic persons, 8
in Hispanic Americans, 646, 647t,

648t
in NIDDM, at diagnosis, 17–18
in Pima Indians, 692
renal disease and, in IDDM, 226

Corpus Christi Heart Project, data on
reinfarction risk and death after
acute MI, 436, 437t

Cost-benefit analyses, cost estimate
methods for, 603

Cost-effectiveness analyses, cost esti-
mate methods for, 603

Costs. See also Economic impact
attributing, method for, 602
in Canada, 609
of comorbid conditions, 601

attribution to diabetes, 602
for diabetic persons, 607–609, 608t

components, 607
versus general population, 608,

608t
versus nondiabetic persons, 601
versus persons with diabetes or

high blood sugar, 608–609,
609t

direct, 601, 604–606, 607
components, 604–605
international comparison, 609
in U.S., 604t

estimation
etiologic fraction method, 602
methodological issues in, 602–604
with population-based surveys,

603–604
in France, 609–610
government perspective on, 610
of health insurance, 598

individuals’ out-of-pocket ex-
penses, 598

indirect, 601, 604–605, 606–607, 607
components, 605

international comparisons, 609–610
lifetime, estimation, 603
presentation

incidence-based, 603
prevalence-based, 603

in Sweden, 609
in U.S., 604t, 606–607, 607t

Costs [term], use, 605
Counterregulatory hormones

diabetogenic effects, 74, 74t
sites of action, 74, 74t

Coventry, England, diabetes in, 671,
671f

Cow’s milk, in infant nutrition,
IDDM incidence and, 3, 170–171

Coxsackievirus infection, IDDM inci-
dence and, 172

in Birmingham, AL, 43
C-peptide status

diabetic retinopathy and, 317, 317t
NIDDM and, in Hispanic Americans,

640, 640t
Cree Indians

diabetes prevalence in, 686t
hypertension in, 692

Crow-Fukase syndrome. See POEMS
syndrome

Crow Indians, diabetes prevalence in,
685t

Cuban Americans
blood pressure, by diabetes status,

146a
body mass index

by duration of NIDDM, 142a
measured and self-reported, by age

and sex, 144a
by sex, diabetes status, and age,

141a
diabetes prevalence in, 12, 631
fasting triglycerides, by diabetes

status, 153a, 154a, 156a
HDL cholesterol, by diabetes status,

154a, 155a
hypertension in, by diabetes status

and sex, 147a–148a
LDL cholesterol, by diabetes status,

153a, 155a
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mean fasting triglycerides, by diabe-
tes status, 151a

mean HDL cholesterol in, by diabetes
status, 151a, 152a

mean LDL cholesterol in, by diabetes
status, 150a, 152a

mean total cholesterol, by diabetes
status, 150a, 151a

NIDDM in
HHANES data, 635, 635t, 636f
and hypertension, by age, 146a
obesity in, by age and sex, 143a

plasma glucose in
by age and sex, 135a
by diabetes status, 137a

subscapular-to-triceps skinfold ratio,
by sex and diabetes status, 145a

total cholesterol, by diabetes status,
153a, 154a, 155a

2-hour post-challenge plasma glucose
in, by age and sex, 136a

Cushing’s syndrome
glucose intolerance with, 75
secondary diabetes with, 70t, 75

Cutaneous circulation, lower extrem-
ity amputation risk and, 417,
417t

CVD. See Cardiovascular disease
Cyanide, dietary, tropical malnutri-

tion diabetes and, 72
Cyclosporin

diabetogenic effects, 70t, 77t, 78
sites of action, 77t

Cystic fibrosis, secondary diabetes
with, 70t, 71

Cystitis
candidal, in diabetes, 491
in diabetic patients, 486, 487–489
emphysematous

in diabetic patients, 486–487
prevalence, by diabetes status and

sex, 489
prevalence, by diabetes status and

sex, 488t, 489
Cytomegalovirus genome positivity

IDDM incidence and, 172
islet cell antibodies and, 172

DCCT. See Diabetes Control and
Complications Trial

Death certificate(s)
model (standard), 234, 235f
reporting of diabetes, 624

Death certificate data, 234
cause-of-death, 234
for diabetes mortality, 50, 237

limitations, 233, 234, 237
for IDDM mortality

limitations, 226
from 1950 to 1988, 224, 225f

limitations, 234
reliability, 234, 243
validity, 234, 243

Death rates. See Mortality
Deferoxamine iron chelation therapy,

in hemochromatosis, 74
Demographic characteristics. See also

Total population
of ambulatory medical care patients,

552a
of Asian Americans, 662–663
of diabetic adults, 87–89
health insurance and, 593, 594t
of nursing home residents, 573–575,

574t
of Pacific Islander Americans, 662–

663
of persons with NIDDM, 2

Dental care, health insurance cover-
age for, percent of diabetic per-
sons with, 595, 595f

Depression, in adult diabetic popula-
tion, 9, 512

contributing factors, 507
correlation with symptom reporting,

513, 513t
disease severity and, 513–514, 514t
pharmacotherapy, 514, 515t
prevalence, 283, 508t, 508–509, 509t,

510t
methodological issues, 509, 510t

psychotherapy for, 515
Diabetes Control and Complications

Trial (DCCT) data, 519, 526f,
526–527, 527f

on albuminuria in IDDM patients,
368, 368f

on benefits of glycemic control, 406–
407

on control of complications in IDDM,
25

on control of retinopathy in IDDM, 5–
6, 25

on glycemic control and cardioprotec-
tive effects, 429

on hypoglycemia incidence, 283, 289
on neuropathy control, 6
on neuropathy prevalence, 345–346,

346f
on risk reduction in incidence and

progression of retinopathy, 316t,
316–317

on vision disorders, 293
Diabetes Epidemiology Research In-

ternational Group (DERI), 38
IDDM mortality

in Allegheny County, PA IDDM co-
hort, 223, 223f, 225, 225f,
227, 227f, 229f, 229–230, 230f

classification, 227, 227f
Diabetes in Early Pregnancy Study,

723
Diabetes mellitus

as any listed cause of death, 248,
248f, 250, 250f, 257a

characteristics, by population groups,
in U.S., 89f, 89–90, 90f, 104a,
105a

classification, 16t, 16–17
diagnosed. See Diagnosed diabetes
in elderly

clinical implications, 581
complications, 581
diagnosis, 581
therapy for, 582

heterogeneity, 2, 15, 16, 16t, 17, 78
insulin-dependent. See Insulin-de-

pendent diabetes mellitus
(IDDM)

newly diagnosed
age distribution, three-year average

number per 1,000 population,
1980–92, 67a

average annual number of, 1935–
92, 67a

racial distribution, three-year aver-
age number per 1,000 popula-
tion, 1980–92, 67a

sex distribution, three-year average
number per 1,000 population,
1980–92, 67a

three-year average number per
1,000 population, 1980–92,
67a

non-insulin-dependent. See Non-insu-
lin-dependent diabetes mellitus
(NIDDM)

secondary. See Secondary diabetes
therapy for. See Insulin therapy; Nu-

tritional therapy; Oral hypoglyce-
mic agents; Therapy

types, 1, 15, 16–17
as underlying cause of death, 242t,

D
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243f, 247f, 247–248, 248f, 249,
249t, 250, 256a

undiagnosed. See also Non-insulin-de-
pendent diabetes mellitus, undi-
agnosed

in African Americans, 12, 23t, 617t
diagnostic criteria, 118
prevalence, 87, 450, 617t

Diabetes Quality of Life (DQOL),
277, 278

Diabetic coma
hospitalization rates for, 5, 285t, 286,

286t
mortality in, 221, 222

Diabetic gastropathy. See Gastropathy
Diabetic glomerulosclerosis, 350–375

course, 350, 350f
glomerular hemodynamic function

in, 351f, 351–352
pathophysiology, 350f, 350–354
proteinuria in, 350

Diabetic ketoacidosis, 283–287
definition, 284
diagnostic criteria for, 284
as discharge diagnosis

length of hospital stay and, 561,
561f

time trends in, 557f, 557–558
in elderly, 581
health care costs, 283, 286
hospitalization rates for, 5, 285t, 286,

286t
incidence, 5, 283, 284, 284f

age and, 5
as initial manifestation of diabetes,

284, 285
with lactic acidosis, 288
morbidity and mortality, 283, 286f,

286–287, 287f
age differences in, 286f, 286–287,

287f
racial differences in, 286–287

mortality from, 5, 222
multiple hospitalizations for, report-

ing, 555
precipitating factors, 283, 284–285
prevention, 285
recurrence, 284
treatment, 283, 285

Diabetic nephropathy, 6–7
in African Americans, 621–622
blood pressure control for, in diabetes

mellitus, 533–534
definition, 349
diabetic retinopathy and, 319–320,

367
familial clustering, 361–362, 362f
in Hispanic Americans, 650–654, 652t
histology, 352–353
in IDDM, 690

natural history, 350, 350f
smoking and, 365–366, 366t
time trends in, 356

incidence, duration of disease and,
361

intensive insulin therapy and, in
IDDM, 519, 526, 526f, 527f

in North American Indians, 689, 690,
690f

nutritional therapy and
in IDDM, 522
in NIDDM, 522

pancreatic transplantation and, 533
pregnancy and, 13, 364–365

maternal risks with, 719, 728–729
prevalence, and hyperglycemia and

hypertension, 621–622
risk factors for, 349, 361–366

Diabetic retinopathy, 305–321
in African Americans, 621
age and, 309–310, 310f, 310t, 311t
age at diagnosis and, 313
alcohol consumption and, 320
blindness due to, 5
blood pressure and, 318t, 318–319,

319t
body mass index and, 320
clinical characteristics, 293, 305
co-morbidity and mortality with, 321,

321f
in Hispanic Americans, 650, 651f
in IDDM, 229
in NIDDM, 252

control, insulin therapy and, 6
correlation with urinary albumin ex-

cretion, 527
costs, attribution to diabetes, 602
C-peptide status and, 317, 317t
detection, 329–330, 330t
diabetic nephropathy and, 319–320,

367
diagnosis, delay in, and complica-

tions, 622
duration of diabetes and, 311f, 311–

313, 312t
exogenous insulin and, 318
genetics, 309
in Hispanic Americans, 648–650,

649f, 649t, 650f, 650t, 651f
HLA associations, 309

hyperglycemia and, 5, 313t, 313–317,
314t, 315t, 316t

in IDDM, insulin’s effects on, 293
incidence, 5, 306t, 307t, 307–308,

308t
population-based studies, 305–307,

306t, 307t
in WESDR, 308, 308t

intensive insulin therapy and, in
IDDM, 519, 526, 526f, 527f

lower extremity amputation risk and,
417t

in NIDDM, 5, 24–25
at diagnosis, 17–18

in North American Indians, 690, 691t
photocoagulation for, 534
photocoagulation therapy in, 5–6
physical activity and, 320
pregnancy and, 13, 321

maternal risks with, 719, 727–728
prevalence, 293

with diagnosed NIDDM, 621f
population-based studies, 305–307,

306t
in WESDR, 305

progression, 306t, 307t, 307–308, 308t
proliferative

age and, 310–311, 311f
clinical characteristics, 305
diagnosis, 329–330, 330t
prevalence, 293
progression to, WESDR data, 314,

316t
proteinuria and, 319–320
puberty and, 313
race/ethnicity and, 308–309, 309f
risk factors for, 5, 308–321

in WESDR, 305
screening for, cost-effectiveness, 304
serum lipids and, 313t, 320
sex and, 308
smoking and, 313t, 320
socioeconomic status and, 320–321
vitrectomy for, 534

Diabetic Retinopathy Study (DRS),
data on vision disorders, 302,
303f

Diabetogenic hormones, sites of ac-
tion, 74t

Diagnosed diabetes
age distribution, 85

1935–81, 64a
1983–93, 65a
three-year average number of,

1979–92, 66a
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racial distribution, three-year average
number of, 1979–92, 66a

sex distribution
1935–81, 64a
1983–93, 65a
three-year average number of,

1979–92, 66a
in United States population

1935–81, percent, by age and sex,
64a

1983–93, percent, by age and sex,
65a

three-year average number of,
1979–92, 66a

Diagnosis, of diabetes
circumstances for, 20f, 20–21, 21t
tests for, 21, 21f, 21t, 22t

Diagnostic criteria, 17–20, 18t
for diabetes, 15
effects on prevalence statistics, 50–51
for gestational diabetes, 19, 19t
NDDG versus WHO, 18t, 18–19
research needs for, 19
scientific basis for, 17–18

Dialysis. See also Hemodialysis; Peri-
toneal dialysis

economic impact, 373
Dialysis patients

with ESRD attributed to diabetes,
death rates for all (1989–91), by
cause of death, age, sex, and
race, 395a

Mexican-American, survival, 631–632
not yet transplanted, annual death

rates (1989–91) for, by age, race,
and primary disease, 392a

survival, by cause of renal failure and
type of therapy, 371, 372f

Diarrhea
chronic, definition, 466
definition, 466
in diabetes, 466–467, 467t

versus fecal incontinence, 467
mechanisms, 466
prevalence, 465t, 466, 467t

with somatostatinoma, 76
sorbitol-induced, 466–467

Diazoxide
diabetogenic effects, 70t, 77, 77t
sites of action, 77t

DIDMOAD syndrome (diabetes in-
sipidus, diabetes mellitus, optic
atrophy, sensorineural deafness),
70t, 80

Diet. See also Nutritional therapy

assessment, methods, 189–190
diabetes and, 676
diabetic renal disease and, 365, 365f,

365t
IDDM and, 170–171
low-protein, effects on course of

nephropathy in IDDM, 370–371,
371f, 371t

NIDDM and, 190–191, 196
in Hispanic Americans, 641, 642t

as risk factor, in North American Indi-
ans, 688–689

Dietary departments, in nursing
homes, 583

Dietary therapy, 10
Digestive diseases

age-standardized prevalence, by diabe-
tes status and sex, 458t–459t

age-standardized prevalence ratio, by
diabetes status and sex, 458t–
459t

diabetes and, 8–9, 457–483. See also
Celiac disease; Constipation; Di-
arrhea; Fecal incontinence; Gas-
tropathy; Liver disease

National Health Interview Survey
(NHIS) data on, 457–460,
458t–459t

National Hospital Discharge Survey
data on, 460–464, 462t–463t

national surveys, 457–464
NHANES II data on, 460, 461t
pathophysiology, 464

hospital discharges with, age- and sex-
adjusted, by diabetes diagnosis,
462t–463t

prevalence, by diabetes status and
sex, 458t–459t

Diphenylhydantoin (Dilantin)
diabetogenic effects, 70t, 77, 77t
sites of action, 77t

Disability. See also Activities of daily
living; Activity limitation(s)

absenteeism and, 271, 273f, 273t,
281a

activity limitation(s) and. See Activity
limitation(s)

attributes related to, 267–270
chronic conditions and, 265
community-based epidemiologic stud-

ies, 262, 266t, 266–267, 267f,
267t

data on
sources, 261–263
from U.S. government, limitations,

262
definition, 260

from Old Age, Survivors, and Dis-
ability Insurance (OASDI) pro-
gram, 262

demographic factors affecting, 259,
267–270, 268f, 268t, 269f, 269t

determinants, 260
in diabetes, 4–5, 259–282, 261t

consequences, 259
diabetes-related factors in, 259, 270,

270f, 270t
discrimination and, 274
duration of disease and, 270, 270f
economic impact, 259, 272, 275, 275f
everyday life and, 271–278
framework for, 260
health care access and, 275
health care use and, 274f, 274t, 274–

275
health impact, 259
health perceptions and, 277, 277f,

277t
health preferences and, 278
health profiles and, 277–278
income and, 275, 275f
industrial studies, 262–263
late complications of diabetes and,

270, 270f, 270t
National Health Interview Survey

(NHIS) data on, 261, 263f, 263–
265, 264f, 264t, 267, 281a

on absenteeism, 273, 281a
National Nursing Home Survey data

on, 266
occupational. See Work disability
permanent, productivity lost due to,

costs, 606–607
physician visits and, 274, 274f
prevalence, 263–267

age and, 267–268
in diabetes, 259, 263–267
in United States, 259

psychologic impact, 272
quality of life and, 276, 278
Social Security Administration (SSA)

data on, 262, 265–266, 271, 271f
Social Security Disability Insurance

(SSDI) data on, 265–266
socioeconomic impact, 259
sociologic impact, 272
spectrum, 260
Survey of Income and Program Par-

ticipation (SIPP) data on, 261–
262, 265, 265f
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Survey of Work and Disability data
on, 266, 266f, 267, 268t

time trends in, 271, 271f, 271t
treatment type and, 270, 270t
unemployment and, 272f, 272t, 272–

273
Discrimination, disability and, 274
Distal polyneuropathy, in diabetes,

340, 340f
age and, 342f, 342–343
glucose tolerance status and, 342f,

342–343
prevalence, 341, 341f
in San Luis Valley Study, 342f, 342–

343
Diuretic therapy

diabetogenic effects, 70t, 77, 77t
effects on progression of diabetic

nephropathy, 369
IDDM mortality risk and, 229
sites of action, 77t

Divorced persons. See Marital status
DKA. See Diabetic ketoacidosis
Doppler ultrasound, velocimetry, in

lower extremity arterial disease,
402

Dorsalis pedis pulse deficit, in dia-
betic versus nondiabetic popula-
tions, 402, 403t

Down’s syndrome, secondary diabe-
tes with, 70t

Drug nephrotoxicity, diabetic renal
disease and, 366, 367t

Drugs. See also Medication(s)
diabetogenic effects, 70t, 76

Duration of diabetes
diabetic retinopathy and, 311f, 311–

313, 312t
disability and, 270, 270f
foot ulcer risk with, 413, 413t
glaucoma incidence and, 327, 327f
heart disease risk with, 438f, 438–439
lower extremity amputation risk and,

419
by population group, in U.S., 89–90,

90f
as risk factor

for edentulousness, in North
American Indians, 691

for lower extremity amputation, in
North American Indians, 691

vision disorders and, 301t, 301–302,
302f

Dyslipidemia
in African Americans, 623, 624f

by age, sex, race/ethnicity, and diabe-
tes status, 128, 128f, 153a, 154a,
155a, 156a

community-based studies, 131, 132f,
161a, 162a, 163a

definition, 128
diabetic nephropathy and, 367
diabetic renal disease and, 364
lower extremity amputation risk and,

418
NIDDM and, 3, 197
prevalence, by race, 624f
in undiagnosed NIDDM, 24

Dystrophia myotonica, secondary dia-
betes with, 70t

Early Treatment Diabetic Reti-
nopathy Study (ETDRS), data on
vision disorders, 302, 303f, 321

Eating disorder(s), in adult diabetic
population

prevalence, 507, 509–511
sex distribution, 511

Economic analysis, evaluation, 601,
602

Economic difficulties, disability and,
259, 272, 275, 275f

Economic impact, 601–611. See also
Costs

of diabetes, 11
of diabetes-related blindness, 303–304
of diabetic foot problems, 422–424
of diabetic foot ulcers, 422, 423t
of disability, 259, 272, 275, 275f
of lower extremity amputations, 422–

