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Preface

We are already feeling the first impact of diabetes tsunami, and it is quite obvious 
that the coming waves are only going to get bigger. It is felt in the most developed 
countries and healthcare systems, and even they have a challenge managing the 
burden of diabetes, its complications, and the pressure on resources. But the impact 
is felt much stronger in the developing countries that already have difficulties in 
coping with the current healthcare issues and are definitely not prepared for the 
huge diabetes shock waves that are coming. And it is in developing countries where 
almost 80% of the people with diabetes are living, which only makes the problem 
even more complex.

The title of the book is Managing Diabetes in Low-Income Countries—Providing 
Sustainable Diabetes Care with Limited Resources. However, the term low-income 
countries, as used in the title and throughout the book, goes beyond the standard 
World Bank criteria of categorizing the countries. Please note while reading this 
book that low-income countries refer to the lower resource, developing countries, 
including both middle-income and low-income countries as defined by various 
authorities.

The book consists of nine chapters including the burden of diabetes prevalence, 
diabetes drivers, diabetes complications, available treatments, monitoring of meta-
bolic control, diabetes education, e-Health solutions, nutrition, and diabetes preven-
tion. The nine chapters illustrate the situation in developing compared to developed 
countries and propose initiatives for managing various diabetes challenges in a set-
ting with limited resources.

Since this book is written in the middle of one of the greatest infectious pandem-
ics humanity has ever faced, it is quite impressive to witness the immediate response 
to contain, diagnose, and treat COVID-19. It is spreading enormously fast, claiming 
lots of lives. It seems that humanity is at its best when dealing with imminent, 
global, fast-spreading danger. People have no problems changing their lifestyle they 
have had for years, in order to protect themselves, their family, beloved ones, and 
the whole humanity.

However, when we have to deal with another pandemic developing more insidi-
ously over years, such as diabetes, we are reluctant to do even the slightest 
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modification of our lifestyle. This results in a sad situation where diabetes is taking 
its massive toll.

There are countries in Europe, considered one of the most developed regions in 
the world, which are low-resource, developing, and with a very high diabetes preva-
lence. Those countries are struggling to balance between providing optimal diabetes 
care and not driving their healthcare systems into bankruptcy.

An example of a developing European country with limited resources is the 
Republic of North Macedonia, my home country that is mentioned on several occa-
sions throughout the book. I have been honored to serve as a Medical Advisor for 
Diabetes Care to the Minister of Health in the period 2012–2016, and member of the 
National Diabetes Committee 2015–2017, so the examples presented in this book 
are my personal experiences and involvements.

Many aspects presented in this book and referring to developing countries could 
be equally relevant to the parts of population with diabetes living in developed 
countries. On the other hand, a minor part of diabetes population in developing 
countries has access to the highest level of diabetes care. The inequality in access to 
diabetes care within both developed and developing countries makes such categori-
zation of countries largely vague.

Despite the title, this book truly seeks to present the challenges and potential 
solutions under circumstances with limited resources that could be found in both 
developed and developing countries.

It seems that after the global lockdown COVID-19 has caused, the struggle for 
providing sustainable diabetes care would become relevant not only for the develop-
ing but also for the countries that are currently considered as developed. The world 
would be different and there would certainly be more issues contesting for the lim-
ited healthcare resources.

It has been proven that even in a low-resource setting a lot could be done to fight 
diabetes and its complications. I would be feeling very fulfilled if this book has 
inspired you to take even a single initiative for curbing one of the biggest pandemics 
modern humanity has ever faced, diabetes.

And before you start reading, I would like to express immense gratitude to my 
family and my mentors, friends, and great endocrinologists, Prof Nanette Steinle 
and Prof Andrew Behnke without whom this book would not have been possible.

Skopje, Republic of North Macedonia Ivica Smokovski 
April 2020

Preface
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Chapter 1
Burden of Diabetes Prevalence

It is now evident that we are living in a world of diabetes pandemic—despite the 
scientifically sound estimates, worldwide diabetes prevalence has been exceeding 
even the most pessimistic projections from the past. If we go back in history, it 
was estimated in 2004 that diabetes prevalence in 2030 would reach 366 million 
people [1]. What actually happened was that the prevalence of 366 million people 
with diabetes was already reached in 2011, 19 years earlier than initially predicted 
[2]. According to the latest projections, there would be 578 million people with 
diabetes in 2030, almost 60% more of what was estimated 15  years ago 
(Fig. 1.1) [1, 2].

Exponential rise of diabetes prevalence can also be observed from the historical 
data in the past 20  years. The global estimate of the total diabetes prevalence, 
including both diagnosed and undiagnosed cases in the age group 20–79 years, was 
151 million in 2000; rising to 194 million in 2003; 246 million in 2006; 285 million 
in 2009; 366 million in 2011; 382 million in 2013; 415 million in 2015; and 425 
million in 2017 [2].

According to the latest estimates from the International Diabetes Federation 
(IDF) Diabetes Atlas, approximately 463 million people in the age group 20–79 year 
were living with diabetes in 2019, equaling to 9.3% of the world’s population in this 
age group [2]. The total number is predicted to rise to 578 million by 2030 (preva-
lence of 10.2%); and 700 million by 2045 (prevalence of 10.9%) [2].

The number of people with diabetes is extraordinary, and the question is what 
places so many people in this category. Diabetes mellitus is defined as Fasting 
Plasma Glucose (FPG) ≥7.0 mmol/L (126 mg/dL); or 2-h Plasma Glucose (PG) 
≥11.1 mmol/L (200 mg/dL) during Oral Glucose Tolerance Test (OGTT, glucose 
load containing the equivalent of 75 g anhydrous glucose dissolved in water); or 
HbA1c ≥6.5% (48 mmol/mol) in a laboratory using a method that is NGSP certified 
and standardized to the DCCT assay; or if an individual presents with classic symp-
toms of hyperglycemia and a random plasma glucose ≥11.1  mmol/L (200  mg/
dL) [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51469-3_1&domain=pdf
https://doi.org/10.1007/978-3-030-51469-3_1#DOI
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Diabetes mellitus is a heterogeneous entity and is classified into type 1 diabetes 
(autoimmune beta-cell destruction resulting in absolute insulin deficiency), type 2 
diabetes (progressive loss of adequate beta-cell insulin secretion due to insulin 
resistance), and gestational diabetes mellitus (GDM, diabetes diagnosed during 
pregnancy) [3].

Other causes are less frequent, such as monogenic diabetes syndromes (neonatal 
diabetes and maturity-onset diabetes of the young), diseases of the exocrine pan-
creas (cystic fibrosis, pancreatic cancer, pancreatitis, pancreatectomy), and drug- or 
chemical-induced diabetes (glucocorticoid use, treatment of HIV/AIDS, or after 
organ transplantation) [3].

Furthermore, the burden of diabetes is not only the magnitude of people diag-
nosed with diabetes by any of the criteria above, but also the huge number of people 
with diabetes who are not diagnosed. It is estimated that 1 in 2 people with diabetes 
is undiagnosed; or, out of the total 463 million in 2019, 232 million people with 
diabetes were undiagnosed [2]. It means that for every person with known diabetes, 
there is another one yet to be found, tested, diagnosed and adequately treated. There 
are many people in the community who are not aware to be living with diabetes. 
Unfortunately, many of those who have diabetes, but are not diagnosed, initially 
present with diabetes complications that are even more difficult and costly to treat.

The vast majority of people affected by diabetes are in their most productive 
years. There were 351.7 million people with diabetes in 2019, or 75% of the total 
number, who were of working age from 20 to 64 years [2]. This number is expected 
to increase to 417.3 million by 2030, and 486.1 million by 2045 [2]. The magnitude 
of people with diabetes in their working age has an immense impact on the 
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Fig. 1.1 Estimated and actual number of people with diabetes, data adapted from [1, 2] (asterisk) 
Wild et al. (2014), (dagger) IDF Diabetes Atlas (2019)
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economies globally. The impact is felt much stronger if the economy is weaker, as 
in the lower resource countries.

Diabetes is among the top ten causes of mortality in the adult population world-
wide [4]. Latest estimates for 2019 suggest that it has caused 4.2 million deaths 
worldwide in the age group 20–79 years [2]. For this reason, it is often said that 
diabetes has killed more people after World War II, than both World Wars com-
bined. It is evident that we are still counting the increasing number of casualties, 
with no signs of flattening the curve in the near future. The fight against diabetes has 
frequently been labeled by some prominent IDF leaders as the invisible World War 
III that is affecting the whole humanity. If people with diabetes are population of a 
separate country, it would be the third largest country in the world, right after China 
and India, and much bigger than the United States (US). Almost one percent of this 
country would be dying annually.