423, 423t
of renal replacement therapy, 373

Edentulousness, in North American
Indians

prevalence, 9
risk factors for, 503, 691

Education
disability from diabetes and, 269f,

269–270
health insurance coverage and, 596t,

597
of persons screened for diabetes, 30t
years, distribution of diabetic adults

by, in U.S., 85, 94f, 94–95, 95f,
110a

comparisons with 1979–81, 99
Educational attainment, diabetes risk

and, 194–195

Education programs, for North Ameri-
can Indians, 694

Elderly
diabetes in

and cardiovascular disease, 576t,
581, 582

in Chinese, 673
clinical implications, 581
complications, 581
diagnosis, 581
therapy for, 582

diabetic ketoacidosis in, 581
disability in, 265, 266

demographic factors, 267–268, 268f
glycemic control in, contraindications

to, 527
Emergency room, frequency of use, in

diabetic versus general popula-
tion, 608t

Employer type, distribution of dia-
betic adults by, 85, 99, 115a

Employment status
disability and, 259, 265, 272f, 272t,

272–273
distribution of diabetic adults by, 97,

98f, 113a
comparisons with 1979–81, 99

IDDM and, 5
NIDDM and, 5
of persons screened for diabetes, 30t

Endocrinopathies, secondary diabe-
tes with, 70t, 74–77

End-stage renal disease, 358–361
in African Americans, 621

survival, 621
annual death rates (1989–91), by age,

race, and primary disease, 394a
attributed to diabetes

death rates for all patients (1989–
91), by cause of death, age,
sex, and race, 400a

death rates for CAPD/CCPD pa-
tients (1989–91), by cause of
death, age, sex, and race, 397a

death rates for dialysis patients
(1989–91), by cause of death,
age, sex, and race, 395a

death rates for hemodialysis pa-
tients (1989–91), by cause of
death, age, sex, and race, 396a

death rates for transplant recipients
(1986–88), by cause of death,
age, sex, and race, 398a, 399a

diabetic, 6–7
in North American Indians, 690,

E
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690f
prevalence, 349, 359, 359t, 360f,

360t
race and, 6, 359, 360f, 360–361,

361f, 361t
time trends in incidence, 359–360,

360f
in Hispanic Americans, 631–632,

650–654, 652t, 653f
survival with, 653t, 654, 654t

in IDDM, 358
racial differences in, 361, 361f
smoking and, 365

incidence, 359
duration of disease and, 361
by race, 360–361, 361f, 361t
by race and type of diabetes, 361,

361f
in NIDDM, 358

racial differences in, 360–361, 361f
number of new cases, by race, 360,

361t
pregnancy and, 365
prevalence, 359
relationship to other diabetic compli-

cations, 367
reported

point prevalence, 359, 360f, 360t
summary statistics on, 359, 359t

risk
drug nephrotoxicity and, 366, 367t
type of diabetes and, 622

survival, 371–373, 372f, 373f
racial differences in, 371, 372f
by treatment modality, sex, race,

and primary cause of renal fail-
ure, 390a–391a

therapy
attributed to diabetes, incidence

counts (1988–91) by age, sex,
and race, 387a

attributed to diabetes, incidence
per 10 million population
(1988–91), by age, sex, and
race, 387a

incidence (1988–91) by detailed
primary disease, age, and race,
388a

incidence counts by year (1982–
91), age, race, sex, and pri-
mary cause of renal failure,
386a

point prevalence counts, by year
(1982–91), age, race, sex, and
primary cause of renal failure,

389a
point prevalence rates (1988–91),

by age, race, and sex, 390a
treated

annual change in incidence, by
race, 359, 360f

percent distribution of new cases,
by primary diagnosis, 360,
361f

summary statistics on, 359, 359t
Entmacher study, cost estimates, 604–

607
disability and mortality productivity

loss, 606
hospital service, 605–606, 609
individuals’ out-of-pocket expenses,

607–608
medication, laboratory, and other

therapy/management costs, 606
nursing home service, 606
physician service, 605

Environmental risk factors, 689
Epidemiologic studies

bias in, 429
methodological problems in, 429

Epidemiology. See also Incidence;
Prevalence

descriptive, 1–4
Erectile dysfunction, diabetic, psycho-

logical factors affecting, 507, 513
Erie County, NY, IDDM prevalence

study, 39t
Eskimo

diabetes in, prevalence, 686t
gestational diabetes in, 693, 709t

Ethacrynic acid, diabetogenic effects,
70t

Ethanol, diabetogenic effects, 70t
Etiologic fraction method, of cost esti-

mation, 602
EURODIAB ACE Study, 165
Excess mortality

definition, 237
in diabetes

versus nondiabetic persons, 237–
241, 238t–240t

proteinuria and, 358, 367
diabetic nephropathy and, 358, 367
in IDDM, from renal or cardiovascu-

lar disease, 358, 367
in NIDDM, from cardiovascular dis-

ease or renal disease, 358, 367
in Pima Indians, from cardiovascular

or renal disease, 358
Exercise participation

by age, sex, and race/ethnicity, 130,
160a

in NIDDM prevention, 191
in persons with NIDDM, 3, 191–193,

192t
in stroke prevention, 455

Eye care, in diabetes, 328–331, 330t

Familial effect, on IDDM mortality
risk, 228

Family history of diabetes
diabetes status and, 117, 121–122,

122f, 139a
IDDM and, 117, 120–121, 122f, 139a

by age and sex, 217a
NIDDM and, 181, 183, 215a–219a

in Hispanic Americans, 643
in non-Hispanic Whites, by diabe-

tes status and age, 216a, 217a,
218a

in Pima Indians, 183
in Whites, 183

normal glucose tolerance and, 117,
121, 122f, 139a

by age, sex, and race/ethnicity, 218a
Family income

distribution of diabetic adults by, in
U.S., 85, 95–96, 96f, 97f, 111a

comparisons with 1979–81, 99
health insurance coverage and, 594t,

596t, 597
Family size, distribution of diabetic

adults by, in U.S., 85, 93, 109a
Fasting plasma glucose

by diabetes status, 120, 120f
and sex and race, 120, 137a

in diagnosis, 18–19
in impaired glucose tolerance, 19
in NIDDM, 2, 15

in Hispanic Americans, 639t, 640
in women, by race/ethnicity, in

community-based studies,
119, 119f

as predictor of complications, 18, 19,
27

in screening
for NIDDM, 26f, 26t, 26–27, 27t,

28t, 36a
and percent requiring retesting

(PRR), 27, 27t
sensitivity, 27, 27t, 28t
specificity, 28t

in undiagnosed NIDDM, 24, 24f, 25f

F
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Fat
animal, diabetes risk and, 676
body. See Body fat distribution; Obe-

sity
dietary intake

diabetes and, 519, 524
NIDDM and, 190t, 190–191, 196

in Hispanic Americans, 641
Fatty acid binding protein 2 gene, in-

sulin sensitivity in Pima Indians
and, 189

Fatty acids, omega-3, protective ef-
fect against NIDDM, 190–191

Fatty liver, in diabetes, 469–470
Fecal incontinence, in diabetic pa-

tients, versus diarrhea, 466–467
Fee-for-service plans, percent of dia-

betic persons with private insur-
ance covered by, 594f

Female(s). See also Sex distribution
alcohol consumption

by diabetes status and race/ethnic-
ity, 159a

fasting plasma glucose and, 196
asymptomatic bacteriuria in, preva-

lence, 375, 376t
blood glucose testing in, 138a
blood pressure, by diabetes status,

146a
body mass index

by diabetes status and age, 141a
by duration of NIDDM, age, and

race/ethnicity, 142a
measured and self-reported, by age,

144a
by race/ethnicity, diabetes status,

and age, 141a
of childbearing age, prevalence of dia-

betes in, 720f, 720–721
diabetes in

prevalence, 50f, 51, 56t–58t
sociodemographic characteristics,

89, 102a–103a, 104a–116a
comparisons with 1979–81, 99

diabetes status, with parental history
of diabetes, by age, 139a–140a

diagnosed diabetes in
percent, by age, 64a
three-year average number of,

1979–92, 66a
disability in diabetes and, 268, 268t,

269, 269f
exercise participation, by diabetes

status, 160a
with family history of diabetes, by dia-

betes status and age, 216a, 217a,
218a

fasting triglycerides, by diabetes
status, 153a, 154a, 156a

HDL cholesterol, by diabetes status,
154a, 155a

heart disease risk in, diabetes and, 439
hypertension in

by age, 147a
antihypertensive treatment for,

150a
by diabetes status and race/ethnic-

ity, 147a–148a
measured and self-reported, by age

and diabetes status, 148a
IDDM in, 85

distribution, by age, 102a
with impaired glucose tolerance, par-

ity, by age, 156a, 158a
LDL cholesterol, by diabetes status,

153a, 155a
mean fasting triglycerides in, by dia-

betes status, 151a
mean HDL cholesterol in, by diabetes

status, 151a, 152a
mean LDL cholesterol in, by diabetes

status, 150a, 152a
mean total cholesterol, by diabetes

status, 150a, 151a
mortality in, diabetes as underlying

cause of death for, 247, 247f,
250, 250f

newly diagnosed diabetes in, three-
year average number of, 1980–
92, 67a

with NIDDM, parity
by age, 156a, 158a
by race, 156a

NIDDM in, 85
incidence, 53, 53f, 53t
mortality, risk factors for, 251

NIDDM prevalence in
by family history of diabetes and

age, 219a
by obesity level and age, 220a

nondiabetic, parity, by age, 156a
with normal glucose tolerance, parity,

by age, 156a, 158a
obesity in, in NIDDM, by age, 143a
overweight in, by age and race, 220a
percent screened for diabetes, 29t
plasma glucose in

by age and race/ethnicity, 134a–
135a

by diabetes status, 137a

smoking and, by diabetes status, 158a
subscapular-to-triceps skinfold ratio,

by age and diabetes status, 124,
124f, 145a

total cholesterol, by diabetes status,
153a, 154a, 155a

2-hour post-challenge plasma glucose
in, by age and race/ethnicity,
135a–136a

with undiagnosed NIDDM, 23t
parity, by age, 156a, 158a

urine glucose testing in, 137a
urine ketone testing in, 138a

Femoral bruits, stroke risk and, by
diabetes status, 453

Femoral cutaneous neuropathy, in
diabetes, 342

Fiber, dietary
diabetes and, 525
intake, NIDDM risk and, in Hispanic

Americans, 641
NIDDM and, 190, 190t

Fibrocalculous pancreatic diabetes
(FCPD), 72

classification, 613
diagnostic criteria for, 614t

Fiji islands, diabetes in, 670
Filipinos

diabetes in
incidence, 668
prevalence, 668

gestational diabetes in, 709, 709t
mortality in, diabetes as underlying

cause of death for, 249, 249t
Finland, IDDM in

in children, epidemiology, 168
incidence, 40

temporal variation in, 44f
mortality from, 229f, 229–230, 230f

age-adjusted rates, 230f
age-adjusted rates, by cause, 227,

227f
First National Health and Nutrition

Examination Survey
Epidemiologic Follow-up Survey
(NHEFS), hospital discharge
data in, 554

Fluoxetine, side effects, in adult dia-
betic populations, 514, 515t

Foot care, in prevention of ulcers and
amputations, 420, 420t, 421t

Foot checks, frequency, 420, 420t,
421t

Foot deformity, foot ulcer risk and,
413
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Foot pressure, foot ulcer risk and,
413

Foot ulcers
diabetic, 410–412

associated conditions, 405
in Chippewa Indians, 413, 413t,

691
data sources, 410
economic impact, 422, 423t
incidence, 7, 412, 412t
infection, 9
in LEAD, 405–406
lower extremity amputation and,

409
population-based studies, 412
prevalence, 405–406, 412, 412t
prevention, 7, 420–422
progression to amputation, 411
risk factors for, 412–413, 413t

lower extremity amputation risk and,
417t

Footwear, in prevention of foot ul-
cers, 422

Fournier’s gangrene, in diabetes, 495–
496

FPG. See Fasting plasma glucose
Framingham Eye Study, 6

cataract data, 322, 322f
data on visual impairment, 296, 297f

Framingham Study
coronary heart disease data, 435, 435t
disability data from, 268–269, 269f
stroke predictors in, 453, 453f

blood glucose levels as, 454
France, costs in, 609–610
Friedreich’s ataxia, secondary diabe-

tes with, 70t, 80
Fructose, diabetes mellitus and, 524
Funafuti, Tuvalu, diabetes in

gender difference in, 674
prevalence, 674

Furosemide
diabetogenic effects, 70t
effects on progression of diabetic

nephropathy, 369

Gallbladder disease
in North American Indians, 691–692
with somatostatinoma, 76

Gallbladder operation (cholecystec-
tomy), 471, 474

self-reported, frequency, by sex, age,
and diabetes status, 460, 461t

Gallstones
cholesterol, 471–472
in diabetes, 8–9, 457, 471–474

morbidity and mortality with, 474
diagnosis, 472, 472t–473t
prevalence, by diabetes status, 472,

472t–473t
relative risk, by diabetes status, 472t–

473t, 472–474
self-reported physician-diagnosed,

prevalence, by sex, age, and dia-
betes status, 460, 461t

types, 471
Gamma-glutamyl transpeptidase, in

diabetic patients, 469–470
Gangrene

hospital discharge data for, 404t
in LEAD, 405, 406
in nursing home residents, 583

Gastric bypass surgery, for refractory
morbid obesity, in NIDDM, 524

Gastrointestinal abnormalities, in
diabetes, 464–468

mechanisms, 464
pathophysiology, 464

Gastropathy, diabetic, 464–466
Gc gene, chromosomal location, 187t
GDM. See Gestational diabetes melli-

tus (GDM)
Gender. See Sex
Generalized anxiety disorder, in dia-

betics, prevalence, 507
Genetics

of diabetes, 2
thrifty gene hypothesis, 619, 676,

677
of hypertension, in African Ameri-

cans, 623
NIDDM and, in Hispanic Americans,

642f, 642–643
Genetic syndromes, secondary diabe-

tes with, 70t, 79–80
Genitourinary infection(s), in diabe-

tes, 486–491
Genotype, insulin resistance syn-

drome and NIDDM and, 676f
Geographic distribution

of Asian Americans, 663, 664t
of Asian Indians, 663, 664t
of Pacific Islander Americans, 663,

664t
of persons screened for diabetes, 29t

Geographic region
IDDM incidence by, 37, 169, 615
lower extremity amputation and, 416,

416f
NIDDM prevalence by, 181–182, 182f

Gestational diabetes mellitus (GDM),
703–713

in African Americans, 620–621
characteristics, 16t
classification, 613
definition, 703, 704–705
development of diabetes and, 621
diabetes development after

incidence, 712, 712f, 712t
undiagnosed, 712

diagnosis, 22t, 22–23
threshold for, 704, 704t

diagnostic criteria for, 1, 19, 19t,
614t, 703, 704t, 704–705, 705t

historical perspective on, 703–704
IDDM risk and, 198–199
implications

for mother, long-term, 712–713
for offspring, 711
for pregnancy outcome, 710–711

incidence, 1
NIDDM development after

in mother, 13
in offspring, 13

NIDDM risk and, 198–199
in North American Indians, 693, 709,

709t
pathogenesis, 17
perinatal mortality in, 13
prevalence, 13, 15, 17, 703, 708–710,

709t, 721–722
by gestational age, 707, 707t

reproductive risk and, 703
risk

maternal age and, 705–706
obesity and, 705–706

risk factors for, 703
in African Americans, 621
historic, 705–706

screening, 22t, 22–23, 703, 705–708
current practice, 708
glucose challenge test for, 706–708
glycosylated hemoglobin in, 708
reflectance meters for, 707–708
timing of test for, 707, 707t
variations of 50-g 1-hr screen, 708

Gingival bleeding, in diabetes, 504
Gingivitis, in IDDM, 9
Glaucoma, 326–328

definition, 293, 326
in diabetes, 293
incidence

by age, 326, 326f

G
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by duration of diabetes, 327, 327f
in NIDDM, 6
prevalence, by diabetes status, 322f
research needs, 328

Glipizide, for NIDDM, 525
Glomerular filtration rate

antihypertensive therapy and, 369,
369f

decline
dietary protein intake and, in

IDDM, 365, 365f, 370–371,
371f

effect of albuminuria reduction on,
in IDDM, 369, 370t

serum cholesterol concentration
and, in diabetic patients, 364,
364t

in diabetes, 351f, 351–352
hyperglycemia and, 363
in pregnancy, 364

Glomerular hemodynamic function,
in diabetic glomerulosclerosis,
351f, 351–352

Glomerular permeability, selective, in
diabetes, 353f, 353–354

Glucagon
diabetogenic effects, 70t, 74t
extrapancreatic, 70–71
levels

in acute pancreatitis, 72
in chronic pancreatitis, 72

pancreatic, induction of ketoacidosis
and, 71

secretion, in hemochromatosis, 73
sites of action, 74t

Glucagon-like immunoreactivity, dia-
betes secondary to chronic pan-
creatitis and, 72

Glucagon-like peptide-1 receptor
gene, chromosomal location, 187t

Glucagonoma
clinical features, 76
secondary diabetes with, 70t, 76

Glucagon receptor gene, chromoso-
mal location, 187t

Glucocorticoids
diabetogenic effects, 70t, 74t, 77, 77t
metabolic effects, 75
sites of action, 74t, 77t

Glucokinase (GCK) gene mutations
diabetes secondary to, 70t, 78t, 79–

80, 185t, 185–187
MODY and, 180–181, 185–187

Glucokinase regulatory protein gene,
chromosomal location, 187t

Glucometers, 532
Glucose. See also Blood glucose; Fast-

ing plasma glucose; Plasma glu-
cose

metabolism, in acromegaly, 74
monitoring, in elderly, 582
secretion, after hemipancreatectomy,

70, 71f
Glucose intolerance, 76. See also Im-

paired glucose tolerance (IGT)
in acromegaly, 74
in Conn’s syndrome, 75
in Cushing’s syndrome, 75
epidemiology, 2
with exogenous steroid use, 75
genetic syndromes associated with,

70t, 79–80
glucocorticoid-induced, 77
with hemochromatosis, 73
with hyperthyroidism, 75–76
with hypokalemia, 75
in iron-overload states, 73
with monotropic GH deficiency, 75
with pheochromocytoma, 75
in POEMS syndrome, 76
prevalence, 47
with rare genetic syndromes, 181
with thalassemia major, 73

Glucose tolerance
abnormal. See also Impaired glucose

tolerance (IGT)
in migrant populations, prevalence,

195, 195t
in pregnancy, in North American

Indians, 693
normal

blood pressure and, 124–127, 125f,
126f, 146a, 147a–148a

criteria for, 117, 118
with family history of diabetes,

117, 121, 122f, 139a
by age, sex, and race/ethnicity,

218a
fasting plasma glucose with, 120,

120f, 137a
2-hour post-challenge plasma glu-

cose with, 120, 121f, 137a
women with, parity, by age and

race, 158a
tests. See also Oral glucose tolerance

test(s); Urine glucose test(s)
frequency, 15

Glucose transporter system
genes, chromosomal locations, 187t
NIDDM and, 185, 185t, 187

GLUT. See Glucose transporter(s)
Glutamic acid decarboxylase (GAD)

antibodies, in IDDM, 3, 169–170
Glyburide, for NIDDM, 525
Glycemic control

albuminuria risk and, 363
cardioprotective effects, 429
contraindications to, in elderly, 527
difficulties, in children, 527
effects on vascular disease, 406–407
heart disease risk with, 439
in IDDM, contraindications to, 527
lower extremity amputation risk and,