The steep rise in diabetes prevalence discussed above has mainly been attributed 
to the increased prevalence of type 2 diabetes [2]. Type 2 diabetes is estimated to 
account for more than 95% of all cases of diabetes globally. Not only the absolute 
number, but also the proportion of people with type 2 diabetes is increasing 
worldwide.

When facing pandemics of different nature, such as the recent infectious 
COVID-19 pandemic, that are contagious, spreading fast and globally, we see whole 
societies taking immediate action, building up hospital and ICU capacities, govern-
ments discussing nationwide strategies and solutions. The life of whole countries 
changes over night. The question is why we are not seeing this sense of urgency 
when facing the diabetes pandemic, claiming multiple times more lives than the 
recent infectious pandemic with COVID-19?

The answer could be the insidious course of diabetes that lasts for years before it 
is even diagnosed. We are not talking about days or weeks of incubation, but often 
about years for diabetes to develop. And when something is explosive in nature, as 
in infectious pandemics, we don’t have difficulties modifying our lifestyle abruptly, 
adapting to the new circumstances. We are afraid that the healthcare system will not 
respond to the overwhelming number of infectious cases. However, when some-
thing develops slowly over the course of years, people seem to be reluctant to mod-
ify their lifestyle to delay it or prevent it. That may explain why the challenge of 
flattening the curve of diabetes prevalence is so burdensome.

When we talk about the burden of diabetes prevalence, we also have to think of 
the diabetes related complications. It is well established that people with diabetes 
have increased risk for coronary artery disease, stroke, congestive heart failure, 
peripheral vascular disease, retinopathy, nephropathy, and neuropathy, among the 
most common [2, 3]. Less recognized, however, equally important, are the increased 
prevalence of depression, erectile dysfunction, or functional disability [2, 3].

Cardiovascular diseases, leading cause of morbidity and mortality worldwide, 
are two to four times more common in people with diabetes compared to people 
with no diabetes [2, 3]. Diabetes remains the leading cause of the new cases of 
blindness among adults, and the leading cause of end-stage renal failure requiring 
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dialysis [2]. The enormous impact of diabetes related complications will be dis-
cussed in more detail in the following chapters.

Diabetes has been a major healthcare issue for the lower resource, developing 
countries. Developing countries include low-income countries, with Gross National 
Income (GNI) per capita of USD 1,025 or less, and middle-income countries, with 
GNI per capita between USD 1,025 and USD 12,375 in 2018 [5]. Developed, high- 
income countries are those with GNI per capita of USD 12,376 or more in 2018 [5].

Developing countries are sometimes referred to as LMICs, or Low and Middle 
Income Countries. It is estimated that only 15% of the world population lives in 
developed countries and the remaining majority lives in developing, lower resource 
countries.

The trend of rising prevalence of type 2 diabetes in both developed and develop-
ing countries can be attributed to ageing, sedentary lifestyle and increased calories 
intake, resulting in overweight, obesity and insulin resistance. In 2019, 310.3 mil-
lion people with diabetes were living in urban areas (prevalence of 10.8%), com-
pared to 152.6 million in rural areas (prevalence of 7.2%) [2]. Number of people 
with diabetes in urban areas is expected to increase to 415.4 million (prevalence of 
11.9%) in 2030, and to 538.8 million (prevalence of 12.5%) in 2045, as a result of 
the global migration from rural to urban areas [2]. The urbanization is more inten-
sive in developing countries, and could lead to even sharper increase in diabetes 
prevalence in those countries.

Earlier diagnosis, treatment and reduction of premature complications and mor-
tality additionally contribute to the increased diabetes prevalence, due to the better 
survival of people with diabetes [2]. Diagnosing type 2 diabetes at an earlier age in 
recent years also contributes to the increase of diabetes prevalence.

While the prevalence of diabetes becomes less steep in higher resource parts of 
the world, it is expected to explode in the years to come in the lower resource coun-
tries. It further aggravates the situation with the already scarce healthcare resources 
in developing countries, and poses additional challenges for the healthcare authori-
ties to prioritize and adequately allocate the limited resources.

Healthcare systems of developing countries have already been struggling with 
the existing healthcare issues and have certainly not been prepared to face the 
approaching diabetes tsunami. Most of these countries have not been able to provide 
the currently recommended standard diabetes treatment or glucose monitoring sup-
plies to the already diagnosed people with diabetes. The economic meltdown from 
the recent global pandemic with COVID-19 would only aggravate the financial situ-
ation in the healthcare systems of developing countries.

It is striking that in 2019, 79% of adults with diabetes, or 367.8 million (preva-
lence of 9.0%) were living in developing countries, compared to 95.2 million (prev-
alence of 10.4%) in developed countries (Fig.  1.2) [2]. Unstoppable diabetes 
tsunami is coming for the developing countries which could easily be realized from 
the projections for 2030 and 2045, if current trends are not changed.

In 2030, it is estimated that 82% of the total number of people with diabetes will 
be coming from developing countries [2]. Estimated 470.1 million people with 
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diabetes will be living in developing (prevalence of 10.0%), compared to 107.9 mil-
lion in developed countries (prevalence of 11.4%) (Fig. 1.2) [2].

In 2045, it is estimated that 84% of the total number of people with diabetes will 
be coming from developing countries [2]. Estimated 587.6 million people with dia-
betes will be living in developing (prevalence of 10.8%), compared to 112.4 million 
in developed countries (prevalence of 11.9%) (Fig. 1.2) [2].

Diabetes prevalence is projected to increase by 51% from 2019 to 2045 world-
wide—from 463 million in 2019, to 700 million in 2045 [2]. This rise is largely due 
to the increase in low- to middle-income regions, such as in Africa (except North 
Africa) by 143%, Middle East and North Africa by 96%, South East Asia by 74%, 
and South and Central America by 55% [2].

We should never forget how bad we have been in predicting diabetes prevalence. 
No matter how tremendous those numbers may appear, all historical projections 
have so far resulted in significant underestimation of the diabetes prevalence. 
Therefore, we should only consider future estimates as the most conservative ones.

The proportion of people with undiagnosed diabetes is also higher in low-income 
(66.8%, 9.7 million) and middle-income (52.6%, 185.8 million), compared to high- 
income countries (38.3%, 36.4 million) [2]. Expected improvement of diagnostic 
rates in developing countries would result in additional number of people with diag-
nosed diabetes that the healthcare systems have to cope with.

Financial burden of diabetes and related complications has been overwhelming 
for the healthcare systems across the world. It is estimated that diabetes caused at 
least USD 760 billion of healthcare expenditure in 2019, which is approximately 
10% of the total spending on adult healthcare [2]. This figure is projected to rise to 
USD 825 billion in 2030, and USD 845 billion in 2045 [2]. If indirect costs are 
added, as explained in the following chapters, total diabetes related costs become 
even higher.

463 million 578 million 700 million

Developing countriesDeveloped countries

79% 82% 84%

2019 2030 2045

Fig. 1.2 Diabetes prevalence in developed and developing countries, 2019–2045, data adapted 
from [2]

1 Burden of Diabetes Prevalence
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Diabetes pandemic is of such magnitude that it threatens even the most devel-
oped healthcare systems in the world, such as the National Health Service (NHS) in 
the United Kingdom (UK). Some experts predict that due to the spiraling costs, 
diabetes alone could bankrupt the NHS and should be declared as a ‘national crisis’. 
Mass media from the UK have alarmed that the number of people with diabetes in 
the UK has doubled in 20 years, due to the rise in prevalence of type 2 diabetes [6]. 
Another frightening fact is that, although traditionally considered as a diagnosis of 
the older population, type 2 diabetes is more often diagnosed at an earlier age due 
to the growing prevalence of obesity in children and adolescents [6].

The cost of diabetes treatment in the NHS has doubled in only a decade, from 
2008 to 2018 [6]. Furthermore, diabetes was responsible for almost 26,000 cases of 
premature mortality annually in the UK [6]. Total diabetes related cost in the UK 
was estimated at USD 17 billion in 2019 [2].

If there is a risk of bankruptcy of the NHS due to diabetes, it could certainly have 
a huge impact on the total UK and global economy. It is well validated that diabetes 
is the largest contributor to healthcare costs, not only in the UK, but also in the rest 
of Europe, exerting huge pressure on the already stretched healthcare resources.

It is no surprise that diabetes is one of the costliest conditions in the most developed 
country of the world, the US. The Center for Disease Control and Prevention (CDC) 
Report from 2020 estimated that more than 1 in 10 US adults—about 34.1 million—
have either type 1 or type 2 diabetes, and 7.3 million of them are undiagnosed [7].

Total diabetes related health expenditure in the US in 2019 was estimated at USD 
294.6 billion, the largest amount spent on diabetes by a single country [2]. It is three 
times more than the diabetes related health expenditure of China, which occupies 
the second place and has four times more people with diabetes than the US. It is 
estimated that cost to the economy of diabetes related premature deaths in the US 
was USD 19.9 billion annually, and a total of USD 90 billion was indirectly lost due 
to diabetes [2, 8].

Above grave examples of the diabetes impact on the most developed countries 
illustrate the potential it has to collapse the healthcare systems of the developing, 
lower resource countries. An example of a developing country struggling with one 
of the highest diabetes prevalence in Europe is the Republic of North Macedonia, 
located in South East Europe, with an estimated population of 2.06 million [9]. The 
increasing prevalence of type 2 diabetes in the past three decades has been alarming 
and had a significant impact on the healthcare system in the country.

The estimated total diabetes prevalence, of both diagnosed and undiagnosed 
cases, in the Republic of North Macedonia was approximately 80,000 people in 
2004 [9]. Diabetes prevalence has more than doubled in only 15 years, and the latest 
estimate of total diabetes prevalence was 175,100 in 2019 [2].

Both diabetes national and age-adjusted prevalence in the Republic of North 
Macedonia were higher compared to Europe as a region. Diabetes national preva-
lence in adults 20–79 years in 2019 was estimated at 11.2%, compared to 8.9% in 
Europe [2]. Diabetes age-adjusted comparative prevalence (20–79 years) in 2019 
was estimated at 9.3%, compared to 6.3% in Europe [2].

1 Burden of Diabetes Prevalence
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It was estimated there were 2,300 people with type 1 diabetes in the Republic of 
North Macedonia in 2015, or 2.7% of all diagnosed cases [9]. The Republic of 
North Macedonia is considered a ‘cold spot’ for type 1 diabetes in Europe with a 
low incidence rate [9]. On the other hand, the prevalence of type 2 diabetes in the 
country is strikingly high. Basic diabetes data for the Republic of North Macedonia 
are presented in Table 1.1 [2, 9, 10].

Diabetes has been a huge healthcare and socio-economic burden for the Republic 
of North Macedonia. National diabetes prevalence data have been of utmost impor-
tance for the policy makers, healthcare authorities, healthcare providers, and patient 
organizations. Nevertheless, it is interesting that until recently, there were only 
external estimates of the diabetes prevalence for the country. Those estimates were 
based on extrapolations of diabetes prevalence from other countries in the region, as 
there were no reliable data sources for the national diabetes prevalence [10]. Using 
extrapolated data for estimation of diabetes prevalence has been common for most 
of the developing countries, lacking their own, good quality epidemiological data [2].

It was also interesting that up to the latest, ninth edition of IDF Diabetes Atlas, 
the same age-adjusted (20–79 years) comparative prevalence of 10.1% was reported 
not only for the Republic of North Macedonia, but also for the other countries from 
the region with no own data, such as Albania, Bosnia and Herzegovina, Montenegro 
and Serbia [10, 11].

Those estimates were based upon the extrapolation of diabetes prevalence in 
geographically close countries with high quality data for diabetes prevalence, such 
as Croatia, Cyprus, Greece, Slovenia and Turkey [10, 11]. However, not all of those 
reference countries, although geographically close, share similar dietary and life-
style patterns with the Republic of North Macedonia and the other countries with no 
own data [10].

First step for the developing countries is to know their own diabetes prevalence 
of diagnosed cases, as precisely as possible. In other words, if we are talking about 
fighting a war against diabetes, we have to know the strength of our enemy in every 
single country, including the ones with limited resources. Additionally, it is not 

Table 1.1 Basic diabetes data for the Republic of North Macedonia, data adapted from [2, 9, 10]

Total population 2,058,539

Diabetes national prevalence (20–79 years) (2019) 11.2%
Diabetes age-adjusted comparative prevalence 
(20–79 years) (2019)

9.3%

Total number of people with diabetes (diagnosed and 
undiagnosed) (2019)

175,100

People with diagnosed diabetes (2015) 84,568
People with diabetes on insulin treatment (2015) 37,011 (43.8% of diagnosed cases)
People with type 1 diabetes (2015) 2,300 (2.7% of diagnosed cases)
Women/men with diagnosed diabetes (% prevalence) 
(2015)

48,449 (4.6%)/36,119 (3.4%)

Urban/rural population with diagnosed diabetes (% 
prevalence) (2015)

59,586 (3.6%)/24,982 (5.6%)

1 Burden of Diabetes Prevalence
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sufficient only to know the total number of diagnosed cases, but also to know the 
stratification of those cases by age, gender and place of living, urban or rural. This 
information is of great value for explaining the prevalence and helps for planning of 
future activities.

After determining the prevalence of diagnosed cases, it would be beneficial to 
know the prevalence of undiagnosed cases through a national epidemiological 
study. If the prevalence of diagnosed and undiagnosed cases is known, the total 
diabetes prevalence could be calculated, as well as the diagnostic rate for the 
country.

The next thing every developing country should consider is mapping the network 
of diabetes care services provided across the national healthcare system. In the case 
of the Republic of North Macedonia, diabetes care services are provided across all 
three healthcare levels, primary, secondary and tertiary. Around 1,600 primary care 
physicians are involved in the screening, diagnosing and treating people with type 2 
diabetes with oral antidiabetic medication. In addition, there are 41 Diabetes Centers 
with around 120 specialists (Endocrinologists, Diabetologists, Internists) which are 
functional units at secondary level where further diabetes care is provided, includ-
ing prescription of insulin treatment and other novel injectable (e.g. GLP-1RA) and 
non-injectable (e.g. DPP-4i, SGLT2i) diabetes medications. Finally, there is one 
institution at tertiary level, the University Clinic of Endocrinology, Diabetes and 
Metabolic Disorders in the capital of Skopje. If not in possession of those basic 
metrics, any war against diabetes is predestined to fail.

The first comprehensive, stratified diabetes prevalence data derived from the 
National e-Health system in the Republic of North Macedonia with a cut-off date 
20-July-2015, were published in 2018 [10]. These first actual data on the national 
diabetes prevalence discovered certain differences compared to the previously 
reported extrapolations [10]. Diabetes prevalence data of diagnosed cases were 
stratified by age, gender and place of living [10].

Latest, ninth edition of IDF Diabetes Atlas used the first stratified, national data 
of diagnosed cases derived from the National e-Health System (NeHS), for the esti-
mates of total diabetes prevalence for the Republic of North Macedonia in 2019 [2]. 
Those are the first results without extrapolation of data from regional countries, and 
are considered more accurate than the estimates from the previous versions of the 
IDF Diabetes Atlas.

The Republic of North Macedonia was recognized in the latest IDF Diabetes 
Atlas from 2019, as one out of only 12 countries worldwide having a diabetes preva-
lence study conducted within the past 5 years [2]. Hence, it is possible even for a 
developing country with limited resources to report the national diabetes preva-
lence, at least of diagnosed cases.

From the first stratified analysis of diabetes prevalence it was found that genders 
were evenly distributed in the total population of the Republic of North Macedonia, 
whereas the majority of the population lives in urban municipalities (78.9%), mim-
icking the global distribution of population [10].

The total number of diagnosed cases was 84,568; of those 36,119 men (42.7%) 
and 48,449 women (57.3%) (Table 1.1) [10]. Mean age of all diagnosed diabetes 
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cases was 62.6 ± 12.5 years. It was reported that prevalence of diagnosed cases in 
the total population was 4.0% with the highest prevalence in the age group 
60–79 years, followed by groups 80 years or older, 40–59 years, 20–39 years, and 
below 20 years (Fig. 1.3) [10]. This is in accordance with the global estimates of 
increasing diabetes prevalence towards older age groups [2].

The prevalence of diagnosed cases was higher in women compared to men in the 
total population (4.6% vs 3.4%) (Fig. 1.3) [10]. This was a surprising result in con-
trast to the global estimates of higher prevalence in men (9.6%) than in women 
(9.0%) in 2019, but also in the future projections (10.4% and 10.0% in 2030, and 
11.1% and 10.8% in 2045, in men and women, respectively) [2].