418, 418f
NIDDM mortality and, 251
nutritional therapy and

in IDDM, 522
in NIDDM, 519, 522

proteinuria risk and, 363
spontaneous abortion in diabetic preg-

nancy and, 723f, 723t, 723–724
stress and, 507, 512
stroke prevention and, 455

Glycogen synthase gene
chromosomal location, 187t
mutations, diabetes secondary to, 78t
NIDDM and, 185t, 187–188
polymorphism, 80

Glycosuria, screening for, 2, 22
Glycosylated hemoglobin. See Hemo-

globin, glycosylated
Gros Ventre Indians, diabetes preva-

lence in, 685t
Group B streptococcal infections, in

diabetes, 496
Growth hormone

cytotropic effects on β-cells, 75
deficiency, diabetogenic effects, 70t,

75
diabetogenic effects, 70t, 74t
excess, diabetogenic effects, 70t
levels, in acromegaly, 74
metabolic effects, 75
sites of action, 74t

Growth velocity, IDDM and, 166
Gut tumors, secondary diabetes with,

76

Handicap, definition, 260
Haptoglobin

gene, chromosomal location, 187t
in Hispanic Americans, NIDDM and,

643

H
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Hawaii
diabetes in, 665–667, 674–676

ethnic distribution, 665, 665f
in full- and part-Hawaiians and

Caucasians, 675, 675f
Japanese Americans in, diabetes in,

665–667, 666
Hawaiians

men of Japanese ancestry, cerebrovas-
cular disease mortality in, 248

mortality in, diabetes as underlying
cause of death for, 249, 249t

HDL. See High-density lipoprotein(s)
Head, elevation during sleep, for man-

agement of hypertension, 534
Health, valuing, methods for, 602–603
Health care

access, disability and, 275
consumption, in diabetes, 5
costs, for diabetes, 11

payment sources, 10
lower extremity amputation risk and,

419
service usage, disability and, 259,

271, 274f, 274t, 274–275
Health history, lower extremity ampu-

tation risk and, 419
Health insurance, 591–600

complications of diabetes and, in His-
panic Americans, 655, 655f

costs, 598
individuals’ out-of-pocket ex-

penses, 598
coverage

for persons with diabetes, 11
for specific aspects of health care,

595–597
data sources, 591–592
demographic characteristics and, 593,

594t
diabetic ketoacidosis and, 285
economic aspects, 598–599
government-financed, 592–593

percent of diabetic persons with,
versus nondiabetic persons,
597, 597f

lack, 595–596
adverse effects associated with,

596–597
limitations in, 596
multiple coverage, diabetic persons

with, 593, 593f
multiple types, percent of diabetic

persons covered by, 595, 595f
payments for ambulatory medical

care, 10
percent of diabetic persons with, 592,

592t
characteristics, 596t, 596–597
versus nondiabetic persons, 597f,

597–598
percent of diabetic persons without,

592
characteristics, 596t, 596–597

of persons screened for diabetes, 30t
private

expenditures for diabetic foot prob-
lems, 422, 423t

expenditures for foot ulcers and
amputations, 409

lack, reasons given for, 595t, 595–
596

percent of diabetic persons with,
592, 593f

versus nondiabetic persons, 597,
597f

proportion of diabetic persons cov-
ered by, 593, 594f

types, 593, 594f
proportion of health care expenses

covered by, 598t, 598–599
time trends in, 599, 599f
by type, 592, 593f

Health Insurance/Employer Survey,
health insurance information
from, 591

Health maintenance organizations,
percent of diabetic persons with
private insurance covered by,
594f

Health perceptions, disability and,
277, 277f, 277t

Health preferences, disability and,
278

Health profiles, disability and, 277–
278

Health promotion, in North American
Indians, 694

Health status
by age, sex, and diabetes status, 129–

130, 130f, 160a
in diabetes, 5
in diabetic versus nondiabetic per-

sons, 118
disability and, 259
in NIDDM, 3
self-reported

disability and, 277, 277f, 277t
by sex, age, and diabetes status,

282a

Health Surveillance Unit, Hawaii
State Department of Health, 675

Health Utility Index (HUI), 278
Heart disease, 7–8

atherosclerotic, in North American In-
dians, 690

coronary. See Coronary artery disease
diabetes and, 429–448

assessment, methodological prob-
lems in, 429–430

autopsy studies, 434f, 434–435
clinical studies, 432–434
prevalence by type of diabetes, in-

sulin use, and age, 430, 430t
excess risk

in diabetic versus nondiabetic per-
sons, 8

in IDDM versus NIDDM, 8
in IDDM, mortality from, 4, 221, 222
incidence, in diabetic versus nondia-

betic populations, 435, 435f,
435t, 436t

ischemic. See Ischemic heart disease
mortality, heart disease risk factors

and, 439f, 439–440
natural history, in diabetic versus non-

diabetic persons, 436–438, 437t,
438f

in NIDDM, 233
mortality from, 4, 242t, 243f, 244t–

246t, 244–247
risk factors for, 243–247

prevalence
community-based studies, 431–

432, 432t, 433f
in diabetic versus nondiabetic

populations, 430–435
U.S. Survey estimates, 430–431

risk
age and, 438–439
duration of disease and, 438f, 438–

439
endogenous insulin and, 441–444,

442t
exogenous insulin and, 443t, 444
glycemic control and, 439
heart disease risk factors and, 435t,

436t, 439–440
microalbuminuria and, 440t, 440–

441, 441t
sex and, 437t, 439, 439f

risk factors for, in diabetic versus non-
diabetic persons, 438–444

Hematemesis, diabetes and, 457, 464
Hemochromatosis
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chelation therapy with deferoxamine,
74

cirrhosis and, 72–73
clinical presentation, 72
gene frequency, 72
glucagon secretion in, 73
HLA-A3 and, 72
iron disposition in, 72
mortality ratios (observed/expected),

74
secondary causes, 72
secondary diabetes with, 70t
sex distribution, 72
survival with, 73f, 74

Hemodialysis
annual death rates (1989–91) for pa-

tients not yet transplanted, by
age, race, and primary disease,
392a

cause-specific death rates for, by age,
race, and diabetes status, 372,
373t

death rates for patients (1989–91)
with ESRD attributed to diabe-
tes, by cause of death, age, sex,
and race, 396a

Hemoglobin, glycosylated
foot ulcer risk and, 413, 413t
high, lower extremity amputation

risk and, 417t
incidence and progression of reti-

nopathy and, 314t, 314–315,
338a

lower extremity amputation risk and,
418, 418f

NIDDM mortality and, 251
as predictor of complications, 19, 27
prevalence of distal neuropathy and,

343
risk of visual loss and, 303
in screening for gestational diabetes,

708
in screening for NIDDM, 27, 28t

Hemorrhage, gastrointestinal, diabe-
tes and, 464

Hepatocellular carcinoma, hemochro-
matosis and, 72, 74

Hereditary relapsing pancreatitis, sec-
ondary diabetes with, 70t

Hernia repair, self-reported, fre-
quency, by sex, age, and diabetes
status, 460, 461t

Herrmann’s syndrome, secondary dia-
betes with, 70t

Hexokinase II gene, chromosomal lo-

cation, 187t
HHANES. See Hispanic Health and

Nutrition Examination Survey
(HHANES)

Hiatus hernia, self-reported physi-
cian-diagnosed, prevalence, by
sex, age, and diabetes status,
460, 461t

High-density lipoprotein(s)
community-based studies, 131–132,

161a, 162a, 163a, 164a
decreased, in NIDDM, 197

in Hispanic and non-Hispanic
Americans, 659a

diet and, in diabetes mellitus, 523–
524

levels
lower extremity amputation risk

and, 418
with NIDDM, by race, 623, 624f

in NIDDM, 3, 118
in Hispanic Americans, 640
mean level, in Hispanic and non-

Hispanic Americans, 659a
serum

abnormalities, by age, sex, race/eth-
nicity, and diabetes status,
128, 154a, 155a

by age, sex, race/ethnicity, and dia-
betes status, 128, 128f, 151a,
152a

High-risk populations
NIDDM screening rates in, 29t, 29–

30, 30t, 31f
screening in, 28–32
undiagnosed NIDDM in

detection, 31t, 31–32
prevalence, 28, 30f

Hi-Hon-San Study, 666
Hiroshima University Study, 666, 666t
Hispanic Americans. See also Cuban

Americans; Mexican Americans;
Puerto Ricans

coronary artery disease in, 12, 646,
647t, 648t

diabetes in, 631–659
prevalence, 12, 52, 52f, 52t, 631

diabetic complications in, health in-
surance and, 655, 655f

diabetic nephropathy in, 650–654,
652t

end-stage renal disease in, 12, 631–
632, 650–654, 652t, 653f

survival with, 653t, 654, 654t
gestational diabetes in, 709, 709t

hyperglycemia in, 647–648, 649a
IDDM in, 643–644, 644t

HLA associations, 168
incidence, 1, 37, 40, 42f, 166

age-adjusted, 40, 40t
prevalence, 12
risk, in relatives, 167

macrovascular complications in, 646–
647

microvascular complications in, 647–
655

mortality in, 644–646
all-cause, in total population, 644–

645, 645t
diabetes as underlying cause of

death for, 247, 247f, 249, 249t,
250

in diabetic persons, 645–646, 646t,
647t

myocardial infarct/infarction in, 646,
647t, 648t

Native American admixture in, diabe-
tes prevalence and, 12

neuropathy in, 654f, 654t, 654–655
NIDDM in

behavioral factors and, 640–641
family history of diabetes and, 643
genetic factors and, 642–643
incidence, 54, 637–638, 638f, 638t
metabolic characteristics, by sex,

community-based studies,
130–132, 162a

metabolic variables, 639t, 640, 640t
obesity and, 638–639, 639f, 639t
racial admixture and, 642t, 642–

643
risk factors for, 12, 638–643
sociocultural factors and, 640t,

640–641
NIDDM prevalence in, 52, 52f, 52t,

631–637
and in non-Hispanic whites, com-

parison, 637, 637t
percent screened for diabetes, 29t
peripheral vascular disease in, 12,

647, 648t
plasma glucose in, 647–648, 649a
proteinuria in, 650–654, 652t
retinopathy in, 648–650, 649f, 649t,

650f, 650t, 651f
stroke in, mortality from, 449, 449t
subgroups, 632
women with NIDDM

HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
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serum triglyceride levels, 131, 164a
Hispanic Health and Nutrition Exami-

nation Survey (HHANES), 117,
162a, 631, 632

diabetes prevalence data, 635, 635t,
636f

disability data from, 269, 269f
gallstone disease in, 473
methods, 118–119
prevalence and incidence determina-

tion from, 48
HLA antigens

diabetic retinopathy and, 309
IDDM and, 3, 168–169, 172

diabetic nephropathy and, 362
islet cell cytoplasmic antibodies and,

170, 172
HNC. See Hyperosmolar nonketotic

coma
Hokkaido, Japan, IDDM incidence,

temporal variation in, 44f
Home health care, in long-term care

for diabetes, 11
Home health care agencies, 571, 581
Hong Kong, diabetes in

in elderly Chinese, 673
prevalence, 673, 673t

Honolulu Heart Program, 454, 666
coronary heart disease data, 435, 435t

Hormone replacement therapy, post-
menopausal, 77

Hormones, diabetogenic, 70t
Hospital discharge data. See also Hos-

pital discharges; National Hospi-
tal Discharge Survey (NHDS)

1990, 556
coding in, 555
limitations, 554–555
Medicare charges and, 555
multiple hospitalizations and, 555
race classification in, 555
state-based, 562, 562f
underreporting in, 554–555

Hospital discharges. See also Hospi-
tal discharge data; National Hos-
pital Discharge Survey (NHDS)

listing complications of diabetes,
557f, 557–558, 558f

listing diabetes, time trends in, 557,
557f, 565a

listing diabetic ketoacidosis, 557f,
557–558, 561, 561f

number, by age, 556, 556f
Hospitalization(s), 553–569. See also

Outpatient services

considered to be related to diabetes,
554

costs, 562, 605–606
individuals’ out-of-pocket ex-

penses, 608, 608t
international comparison, 609
in U.S., 604t

data sources on, 554–556
days, in 1987, 605
in diabetes, 10

average length of stay, 10
data on, problems with, 489
frequency, 10, 489

disability and, 259
for infection, 489, 490t
in past year

of adults with IDDM and NIDDM,
559, 559f, 560–561, 561f,
566a, 568a

by complications and duration of
diabetes, 559, 560f, 567a

by insulin treatment, 560, 560f,
567a

multiple, 560–561, 561f, 568a
by race, 560, 560f, 566a, 567a
by sex, 559f, 559–560

of persons screened for diabetes, 30t
Hospital services, health insurance

coverage for, percent of diabetic
persons with, 595

Hospital utilization, 553–569
Human capital method, 602–603

cost presentations methods in, 603
Human life, valuing, methods for,

602–603
Huntington’s chorea, secondary diabe-

tes with, 70t
Huse study, cost estimates, 604–607

disability and mortality productivity
loss, 606

hospital service, 605
medication, laboratory, and other

therapy/management costs, 606
nursing home service, 606
physician service, 605

Hydralazine, effects on progression
of diabetic nephropathy, 369

Hyperaldosteronism, secondary dia-
betes with, 70t, 75

Hypercholesterolemia, in North
American Indians, 692

Hyperdynamic circulation, NIDDM
and, 197

Hyperglycemia
diabetic complications related to,

pathogenesis, 374
in diabetic persons, 120–121, 121f,

138a
diabetic renal disease and, 363, 363f,

364f
diabetic retinopathy and, 5, 313t,

313–317, 314t, 315t, 316t
diet-resistant, in NIDDM, 527
in elderly, 581

complications, 582
in Hispanic Americans, 647–648,

649a
hyperosmolar, with diabetes, in eld-

erly, 581–582
lower extremity amputation risk and,

417t
nephropathy and, 621–622
prevalence, in Hispanics in Texas,

632–633, 633t
progression to diabetes and, 196
renal abnormalities and, 354
screening for, 2, 22
stroke and, 454
transient, with acute pancreatitis, 71
in undiagnosed NIDDM, 24, 24f, 25f
vision disorders and, 293

Hyperglycemic, hyperosmolar, nonke-
totic coma, drug-induced, 77

Hyperinsulinemia
with acromegaly, 74
cardiovascular disease and, 692
in Cushing’s syndrome, 75
fetal, in pregestational diabetic preg-

nancies, 726–727
genetic factors associated with, 188–

189
heart disease risk and, 441–444
NIDDM and, 620

in Hispanic Americans, 640, 640t
in non-cirrhotic hemochromatosis, 73
progression to diabetes and, 196

Hyperosmolar nonketotic coma
(HNC)

definition, 287
health care costs, 283
hospitalization rates for, 5, 285t
incidence, 5, 287

age differences in, 287
racial differences in, 287, 287t
sex differences in, 287, 287t

morbidity and mortality with, 283,
287

mortality with, 5
precipitating factors, 283, 287
prevention, 287
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treatment, 283, 287
Hypertension, 75

in African Americans
retinopathy and, 621
theory, 623

by age, sex, race, and diabetes status,
124–127, 125f, 126f, 146a, 147a–
148a

cerebrovascular disease risk in, 451,
452, 452t

definition, 125
with diabetes, 623t

community-based studies, 131,
131f, 161a, 162a, 163a

in elderly, 576t, 582
diabetic renal disease and, 362–363,

363f
in IDDM

mortality and, 4
mortality risk and, 228, 229

in impaired glucose tolerance, 124–
127, 125f, 126f, 146a, 147a–148a

prevalence, 117
lower extremity amputation risk and,

417t, 417–418
management, in diabetes mellitus, 534
nephropathy and, 621–622
in NIDDM, 3, 124–127, 125f, 126f,

146a, 147a–148a
in Hispanic Americans, 639t, 640
in Hispanic and non-Hispanic

Americans, 659a
mortality and, 251
prevalence, 117

in nondiabetic population, 29f
with normal glucose tolerance, preva-

lence, 117
in normal population, 124–127, 125f,

126f, 146a, 147a–148a
in North American Indians, 692
nutritional therapy and

in IDDM, 522
in NIDDM, 522

parental, renal disease in diabetic off-
spring and, 362, 363f

in persons screened for diabetes, 29t
physician-diagnosed, in persons with

NIDDM, 127, 127f, 149a
in pregestational diabetic pregnancy,

maternal risks with, 729
prevalence

measured and self-reported, 126f,
126–127, 148a

with NIDDM, 623t
retinopathy and, in African Ameri-

cans, 621
risk factors for, 196–197
sodium intake and, 525
stroke and, 8, 449
treatment

in diabetic patients, 454–455
in stroke prevention, 454–455

in undiagnosed NIDDM, 24, 124–
127, 125f, 126f, 146a, 147a–148a

prevalence, 117
Hyperthyroidism

metabolic changes in, 75
secondary diabetes with, 70t, 75–76

Hypertriglyceridemia, alcohol con-
sumption and, 525

Hypocalcemia, in offspring, in preges-
tational diabetic pregnancies,
727

Hypoglycemia
definition, 289
hospitalization rates for, 5, 285t
incidence, 5, 283, 289

age differences in, 289
racial differences in, 289, 290t
sex differences in, 289, 290t

insulin-induced, diabetes secondary
to chronic pancreatitis and, 72

intensive insulin therapy and, in
IDDM, 519, 527

maternal, in pregestational diabetic
pregnancy, maternal risks with,
730

morbidity and mortality with, 283,
290

neonatal, in pregestational diabetic
pregnancies, 726–727

precipitating factors, 283, 289
prevention, 289–290
treatment, 283, 289–290

Hypokalemia, 75
diabetes and, 77
glucose intolerance with, 75

IADL. See Instrumental activities of
daily living

IAPP. See Islet amyloid polypeptide
(amylin)

ICD9-CM. See International Classifica-
tion of Diseases

IDDM. See Insulin-dependent diabe-
tes mellitus (IDDM)

IGT. See Impaired glucose tolerance
Immigrants, diabetic adults as

as percent of population, 96–97, 112a
by years of living in U.S., 96–97, 112a

Immigration, 663
Immigration Act of 1965, 663
Immunologic defects, systemic, in dia-

betes, and infection, 485
Impaired glucose tolerance (IGT), 69

albuminuria and, 197
blood pressure and, 124–127, 125f,

126f, 146a, 147a–148a
cholesterol abnormalities in, by age,

sex, and race/ethnicity, 128,
153a, 154a, 155a

classification, 70t, 613
conversion to diabetes, glucose toler-

ance at baseline and, 667
in cystic fibrosis, 71
definition, 15, 19, 55
in definition of gestational diabetes,

704
diabetes development and, 19–20
diabetes risk in, dietary fat and, 190
diagnostic criteria, 117, 118