From the study, the total number of diagnosed cases was higher in urban 
(n = 59,586) compared to rural municipalities (n = 24,982); however, the prevalence 
of diagnosed cases was higher in rural compared to urban municipalities (5.6% vs 
3.6%) across all age groups, except for the age group below 20 years, where the 
majority of diagnosed cases (99.1%) were from urban municipalities (Fig. 1.3) [10]. 
This was also in contrast to the global trends of higher diabetes prevalence in urban 
compared to rural areas [2, 10].

The process of urbanization has been very intensive in the Republic of North 
Macedonia in the past 50  years with significant migration from rural to urban 
municipalities. Higher diabetes prevalence of diagnosed cases in rural municipali-
ties contradicts the established views of higher diabetes prevalence associated with 
urbanization [2, 10].

4.0%
5.0%

4.6%
3.4%

5.7%
4.3%

5.6%

3.6%

7.5%

4.4%

Total population

5.0%

5.7%
4.3%

7.5%

4.4%

Population 20-79 yrs

Women

Men

Rural

Urban

Fig. 1.3 Diabetes prevalence of diagnosed cases in the Republic of North Macedonia, total popu-
lation and population 20–79 years [10]
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Diabetes prevalence of diagnosed cases in the population 20–79 years was 5.0%, 
4.4% in urban municipalities, and 7.5% in rural municipalities. Diabetes prevalence 
of diagnosed cases in this age group was 4.3% in men and 5.7% in women 
(Fig. 1.3) [10].

Since more than three quarters of the population currently live in urban munici-
palities, a possible explanation could be that rural municipalities, mainly inhibited 
by ethnic Albanian population, share cultural, religious, dietary, and lifestyle habits 
more closely with the Turkish population, having the highest diabetes prevalence in 
Europe, as compared to the ethnic Macedonian population, mainly inhabiting the 
urban municipalities [10].

In addition, higher prevalence in women compared to men, especially in rural 
municipalities (7.0% vs 4.3%), could be explained by the fact that men are more 
physically active, and more intensively engaged in agriculture and farming. On the 
other side, women traditionally stay at home, being responsible for maintaining the 
households and less physically active while sharing the same dietary pattern. This 
surprising finding of higher diabetes prevalence in rural women only confirms the 
necessity of determining the stratified diabetes prevalence in developing 
 countries [10].

It was found that almost every third woman and every fifth man in the age group 
60–79  years in rural municipalities were diagnosed with diabetes [10]. Possible 
reason for such a high prevalence could be the limited access of rural population to 
Diabetes Centers which are located exclusively in urban municipalities, where 
activities are directed also towards diabetes prevention [10].

The Republic of North Macedonia could still be considered a ‘cold spot’ for type 
1 diabetes in Europe, as only 549 individuals (0.6% of all diagnosed cases) were 
below the age of 20 years, with equal gender distribution, and all but one individual 
coming from urban municipalities. This finding further strengthens the importance 
of environmental factors arising from urban municipalities in initiation of autoim-
munity in type 1 diabetes.

Taking into account the estimated high diabetes prevalence and exorbitant related 
costs, diabetes has been posing a serious threat, not only to the national healthcare 
system, but to the society as a whole. As an illustration, cost of insulin and related 
supplies, test strips, glucagon, insulin pumps and ancillaries; not including the cost 
of oral antidiabetic drugs, was 40% of the total cost of all non-hospital medications 
covered by the Healthcare Insurance Fund and Government Programs in 2014 
(Fig. 1.4) [9, 10].

In order to manage the burden of diabetes prevalence, especially in lower resource 
countries, numerous activities need to be undertaken. Those activities have to be 
endorsed by the top policy decision makers in order to be implemented.

Examples of activities undertaken at institutional level to address the diabetes 
burden in the Republic of North Macedonia, include: (1) adoption of National 
Diabetes Plan at the level of Ministry of Health, strategic document describing the 
current situation and the proposed activities on diabetes treatment, education, pre-
vention; (2) addition of diabetes as a specifically designated medical condition in 
the Law on Healthcare; (3) adoption of international guidelines for diabetes care as 
National Diabetes Care guidelines, published in the Official Journal of the country 
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where laws are published, to ensure adherence by all stakeholders; (4) formation of 
a National Diabetes Committee, body for monitoring of adherence to the National 
Diabetes Care guidelines; (5) creation of NeHS to monitor the diagnosis and treat-
ment of people with diabetes [10, 12, 13].

These activities comply with the World Health Organization (WHO) recommen-
dations for establishing National Diabetes Plans and providing Universal Healthcare 
Coverage (UHC) by 2030, as well as reduction of premature death from non- 
communicable diseases (NCDs), including diabetes, by 25% by 2025 [2, 14].

The findings from the national analysis in a small, severely affected, lower 
resource country, such as the Republic of North Macedonia, further strengthen the 
need that each developing country should be in possession of its real-world, strati-
fied, diabetes prevalence data, instead of using extrapolations.

The analyses of the national, stratified diabetes prevalence were performed with 
very limited financial resources, confirming it is possible to generate numerous 
diabetes related reports in a setting of a lower resource country, if the NeHS is 
in place.

Cost of insulin, test strips,
insulin pumps + supplies,
insulin needles, glucagon

(OADs not included) 

40%

60%

Cost of other non-hospital
medicines covered by HCIF,
including OADs

Fig. 1.4 Cost of insulin and related supplies as a percentage of the total cost for non-hospital 
reimbursed medications [10]. OAD Oral Antidiabetic Drugs, HCIF Healthcare Insurance Fund

What should be done to manage the burden of diabetes prevalence in 
developing countries?
Each developing country should …

• … know its numbers—as a minimum, the prevalence of diagnosed cases, 
stratified by age, gender and place of living, urban or rural;

• … consider epidemiological study to find the prevalence of undiagnosed 
diabetes cases;

• … map the diabetes care services across all healthcare levels;
• … have a National Diabetes Plan, and consider designating diabetes as a 

specific medical condition in the laws;

1 Burden of Diabetes Prevalence
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• … adopt international guidelines as National Diabetes Care guidelines, 
requiring adherence by all stakeholders;

• … form a national body, National Diabetes Committee, overseeing the 
adherence to the National Diabetes Care guidelines;

• … implement a national, centralized, integrated electronic healthcare sys-

tem covering the total population across all healthcare levels.
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Chapter 2
Diabetes Drivers

Ageing population is one of the main drivers for the rise of diabetes prevalence 
worldwide. People are living longer, thereby increasing their chances to develop 
diabetes. In addition, people diagnosed with diabetes are also living longer due to 
the improved treatment of hyperglycemia and diabetes complications. As already 
mentioned, type 2 diabetes has recently been more often diagnosed at an earlier age, 
increasing the overall type 2 diabetes prevalence through longer survival.

There is a considerable difference if we compare developed and developing 
countries in terms of life expectancy. Life expectancy at birth in low-income coun-
tries is estimated at 62.7  years, 18.1  years lower than in high-income countries, 
estimated at 80.8 years [1]. Most of the people who die in high-income countries are 
of old age; however, almost one third of mortality in low-income countries is in very 
young children, under the age of 5 years [1].

The differences in life expectancy between women and men are smaller in low- 
income countries compared to high-income countries [1]. Currently, communicable 
diseases and maternal conditions contribute most to differences in life expectancy 
between women and men in low-income countries, whereas NCDs, including 
 diabetes, contribute most to the life expectancy differences in high-income 
 countries [1].

Life expectancy has been increasing globally over the years. Although of shorter 
duration, life expectancy has also increased in the developing countries and NCDs 
are expanding their share in populations’ morbidity and mortality. If current trends 
of rise in obesity and overweight continue, it is expected that very soon NCDs, 
including diabetes, will become the main contributor to morbidity and mortality 
even in the poorest, low-income countries.

According to the recommendations from American Diabetes Association (ADA), 
screening for diabetes should begin at the age of 45 years at the latest, if no other 
risk factors are present [2]. Screening should be considered earlier in overweight or 
obese adults who have one or more additional risk factors for diabetes [2]. Those 
risk factors include prediabetes, GDM, first-degree relative with diabetes, high-risk 
race or ethnicity, history of cardiovascular disease (CVD), hypertension 
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(≥140/90 mmHg or treatment for hypertension), HDL <0.90 mmol/L (35 mg/dL) or 
triglycerides >2.82  mmol/L (250  mg/dL), polycystic ovary syndrome, physical 
inactivity, severe obesity, or acanthosis nigricans [2]. If results are normal, testing 
for diabetes should be repeated at least every 3 years [2]. These recommendations 
have been widely adopted not only in developed, but also in developing countries.