WHO versus NDDG, 19, 20t
diagnostic criteria for, 614t
dyslipidemia in, by age, sex, and

race/ethnicity, 128, 153a–156a
family history of diabetes and, 117,

121, 122f, 139a, 181, 216a
by age, sex, and race/ethnicity, 218a

fasting plasma glucose in, 19, 120,
120f, 137a

HDL cholesterol in
abnormalities, by age, sex, and

race/ethnicity, 128, 154a, 155a
by age, sex, and race/ethnicity, 128,

151a, 152a
incidence, 1

after previous gestational diabetes,
712, 712t

LDL cholesterol in
abnormalities, by age, sex, and

race/ethnicity, 128, 153a, 155a
by age, sex, and race/ethnicity, 128,

150a, 152a
mean total cholesterol in, by age, sex,

and race/ethnicity, 127–128,
150a, 151a

in migrant populations, prevalence,
195, 195t

NIDDM and, 198, 198t, 620
in Hispanic Americans, 639t, 640

parity and, by age, sex, and race/eth-
nicity, 129, 158a

prevalence, 15, 47, 52f, 52t, 54f, 55,
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617t
in African Americans, 617f, 620
age distribution, 55
ethnic differences in, 181–182, 182f
by fasting plasma glucose level, 36a
in Mauritius, 669, 669t
racial distribution, 55
worldwide interpopulation differ-

ences in, 181–182, 182f
progression to NIDDM, prevention,

201–202
risk for, thinness at birth and, 194
as screening criterion for pre-

NIDDM, 198, 199
triglycerides in

abnormalities, by age, sex, and
race/ethnicity, 128, 154a, 156a

by age, sex, and race/ethnicity, 128,
151a, 153a

2-hour post-challenge plasma glucose
in, 19, 120, 121f, 137a

undiagnosed, 180
in women of childbearing age, by

race/ethnicity, 720, 721f
women with, parity, by age and race,

158a
Impairment, definition, 260
Impotence, in diabetes, psychological

factors affecting, 513
Incidence, 1–2, 601

annual rate, from NAMCS, 548
of diabetes, 47

analysis of survey data, 48
community studies, 55, 59t–60t
interpretation of survey data, 48–49

national, determination methods, 47–
53

pediatric, 615
Income. See also Family income

disability and, 259, 272, 275, 275f
disability from diabetes and, 269f,

269–270
of persons screened for diabetes, 30t

Incontinence. See Fecal incontinence;
Urinary incontinence

India, diabetes in
prevalence, 673, 673t, 674, 674t
and rice versus wheat diet, 673

Indian Council of Medical Research,
673–674

Indian Health Service (IHS), 683
service areas, 684f

Indians
Asian. See Asian Indians
North American. See North American

Indians
Individual practice associations, per-

cent of diabetic persons with pri-
vate insurance covered by, 594f

Infants of diabetic mothers
congenital malformations in, 725–726
diabetes in, in North American Indi-

ans, 693, 693f
NIDDM in, 13
perinatal complications in, 727, 727t
perinatal mortality in, 724–725

Infection(s)
costs, attribution to diabetes, 602
deep neck, from periodontal abscess,

504
diabetes and, 9, 485–499

pathogenesis, 485
diabetic ketoacidosis secondary to,

284–285
genitourinary, in diabetes, 486–491
group B streptococcal, in diabetes, 496
hospitalizations for, 489, 490t
lower extremity, in diabetes, 491–492
in nursing home residents, 583

with hyperglycemia, 582
oral. See also Periodontal disease

in diabetes, 501
pathogenesis, 504

respiratory. See also Bronchitis; Influ-
enza; Pneumonia; Sinusitis

in diabetes, 492–493
risk, in diabetes, 485
risk factors for

in diabetes, 485
in North American Indians, 691

types, in diabetes, 485
Influenza, in diabetes, 492

mortality from, 242t, 243f, 249, 492
Institute of Medicine’s Committee on

Nursing Home Regulation, 583
Instrumental activities of daily living

disability and, 275–276, 276f, 276t
restriction, in diabetes, 265, 265f, 266

Insulin
antibodies, in IDDM, 3
deficiency, with monotropic GH defi-

ciency, 75
endogenous, heart disease risk and,

441–444, 442t, 443t
exogenous. See also Insulin therapy

diabetic retinopathy and, 318
heart disease risk and, 443t, 444

fasting levels
genetic factors associated with,

188–189

in Hispanic Americans, in NIDDM,
639t, 640, 659a

in non-Hispanic Americans, in
NIDDM, 659a

mutant (abnormal)
characteristics of probands with,

79t
secondary diabetes with, 70t, 79

plasma level, community-based stud-
ies, 130

secretion, after hemipancreatectomy,
70, 71f

Insulin autoantibodies (IAA), in
IDDM, 169–170

Insulin-dependent diabetes mellitus
(IDDM), 1

activity limitations in, versus nondia-
betic populations, 267, 268f

adult-onset, incidence, 1
in African Americans, risk factors for,

615–616
age-adjusted mortality, 230f

by cause and country, 227, 227f
albuminuria in, 6

cumulative incidence, 356, 357f
prevalence, 354, 354t, 355f
as risk factor for death, 357–358

alcohol consumption and, by age,
sex, and race/ethnicity, 159a

ambulatory care visits for, frequency,
547, 547f, 547t

in Asian Americans, 663–664
autoimmunity and, in African Ameri-

cans, 616
autonomic neuropathy in, 346t, 347

renal disease and, 364
blood glucose testing in

by age, 138a
by sex, 138a

bronchitis in, 487t
cardiovascular disease in, 429

mortality from, 221, 222, 222f,
225–226, 226f

caries (tooth decay) in, 501
carpal tunnel syndrome in, 341f, 341–

342
celiac disease risk in, 457
characteristics, 16t
classification, 613
complications, 17
corneal disease in, 328
dextran clearance profiles in, 353
diabetic ketoacidosis in, 283
diabetic nephropathy in

familial clustering, 361–362, 362f

755



natural history, 350, 350f
smoking and, 365–366, 366t

diagnosis, 16–17, 38
diagnostic criteria for, 1, 614t

in NHANES II, 118
disability in, 5, 267, 267t

activity limitations and, 263, 263f,
264f, 264t, 275–276, 276f,
276t, 281a

consequences, 259
demographic factors affecting, 267
health care use and, 274f, 274t,

274–275
health perceptions and, 277, 277f
health profiles and, 278
late complications of diabetes and,

270, 270f, 270t
prevalence, 259, 263, 263f
by sex and age, 281a

distribution
by age, 85, 87, 88f, 102a–103a
by age at diagnosis, 90
by age at diagnosis, sex, and race,

90, 90f
by age at onset, 85, 90, 90f, 104a,

166
among immigrants, by years of liv-

ing in U.S., 96–97, 112a
by cohabitation status, 93, 93f,

108a
by duration of disease, 85, 89, 90f,

104a
by employment status, 85, 97, 98f,

113a
by family income, 85, 95–96, 96f,

111a
by family size, 85, 93, 109a
by immigrant status (percent of

population), 96–97, 112a
by marital status, 85, 92f, 92–93,

107a
by race/ethnicity, 89, 89f, 165–166,

166, 166f
regional, 85, 90, 91f, 105a
by sex, 85, 89
by size (in thousands) of urban

population, 85, 91, 91f, 106a
by type of employer, 85, 99, 115a
by urban/rural residence, 91, 91f,

106a
by usual activity, 97–98, 114a
by years of education, 85, 94–95,

95f, 110a
duration

diet and, 521, 521t, 540a

insulin therapy and, 521, 521t
oral hypoglycemic agents and, 521,

521t
in elderly, clinical implications, 581
employment status and, 5
end-stage renal disease in, 358

racial differences in, 361, 361f
smoking and, 365

epidemic pattern, 43
epidemiology, 165, 173
etiology, 17

environmental factors in, 166–167,
664

interaction of genetic and environ-
mental factors in, 171

with family history of diabetes, 117,
120–121, 122f, 139a

by age and sex, 217a
foot ulcer incidence in, 412
gastrointestinal symptoms in, 465t,

465–466
genetics, 3, 165, 167–170
glomerular filtration rate in, 351f,

351–352
glutamic acid decarboxylase antibod-

ies in, 169–170
growth velocity and, 166
health status in, 129–130, 160a

by age, 160a
by sex, 160a

heart disease in
excess risk for, 8
mortality from, 221, 222, 225, 226f
prevalence, 430, 430t

high blood glucose in, 120–121, 121f,
138a

in Hispanics, 643–644
HLA associations, 3, 165, 168–169,

172
in African Americans, 615–616
diabetic nephropathy and, 362

hospitalizations, considered to be re-
lated to diabetes, 554

host susceptibility, 165, 167–170
hypertension in

measured and self-reported, by age
and sex, 148a

mortality and, 4
hypoglycemia in, mortality from, 227–

228
incidence, 1, 37, 39t, 39–40, 165, 601

in adults, 40, 40t
by age at onset, 42, 42f
age distribution, 166
in children, 1

in children under 16 years old, f, 37
geographic variation in, 37, 169,

615
international, 165, 165f

variation in, 40, 40f, 41f
in Japan, 663
mumps virus infection and, 172
pubertal peak, 42, 42f
racial and ethnic variation in, 37,

40t, 40–42
seasonal variation, 37, 42, 42f, 166–

167
by race, 167, 167f

by sex and age, 42, 42f, 42t, 43t
sex distribution, 166, 166f
socioeconomic status and, 173
spiking patterns, 43, 44f
time trends in, 42–43, 43f, 43t

insulin autoantibodies in, 169–170
insulin therapy for. See Insulin ther-

apy
insulin-treated, prevalence, 15, 17
islet cell cytoplasmic antibodies in,

169–170
latent, presenting as NIDDM, 180
lower extremity amputation risk and,

418
mean age at diagnosis, 85, 105a
microalbuminuria in, as risk factor

for death, 357–358
military status (percent of popula-

tion) and, 85, 99, 116a
mortality in, 4, 221–230

in African Americans, 625
Allegheny County, PA DERI cohort

study, 223, 223f, 225, 225f,
227, 227f, 229f, 229–230, 230f

cause of death in, 221, 225–228,
229, 230f

death certificate data. See Death
certificate data

DERI classification, 227, 227f
duration of disease and, 221, 225,

226f, 229, 229f
international variations in, 221,

227, 227f, 229f, 229–230, 230f
Joslin Clinic (Boston, MA) study,

222, 223, 223f, 224, 224f, 228
Pittsburgh Children’s Hospital

study, 223, 223f, 224–225,
225f, 228–229

Pittsburgh Epidemiology of Diabe-
tes Complications Study, 225,
226f, 228

prior to 1980, 221–222
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by proteinuria, age, and sex, 358,
358f

risk factors for, 228–229
Steno Memorial Hospital, Den-

mark, 225–226, 226f, 228–229
time trends in, 221, 223, 224f, 224–

225, 225f
in U.S. versus other countries, 221,

227, 227f, 229f, 229–230, 230f
Wisconsin Epidemiologic Study of

Diabetic Retinopathy
(WESDR), 224, 225–226,
226f, 228

mortality risk
absolute versus relative, 223–224
and age at onset, 221, 222, 229,

230f
blindness and, 229
blood pressure and, 228
diuretic therapy and, 229
familial effect in, 221, 228
hypertension and, 221, 222, 229
laser therapy and, 229
metabolic regulation and, 228–229
peripubertal onset and, 229
physical activity and, 229
plasma lipoproteins and, 228
prepubertal onset and, 229
racial differences in, 221, 228
renal disease and, 221, 222, 222f,

225, 226, 226f, 227, 227f, 229,
230f

retinopathy and, 229
sex distribution, 228, 229–230,

230f
smoking and, 221, 228

nephropathy with
antihypertensive therapy and, 369f,

369–370, 370t
effect of captopril on incidence of

renal disease with, 370, 370f
effect of dietary protein reduction

on, 370–371, 371f, 371t
insulin therapy and, 367–368
metabolic control and, 367–368,

368f, 368t
mortality from, 221, 222, 222f,

225–226, 226f, 227, 227f, 229,
230f

neuropathy with, 6
prevalence, 339, 341, 341f
in San Luis Valley Study, 342f, 342–

343
new cases, annual, 40
in North American Indians, 683

nutritional therapy for. See Nutri-
tional therapy

onset, seasonal variation in, 166–167
oral complications, 501
in Pacific Islander Americans, 663–

664
pancreatic cancer in, 475
pancreatic transplantation for, 519,

533
effects on renal function, 533
nephropathy and, 533

pandemic, 43
parental history of diabetes and

by age, 140a
by sex, 140a

parotid gland enlargement in, 504
pathogenesis, 17
patient characteristics in, 520t
pediatric, 615, 615f

in African Americans, 613, 615
in Barbados, 615
cow’s milk proteins and, 171
on Martinique, 615
and prevalence of paternal versus

maternal IDDM, 168
and race and gender, 615
socioeconomic status and, 616
in Virgin islands, 615
in whites, 613

periodontal disease in, 9, 501–502,
502f

metabolic control and, 502
retinal changes and, 502, 502f

population studies, 165–167. See also
Wisconsin Epidemiologic Study
of Diabetic Retinopathy
(WESDR)

and pregnancy
implications for offspring, 727, 727t
prevalence, 721–722

prevalence, 1, 15, 17, 17t, 37, 38–39,
39t, 48–49

in African Americans, 616t, 616f,
616–618

in children, 39
in Hispanic Americans, 631
in pregnant women, 721–722
in relatives of patients, 3
in total population, 39

proteinuria in, 6
duration of disease and, 356, 356f,

357f
glycemic control and, 363, 363f
prevalence, 354, 354t, 355f
smoking and, 365–366, 366t

registries, 37, 38
case definition for, 38t
in North America, 38f
in WHO Multinational Project for

Childhood Diabetes (Dia-
Mond), 38f

retinopathy in, effects of insulin ther-
apy, 293

risk
nutrition and, 170–171
in relatives, 167t, 167–168

of subjects with NIDDM, 168
risk factors for, 3, 165–173

environmental, 170–173
salivary secretion in, 504
sinusitis in, 487t
smoking and

by age, sex, and race/ethnicity, 129,
129f, 158a, 159a

by age and sex, 159a
mortality and, 4

susceptibility genes, racial admixture
and, 615

therapies for. See also Insulin therapy;
Nutritional therapy; Oral hypo-
glycemic agents; Therapy

characteristics, 522, 522t
usage, 523f, 540a

total number of people who have, 39
twin studies, 170

concordance rate, 3
urinary tract infection in, 487t, 488
urine glucose in, 120–121, 121f, 138a
urine glucose testing in

by age, 137a
by sex, 137a

urine ketones in, 121, 138a
urine ketone testing in

by age, 138a
by sex, 138a

vascular complications in, 526
Insulin gene

chromosomal location, 187t
mutations, 79

diabetes secondary to, 78t
Insulin-like growth factor 1, serum

levels, in acromegaly, 74
Insulin-like growth factor cluster

gene, chromosomal location, 187t
Insulin pump, 522t, 523, 526

therapy, hypoglycemia and, 290
Insulin receptor gene

chromosomal location, 187t
mutations, diabetes secondary to, 78t,
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RFLP, in Hispanic Americans,
NIDDM and, 643

Insulin receptor substrate-1 (IRS-1)
gene

chromosomal location, 187t
mutations, diabetes secondary to, 78t
in NIDDM, 188
polymorphism, 80

Insulin resistance
with acromegaly, 74
cardiovascular disease and, 692
in Cushing’s syndrome, 75
diabetes and, 671
genetics, 188–189

candidate genes, 188
heart disease risk and, 441–444
insulin resistance syndrome and, 676f
with iron overload, 73
islet amyloid polypeptide (amylin)

and, 198
in NIDDM, 179, 180, 200, 620, 676f

in Hispanic Americans, 640, 640t
obesity-associated, 80

secondary diabetes with, 70t, 80
in Pima Indians, as diabetes risk fac-

tor, 688–689
progression to diabetes and, 196
risk for, thinness at birth and, 194
weight gain and, 200

Insulin resistance syndrome(s)
development, 676f
secondary diabetes with, 70t
thrifty genotype hypothesis and, 676

Insulin sensitivity, age-related decline
in, physical inactivity and, 193

Insulin signal transduction pathway
genes, in NIDDM, 188

Insulin therapy
albuminuria and proteinuria in

NIDDM and, 355t
cardiovascular disease and, 692
diabetic retinopathy and, 318
disability and, 259, 270, 270t
dosage and administration, 10
duration of diabetes and, 521, 521t
effects on IDDM mortality rates, 222,

224, 224f
heart disease risk and, 443t, 444
hypoglycemia with, 289–290
for IDDM

risks associated with, 519
usage, 519, 520, 520t

intensive
for diabetes mellitus, 526–527
effects on retinopathy, 293

hypoglycemia and, 527
for IDDM, hypoglycemia with, 527

metabolic complications, acute, 283
for NIDDM, 519

usage, 520, 520t, 521t
protective effect against retinopathy,

293
retinopathy and, 6
use statistics, 10, 15

Intermittent claudication, in lower ex-
tremity arterial disease, 401,
404–405

International Classification of Dis-
eases, coding

and allocation strategy for comorbid
conditions, 602

in NHDS, 554
International Pancreas Transplant

Registry (IPTR), 533
Intervention strategies, for North

American Indians, 693–694
Inuits, diabetes prevalence in, 684,

684t
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IPTR. See International Pancreas
Transplant Registry

Irritable bowel syndrome, 460, 467t
Ischemic heart disease

diabetes and
age and, 429
epidemiology, 429
prevalence, 429

with diabetes as secondary diagnosis,
hospital discharge data on, 558,
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diagnostic criteria, 430
incidence, in diabetic versus nondia-
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mortality with, 8
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insulin resistance and, 198
NIDDM and, 197–198

Islet cell cytoplasmic antibodies (ICA)
CMV genome positivity and, 172
HLA associations, 170
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Islet cell mass, secondary diabetes

and, 70
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age-adjusted mortality in, 230f
by cause, 227, 227f

incidence, 165
mortality from, 229f, 229–230, 230f

Italy, IDDM incidence in, 165, 166

Jamaica, diabetes in, 72
Japan

diabetes prevalence in, 672
diabetic patients in, growth in num-

ber, 671f
dietary patterns in, time trends in,

676, 676f
IDDM in

age-adjusted mortality, 227, 227f,
230f

HLA associations, 168
incidence, 40, 42, 663
mortality from, 229f, 229–230, 230f

NIDDM in, 671–672
Japanese

diabetes in
in Brazil, 669
mortality from, 669, 669t
in native versus migrant popula-

tion, 666
prevalence, 665f, 669, 670f

genes associated with IDDM in, 663
mortality in, diabetes as underlying

cause of death for, 249, 249t
stroke risk, by age, sex, and diabetes

status, 452f, 453
Japanese Americans

diabetes in
in Hawaii, 665–667, 666
mortality from, 667, 667f
prevalence, 666–667

diabetic retinopathy in, risk factors
for, 309

foreign-born, 663
macronutrient intake

by glucose-tolerance status, 675t
versus Japanese men, 676t

with NIDDM
metabolic characteristics, by sex,

community-based studies,
130–132, 161a

women
HDL cholesterol levels, 131, 164a

J
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LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131,

164a
NIDDM in, 12–13

prevalence, 1
second-generation (Nisei)

baseline and follow-up diagnoses
in, 667t

diabetes in, 666t, 666–667, 667t
impaired glucose tolerance in, 667,

667t
Japanese National Institute of

Health, 666
Jaundice, neonatal, in pregestational

diabetic pregnancies, 727
Jefferson County, AL

aseptic meningitis cases, 44f
IDDM incidence in

in children, 166
by sex, 43t
time trends in, 43f, 44f

Joslin Clinic (Boston, MA)
heart disease data, 432
IDDM mortality studies, 222, 223,

223f, 224, 224f, 228
proteinuria studies, duration of

IDDM and, 357f
J-type diabetes, 72

Kearns-Sayre syndrome, secondary
diabetes with, 70t

Kentucky, IDDM prevalence study, 39t
Ketoacidosis. See also Diabetic ke-

toacidosis
bicarbonate levels and, 284
with hyperthyroidism, 75
normoglycemic, 284