Obesity is the most critical factor for developing insulin resistance and inade-
quate insulin secretion, leading to the development of prediabetes and diabetes. 
Prevalence of overweight and obesity is continuously rising worldwide.

Overweight is defined as BMI between 25 kg/m2 and 30 kg/m2, and obesity as 
BMI above 30 kg/m2. In Asian populations the cut off values for overweight are 
lower, at 23 kg/m2. Obesity is the main reason not only for the exponential rise of 
type 2 diabetes prevalence in adults, but also for the growing prevalence of type 2 
diabetes in children and adolescents. Rising obesity prevalence in youth results in 
development of diabetes at an earlier age compared to previous generations.

Obesity and inadequate physical activity are important modifiable risk factors for 
the development of type 2 diabetes. One of the main goals of managing the burden 
of diabetes prevalence is to halt the rise in overweight and obesity [2, 3].

Recently, the WHO reported that worldwide obesity has nearly tripled since 
1975 [4]. In 2016, more than 1.9 billion adults were overweight (prevalence of 
39%), and of these over 650 million were obese (prevalence of 13%) [4]. Most of 
the world’s population currently live in countries where overweight and obesity are 
associated with higher mortality compared to underweight. It has also been reported 
that over 340 million children and adolescents aged 5–19 were overweight or obese 
in 2016 [4].

Furthermore, the WHO reported that the number of overweight or obese infants 
and young children (aged 0–5 years) increased from 32 million globally in 1990 to 
41 million in 2016 [5]. The vast majority of overweight or obese young children live 
in developing countries, where the increase has been more than 30% higher than of 
developed countries [5]. Without intervention, obese infants and young children 
will likely continue to be obese during childhood and adulthood [5].

Earlier studies reported high prevalence of childhood obesity (5–19  years) in 
developing countries: 41.8% in Mexico, 22.1% in Brazil, 22.0% in India, and 19.3% 
in Argentina [6]. Important factors contributing to the childhood obesity in develop-
ing countries included high socioeconomic status, residence in urban municipali-
ties, female gender, unawareness about nutrition, marketing by global food 
companies, increased academic stress, and poor facilities for physical activity [6].

Recent reports have shown that almost 40% of adults and 18.5% of young people 
in the US are obese, and that only one quarter of youth meets the recommendations 
on physical activity [7]. It has been reported that incidence of type 2 diabetes among 
those aged 10 to 19 years in the US, increased from 9 per 100,000 in 2002–2003 to 
13.8 per 100,000 in 2014–2015 [7]. In recent years, considerable increase of screen 
time has also been associated with reduced levels of physical activity and increase 
in obesity.

2 Diabetes Drivers
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In a US study of the impact of obesity on mortality, it has been demonstrated that 
1 in 5 fatal cases was associated with obesity, which was three times above the pre-
vious estimations [8]. It is paradoxical that convenient living, including increased 
calories intake and lower levels of physical activity results in alarming rates of obe-
sity and is predicted to affect the life expectancy in the US. For the first time ever, it 
may occur that children in the US would live shorter compared to their parents, 
which is mainly due to the obesity related disorders.

Obesity rise is no longer exclusive for developed countries. It has become one of 
the main healthcare concerns in developing countries as well. Taking into account 
past and current BMI trends, it is anticipated that obesity will continue to rise in 
developing countries. In the coming years, the mean BMI in developed countries 
could be exceeded by developing countries [9, 10]. Rather than focusing on obesity 
at the individual level, activities need to be undertaken at the community and 
national level [9, 10].

Initially, the daily increase in calories intake per person and the rise of obesity 
were primarily related to parts of population with higher socioeconomic status 
among developing countries [9, 10]. However, recent trends demonstrate that rise in 
obesity is more prevalent in parts of populations with lower socioeconomic status in 
developing countries, which is in line with the similar observations in developed 
countries [9, 10]. The availability and low cost of fast foods contribute to those 
unfavorable trends.

Studies report that 70% of the fast-foods and almost half of the full-service res-
taurant meals eaten in the US were of poor nutritional value [9, 10]. Unfortunately, 
those dietary patterns are now replicated in developing countries due to the lower 
costs per calories intake. It has been reported that lower socioeconomic status, lower 
level of education, lower physical activity, and lower cost per calorie, are critical 
factors associated with the increase of BMI [9, 10].

It is tragic that in many countries, both developed and developing, there are par-
ents who are sometimes more worried about whether they can afford their children 
or themselves any meal, and much less if the meal is healthy or not. Such situations 
are, understandably, more common in developing countries.

Rates of urbanization are increasing in the developing countries resulting in a 
sedentary lifestyle associated with lower levels of physical exercise and eating less 
healthy foods. With the wider adoption of industrialization and technology, labor 
intensive activities are decreasing in developing countries, contributing to the rise of 
obesity and associated diabetes.

As the overweight and obesity are becoming more prevalent in youth, ADA is 
recommending risk-based screening for type 2 diabetes or prediabetes in children 
and adolescents who are overweight (equal or greater than 85th percentile) or obese 
(equal or greater than 95th percentile), and who have one or more additional risk 
factors, such as maternal history of diabetes or GDM, family history of type 2 dia-
betes, high-risk race or ethnicity, signs of insulin resistance or conditions associated 
with insulin resistance (acanthosis nigricans, hypertension, dyslipidemia, polycys-
tic ovary syndrome) [2].
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Additional parameters closely related to visceral obesity, despite the widely used 
BMI, are waist circumference and waist-to-hip ratio. Obesity has been closely 
related to hypertension and dyslipidemia, major risk factors for CVDs. The rise in 
obesity is also associated with the increase of diabetes related cases of cancer world-
wide [3].

Increased calories intake per person per day has been a strong driver for the 
increased diabetes prevalence in the Republic of North Macedonia. The rising dia-
betes prevalence could be explained by the similarity of the dietary pattern and 
lifestyle in the Republic of North Macedonia with those of the population in Turkey, 
a country with the highest diabetes prevalence in Europe [3, 11, 12]. This might be 
due to the fact that the Ottoman Empire had occupied the territory of the modern 
Republic of North Macedonia for more than five centuries until the beginning of the 
twentieth century, exerting a huge influence on the diet and lifestyle of the local 
population. Such a diet is mainly based on non-integral wheat flour, bread, pastry, 
lots of sweets, high-fat meals, and a lifestyle characterized by no, or inadequate 
physical activity [11, 12].

There has been a significant change in dietary patterns since the early 1990s, 
when the Republic of North Macedonia gained its independence from the former 
Yugoslavia. Total daily calories per person per day increased by almost 50% in the 
country in less than 20 years, since the beginning of 1990 [11]. It was paralleled 
with the rising rates of overweight (53% of the population) and obesity [11]. 
Prevalence of obesity in the population above 18 years has increased from 17.7% in 
2000, to 21.9% in 2016 (Fig. 2.1) [13].

Given the importance of obesity as a diabetes driver, it would be necessary to 
monitor the individual values of BMI in the Electronic Healthcare Records (EHRs). 
By doing so, it would be possible to monitor the prevalence of obesity at a national 
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Fig. 2.1 Prevalence of 
adult obesity in the 
Republic of North 
Macedonia, data adapted 
from [13]
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level. National e-Health System is critical for recording metabolic parameters and 
monitoring the prevalence of obesity in the country.

Ethnicities are well established to be associated with different diabetes preva-
lence. One example is the ethnicities in the US, such as African Americans, Hispano 
Americans, Native Americans, Asian Americans, and Pacific Islanders, who have 
higher diabetes prevalence than the Caucasians [14]. The rates of increase of type 2 
diabetes in the younger population have also been higher among racial and ethnic 
minority groups compared to the Caucasians in the US [14].

Globally, populations with highest diabetes age-adjusted, comparative preva-
lence include Marshall Islands (30.5%), Kiribati (22.5%), Sudan (22.1%), Tuvalu 
(22.1%), Mauritius (22.0%), New Caledonia (21.8%), Pakistan (19.9%), French 
Polynesia (19.5%), Solomon Islands (19.0%), Guam (18.7%) [3]. These top 10 
countries in terms of diabetes prevalence, except for the French and US colonies 
(New Caledonia, French Polynesia, Guam), are middle- or low-income countries.

There are multiple factors that contribute to the disparities among different eth-
nicities, including biological and genetic factors, socioeconomic status, and access 
to the healthcare system [14]. It is common that most minority populations are of 
lower socioeconomic status and have limited access to the healthcare system.

Ethnic differences could be illustrated by the facts that South Asians have lower 
age at onset of type 2 diabetes, lower BMI threshold for type 2 diabetes, more rapid 
decline in beta cell function, low muscle mass, increased abdominal obesity, and 
increased non-alcoholic fatty liver disease (NAFLD) prevalence, compared to 
Caucasians [15].