Ketones, urine, in diabetic persons,
121, 138a

Ketosis, IDDM and, in African Ameri-
cans, 616

Kidney disease
chronic, nonaspirin NSAIDs and,

366, 366t
diabetic, 6–7, 349–400. See also Bac-

teriuria; Diabetic glomerulos-
clerosis; Diabetic nephropathy;
End-stage renal disease; Kidney
failure; Papillary necrosis;
Pyelonephritis

angiotensin converting enzyme in-
hibitor therapy and, 369f, 369–
370, 370t

autonomic neuropathy and, 364
blood pressure control and, 369f,

369–370, 370t
control and treatment, 7, 367–375
course, 350, 350f
diet and, 365, 365f, 365t
dietary modification and, 370–371,

371f, 371t
drug nephrotoxicity and, 366, 367t
economic impact, 349
in elderly, 576t, 581, 582
familial clustering, 361–362, 362f
genetic factors in, 361–362
genetics, 7, 349
hyperglycemia and, 363, 363f, 364f
hypertension and, 362–363, 363f
lipids and, 364, 364t
metabolic control and, 367–369,

368f, 368t, 369t
in North American Indians, 690,

690f
pregnancy and, 364–365
prevalence, 349
relationship to other complica-

tions, 367
risk factors for, 7, 349, 361–366
smoking and, 365–366, 366t
treatment, 367–375

in IDDM
coronary artery disease and, 226
mortality from, 221, 222, 222f,

225–226, 226f, 227, 227f, 229,
230f

in nondiabetic population, 29f
in persons screened for diabetes, 29t

Kidney failure
in diabetes

dialysis for, and patient survival,
371, 372f

dietary protein intake and, 370–
371, 371f

transplant for, and patient survival,
371, 372f

radiocontrast-induced, 7, 376
Kidney function, pancreatic trans-

plantation and, 533
Kidney infection(s). See also

Pyelonephritis
prevalence, by diabetes status and

sex, 488t
Kidney morphology, in diabetes,

352f, 352–353
Kidney transplant

cause-specific death rates for, by age,
race, and diabetes status, 372,

374t
counts (1982–91), by donor type,

year of transplantation, and pri-
mary cause of renal failure, 391a

economic impact, 373
Kidney transplant recipient(s)

with diabetic ESRD, death rates, by
type of transplant, cause of
death, age, sex, and race, 398a,
399a

at risk in first 3 years post-transplant,
annual death rates, by age, race,
and primary disease, 393a, 394a

survival, by type of donor and cause
renal failure, 371, 372f

King County, WA, age-adjusted preva-
lence of coronary heart disease
in, 432t

Klinefelter’s syndrome, secondary dia-
betes with, 70t

Knee jerk reflex, changes, by diabetes
status, 344f, 345, 345f

Koreans, diabetes in
incidence, 668
prevalence, 668, 674, 674t

LA. See Lactic acidosis
Laboratory tests, costs, 606
Lactic acidosis, 288–289

definition, 288
with diabetic ketoacidosis, 288
health care costs, 283, 289
hospitalization for, 5, 288–289
incidence, 5, 283, 288

age differences in, 288
racial differences in, 288, 288t
sex differences in, 288, 288t

morbidity and mortality with, 283,
289

phenformin-induced, 288
precipitating factors, 283, 288
prevention, 288–289
treatment, 283, 288–289

Lactoglobulin, childhood IDDM and,
171

Lactose malabsorption, in diabetic
patients, 467

Laredo, TX, Hispanics in, NIDDM
prevalence in, 632, 632t

Large-for-gestational-age infant(s), in
pregestational diabetic pregnan-
cies, 726f, 726–727

Laser therapy, IDDM mortality risk

K

L
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and, 229
Latin America, IDDM incidence in,

166
Laurence-Moon-Biedl syndrome, sec-

ondary diabetes with, 70t, 80
Laxative use, in diabetes, 467–468
LDL. See Low-density lipoprotein(s)
LEAD. See Lower extremity arterial

disease (LEAD)
LEAs. See Lower extremity amputa-

tion(s)
Legal blindness. See Blindness/legal

blindness
Leg ulcers. See also Foot ulcers

chronic
in diabetes, 406
hospital discharge data for, 404t

in diabetes, 410t
by age, 410–411, 411f
length of hospital stay for, 411, 411f
prevalence, 410–411, 411f
by race, 411, 411f
by sex, 411, 411f

Lens opacities, in diabetes, 322–323,
324t

Leprechaunism, secondary diabetes
with, 70t

Lichen planus, in diabetes, 504
Life expectancy

in general population, 242, 256a
in IDDM, 224, 224f
in IDDM, 4
in NIDDM, 4, 233, 241t, 241–243

Life insurance enrollees, IDDM mor-
tality rates in, 224, 224f

Lifestyle
diabetes and, 676
insulin resistance syndrome and, 676f
NIDDM and, 189–196, 665, 676f
as risk factor, in North American Indi-

ans, 688
Linkage studies, in NIDDM, 185, 186t
Lipid(s), serum

diabetic renal disease and, 364
diabetic retinopathy and, 313t, 320
nutritional therapy and, in diabetes

mellitus, 522
Lipodystrophic syndromes, secon-

dary diabetes with, 70t
Lipoprotein(s)

abnormalities, lower extremity ampu-
tation risk and, 418

serum
by age, sex, race/ethnicity, and dia-

betes status, 127–128, 128f,

150a–153a
cerebrovascular disease risk and,

451
diabetic renal disease and, 364
IDDM mortality and, 228
monitoring, in stroke prevention,

455
in Pima Indians, 692

Lipoprotein(a) gene, chromosomal lo-
cation, 187t

Lipoprotein lipase gene
chromosomal location, 187t
in insulin resistance syndrome, 188–

189
Lithium, diabetogenic effects, 70t
Liver disease

as cause of diabetes, 470–471, 471f
diabetes and, 8–9, 457, 462t–463t,

469–471
diabetes as cause of, 469–470
prevalence of diabetes in, 470–471,

471f
spectrum, 469

Long-term care, 571–590. See also
Home health care; Nursing homes

costs, 606. See also Nursing homes
data sources on, 571
definition, 572
for diabetes, 10–11
legislation, 590a

Loop diuretics, diabetogenic effects,
70t, 77

Low-density lipoprotein(s)
community-based studies, 131–132,

161a, 162a, 163a
diet and, in diabetes mellitus, 523–

524
elevated

in NIDDM, in Hispanic and non-
Hispanic Americans, 659a

stroke risk with, 8
with NIDDM, 3, 118

levels, by race, 623, 624f
mean, in Hispanic and non-His-

panic Americans, 659a
serum

abnormalities, by age, sex, race/eth-
nicity, and diabetes status,
128, 153a, 155a

by age, sex, race/ethnicity, and dia-
betes status, 128, 128f, 150a,
152a

diabetic renal disease and, 364
in undiagnosed NIDDM, 24

Lower extremity

abscess, in diabetes, 410t
bypass grafts, costs, 423–424
infection, in diabetes, 491–492. See

also Foot ulcers
microbiology, 491

ulcers. See Foot ulcers; Leg ulcers
Lower extremity amputation(s), 414–

415
bilateral, definition, 428a
caused by diabetes, discharge data on,

558, 558f
consequences, 409
data sources, 410
definition, 428a
in diabetes, 401, 491

age and, 415, 415f
cutaneous circulation and, 417,

417t
epidemiology, 409
foot ulcers and, 409
geographic region and, 416, 416f
hospitalizations for, 414–415
length of hospital stay for, 415, 415f
lower extremity arterial disease

and, 417t, 417–418
perioperative mortality with, 409
peripheral neuropathy and, 416,

417t
prevalence, 409
race/ethnicity and, 415–416, 416f
risk factors for, 415–419, 417t
second, frequency, 409
sex and, 415, 416f
survival after, 401
in VA hospitals, 415

discharge status after, 422
economic impact, 422–423, 423t
in elderly, 581–582
first-event, definition, 428a
in IDDM, 418
incidence, 7
indications for, 414
length of hospital stay with, 561, 561f
mortality after, 420, 420t
new, 419t, 419–420

definition, 428a
in NIDDM, 418
in North American Indians, 690–691
in nursing home residents, 583
perioperative mortality with, 7
prevalence, in diabetic versus nondia-

betic populations, 414, 414t, 415t
prevention, 7, 420–422
rate, among African Americans, 622
reamputation, definition, 428a
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revision, definition, 428a
risk, proteinuria and, 367
risk factors for, 7

interventions for, 421t, 421–422
second, 419t, 419–420

definition, 428a
incidence, 7, 401

Lower extremity arterial disease
(LEAD)

age and, 401
angiography in, 402
ankle-brachial index in, 402
assessment, 401–402
clinical manifestations, 401
complications, 7
definition, 401
in diabetes, 401

confounding factors in, 401
diagnosis, 401
diagnostic criteria, 7
Doppler ultrasound in, 402
foot ulcers in, 405–406
gangrene in, 405, 406
hospital discharge data for, 403, 404t
incidence, 7, 401, 403–405, 405t
intermittent claudication and, 401,

404–405
lower extremity amputation risk and,

417t, 417–418
morbidity in, 405–406
mortality in, 7, 401, 406
prevalence, 401, 402–403, 403t
prevention, 406–407
progression to gangrene or ulcera-

tion, 402
pulse deficits in, 401, 404–405
risk factors for, 405
toe systolic blood pressure index

(TSPI) in, 402
Lummi Indians, diabetes in, preva-

lence, 686t

Machado disease, secondary diabetes
with, 70t

Macroalbuminuria
definition, 350
in diabetes, 6–7
in IDDM

metabolic control and, 368, 368f
prevalence, 354, 355f

in NIDDM, prevalence, 355, 355f
in Pima Indians, duration of disease

and, 355, 356f

Macrosomia
in diabetic pregnancy, 719
gestational diabetes and, 710–711
in offspring of women with NIDDM,

118
in pregestational diabetic pregnan-

cies, 726f, 726–727
long-term obesity risk with, 726
morbidity with, 726

Macrovascular disease
in Hispanic Americans, 646–647
in nondiabetic population, 29f
in persons screened for diabetes, 29t

Macular edema, with diabetic reti-
nopathy, 305

Magnesium, dietary, for hyperglyce-
mia, 525

Major depressive disorder, in adult
diabetic population, 512. See
also Depression

prevalence, 283, 508t, 508–509, 509t,
510t

methodological issues, 509, 510t
Makah Indians, diabetes prevalence

in, 686t
Malays, diabetes in

prevalence, 669t
in Singapore, 669t

Male(s). See also Sex distribution
alcohol consumption, by diabetes

status and race/ethnicity, 159a
asymptomatic bacteriuria in, preva-

lence, 375, 375t
blood glucose testing in, 138a
blood pressure, by diabetes status,

146a
body mass index

by diabetes status and age, 141a
by duration of NIDDM, age, and

race/ethnicity, 142a
measured and self-reported, by age,

144a
by race/ethnicity, diabetes status,

and age, 141a
with diabetes

annual death rate, 237
prevalence, 50f, 51, 56t–58t
sociodemographic characteristics,

89, 102a–103a, 104a–116a
comparisons with 1979–81, 99

diabetes status, with parental history
of diabetes, by age, 139a–140a

diagnosed diabetes in
percent, by age, 64a
three-year average number of,

1979–92, 66a
disability in, 268, 268t, 269, 269f
exercise participation, by diabetes

status, 160a
with family history of diabetes, by dia-

betes status and age, 216a, 217a,
218a

fasting triglycerides, by diabetes
status, 153a, 154a, 156a

HDL cholesterol, by diabetes status,
154a, 155a

hypertension in
by age, 147a
antihypertensive treatment for,

150a
by diabetes status and race/ethnic-

ity, 147a–148a
measured and self-reported, by age

and diabetes status, 148a
IDDM in, distribution, by age, 102a
LDL cholesterol, by diabetes status,

153a, 155a
mean fasting triglycerides in, by dia-

betes status, 151a
mean HDL cholesterol in, by diabetes

status, 151a, 152a
mean LDL cholesterol in, by diabetes

status, 150a, 152a
mean total cholesterol, by diabetes

status, 150a, 151a
mortality in, diabetes as underlying

cause of death for, 247, 247f,
250, 250f

newly diagnosed diabetes in, three-
year average number of, 1980–
92, 67a

with NIDDM, children
by age, 156a
by race, 156a

NIDDM in, incidence, 53, 53f, 53t, 54f
NIDDM prevalence in

by family history of diabetes and
age, 219a

by obesity level and age, 220a
nondiabetic, parity, by age, 156a
obesity in, in NIDDM, by age, 143a
overweight in, by age and race, 220a
percent screened for diabetes, 29t
plasma glucose in

by age and race/ethnicity, 134a–
135a

by diabetes status, 137a
smoking and, by diabetes status, 158a
subscapular-to-triceps skinfold ratio,

by age and diabetes status, 124,

M
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124f, 145a
total cholesterol, by diabetes status,

153a, 154a, 155a
2-hour post-challenge plasma glucose

in, by age and race/ethnicity,
135a–136a

undiagnosed NIDDM in, 23t
urine glucose testing in, 137a
urine ketone testing in, 138a

Malignant external otitis. See Otitis
externa, malignant

Malignant neoplasia
mortality from, in diabetes, 242t,

243f, 249
in NIDDM, mortality from, 4

Malnutrition-related diabetes, 70t
prevalence, 72
subgroups, 72

Marital status
of diabetic adults, 92f, 92–93, 107a
in persons screened for diabetes, 29t

Martinique, IDDM incidence in, 615
Massachusetts General Hospital,

data on reinfarction risk and
death after acute MI, 436, 437t

Maternal age
birth rates by, for black and white

women, 721, 721f
distribution of live births by, 721, 721f
IDDM risk in offspring and, 172

Maternal diabetes. See also Gesta-
tional diabetes mellitus (GDM);
Pregnancy, preexisting diabetes
and

fetal complications, 719, 722–727
percent of birth certificates listing,

1991, 621f
perinatal mortality and, 724f, 724–725
prevalence, data sources for, 720

Maternal mortality, in pregestational
diabetic pregnancies, 727

Maturity-onset diabetes of the young
(MODY), 180–181

atypical, in African-American chil-
dren, 614

chromosome 20q markers in, 180
genetics, 79–80, 180–181

glucokinase (GCK) gene and, 180–
181, 185–187

in RW pedigree, 180
Mauritius

IGT in, 669, 669t
NIDDM in, 668–669, 669t

prevalence, 668–669, 669t
population, 668

Medicaid
coverage

by race, 594t
by sex, 594t

for home health care recipients,
changes in, 581

for nursing home residents, 571, 584
by diabetes status, 579, 580f

payments for ambulatory medical
care, 10

percent of diabetic persons with, 592,
593f

versus nondiabetic persons, 597,
597f

for persons with diabetes, 11
Medical care, for diabetes, 9–11
Medical Outcomes Study, health pro-

files from, 278, 278f
Medical records, for diagnosis of dia-

betes, accuracy, 87
Medical services

in NIDDM, by race, 622t
volume, methods of estimating, 603–

604
Medicare

changes in
for home health care recipients, 581
hospital discharge data and, 555

coverage
for persons with diabetes, 11
by race, 594t

expenditures
for ambulatory medical care, 10
for diabetic foot problems, 409,

422–424, 423t
for renal replacement therapy, an-

nual per-patient, 373
Part A and Part B, percent of diabetic

persons covered by, 595
percentage of cost reimbursed by, in-

crease in, 550
percent of diabetic persons with, 592,

593f
versus nondiabetic persons, 597,

597f
prospective payment system, 555

Medication(s)
costs, 606

individuals’ out-of-pocket ex-
penses, 607–608, 608t

international comparison, 610
in U.S., 604t

prescription, health insurance cover-
age for, percent of diabetic per-
sons with, 595, 595f

MELAS syndrome (mitochondrial
myopathy, encephalopathy, lactic
acidosis, and stroke-like epi-
sodes), 80

Men. See Male(s)
Meralgia paresthetica, in diabetes,

342
Mesangial matrix, alterations, in dia-

betic nephropathy, 352–353, 353f
Metabolic characteristics, of persons

with diabetes
community-based studies, 119, 119f,

130–132, 161a–163a
national data sources, 117–130

and community-based data, com-
parison, 130–132, 161a–163a

Metabolic complications, acute, 5,
283–291. See also Diabetic ke-
toacidosis; Hyperosmolar nonke-
totic coma; Hypoglycemia; Lactic
acidosis

Metabolic control. See also Glycemic
control

IDDM mortality risk and, 228–229
risk of congenital malformations in

diabetic pregnancies and, 725–
726, 726t

spontaneous abortion in diabetic preg-
nancy and, 723f, 723t, 723–724

Metabolic factors
in NIDDM

in Hispanic Americans, 639t, 640,
640t, 659a

in non-Hispanic Americans, 659a
promoting atherosclerosis, 196–197
promoting progression to diabetes,

196
Metasomatotrophic diabetes, 74
Metformin therapy, 525, 533
Metolazone, diabetogenic effects, 70t
Metoprolol, effects on progression of

diabetic nephropathy, 369
Mexican Americans. See also His-

panic Americans
alcohol consumption, by diabetes

status, age, and sex, 159a
Amerindian admixture in, NIDDM

and, 642f, 642t, 642–643
autosomal dominant gene affecting 2-

hour post-challenge insulin lev-
els, 643

blood glucose testing in, 138a
blood pressure, by diabetes status,

146a
body mass index
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by duration of NIDDM, age, and
sex, 142a

measured and self-reported, by age
and sex, 144a

by sex, diabetes status, and age,
141a

cerebrovascular disease mortality in,
248

diabetic
microvascular complications in, 12
mortality data for, 645, 646t
prevalence, 12, 631, 636, 637t
sociodemographic characteristics,

85, 89, 89f, 90–91, 93, 95–97,
99, 103a, 104a–116a

disability in, 269, 269f
end-stage renal disease in, 12
with family history of diabetes, by dia-

betes status and age, 217a
fasting triglycerides, by diabetes

status, 153a, 154a, 156a
HDL cholesterol, by diabetes status,

154a, 155a
health insurance coverage, 593
health status, by diabetes status, 160a
hyperglycemia in, 12
hypertension in

antihypertensive treatment for,
150a

by diabetes status and sex, 147a
measured and self-reported, by dia-

betes status, 148a
physician-diagnosed, by age and

diabetes status, 149a
IDDM in, incidence, 40, 42f, 664
insulin levels, genetic factors associ-

ated with, 188
LDL cholesterol, by diabetes status,

153a, 155a
mean fasting triglycerides, by diabe-

tes status, 151a
mean HDL cholesterol in, by diabetes

status, 151a, 152a
mean LDL cholesterol in, by diabetes

status, 150a, 152a
mean total cholesterol, by diabetes

status, 150a, 151a
microvascular disease in, 631–632
mortality in

all-cause, 631
diabetes-related, 631

NIDDM in
age-standardized prevalence, by

percent desirable weight and
age, 219a

end-stage renal disease in, 361
HHANES data, 635, 635t, 636f
and hypertension, by age, 146a
metabolic characteristics, by sex,

community-based studies,
130–132, 162a

prevalence, 1, 219a
retinopathy risk in, 308, 309, 309f
risk factors for, 12

obesity in, in NIDDM, by age and
sex, 143a

parity, by diabetes status, age, and
sex, 156a, 157a

as percent of nondiabetic population,
29f

percent screened for diabetes, 29t
plasma glucose in

by age and sex, 134a
by diabetes status, 137a

proteinuria in, 12
retinopathy in, 12, 621f
smoking and, by diabetes status, age,

and sex, 158a
subscapular-to-triceps skinfold ratio,

by age, sex, and diabetes status,
145a

total cholesterol, by diabetes status,
153a, 154a, 155a

2-hour post-challenge plasma glucose
in, by age and sex, 136a

undiagnosed NIDDM in, 23t
urine glucose testing in, 137a
urine ketone testing in, 138a
women with NIDDM

HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

Mexico
diabetes prevalence in, 636, 637t
IDDM incidence in, 166

Michigan, IDDM prevalence study, 39t
Micmac Indians, diabetes prevalence

in, 686t
Microalbuminuria

definition, 350
in diabetes, 6–7
heart disease risk with, 440t, 440–

441, 441t
in IDDM, 350

metabolic control and, 368, 368f
prevalence, 354, 354t
as risk factor for death, 357–358

in NIDDM
prevalence, 354–355, 355t
as risk factor for death, 357–358

in Pima Indians, duration of disease
and, 355, 356f

as risk marker for NIDDM mortality,
252

Microalbuminuric Collaborative
Study Group, blood pressure
data, 362

Microangiopathy, in diabetes,
autopsy studies, 434–435

Microvascular disease
genetic associations, 362
in Hispanic Americans, 647–655
in Mexican Americans, 631–632

Migrant populations
abnormal glucose tolerance in, 195,

195t
diabetes in, in industrialized coun-

tries versus in homelands, 662,
664

NIDDM risk in, 195
Military, diabetic status of people in,

87
Military benefits, percent of diabetic

persons covered by, 592, 593f
Military veterans, diabetic status, 85,

99, 116a
Minnesota, IDDM prevalence study,

39t
Minnesota Heart Survey, data on rein-

farction risk and death after
acute MI, 436, 437t

Mithramycin, diabetogenic effects, 70t
Mitochondrial tRNA gene mutation,

secondary diabetes with, 70t, 78t
MODY. See Maturity-onset diabetes

of the young (MODY)
Mohawk Indians, diabetes prevalence

in, 686t
Molokai, HI, diabetes in, 675
Monoamine oxidase inhibitors, side

effects, in adult diabetic popula-
tions, 514, 515t

Mononeuropathy, in diabetes, 340,
340f

Mononeuropathy multiplex, in diabe-
tes, 342

Montreal, Canada, IDDM incidence
in, 40

temporal variation in, 44f
Morbidity

short-term, productivity lost due to,
costs, 606

systemic, costs, 607
Morphine, diabetogenic effects, 78
Mortality. See also Excess mortality
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in acromegaly, 74
in African Americans, 624–625

based on death certificates, 624,
624f

by type of DM, 625
costs, 607
in diabetes, 242t, 243f. See also Diabe-

tes mellitus, as any listed cause
of death; Diabetes mellitus, as
underlying cause of death

age and, 247, 247f, 248, 248f
age-specific rates, 233
cohort studies, 236
death certificate data for. See Death

certificate data
methodological problems in, 234–

236
in North American Indians, 689t,

689–690
race/ethnicity and, 233
risk factors for, 233
time trends in, 50

in diabetic ketoacidosis, 283, 286f,
286–287, 287f

estimates, 606
in hemochromatosis, ratios (ob-

served/expected), 74
in Hispanic Americans, 644–646

all-cause, in total population, 644–
645, 645t

in diabetic persons, 645–646, 646t,
647t

in hyperosmolar nonketotic coma,
283, 287

in IDDM. See Insulin-dependent dia-
betes mellitus (IDDM), mortality
in

influenza, in diabetes, 492
after lower extremity amputation,

420, 420t
in lower extremity arterial disease,

406
in NIDDM. See Non-insulin-depend-

ent diabetes mellitus (NIDDM),
mortality in

perinatal. See Perinatal mortality
pneumonia, in diabetes, 492
productivity lost due to, costs, 606–

607
underreporting, 606

Mucormycosis
average annual frequency, in hospital

discharge summaries, 490t
in diabetes, 490t, 494, 504

Multicenter Investigation of the Limi-

tation of Infarct Size, 433
data on reinfarction risk and death af-

ter acute MI, 436, 437t
Multiple endocrine neoplasia

secondary diabetes with, 70t
type 1, glucose intolerance with, 76

Multiple Risk Factor Intervention
Trial (MRFIT)

cardiovascular mortality in, diabetes
and, 439–440

stroke mortality
blood glucose levels as predictor,

454
by diabetes status, 451, 451t

Mumps, IDDM and, 172, 504
Muscular dystrophy, secondary diabe-

tes with, 70t
Myocardial infarct/infarction

death rate after, 436–438, 438f
diabetes and, prevalence by type of

diabetes, insulin use, and age,
430, 430t

in Hispanic Americans, 646, 647t,
648t

natural history, in diabetic versus non-
diabetic persons, 436–438, 437t,
438f

in North American Indians, 692
prognosis for, in diabetic versus non-

diabetic persons, 436–438, 438f

Nagi, Saad, 260
National Ambulatory Medical Care

Survey (NAMCS), 2, 542
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Nutritional therapy; Oral hypo-
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glycemic agents; Therapy
characteristics, 522, 522t
usage, 523f, 540a

triglyceride abnormalities in, by age,
sex, and race/ethnicity, 128,
154a, 156a

twin studies, 183t, 183–184, 196
concordance rate, 4

2-hour post-challenge plasma glucose
in, 120, 121f, 137a

undiagnosed, 15, 17
in African Americans, 12, 23t, 617f
blood pressure and, 117, 124–127,

125f, 126f, 146a, 147a–148a
body mass index and, 122f, 123,

141a
complications, 17–18, 24f, 24–25,

25f
detection, 15–16, 31t, 31–32
dyslipidemia in, by age, sex, and

race/ethnicity, 128, 153a–156a
family history of diabetes and, 117,

121, 122f, 139a, 217a, 218a
in females, 23t, 156a, 158a
in high-risk groups, prevalence, 28,

30f
LDL cholesterol in, by age, sex, and

race/ethnicity, 24, 128, 150a,
152a

morbidity with, 55
number of cases in U.S., 1
prevalence, 23, 23f, 36a, 47, 52f,

52t, 54f, 54–55, 219a, 613
by race, 12, 23, 23f
by risk factor(s), 30f
screening for, 2, 23–25, 25–27, 28t
by sex, 23, 23f
treatable risk factors, 24f, 24–25,

25f
triglycerides in, by age, sex, and

race/ethnicity, 128, 151a, 153a
in women of childbearing age, by

race/ethnicity, 720, 721f
urinary tract infection in, 487t, 488
urine glucose testing in, 120–121,

121f, 138a
by age, 137a
by race/ethnicity, 137a
by sex, 137a

urine ketone testing in, 121
by age, 138a
by race/ethnicity, 138a
by sex, 138a

weight control and, 201–202
in women of childbearing age, by

race/ethnicity, 720, 721f
women with, parity, by age and race,

158a
Nonsteroidal antiinflammatory drugs

ESRD risk in diabetes and, 366, 367t
nonaspirin, chronic renal disease risk

with, 366, 366t
Nonwhites. See also Alaska natives;

Blacks; Hispanic Americans;
North American Indians

with diabetes, sociodemographic char-
acteristics, 85, 89, 89f, 90–91,
93, 95–97, 99, 103a, 104a–116a

IDDM in, distribution, by age, 102a
North American Indians. See also spe-

cific tribe or nation
cardiovascular disease in, 692
coccidioidomycosis in, 691
diabetes education programs for, 694
diabetes in, 673–674

end-stage renal disease in, 690, 690f
mortality data for, 646t
prevalence, 683–687, 684f, 684t

by region, 685t–686t, 687
psychosocial and cultural studies,

694t, 695
in southern versus northern rail-

way doctors, 673
diversity, 683
gallbladder disease in, 691–692
gestational diabetes in, 693, 709, 709t
health promotion in, 694
hypercholesterolemia in, 692
hypertension in, 692
IDDM in, 683

incidence, 165
infants of diabetic mothers

congenital abnormalities in, 693
diabetes in, 693, 693f
obesity in, 693

infections in, 691
ischemic heart disease in, 692
lower extremity amputation in, 690–

691
risk factors for, 691
survival after, 691

median age, 683
myocardial infarction in, 692
necrotizing fasciitis in, 691
NIDDM in, 683

in children, 693
determinants, 687–689
diet and, 688–689
genetics, 687f, 687–688
lifestyle and, 688

mortality from, 689t, 689–690
obesity and, 687f, 688, 688f
pathogenesis, 688–689
primary prevention, 694
risk factors for, 683

obesity in, diabetes and, 683
percent screened for diabetes, 29t
periodontal disease in, 691
pregnancy in, preexisting diabetes

and, 693
complications, 693

preventive health services for, 693–
694

retinopathy in, 690, 691t
sociodemographic characteristics, 683
stroke in, 692

mortality from, 449, 449t
tuberculosis in, 691

prevention, 694
North Dakota, IDDM in

incidence
by sex, 43t
temporal variation in, 43f, 44f

prevalence study, 39t
North Dakota/South Dakota, Native

Americans in
metabolic characteristics, by sex, in

Strong Heart Study, 130–132,
163a

women with NIDDM
HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

Northern Cheyenne Indians, diabetes
prevalence in, 685t

Nortriptyline, efficacy, in diabetics,
507

Norway, IDDM incidence in, tempo-
ral variation in, 44f

Nurses’ Health Study
coronary heart disease data, 435,

435t, 436t
stroke risk data, 451–452

Nursing facilities. See Nursing homes
Nursing homes, 571–572

care environment in, 572–573
costs, 606

international comparison, 609
in U.S., 604t

costs and sources of payment in, by
diabetes status, 579t, 579–581,
580f, 580t

diabetes management in, improve-
ments in, 583–584, 590a

diabetic residents in, 10–11
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diabetic status of people in, 86
dietary departments in, 583
living arrangements prior to admis-

sion, by diabetes status, 575, 575t
residents

chronic conditions in, 575–577,
577f, 582–583

demographic characteristics, 573–
575, 574t

diabetes in, 572t, 573, 573f
diabetes-related conditions in, 575–

576
insurance coverage for, 579t, 579–

581
length of stay, 578–579, 579t
limitations in activities of daily liv-

ing, 578, 578f, 578t
Medicaid for, 579, 580f
medical conditions in, 575–577,

576t, 577t, 577f, 587a–589a
mortality, 578–579, 579t
non-diabetes-related conditions in,

576–577
vision and hearing status, 577, 577t

Nutrition, risk of IDDM and, 170–171
Nutritional therapy

for diabetes, 519, 522–525
difficulties, 523, 524t

duration of diabetes and, 521, 521t
for IDDM, 522–525

in children, 519, 523
usage, 520, 520t

for NIDDM, 522–525
with obesity, 519, 523–524
usage, 520, 520t, 521t

Obesity
abdominal, NIDDM and, 193

mortality in, 251
in African Americans, NIDDM and,

619
central

adverse metabolic consequences,
677

by age, sex, and diabetes status,
124, 124f, 145a

community-based studies, 130,
131f

diabetes and, 671
insulin resistance syndrome and,

676f
NIDDM and, 193, 251, 676f

definition, 123

in diabetics, community-based stud-
ies, 130, 131f

genetic component, 194
in impaired glucose tolerance, 117
in infants of diabetic mothers, in

North American Indians, 693
measurement, with body mass index,

619
in NIDDM, 3, 123f, 123–124, 193–

194, 196, 219a, 220a
genetics, 193–194
in Hispanic Americans, 638–639,

639f, 639t
prevalence, by sex and age, 220a
sex and racial/ethnic distribution,

123f, 123–124, 143a
sex distribution, 117

in North American Indians, diabetes
and, 683

nutritional therapy for, in NIDDM,
523–524

in Pima Indians, energy metabolism
in, 689

race and, by diabetes status, 619t
refractory morbid

appetite suppression for, 524
gastric bypass for, 524

risk, after fetal macrosomia, 726
as risk factor in North American Indi-

ans, 687f, 688, 688f
risk factors for, 194
steatosis in, 469
in undiagnosed NIDDM, 24

Obesity-associated insulin resistance,
secondary diabetes with, 70t, 80

OBRA. See Omnibus Budget Recon-
ciliation Act

Occupational disability. See Work dis-
ability

OGTTs. See Oral glucose tolerance
test(s)

Ojibwa Indians
diabetes prevalence in, 686t
hypertension in, 692

Oklahoma Indians
diabetic

cerebrovascular disease mortality
in, 248

end-stage renal disease in, 690
metabolic characteristics, by sex, in

Strong Heart Study, 130–132,
163a

retinopathy in, 319–320, 690, 691t
lower extremity amputation in, 691
NIDDM in

genetics, 687–688
mortality from, 689–690
proliferative retinopathy risk with,

308, 319–320
women with NIDDM

HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

Omaha Indians, diabetes prevalence
in, 686t

Omnibus Budget Reconciliation Act
(OBRA), 571, 583

Oneida Indians, diabetes prevalence
in, 686t

Ophthalmic care
in diabetes, 6
frequency, by age and diabetes status,

328, 328t, 329t
Opiates

diabetogenic effects, 70t, 77t, 78
sites of action, 77t

Oral contraceptives
diabetogenic effects, 70t, 77, 77t
sites of action, 77t

Oral glucose tolerance test(s), 1
in diagnosis, 21, 21f, 21t, 22t
frequency, 15

annual, 22t, 22–23
in gestational diabetes, 22t, 22–23,

704, 704t, 706–708
composition of challenge, 707
conditions of testing, 706
thresholds, 706
timing of screening test, 707, 707t

indications for, 20
in NHANES II, method, 118
number performed annually, 2, 22, 22t
procedure for, 20
in screening, 22, 22f

for NIDDM, 21t, 22t, 25–26, 26t
and percent requiring retesting

(PRR) for FPG, 27, 27t
Oral hypoglycemic agents, 519

for diabetes mellitus, 525–526
in elderly, 582

duration of diabetes and, 521, 521t
for IDDM, usage, 520, 520t
for NIDDM, usage, 520, 520t, 521t
therapy, hypoglycemia with, 289–290
use statistics, 10

Orientals, IDDM incidence in, age-ad-
justed, 40, 40t

Osaka, Japan, proteinuria studies, du-
ration of NIDDM and, 357f

Osmotic diuresis, with hyperglyce-

O
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mia, in elderly, 582
Osteomyelitis

of ankle or foot, 9
average annual frequency, in hospital

discharge summaries, 490t
in diabetes, 410t, 490t, 491

Otitis externa, malignant
average annual frequency, in hospital

discharge summaries, 490t
in diabetes, 490t, 495

Otitis media, malignant, in diabetes,
504

Out-of-pocket expenditures, for am-
bulatory medical care, 10

Outpatient services, frequency of use,
in diabetic versus general popula-
tion, 608t

Overweight
definition, 124
prevalence

in adolescents, by age and sex, 220a
in adults, by age, sex, and race,

220a
in general population, 124

Pacific Islander Americans
definition, 662
demographics, 662–663
diabetes in, 12–13, 661–681
ethnic categories, 662
ethnic distribution, 662t, 662–663

time trends in, 662–663, 663t
geographic distribution, 663, 664t
IDDM in, 663–664
NIDDM in, 12

lifestyle factors and, 12–13
undiagnosed, 12

Pacific Islanders. See also Asians
diabetes in, 674–676

reduction in physical activity and,
676

end-stage renal disease in, 360, 361t
mortality, from stroke, 449, 449t
percent screened for diabetes, 29t

Palatal ulcer(s), in diabetes, 504
Pancreas

α-cell function, in diabetic hemochro-
matotic subjects, 73

β-cell failure
in NIDDM, 179, 180
NIDDM and, 200

β-cell function
with chronic pancreatitis, 72

in hemochromatosis, 73

β-cell mass, secondary diabetes and,
69–70

diabetes and, 474–476
disorders, secondary diabetes with, 9,

70t
endocrine, tumors, secondary diabe-

tes with, 76
exocrine, diabetes and, 475–476
exocrine function, with chronic pan-

creatitis, 72
malignancy, secondary diabetes with,

70t
Pancreatectomy, secondary diabetes

with, 70t, 70–71
Pancreatic calculi, diabetes secon-

dary to, 71
Pancreatic cancer

concurrent diabetes and, 462t–463t,
474

diabetes and, 457
diabetes as risk factor for, 474–475,

475f
in NIDDM, 9

Pancreatic cholera syndrome, secon-
dary diabetes with, 70t

Pancreatic diabetes, 70t
Pancreatic transplantation, 533, 533t

for IDDM, 519, 533
effects on renal function, 533
nephropathy and, 533

Pancreatitis
alcohol consumption and, 525
diabetes and, 457, 476, 476t
secondary diabetes with, 70t, 71–72

Papillary necrosis, in diabetes, 7,
487, 489

Parental history of diabetes
diabetes status and, by sex, age, and

race/ethnicity, 139a–140a
IDDM and, 117, 121–122, 122f, 139a,

140a
NIDDM and, 117, 121–122, 122f,

139a, 140a, 183, 215a–219a
community-based studies, 130

in nondiabetic population, 29f, 117,
122, 122f, 139a, 140a, 215a

in persons screened for diabetes, 29t
Parity

by age, sex, and diabetes status, 128f,
128–129, 156a–157a, 158a

in NIDDM, 118
NIDDM risk and, 194
of women screened for diabetes, 30t

Paronychia, in diabetes, 410t

Parotid gland, enlargement, in IDDM,
504

Patient education, 10
in diabetes, 519, 528t, 528–529, 529t,

530f
on foot care, 409

PDW. See Percent desirable weight
Pedal pulse, nonpalpable, stroke risk

and, by diabetes status, 453
Pennsylvania, IDDM prevalence

study, 39t
Pentamidine

diabetogenic effects, 69, 70t, 77t, 78
sites of action, 77t

Percent desirable weight
in nondiabetic population, 29f
in persons screened for diabetes, 29t
screening for undiagnosed NIDDM

and, 31t, 31–32
Perinatal complications, in pregesta-

tional diabetic pregnancies, 727
Perinatal morbidity, gestational dia-

betes and, 710–711
Perinatal mortality

in diabetic pregnancy, 724f, 724–725
gestational diabetes and, 710
in nondiabetic pregnancies, 724, 724f

Perinephric abscess, in diabetes, 487,
489

Periodontal disease
in diabetes, 501–504

incidence, 501
metabolic control and, 501–502
pathogenesis, 501, 503–504
prevalence, 501

by age group, 501, 502f
prevention, 504
severity, 501
treatment, 504

in IDDM, 9, 501–502, 502f
in NIDDM, 502–504

age and, 502f, 503, 503f
in North American Indians, 502f,

502–503, 504t, 691
bone loss in, 503, 503f

Peripheral neuropathy
in diabetic individuals, 691
lower extremity amputation risk and,

416, 417t
in North American Indians, 691

Peripheral vascular disease, 7. See
also Lower extremity arterial dis-
ease (LEAD)

assessment, in diabetes, 401
diabetic, 401–408

P

772



hospital discharge data for, 404t
diabetic nephropathy and, 367
in Hispanic Americans, 647, 648t
hospital discharge data for, 404t
lower extremity amputation risk and,

in North American Indians, 691
in NIDDM, at diagnosis, 17–18

Peritoneal dialysis patients
cause-specific death rates for, by age,

race, and diabetes status, 372,
374t

with ESRD attributed to diabetes,
death rates for (1989–91), by
cause of death, age, sex, and
race, 397a

not yet transplanted, death rates
(1989–91) for, by age, race, and
primary disease, 393a