Higher diabetes prevalence in rural compared to urban population in the Republic 
of North Macedonia was also explained by the differences in respective ethnic pop-
ulations. Namely, rural municipalities are mainly inhabited by ethnic Albanians 
who share dietary and lifestyle habits more closely to the Turkish population which 
has the highest diabetes prevalence in Europe, as compared to the ethnic Macedonian 
population mainly inhabiting the urban municipalities [12]. Therefore, developing 
countries should aim for ethnic stratification of diabetes prevalence due to the pos-
sible interethnic differences in diabetes pathophysiology.

Prediabetes, as a distinct medical condition, is another strong driver for the 
development of diabetes. Prediabetes is defined as FPG 5.6 mmol/L (100 mg/dL) to 
6.9 mmol/L (125 mg/dL), i.e. Impaired Fasting Glucose (IFG); or 2-h PG during 
75-g OGTT 7.8 mmol/L (140 mg/dL) to 11.0 mmol/L (199 mg/dL), i.e. Impaired 
Glucose Tolerance (IGT); or HbA1c 5.7–6.4% (39–47 mmol/mol) [2].

In addition to the steep rise of diabetes prevalence, there is a whole contingent of 
people just about to be diagnosed with diabetes, namely the people who are diag-
nosed with prediabetes. Management of prediabetes is of utmost importance, since 
diabetes prevention activities should primarily address the prediabetic population 
and could result in a delay of progression to diabetes, or even reverting to 
normoglycaemia.

It is estimated there were 374 million people with prediabetes (prevalence of 
7.5%) in 2019 worldwide, at a very high risk for developing type 2 diabetes [3]. The 
estimated number of adults aged 20–79 years with prediabetes is predicted to rise to 
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454 million (prevalence of 8.0%) by 2030, and 548 million (prevalence of 8.6%) by 
2045 [3].

Similar to the situation with diabetes prevalence, the vast majority of people with 
prediabetes come from developing countries. In 2019, 72.2% of adults with impaired 
glucose tolerance were living in low- and middle-income countries [3].

It was estimated that 269.9 million adults (20–79 years) with prediabetes were 
living in developing countries in 2019 (prevalence of 6.7%), compared to 104.1 mil-
lion in developed countries (prevalence of 11.4%) (Fig. 2.2) [3]. The increase in 
prediabetes prevalence is expected to be faster in lower income countries, compared 
to higher income countries.

In 2030, it is estimated that 75% of the total number of adults with prediabetes 
will be coming from developing countries. Projections for 2030 is that 340.0 million 
people with prediabetes will be living in developing (prevalence of 7.2%), com-
pared to 114.0 million in developed countries (prevalence of 12.1%) (Fig. 2.2) [3].

In 2045, it is estimated that 79% of the total number of adults with prediabetes 
will be coming from low- and middle-income countries. It is projected that 430.2 
million adults with prediabetes will be living in developing (prevalence of 7.9%), 
compared to 117.8 million in developed countries (prevalence of 12.5%) 
(Fig. 2.2) [3].
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Prevalence of prediabetes is higher in the Republic of North Macedonia as a 
developing European country, compared to Europe as a region. Number of people 
in the age group 20–79 years with prediabetes in the Republic of North Macedonia 
was estimated at 120,700  in 2019, with age-adjusted comparative prevalence of 
prediabetes in this age group of 7.1%. It was considerably above the age-adjusted 
comparative prevalence of prediabetes in Europe, estimated at 4.4% [3].

For all the people with prediabetes, testing for diabetes should be conducted at 
least on a yearly basis [2]. It has been demonstrated from the Diabetes Prevention 
Program (DPP) studies that lifestyle interventions resulting in weight reduction 
were effective in delaying type 2 diabetes [16–31]. These studies suggest what 
needs to be done to delay or prevent prediabetes, if such lifestyle interventions are 
implemented in the normoglycaemic population.

It has to be emphasized that DPPs are complex and are not aimed only at high- 
risk, prediabetic population. Instead, those programs also include school teachers 
teaching pupils on nutrition and physical activity. In many cases, overweight and 
obese school teachers are trained to modify their lifestyle first, in order to convey 
the benefits of modified lifestyle to their pupils. Situation is similar with healthcare 
providers who need to be trained to improve their lifestyle before they could have 
an impact on the lifestyle of the people they are caring for.

People with prediabetes have to be monitored closely and should have the diag-
nosis of prediabetes recorded in their EHRs. In that way, the progression of predia-
betes to diabetes could be followed at individual, but also at a national level. 
Activities to prevent diabetes should be addressing individuals with prediabetes and 
need to be regularly evaluated if effective.

Gestational diabetes is another critical risk factor for the development of type 2 
diabetes. Screening for GDM is performed at 24–28 weeks of gestation in pregnant 
women not previously diagnosed with diabetes. Most commonly used criteria for 
diagnosis of GDM are meeting or exceeding any of the following PG values after 
OGTT: FPG 5.1  mmol/L (92  mg/dL), or 1  h-PG 10.0  mmol/L (180  mg/dL), or 
2 h-PG 8.5 mmol/L (153 mg/dL) [2].

An estimated 15.8% (20.4 million) of live births were affected by hyperglycemia 
in pregnancy in 2019, and of those 83.6% were due to GDM [3]. The vast majority 
(86.8%) of cases of GDM come from low- and middle-income countries, where 
access to antenatal, perinatal and postnatal care has often been limited (Fig. 2.3) [3].

Prevalence of GDM increases rapidly with age, which is in reverse relation to the 
number of pregnancies that rapidly decreases with the age. As a result of the higher 
fertility rates in younger women, the absolute number of cases of GDM is higher in 
women under the age of 30 years [2, 3].

Gestational diabetes is associated with increased risk of type 2 diabetes in women 
later in their life. Women diagnosed with GDM have almost seven times higher risk 
of developing type 2 diabetes during their lifetime, compared to women with nor-
moglycaemic pregnancy [32]. It has been reported that women with GDM have 
almost twice higher risk of developing CVD compared to women without GDM [33].

Gestational diabetes could result in an increased risk of childhood overweight 
and obesity, increased insulin resistance and higher risk of prediabetes in the 
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offspring [34]. Consequently, the offspring of a mother with GDM is at a higher risk 
of developing type 2 diabetes [34]. Women who were diagnosed with GDM should 
have lifelong testing for diabetes, at least every 3 years. Gestational diabetes has to 
be recorded in the individual EHRs, and to be followed at subsequent visits after 
delivery, to reassess the risk for developing type 2 diabetes.

Smoking is another very important risk factor for diabetes, especially in devel-
oping countries. This is important as in 2014, the US Surgeon General’s Report 
identified for the first time that cigarette smoking not only raises the risk of vascular 
and other complications of diabetes, but it is a direct causative factor for type 2 
diabetes [11, 35, 36]. The risk of developing diabetes is 30–40% higher for active 
smokers than non-smokers [35, 36].

The WHO estimates that tobacco is the largest cause of preventable mortality in 
the world. In 2015, it was estimated there were more than 933 million smokers 
worldwide. Smoking is responsible for almost six million deaths each year, or the 
loss of 140 million years of healthy life. Nearly 80% of the smokers, most of them 
males, are coming from the developing countries, a greater burden than malaria and 
HIV combined [37, 38].

Smoking is responsible for 5–6% of all morbidity globally and its share is rising 
over time [37, 38]. Tobacco use is increasing in developing countries and if no 
action is taken, the number of annual tobacco deaths is projected to rise to more than 
eight million by 2030, amounting to the loss of more than 200 million years of 
healthy life [37, 38].

Studies have confirmed that insulin is less effective in people with type 2 diabe-
tes exposed to high levels of nicotine [11, 35]. Hence, those who smoke need larger 
doses of insulin to control their glycaemia. Furthermore, smokers who have 
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diabetes are more likely to develop macro- and microvascular diabetes complica-
tions. Unfortunately, the Republic of North Macedonia is one of the top 10 countries 
of the world in smoking prevalence, which may also be the reason for the very high 
diabetes prevalence in the country [11].

As smoking is a major risk factor for CVD and diabetes, it is critical to know the 
smoking status of each individual. For that purpose, smoking status has to be 
recorded with the other metabolic parameters in individual EHRs, and should be 
monitored at subsequent visits. Monitoring of smoking prevalence at a national 
level would guide the authorities on the further steps to be taken, and to evaluate if 
previous anti-smoking policies were effective.