Phenformin, lactic acidosis with, 288
Phenothiazines, diabetogenic effects,

70t
Phenoxybenzamine, insulin and glu-

cagon responses to, with pheo-
chromocytoma, 75

Phentolamine, insulin and glucagon
responses to, with pheochromo-
cytoma, 75

Phenytoin (Dilantin), diabetogenic ef-
fects, 77

Pheochromocytoma, secondary diabe-
tes with, 70t, 75

Philadelphia, PA, IDDM incidence in,
racial and ethnic differences in,
40

Philippines, diabetes prevalence in,
674

Phobia(s), in adult diabetic popula-
tion, 511t, 512

prevalence, 507
Phosphoenol pyruvate carboxyki-

nase, regulation, in NIDDM, 188
Phospholipase C gene

chromosomal location, 187t
MODY and, 180

Photocoagulation therapy, in diabetic
retinopathy, 5–6

effects on diabetes-related visual loss,
302, 303f

focal, 293
panretinal, 293
prevalence, WESDR data, 330–331,

331t
Phycomycosis. See Mucormycosis
Physical activity

by age, sex, and race/ethnicity, 130,

160a
diabetic retinopathy and, 320
NIDDM and, 191–193, 192t, 196, 620

in Hispanic Americans, 641
reduction in

diabetes and, 676
in Polynesia, 674–675

NIDDM mortality and, 251
Physical characteristics, of persons

with diabetes
community-based studies, 119, 119f,

130–132, 161a–163a
national data sources, 117–130

and community-based data, com-
parison, 130–132, 161a–163a

Physician(s), ambulatory care, ex-
pected sources of payment for
visits to, 598t, 598–599

Physician services
costs, 605

individuals’ out-of-pocket ex-
penses, 608, 608t

international comparison, 609
in U.S., 604t

frequency of use, in diabetic versus
general population, 608, 608t

health insurance coverage for, percent
of diabetic persons with, 595

Physician visits
disability and, 274, 274f
of persons screened for diabetes, 30t

Pima Indians
albuminuria in, 355, 356f

blood pressure before diagnosis of
diabetes and, 362–363, 363f

duration of disease and, 355, 356f
cataracts in, 692
cerebrovascular disease mortality in,

248
coronary artery disease in, 692
dextran clearance profiles, in diabet-

ics versus nondiabetics, 353, 353f
diabetes in

incidence, 687
prevalence, 684f, 685t

diabetic end-stage renal disease in,
690, 690f

diabetic nephropathy in, familial clus-
tering, 361

diabetic retinopathy in, 320, 690, 691t
gallbladder disease in, 691–692
gallstone disease in, 473
gestational diabetes in, 693

implications for offspring, 711
pregnancy outcome and, 710

hypertension in, diabetic renal dis-
ease and, 362–363, 363f

impaired glucose tolerance in, diabe-
tes development and, 19–20

infants of diabetic mothers, diabetes
in, 693, 693f

insulin levels, genetic factors associ-
ated with, 188

insulin resistance in, as diabetes risk
factor, 688–689

insulin sensitivity in, genetic factors
associated with, 189

lower extremity amputation in, 691
mortality in, by age, diabetes status,

and proteinuria status, 358, 358f
NIDDM in

complications, 13
determinants, 687–689
diet and, 688–689
end-stage renal disease with, 358,

361
family history of diabetes and, 183
genetics, 687f, 687–688
lifestyle and, 688
mortality from, 689f, 689–690
natural history, 13
obesity and, 687f, 688, 688f
pathogenesis, 688–689
periodontal disease and, 9, 502f,

502–503, 504t
bone loss in, 9, 503, 503f

prevalence, 13, 52–53
proliferative retinopathy risk with,

308
proteinuria in, glycemic control

and, 363, 364f
risk factors for, 13

obesity in
energy metabolism in, 689
NIDDM and, 687f, 688, 688f

periodontal disease in, 691
NIDDM and, 9, 502f, 502–503,

503f, 504t
plasma lipoproteins in, 692
pregnancy in, preexisting diabetes

and, 693
proteinuria in

duration of disease and, 357, 357f
mortality risk and, 6

stroke in, 692
tuberculosis in, 691

Pittsburgh, PA, Children’s Hospital
IDDM disability data, 267, 267f, 272,

272f, 273, 273f
IDDM mortality studies, 223, 223f,
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224–225, 225f, 228–229
Pittsburgh Epidemiology of Diabetes

Complications (EDC) Study
autonomic neuropathy in, 346t, 347
disability data, 266t, 266–267, 267f,

268f, 270, 270f, 272–273, 273f,
274f, 274t, 274–275, 275f, 276t,
277, 277f

IDDM mortality data, 225, 226f, 228
neuropathy prevalence seen in, 346–

347
Pittsburgh IDDM Registry, 87. See

also Allegheny County, PA
disability data, 266t, 266–267, 267f,

272, 272f
Place of residence, by population

group, in U.S., 90–91, 91f, 105a,
106a

Plasma glucose. See also Fasting
plasma glucose

in diabetic persons, by race/ethnicity,
119, 119f

in Hispanic Americans, 647–648,
649a

in impaired glucose tolerance, 19
in NIDDM

in Hispanic Americans, 639t, 640
in Hispanic and non-Hispanic

Americans, 659a
in persons without history of diabe-

tes, by age, 119–120, 120f
by race, sex, and age, 119f, 119–120,

120f, 134a–135a
self-testing, 10
2-hour post-challenge

by diabetes status, 120, 121f
and sex and race, 120, 137a

in diagnosis, 18–19
in impaired glucose tolerance, 19
in NIDDM, 2–3, 18

in women, by race/ethnicity, in
community-based studies,
119, 119f

in persons without history of diabe-
tes, by age, 119–120, 120f

in undiagnosed NIDDM, 24, 24f,
25f

Plasma prorenin activity, diabetic re-
nal disease and, 363–364

Pneumonia
in diabetes, 490t, 492, 504

mortality, 242t, 243f, 249, 492
viral, average annual frequency, in

hospital discharge summaries,
490t

POEMS syndrome, 76–77
clinical features, 76
endocrine features, 76
secondary diabetes with, 70t

Polycythemia, in offspring, in preges-
tational diabetic pregnancies,
727

Polyendocrine autoimmunity syn-
dromes

secondary diabetes with, 70t, 76
type I, characteristics, 76
type II

characteristics, 76
HLA association, 76

Polyhydramnios, in pregestational
diabetic pregnancies, 727

Polymorphonuclear leukocytes, de-
fects, in diabetes, 485

Polynesia, diabetes in, 674–675
Polyuria, with hyperglycemia, in eld-

erly, 582
Ponderal index, low, at birth, diabe-

tes risk and, 194
Population statistics. See Demo-

graphic characteristics; Total
population

Potassium depletion
diabetes and, 77
glucose tolerance and insulin respon-

siveness in, 75
Pracon Inc. study, cost estimates,

604–607
disability and mortality productivity

loss, 606
hospital service, 605
medication, laboratory, and other

therapy/management costs, 606
nursing home service, 606
physician service, 605
short-term morbidity productivity

loss, 606
Prader-Willi syndrome, 70t, 80
Pregestational diabetes. See also Ma-

ternal diabetes; Pregnancy, preex-
isting diabetes and

cesarean delivery and, 13, 729
diabetic nephropathy and, maternal

risks with, 728–729
diabetic neuropathy and, maternal

risks with, 729
diabetic retinopathy and, maternal

risks with, 727–728
fetal complications, 719, 722–727
hypertension and, maternal risks

with, 729

maternal hypoglycemia with, mater-
nal risks with, 730

perinatal mortality and, 724f, 724–725
preterm delivery and, 729–730
prevalence, in pregnant women, 721–

722, 722f
Pregnancy. See also Gestational diabe-

tes
diabetes antedating, in North Ameri-

can Indians, 693
diabetes in, 525, 525t

prevalence, 720
diabetic nephropathy and, 13
diabetic renal disease and, 364–365
diabetic retinopathy and, 13, 321
glomerular filtration rate in, 364
NIDDM risk and, 194
outcome, gestational diabetes and,

710–711
preexisting diabetes and, 13, 719–

733. See also Pregestational dia-
betes

cesarean delivery in, 13, 729
congenital malformations with, 13,

725t, 725–726
fetal complications, 719, 722–727
implications for offspring, 711,

722–727
macrosomia with, 13, 726–727
maternal mortality in, 727
maternal risks in, 13, 719, 727–730
perinatal mortality with, 13, 724f,

724–725
prevalence, 13, 719
spontaneous abortion with, 13,

722–724, 723f, 723t
preexisting IDDM and

cesarean delivery with, 13, 729
implications for offspring, 727, 727t
preterm delivery with, 13, 729–730

as provocative test versus inde-
pendent risk factor for diabetes,
704, 713

weight gain during, 525, 525t
Preterm delivery, in pregestational

diabetic pregnancy, 729–730
Prevalence, 1–2, 601

in African Americans, 613, 616f,
616t, 616–618, 617t

increases in, 618
of diabetes, 47

community studies, 55, 56t–58t
of diagnosed diabetes, 17, 17t, 63a

by age and sex, 49, 49f, 49t, 50f, 50t
analysis of survey data, 48
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interpretation of survey data, 48–49
racial differences in, 51f, 51–53,

52f, 52t, 63a, 65a, 66a
racial distribution, 63a
sex differences in, 50f, 51, 56t–58t
time trends in, 49–51, 50f

estimates
with 1992 National Health Inter-

view Survey, 604
with 1987 National Medical Expen-

diture Survey, 604
increases in, economic development

and, 618
national, determination methods, 47–

53
by race, 617t
by race and sex, 1963–1990, 618f
studies, methodological problems in,

430
Preventive health services, for North

American Indians, 693–694
Primary prevention, of NIDDM, in

North American Indians, 694
Prince Edward Island, Canada,

IDDM incidence in, temporal
variation in, 44f

Productivity losses
due to diabetes, 601

evaluation, 602–603
due to permanent disability and pre-

mature mortality, costs, 606–607
due to short-term morbidity, costs,

606
Progeroid syndromes, secondary dia-

betes with, 70t
Progestational agents, diabetogenic ef-

fects, 70t
Progestins, diabetogenic effects, 77
Proinsulin

gene, mutations, 79
levels, in NIDDM, 197
mutant (abnormal), 79

characteristics of probands with,
79t

Propranolol
diabetogenic effects, 77
effects on progression of diabetic

nephropathy, 369
Prorenin. See Plasma prorenin activity
Protein(s)

animal, diabetes risk and, 676
cow’s milk, childhood IDDM and, 171
dietary

diabetes mellitus and, 524
diabetic renal disease and, 365,

365f, 365t, 370–371, 371f, 371t
IDDM incidence and, 170
NIDDM and, 519
restriction, renoprotective effects,

370–371, 371f, 371t
Protein-deficient pancreatic diabetes

(PDPD), 72
classification, 613
diagnostic criteria for, 614t

Proteinuria
charge selectivity, in diabetes, 353–

354
definition, 350
in diabetic glomerulosclerosis, 350
diabetic retinopathy and, 319–320
dietary protein intake and, in diabetic

patients, 365, 365f
in Hispanic Americans, 650–654, 652t
in IDDM, 6, 350

duration of disease and, 356, 356f,
357f

glycemic control and, 363, 363f
incidence, 349
prevalence, 354, 354t
smoking and, 365–366, 366t
time trends in, 349

in NIDDM, 6, 24, 350, 354
at diagnosis, 17–18
duration of disease and, 356, 357,

357f
prevalence, 354–355, 355t

in nondiabetic population, 29f
in persons screened for diabetes, 29t
prevalence, in offspring, by sex and

number of parents with prote-
inuria, 361, 362f

risk, glycemic control and, 363, 363f
as risk marker for NIDDM mortality,

252
risk of visual loss and, 303
selective glomerular permeability

and, in diabetes, 353–354
Pseudophakia, 323, 325t
Psychiatric disorder(s), in adult dia-

betic population
gastrointestinal symptoms and, 513,

513t
prevalence, 507, 508–512

Psychoactive agents, diabetogenic ef-
fects, 70t

Psychopharmocological therapy, in
adult diabetic populations, 514,
515t

Psychosocial aspects of diabetes, in
adults, 9, 507–517

Psychosocial treatment(s), in adult
diabetic populations, 514–515

Psychostimulants, side effects, in
adult diabetic populations, 514,
515t

Psychotherapy
in adult diabetic populations, 515
in diabetes, 9

Psychotropic medication(s), in diabe-
tes, 9, 507

Puberty, diabetic retinopathy and,
313

Public assistance programs, coverage,
for persons with diabetes, 11

Pueblo Indians, diabetes prevalence
in, 685t

Puerto Ricans. See also Hispanic
Americans

blood pressure, by diabetes status,
146a

body mass index
by duration of NIDDM and age,

142a
measured and self-reported, by age

and sex, 144a
by sex, diabetes status, and age,

141a
diabetes prevalence in, 12, 631, 636,

636f, 636t
fasting triglycerides, by diabetes

status, 153a, 154a, 156a
HDL cholesterol, by diabetes status,

154a, 155a
hypertension in, by diabetes status

and sex, 148a
IDDM in, incidence, by sex, 43t
LDL cholesterol, by diabetes status,

153a, 155a
mean fasting triglycerides, by diabe-

tes status, 151a
mean HDL cholesterol, by diabetes

status, 151a, 152a
mean LDL cholesterol, by diabetes

status, 150a, 152a
mean total cholesterol, by diabetes

status, 150a, 151a
NIDDM in

age-standardized prevalence, by
percent desirable weight and
age, 219a

HHANES data, 635, 635t, 636f
and hypertension, by age, 146a
obesity in, by age and sex, 143a

plasma glucose
by age and sex, 135a
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by diabetes status, 137a
subscapular-to-triceps skinfold ratio,

by sex and diabetes status, 145a
total cholesterol, by diabetes status,

153a, 154a, 155a
2-hour post-challenge plasma glucose

in, by age and sex, 136a
Pulse deficits

in diabetic versus nondiabetic popula-
tions, 402, 403t

in lower extremity arterial disease,
401, 404–405

lower extremity amputation risk
and, 417–418

in NIDDM, 7
Pulse pressure, NIDDM and, in His-

panic Americans, 639t, 640
Pyelonephritis, 7

average annual frequency, in hospital
discharge summaries, 490t

in diabetic patients, 486, 488t, 489
emphysematous, in diabetes, 489
hospitalization for, in diabetes, 489,

490t
Pyriminil (Vacor)

diabetogenic effects, 69, 70t, 77t, 78
sites of action, 77t

Quality of life, disability and, 276,
278

Quinalt Indians, diabetes prevalence
in, 686t

Rabson-Mendenhall syndrome, secon-
dary diabetes with, 70t

Race/ethnicity
blood glucose testing and, 138a
diabetes prevalence and, by sex, 617,

617f
diabetes status and, with parental his-

tory of diabetes, by age, 139a–
140a

diabetic retinopathy and, 308–309,
309f

disability in diabetes and, 259
educational attainment and, diabetes

risk and, 194–195
exercise participation and, by diabe-

tes status, 160a
health insurance coverage and, 594t
health status and, by diabetes status,

160a
in hospital discharge data, 555
hypertension and, by age and diabe-

tes status, 149a
IDDM and

Colorado IDDM Registry data, 643–
644, 644f, 644t

mortality risk, 228
mortality and, diabetes as underlying

cause of death with, 247, 247f,
249, 249t

NIDDM and, 181f, 181–182, 182f
mortality risk, 249t, 249–251, 250f

plasma glucose and, by age and sex,
134a–135a

urine glucose testing and, 137a
urine ketone testing and, 138a
vision disorders and, 301

Racial admixture
NIDDM and, 183

in Hispanic Americans, 642f, 642t,
642–643

risk of childhood diabetes and, 615
Racial/ethnic distribution

of diabetic adults, 89, 89f
comparisons with 1979–81, 99

of diagnosed diabetes, 51f, 51–53,
52f, 52t, 56t–58t, 63a, 65a, 66a

of hypertension, by age, sex, and dia-
betes status, 124–127, 125f,
126f, 146a, 147a–148a

of impaired glucose tolerance, 55
Rad gene

mutation or overexpression (Ras-asso-
ciated diabetes), 78t, 80

overexpression, in NIDDM, 188
Rancho Bernardo, CA

age-adjusted prevalence of coronary
heart disease in, 432, 432t

community-based diabetes investiga-
tion, 119, 130–132, 161a

coronary heart disease data, 435, 436t
stroke risk data, age-adjusted, by sex

and diabetes status, 452, 452t
women with NIDDM

HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

Reflectance meters, in gestational dia-
betes screening, 707–708

Refractory morbid obesity
appetite suppression for, in NIDDM,

524
gastric bypass for, in NIDDM, 524

Refugee Resettlement Program, 663

Renal disease. See Kidney disease
Renal hypertrophy, in diabetes, 352f,

352–353
Renal plasma flow, in diabetes, 351,

351f
Renal replacement therapy. See also

Dialysis; Kidney transplant
economic impact, 373

Respiratory distress syndrome, in off-
spring, in pregestational diabetic
pregnancies, 727

Respiratory infection(s). See also
Bronchitis; Influenza; Pneumo-
nia; Sinusitis

in diabetes, 492–493
Retinopathy. See Diabetic retinopathy
Rhesus blood group

gene
chromosomal location, 187t
insulin resistance and, 188–189

in Hispanic Americans, NIDDM and,
643

Rhode Island, IDDM prevalence
study, 39t

Rhode Island Hospital Study, dia-
betic ketoacidosis in

incidence, 284, 284f
mortality, 286

Risk factors
in Asian and Pacific Islander popula-

tions, 676–677
for atherosclerosis, 196–197
for cataracts, 323, 324t
for cerebrovascular disease, 451
definition, 179
for development of diabetes, 3–4
for diabetes mortality, 233
for diabetes-related vision disor-

der(s), 301–303
for diabetic foot ulcers, 412–413, 413t
for diabetic nephropathy, 349
for diabetic renal disease, 361–366
for diabetic retinopathy, 308–321

in WESDR, 305
environmental, 689
for heart disease, in diabetic versus

nondiabetic persons, 438–444
for hypertension, 196–197
for IDDM. See Insulin-dependent dia-

betes mellitus (IDDM), risk fac-
tors for

for lower extremity arterial disease,
405

for NIDDM. See Non-insulin-depend-
ent diabetes mellitus (NIDDM),

Q

R
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risk factors for
in nondiabetic population, 29f
for obesity, 194

Rochester, MN
diabetic ketoacidosis in

incidence, 284, 284f
mortality, 286

diabetic residents, cerebrovascular dis-
ease mortality in, 248

IDDM incidence in
at age 20 years, 40t
by sex, 43t
temporal variation in, 44f
time trends in, 43f