Psychosocial stress could also be considered as a strong, still not adequately 
recognized driver for the development of diabetes. Although suggested that emo-
tional stress might result in diabetes almost four centuries ago, it has just recently 
been reported that the majority of the effects of psychosocial stress on diabetes risk 
are not mediated through the traditional risk factors, such as hypertension, physical 
inactivity, smoking, inadequate diet, and obesity [39, 40]. Studies suggest that not 
only chronic stress, but also general emotional stress, anxiety, sleeping problems, 
anger, and hostility are associated with an increased risk for the development of type 
2 diabetes [39, 40].

Population in developing countries is exposed to psychosocial stress to a higher 
extent compared to the developed countries, due to the higher levels of poverty, 
unemployment, unstable housing and limited food access in some cases. We can 
again take the Republic of North Macedonia as an example, with a sharp growth in 
prevalence of type 2 diabetes, especially after 1990 [11]. The strong contributor 
might have been the societal transition from a centrally planned economy guaran-
teeing jobs and income before 1990, to a market economy with job and income 
insecurity afterwards [11]. The, so called, ‘transitional economy’, has led to an 
unprecedented rise in unemployment and associated psychosocial stress, especially 
among the middle-aged population, which has largely contributed to the increase of 
diabetes prevalence in the country [11].

Medications, such as glucocorticoids, some HIV medications, and antipsychot-
ics [2, 41], are known to increase the risk of diabetes and should be considered when 
deciding if the individuals who are treated should be screened for diabetes. Cystic 
fibrosis and post-transplantation use of immunosuppressive medication are other 
rare factors for the development of diabetes [2].

The assessment of risk factors or use of a risk assessment tool is recommended 
to guide healthcare providers on whether to perform a screening test for diabetes. 
One of such risk assessment tools that could be used in developing countries is the 
ADA diabetes risk test [2]. This diabetes risk test is based on age, gender, history of 
GDM, family history of diabetes, history of hypertension, physical activity 
and weight.

Another risk score test used for type 2 diabetes is the FINDRISC (Finnish 
Diabetes Screening Risk) externally validated in numerous populations with accept-
able sensitivity and specificity. Diabetes risk with FINDRISC test is calculated 
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based on the gender, age, BMI, use of blood pressure medications, history of high 
blood glucose, level of physical activity, daily consumption of vegetables, fruits or 
berries, and family history of diabetes [42].

The use of diabetes risk test might be of help to the providers to identify higher 
risk individuals for further investigations. Diabetes risk could also be recorded in 
the EHRs for further monitoring. If the NeHS is in place, the monitoring of diabetes 
drivers should be done at each physician’s visit and could easily be implemented in 
a setting with limited resources.
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Chapter 3
Impact of Diabetes Complications

Diabetes complications are generally divided into acute complications, including 
diabetic ketoacidosis (DKA), hyperglycaemic hyperosmolar state (HHS) and hypo-
glycemia; and chronic complications, including macrovascular and microvascular 
complications.

Diabetic ketoacidosis is the initial clinical manifestation in many cases of type 1 
diabetes. According to the recent IDF estimates, there were 128,900 newly diag-
nosed cases of type 1 diabetes in 2019 globally [1]. The increase in incidence of 
type 1 diabetes results in higher number of cases of DKA.

Initial clinical presentation as DKA is found in 25% of cases with type 1 diabetes 
in developed countries, such as the UK, France, Poland, and the US [1–5]. The high 
incidence of this life-threatening diabetes complication urged launch of campaigns 
for increasing public awareness of type 1 diabetes, and earlier diagnosis among 
children and adolescents [1, 6].

Situation in countries with limited resources is worse as new onset type 1 diabe-
tes is often misdiagnosed, resulting in higher incidence of DKA as initial presenta-
tion [1]. It has been reported that 75% of all endocrine pediatric emergencies in 
developing countries are children with type 1 diabetes and DKA [7].

Diabetic ketoacidosis is a major cause of mortality in children with type 1 diabe-
tes in developing countries. Unfortunately, there are striking differences between 
developed and developing countries in terms of DKA related mortality. Rates of 
mortality caused by DKA in developing countries are in the range of 6–24% com-
pared to 0.15–0.31% in developed countries (Fig. 3.1) [7–9]. It is alarming that the 
relative risk of DKA related mortality in developing countries is up to 40–80 times 
higher than in developed countries.

Hyperglycaemic hyperosmolar state (HHS) in developing countries was associ-
ated with newly diagnosed type 2 diabetes and poor glycaemic control due to non- 
adherence to prescribed diabetes medications [10]. There are limited data on 
hypoglycemia in developing countries; however, it is reported to be associated with 
significantly increased risk of mortality [11].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51469-3_3&domain=pdf
https://doi.org/10.1007/978-3-030-51469-3_3#DOI


26

Chronic diabetes complications are generally divided into macrovascular and 
microvascular. Macrovascular complications include coronary artery disease, con-
gestive heart failure, cerebrovascular disease and peripheral vascular disease. Many 
people with diabetes suffer from silent myocardial ischemia and sudden cardiac 
death [12]. Microvascular complications include retinopathy, nephropathy and 
neuropathy.

Additionally, diabetes has been reported as a major risk factor for increased mor-
bidity and mortality in those infected in the recent pandemic of COVID-19. The 
increased morbidity and mortality have been particularly relevant for the people 
with diabetes complications. One of the possible explanations for the worse out-
comes of COVID-19 in people with diabetes could be the effects of hyperglycemia 
on the suppression of the immune system, as those with inadequate glycaemic con-
trol have increased risk for any infection. It is due to the hyperglycemia and diabetes 
complications that people with diabetes have been categorized as very high risk for 
the COVID-19 related morbidity and mortality. On the other hand, contracting 
COVID-19 by people with diabetes increases their risk of developing acute diabetes 
complications.

It has recently been reported that people with diabetes and COVID-19 were more 
likely to suffer from severe pneumonia, excessive inflammation responses and 
hypercoagulable state, compared with those who had COVID-19 but not diabetes 
[13]. Another recent study found that while diabetes does not increase the likelihood 
of being infected with COVID-19, those with diabetes may experience worse out-
comes from the disease, including death [14]. Based on the data from 12 studies 
about the prevalence of diabetes among adults with COVID-19, findings were in 
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line with the association between diabetes and excess mortality from any acute and 
chronic condition, including infections [14].

Cardiovascular diseases are the main cause of mortality worldwide, exceeding 
all the other causes. It is estimated that approximately 18 million people have died 
from CVDs in 2016, representing one third of the total mortality worldwide. The 
largest share of cardiovascular deaths (85%) is due to coronary artery and cerebro-
vascular disease [15].

It was mentioned that approximately 4.2 million adults aged 20–79 years have 
died due to diabetes and its complications in 2019, representing 11.3% of the global 
mortality from all causes in this age group [1]. Sadly, almost half of the diabetes 
related mortality was in people under the age of 60 years [1].

Cardiovascular diseases are the leading cause of morbidity and mortality in peo-
ple with diabetes. Development of CVDs in people with insulin resistance, the main 
underlying disorder in type 2 diabetes, is a progressive and long-term process, char-
acterized by endothelial dysfunction and vascular inflammation leading to forma-
tion of atherosclerotic plaques. It is estimated that 80% of people with type 2 
diabetes would die from cardiovascular events [1, 16, 17].

People with diabetes have two to four times higher risk of developing CVD com-
pared to non-diabetes population. The relative risk is higher in people with diabetes 
of younger age and in women [1, 17, 18]. Diabetes related mortality is higher in 
women than in men (2.3 million vs 1.9 million, respectively), and this excess risk 
can be mainly attributed to the higher risk of cardiovascular mortality in women 
with diabetes [1, 19]. Increased risk for CVD begins in the pre-diabetic range as the 
current cut-off values for diagnosis of diabetes are defined according to the increased 
risk for microvascular complications, such as retinopathy.

Most common form of CVD in people with diabetes, as in the general popula-
tion, is coronary artery disease [20]. Recent study estimated the prevalence of CVD 
in people with type 2 diabetes at 32.2%, and majority of those were diagnosed with 
coronary artery disease (21.2%) (Fig. 3.2) [20].
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The incidence of CVD and the associated mortality has declined in developed 
countries in the recent decades. The efforts of many developed countries to reduce 
the major cardiovascular risk factors, such as dyslipidemia, hypertension and smok-
ing, resulted in a progressive reduction of cardiovascular morbidity and mortality in 
these countries [1, 15]. It is only obesity and the associated diabetes that manifest a 
trend of continued growth, and if such trends are not reversed, they have the poten-
tial to overcome the positive effects of the reduction of other major cardiovascular 
risk factors [1, 15].