IDDM prevalence study, 39t
lower extremity arterial disease in, in-

cidence, 403–405, 405t
Rochester Diabetes Project, frequency

distribution of neuropathy in,
340, 340f

Rochester Diabetic Neuropathy Pro-
ject, 340–342

Rodenticides, diabetogenic effects, 70t
Rose questionnaire, for lower extrem-

ity arterial disease, 401–402
Rubin study, cost estimates, 608–

609, 610
drugs and durable medical equip-

ment, 609
emergency care, 609
hospital services, 609
physician services, 609

Rural residence
NIDDM risk and, 195
in persons screened for diabetes, 29t

RW pedigree, with MODY, 180

Salivary secretion, in diabetes, 504
Samoa. See American Samoa; West-

ern Samoa
Samoans

diabetes in, 674–676
obesity in, 675–676

San Antonio, TX
age-adjusted prevalence of coronary

heart disease in, 432t
community-based diabetes investiga-

tion, 119, 130, 162a
disability data from, health profiles,

278
NIDDM in

ethnic differences in, 182
incidence, 637, 638f, 638t

risk factors for, 638, 639f, 639t
women with NIDDM

HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

San Antonio Heart Study, 631, 632
NIDDM in

prevalence in Mexican Americans
and non-Hispanic whites in,
633, 634f, 634t

risk factors for, 638, 639, 639t
San Diego, CA, IDDM incidence in,

by sex, 43t
San Luis Valley, CO

age-adjusted prevalence of coronary
heart disease in, 432t

community-based diabetes investiga-
tion, 119, 130–132, 162a, 342–
343

insulin resistance syndrome in, genet-
ics, 188–189

NIDDM in
ethnic differences in, 182
incidence, 198, 637, 638t
risk factors for, 639

women with NIDDM
HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a
serum triglyceride levels, 131, 164a

San Luis Valley Diabetes Study, 631,
632

prevalence of diabetes in Mexican
Americans and Anglos in, 633,
634t

Sardinia, Italy, IDDM incidence in,
165, 166

Schmidt’s syndrome, diabetes in, 76
Scotland, IDDM incidence in, tempo-

ral variation in, 44f
Screening

for diabetes
frequency, 21–23, 22f
methods, 21–23
NIDDM detection by, 15
rates, 15–16

in high-risk populations, 28–32
principles and rationale for, 23
for undiagnosed NIDDM, 2, 23–25,

25–27, 28t
Seattle, WA

community-based diabetes investiga-
tion, 119, 130–132, 161a

women with NIDDM
HDL cholesterol levels, 131, 164a
LDL cholesterol levels, 131, 164a

serum triglyceride levels, 131, 164a
Seattle Japanese-American Commu-

nity Diabetes Study, 666–667,
676

Secondary diabetes, 1
with achondroplasia, 70t
with acromegaly, 70t, 74–75
with adenosine deaminase gene muta-

tions, 78t, 180, 186t
with Alstr{uml}om syndrome, 70t
with ataxia-telangiectasia, 70t
with Bardet-Biedl syndrome, 70t
with carcinoid syndrome, 70t, 76
characteristics, 16t
with chromosomal defects, 70t
classification, 69, 70t
with Cockayne’s syndrome, 70t
with Cushing’s syndrome, 70t, 75
with cystic fibrosis, 70t, 71
definition, 2, 69
diagnosis, 16–17
with Down’s syndrome, 70t
with dystrophia myotonica, 70t
with endocrinopathies, 70t, 74–77
with Friedreich’s ataxia, 70t, 80
with genetic syndromes, 70t, 79–80
with glucagonoma, 70t, 76
with glucokinase gene mutations,

70t, 78t, 79–80, 185t, 185–187
with glycogen synthase gene muta-

tions, 78t
with gut tumors, 76
with hemochromatosis, 70t
with hereditary relapsing pancreatitis,

70t
with Herrmann’s syndrome, 70t
with Huntington’s chorea, 70t
with hyperaldosteronism, 70t, 75
with hyperthyroidism, 70t, 75–76
with insulin gene mutations, 78t
with insulin receptor gene mutations,

78t, 79
with insulin receptor substrate-1 (IRS-

1) gene mutations, 78t
with insulin resistance syndromes, 70t
with Kearns-Sayre syndrome, 70t
with Klinefelter’s syndrome, 70t
with Laurence-Moon-Biedl syndrome,

70t, 80
with leprechaunism, 70t
with lipodystrophic syndromes, 70t
with Machado disease, 70t
metabolic outcome in, 69
with mitochondrial tRNA gene muta-

tion, 70t, 78t
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with multiple endocrine neoplasia,
70t

with muscular dystrophy, 70t
with mutant (abnormal) insulin, 70t,

79
with obesity-associated insulin resis-

tance, 70t, 80
with pancreatectomy, 70t, 70–71
with pancreatic calculi, 71

pancreatic β-cell mass and, 69–70
with pancreatic cholera syndrome, 70t
with pancreatitis, 70t, 71–72
with pheochromocytoma, 70t, 75
with POEMS syndrome, 70t
with polyendocrine autoimmunity

syndromes, 70t, 76
prevalence, 2, 15, 17
with progeroid syndromes, 70t
with Rabson-Mendenhall syndrome,

70t
with somatostatinoma, 70t, 76
spectrum, 69
with stiff-man syndrome, 70t, 80
with Turner’s syndrome, 70t
with Werner’s syndrome, 70t

Second National Health and Nutri-
tion Examination Survey
(NHANES II), 521, 573

Seizures, hypoglycemia and, 290
Self-blood glucose monitoring, 528,

530–532, 531f, 532t
patient characteristics in, 531

Self-pay, expected percentage of total
cost, decrease in, 550

Sensory neuropathy, in persons
screened for diabetes, 29t

Septic arthritis, in diabetes, 410t
Sex

alcohol consumption and, by diabetes
status, age, and race/ethnicity,
159a

blood glucose testing and, 138a
diabetes prevalence and, by race, 617,

617f
diabetes status and, with parental his-

tory of diabetes, by age and
race/ethnicity, 139a–140a

diabetic retinopathy and, 308
disability in diabetes and, 268, 268t,

269, 269f
exercise participation and, by diabe-

tes status, 160a
fasting triglycerides and, by diabetes

status, 154a, 156a
HDL cholesterol and, by diabetes

status, 154a, 155a
health insurance coverage and, 594t
health status and, by diabetes status,

160a
heart disease risk and, 437t, 439, 439f
LDL cholesterol and, by diabetes

status, 153a, 155a
mean fasting triglycerides and, by dia-

betes status, 151a
mean HDL cholesterol and, by diabe-

tes status, 151a
mean total cholesterol and, by diabe-

tes status, 150a
mortality and, diabetes as underlying

cause of death with, 247, 247f,
250, 250f

NIDDM prevalence and, by obesity
level and age, 220a

plasma glucose and, by age and
race/ethnicity, 134a–135a

urine glucose testing and, 137a
urine ketone testing and, 138a
vision disorders and, 301

Sex distribution
of diabetic adults, 89, 89f
of hemochromatosis, 72
of hypertension, by age, race, and dia-

betes status, 124–127, 125f,
126f, 146a, 147a–148a

of IDDM, 85, 89
by age at diagnosis and race, 90, 90f

of IDDM incidence, 166, 166f
by age, 42, 42f, 42t, 43t

of IDDM mortality risk, 221, 228–
230, 229, 230f

of neuropathy in diabetes, 343f, 343–
344

of NIDDM, 85, 89, 89f, 182, 182f
by age and race, 88, 88f
by age at diagnosis and race, 90, 90f

of stroke incidence, racial differences
in, 452, 452f, 453

of stroke risk
in Framingham Study, 453, 453f
in Japanese, by age and diabetes

status, 452f, 453
in Rancho-Bernardo, CA, age-ad-

justed, by diabetes status, 452,
452t

Sex hormone-binding globulin, de-
creased, NIDDM and, 197

Sex hormones, NIDDM and, 197
Sexual ateliotic dwarfism, diabetes

mellitus and, 75
Sexual dysfunction, in diabetes, psy-

chological factors affecting, 513
Shanghai, diabetes in, 68–72
Short Form Health Survey (SF-36),

277, 278
Shoshone Indians, diabetes in, preva-

lence, 685t
Sialorrhea, in diabetes, 504
Sialosis, in diabetes, 504
Sickness Impact Profile (SIP), 277
Singapore

diabetes in, 669t, 670
ethnic distribution in, 668

Sinusitis
chronic, in diabetic patients, fre-

quency, 487t
in diabetes, 492–493

Sioux
diabetes in

end-stage renal disease in, 690
prevalence, 685t, 686t

tuberculosis in, 691
SIPP. See Survey of Income and Pro-

gram Participation (SIPP)
Sj{uml}ogren’s syndrome, IDDM and,

504
Skin infection, in diabetes, 504
Skin lesions, in nursing home resi-

dents, 583
Sloan study, 665
Smoking. See Cigarette smoking
Social Security Administration (SSA)

disability data from, 262, 265–266,
271, 271f

Survey of Work and Disability, disabil-
ity data from, 262, 266, 266f

Social Security Disability Insurance
(SSDI), data on disability preva-
lence, 265–266

Sociocultural factors, NIDDM and, in
Hispanic Americans, 640t, 640–
641

Sociodemographic characteristics
of North American Indians, 683
of persons with diabetes, 85–100,

102a–116a
comparisons with 1979–81, 99–100

of persons with NIDDM, 2
Socioeconomic status

of African Americans, 619–620
childhood IDDM and, 616
diabetes risk and, 194–195
of diabetic adults, 92–97, 107a–112a
diabetic retinopathy and, 320–321
IDDM incidence and, 173
NIDDM and, 619–620
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in Hispanic Americans, 640–641,
641t

Sodium, hypertension and, 525
Sodium-lithium countertransport, es-

sential hypertension and, 362
Somatostatinoma, secondary diabe-

tes with, 70t, 76
Sorbitol, diarrhea caused by, 466–467
South Africa, diabetes in, 670
Southall, England, diabetes in, 670f,

671
Spain, IDDM incidence in, 165
Spinocerebellar ataxia. See Frie-

dreich’s ataxia
Spokane Indians, diabetes prevalence

in, 686t
Spontaneous abortion(s), in diabetic

pregnancy, 719, 722–724, 723f,
723t

Staphylococcus aureus
bacteremia, in diabetes, 493
carriage, by diabetes status, 491t, 491–

492
Starch, glycemic effects, in diabetes

mellitus, 524, 524t
Starr County Study, 631, 632

Hispanic Americans in
diabetic retinopathy in, 650, 651f
hyperglycemia prevalence in, 631–

632, 632t
with NIDDM, mortality data for,

645–646, 647t
Steatosis

in diabetes, 469–470
in obesity, 469

Steno Memorial Hospital, Denmark
IDDM mortality data, 225–226, 226f,

228–229
proteinuria studies, duration of

IDDM and, 357f
Stiff-man syndrome, secondary diabe-

tes with, 70t, 80
Stillbirth, in diabetic pregnancy, 719
Stockholm Diabetes Intervention

Study, 367–368
Stockings, for management of hyper-

tension, 534
Streptozotocin, diabetogenic effects,

70t, 78
Stress

glucose regulation and, 507, 512
IDDM and, 172

Stroke
costs, attribution to diabetes, 602
diabetes and, 449–456

in elderly, 581
hospital discharge data on, 561,

561f
epidemiology, 449
hospitalization for

in diabetic patients, 451, 451t
rate, 450

hyperglycemia and, 454
incidence

age and, 450, 452, 452f
improved diagnostic capabilities

(ascertainment) and, 450
racial differences in, by sex, 452,

452f, 453
medical history, prevalence, 450t,

450–451
mortality, 449–450, 450f

by diabetes status, MRFIT data,
451, 451t

in NIDDM, 248–249
in North American Indians, 692
predictors, in Framingham Study,

453, 453f
prevalence, age and, 8
prevention, 454–455
prognosis, blood glucose levels as pre-

dictor, 454
risk

by age, 8
blood glucose level and, 454
by diabetes status, in Framingham

Study, 453, 453f
in diabetic patients, 451–454
by race, 8, 449, 452, 452f, 452t
by sex, 8

in Framingham Study, 453, 453f
risk factors, 8, 449, 450
silent, improved diagnostic capabili-

ties for, 450
vascular disease and, 450, 453, 453f

Stroke belt, 449
Strong Heart Study, 130–132, 163a,

692
Subscapular-to-triceps skinfold ratio

by age, sex, and diabetes status, 124,
124f, 145a

community-based studies, 130
in NIDDM

in Hispanic Americans, 639t, 640,
659a

in non-Hispanic Americans, 659a
Substance use, in adult diabetic popu-

lation, 511t
Sucrose, glycemic effects, in diabetes

mellitus, 524, 524t

Suicide, mortality from, in IDDM,
227, 227f

Sulfonylureas, 519
mechanism of action, 525–526
for NIDDM, 525–526

patient selection for, 526
therapy, hypoglycemia with, 289–290

Surgeon services, health insurance
coverage for, percent of diabetic
persons with, 595

Survey of Income and Program Par-
ticipation (SIPP), disability data
from, 261–262, 265, 265f, 267,
268t

Survey of Work and Disability (So-
cial Security Administration),
disability data from, 262, 266,
266f

Sweden
costs in, 609
IDDM in

in children, epidemiology, 168
incidence, temporal variation in,

44f
Symptom reporting, psychological

factors affecting, 507, 512–513
Syndrome X, 202

pathogenesis, 197
dyslipidemia and, 197

in thrifty genotype hypothesis, 676
Systolic Hypertension in the Elderly

trial, 454

Taiwan, diabetes prevalence in, 672–
673, 673t

Takatsuki syndrome. See POEMS syn-
drome

Task Force on Black and Minority
Health, 613

TcPO2. See Transcutaneous oxygen
tension

Texas, Hispanics in, NIDDM preva-
lence in, 632t, 632–633, 633t

Thalassemia, abnormal glucose toler-
ance in, 73

Theophylline, diabetogenic effects,
70t

Therapeutic agents, diabetogenic ef-
fects, 77, 77t

Therapy for diabetes, 9–10, 519–540
adjuvant, for complications of diabe-

tes mellitus, 533–534
costs, 606

T
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disability and, 270, 270t
insulin. See Insulin therapy
nutritional. See Nutritional therapy
oral hypoglycemic. See Oral hypogly-

cemic agents
Thiazides

diabetogenic effects, 70t, 77, 77t
sites of action, 77t

Thiazolidinedione
for diabetes mellitus, 533
mechanism of action, 202
in NIDDM prevention, 202

Three Area Study, 454
Thrifty gene/genotype hypothesis,

619, 676, 677
Thrombolytic Trials, data on rein-

farction risk and death after
acute MI, 436, 437t

Thyroid hormones
diabetogenic effects, 74t
sites of action, 74t

Toe systolic blood pressure index
(TSPI), in lower extremity arte-
rial disease, 402

Tohono O’odham Indians
diabetes prevalence in, 685t
gestational diabetes in, 709t
pregnancy in, preexisting diabetes

and, 693
Tongue, burning, in diabetes, 504
Tooth decay, in diabetes, 501
Toothlessness, in North American In-

dians
prevalence, 9
risk factors for, 503, 691

Torulopsis glabrata, urinary tract in-
fection, in diabetes, 491

Total population, in U.S.
distribution

by age, 102a–103a
by cohabitation status, 108a
by employment status, 113a
by family income, 111a
by family size, 109a
by marital status, 107a
by size (in thousands) of urban

population, 106a
by type of employer, 115a
by usual activity, 114a
by years of education, 110a

with military status (percent), 116a
regional distribution, 105a
urban/rural distribution, 106a

Toxins, diabetogenic effects, 70t
Transcutaneous oxygen tension. See

also Lower extremity arterial dis-
ease (LEAD)

lower extremity amputation and, 417,
417t

Transient ischemic attacks, 450, 455
Trazodone, side effects, in adult dia-

betic populations, 514, 515t
Tricyclic drugs (tricyclic antidepres-

sants)
efficacy

in adult diabetic populations, 514
in diabetics, 507

side effects, in adult diabetic popula-
tions, 514, 515t

Triglycerides
elevated

in NIDDM, 197
in Hispanic and non-Hispanic

Americans, 659a
NIDDM mortality and, 251

levels, with NIDDM, by race, 623,
624f

mean fasting, in NIDDM, in Hispanic
and non-Hispanic Americans,
659a

NIDDM and, in Hispanic Americans,
639t, 640

plasma/serum. See also Dyslipidemia
abnormalities, by age, sex, race/eth-

nicity, and diabetes status,
128, 154a, 156a

by age, sex, race/ethnicity, and dia-
betes status, 128, 128f, 151a,
153a

community-based studies, 131,
161a, 162a, 163a, 164a

diabetic renal disease and, 364
in NIDDM, 3, 118
in undiagnosed NIDDM, 24

Trinidad, diabetes in, 670–671
Trisomy 21. See Down’s syndrome
t-RNA(Leu) gene, chromosomal loca-

tion, 187t
Troglitazone

for diabetes mellitus, 533
in NIDDM prevention, 202

Tropical diabetes, 72
Tuberculosis

average annual frequency, in hospital
discharge summaries, 490t

in diabetes, 490t, 493–494
in North American Indians, 691

prevention, 694
prevalence, by diabetes status and

sex, 488t

Turner’s syndrome, secondary diabe-
tes with, 70t

Twin studies
of IDDM, 3, 170
of NIDDM, 4, 183t, 183–184, 196

Type-1 protein phosphatase gene,
chromosomal location, 187t

Ulcer(s). See also Foot ulcers; Leg ul-
cers; Palatal ulcer(s)

definition, 428a
gastrointestinal, self-reported physi-

cian-diagnosed, prevalence, by
sex, age, and diabetes status,
460, 461t

Ulnar neuropathy, in diabetes, 342
Ultrasound, duplex, in lower extrem-

ity arterial disease, 402
Umatilla Indians, diabetes prevalence

in, 686t
Unemployment. See Employment

status
United Kingdom, IDDM incidence in,

40
temporal variation in, 44f

United States
dietary patterns in, 676, 676f
IDDM incidence in, 37
population

1980–1990, by race and ethnicity,
663f

by race, 1990, 662t
by regions and race, 664t

United States Census, race definition
in, changes in, 663

University Group Diabetes Program
data

on LEAD, 404–405
on metabolic control and renal dis-

ease in NIDDM, 368–369, 369t
on ocular complications, 298, 300t

Urban population size (in thou-
sands), distribution of diabetes
and, by population groups, in
U.S., 85, 91, 91f, 106a

Urban/rural residence
distribution of diabetes and, by popu-

lation groups, in U.S., 91, 91f,
106a

NIDDM risk and, 195
in persons screened for diabetes, 29t

Urinary incontinence, with hypergly-
cemia, in elderly, 582

U
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Urinary tract infection(s), in diabe-
tes, 9, 375, 486, 504

candidal, 491
frequency, 487t
prevalence, by diabetes status and

sex, 488t, 489
Urine glucose, in diabetic persons,

120–121, 121f, 137a
Urine glucose test(s)

in diagnosis, 21, 21f, 21t, 22t
frequency, 15
number performed annually, 2

Urine ketones, in diabetic persons,
121, 138a

U.S. Life Tables, in productivity-loss
estimates, 603

Usual activity, distribution of dia-
betic adults by, in U.S., 97–98,
114a

Utah, IDDM prevalence study, 39t
Ute Indians, diabetes prevalence in,

685t

Vacor. See Pyriminil (Vacor)
Varicose ulcer, in diabetes, 410t
Vascular disease, stroke and, 450,

453, 453f
Vasoactive-intestinal polypeptide-pro-

ducing tumor (VIPOMA, pancre-
atic cholera syndrome), glucose
intolerance with, 76

Vasterbotten, Sweden, IDDM inci-
dence in, temporal variation in,
44f

Very low density lipoprotein(s)
diet and, in diabetes mellitus, 523
levels, glucose intolerance and, 197

Virgin Islands (U.S.), IDDM inci-
dence in, 615
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