However, those trends of reduced CVD morbidity and mortality have not been 
replicated in developing countries [1, 15]. The burden of CVDs is enormous in 
developing countries as 75% of all cardiovascular deaths occur in those countries 
[15]. People with diabetes in developing countries have a higher prevalence of CVD 
compared to developed countries [1, 20]. Possible explanations could be the higher 
prevalence of the major risk factors, such as smoking, uncontrolled hypertension 
and uncontrolled dyslipidemia. Psychosocial stress and lower levels of physical 
activity also play a role in the development of CVD.

The management of CVDs in developing countries is complex since they often 
lack fully functioning healthcare systems able to timely diagnose and treat those 
affected at an early stage. Furthermore, people from developing countries are lack-
ing modern treatment options, including medications and technology, which is the 
reason the cardiovascular mortality rates are higher in middle- and low-income 
countries [20, 21]. Epidemiological studies including people of South Asian origin 
have shown a 2–3 times higher risk of developing CVD compared to Caucasians 
[20, 21].

Taking into consideration the magnitude of the problem, CVDs exert a huge 
burden not only on the healthcare systems, but on the whole societies and econo-
mies, especially of developing countries. People with diabetes related CVD in 
developing countries are covering many of the healthcare expenditures ‘out of 
pocket’, which might be a challenge for the timely and adequate management. 
Latest diabetes treatments for reduction of cardiovascular outcomes in people with 
diabetes and established CVD, such as GLP-1RA and SGLT2i, remain available 
only for a minor part of diabetes population in developing countries, or are not 
available at all due to their cost.

Cardiovascular diseases are the most prevalent cause of morbidity and mortality 
in the Republic of North Macedonia [22]. It is estimated that almost two thirds of all 
cases of morbidity in the country are due to CVD [22]. The country has recently 
been categorized as a very high risk European country for cardiovascular mortality 
[22, 23]. High diabetes prevalence and strong association between diabetes and 
CVD, further contribute to the complexity of diabetes burden on the socioeconomic 
prospects of the country.

Dedicated National Program on CVDs has been introduced in the country 
strengthening the public healthcare resources, such as opening of novel centers for 
interventional cardiology aiming to have one center per 200,000 inhabitants, intro-
duction of neonatal cardiac surgery, opening of adult University Clinic of Cardiac 
Surgery, as previously all cardiac surgery interventions were performed in the 
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private clinics. In addition, a lot has been invested in the education of physicians and 
nurses in the areas of cardiology and cardiac surgery, and the introduction of novel 
methods was strongly encouraged.

Since most of the cardiovascular risk factors are modifiable, and CVDs are the 
major cause of morbidity and mortality in developing countries, there is a huge 
opportunity to curb the increasing trends of CVD prevalence in a setting with lim-
ited resources. Preventive activities should include control of hypertension, dyslip-
idemia and hyperglycemia, increasing physical activity, reduction of obesity, 
termination of smoking, and management of psychosocial stress.

Diabetic retinopathy is a microvascular complication considered to be the lead-
ing cause of blindness in the population of working age globally [1]. Blindness 
caused by diabetic retinopathy has devastating consequences, not only for the per-
son with diabetes, but for the whole society. If diagnosed early, diabetic retinopathy 
in many cases could be treated to prevent further worsening and development of 
blindness. In addition to diabetic retinopathy, macular edema, cataracts and glau-
coma are also more prevalent in people with diabetes [1].

It is reported that almost one third of all people with diabetes have some form of 
diabetic retinopathy, and one third of them have the most severe, vision threatening 
form of diabetic retinopathy [1]. Diabetic retinopathy has been associated with 
inadequate glycaemic control, duration of diabetes, and with some major cardiovas-
cular factors, such as hypertension and smoking [1].

Healthcare systems in developing countries that do not include routine screening 
for diabetic retinopathy have to face the burden of people with diabetes developing 
proliferative retinopathy or diabetic maculopathy, and ultimately blindness, taking 
a huge toll on the limited resources. The burden of diabetic retinopathy in develop-
ing countries is highest, and the readiness of healthcare systems to manage it 
is lowest.

Diabetic retinopathy has been strongly associated with type 1 diabetes [1]. In 
people with type 2 diabetes, the prevalence of diabetic retinopathy is higher in 
developing countries [1]. It is reported that the annual incidence of diabetic reti-
nopathy ranges from 2.2% to 12.7%, and annual progression to sight threatening 
diabetic retinopathy ranges from 3.4% to 12.3% [24].

Evidence from the developed healthcare systems confirm that systematic 
screening for diabetic retinopathy results in reduction of incidence of visual 
impairment and blindness [25, 26]. Innovative approaches are required for the 
management of diabetes retinopathy in healthcare systems with limited resources 
and minimal infrastructure. Lack of qualified and competent resources in develop-
ing countries could often be substituted by the use of modern technology, espe-
cially with the recent introduction of diabetic retinopathy cameras with integrated 
artificial intelligence [27]. Those technologies could facilitate detection of cases 
where early treatment is needed to prevent further deterioration. They could also 
enable remote analysis of captured images by qualified and competent healthcare 
providers [27].

According to the WHO World Report on Vision, 146 million people had diabetic 
retinopathy, and 45 million had vision threatening diabetic retinopathy in 2019 [28]. 
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By 2040, it is anticipated that 70 million people will have vision threatening dia-
betic retinopathy (Fig. 3.3) [28].

The WHO recognizes diabetic retinopathy as one of the five most common 
causes of moderate and severe visual impairment and blindness that is preventable 
and treatable. Although the target set by WHO was to reduce prevalence of avoid-
able visual impairment by 25% by 2019, this target has not been achieved in the 
developing countries [28].

Diabetic nephropathy, a form of Chronic Kidney Disease (CKD), is a micro-
vascular diabetes complication and a leading cause for end stage renal disease. It is 
estimated that 38% of people with type 2 diabetes will develop CKD, and half of 
them will develop moderate to severe CKD (Fig. 3.4) [29, 30].
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Globally, 80% of all cases of end stage renal disease requiring dialysis are caused 
by diabetes, hypertension or combination of both [1]. The prevalence of end stage 
renal disease in diabetes population is ten times higher compared to non-diabetes 
population [1]. There has been a continuous rise in CKD, mainly associated with the 
rising prevalence of type 2 diabetes. End stage renal disease and dialysis is another 
huge challenge for the healthcare systems, especially in developing countries [1].

In order to reduce the burden of diabetic nephropathy, early diagnosis and treat-
ment of CKD is mandatory. Routine screening for albuminuria, Urinary Albumin 
Creatinine Ratio (UACR), and calculation of estimated Glomerular Filtration Rate 
(eGFR) is a simple and cost-effective strategy to identify those at risk, and initiate a 
timely treatment, even in a setting with limited resources [31]. There is a strong 
association between CKD and other macrovascular and microvascular complica-
tions. Major cardiovascular risk factors play significant role in the development and 
progression of CKD.

Financial burden of diabetic nephropathy is enormous, even in the healthcare 
systems of developed countries. In the US, it is estimated that mean annual health-
care costs were almost 50% higher among people with diabetic nephropathy com-
pared to people with diabetes without nephropathy [1, 32]. People with diabetes 
undergoing dialysis have 300% higher annual healthcare costs compared to people 
with type 2 diabetes without complications, and those with end stage renal disease 
and kidney transplantation have 500% higher costs [1, 32].

People with diabetes and peripheral vascular disease (PVD) have an increased 
risk of diabetic foot amputation, coronary artery disease, cerebrovascular disease, 
and increased risk of mortality [1, 33, 34]. Routine screening of PVD is mandatory 
as approximately half of the people with diabetes and PVD are asymptomatic, and 
one third have atypical symptoms [1, 35–37].

Diabetic neuropathy is very prevalent in people with diabetes; it is estimated that 
up to 87% experience some form of diabetic neuropathy, and one quarter of them 
suffer from painful diabetic neuropathy [38]. It is strongly associated with diabetic 
foot complications and PVD.

A systematic review has reported an increase of 23.5% in the decade between 
2000 and 2010 in the number of people living with PVD, and it is the most common 
initial manifestation of CVD in people with type 2 diabetes [39, 40].

The outcome of individuals with PVD depends on the comorbidities, advanced 
age, smoking and glycaemic control [41]. Inadequate control of metabolic parame-
ters was associated with a greater need for lower extremity bypass surgery and 
amputation, and worse outcomes following vascular surgery [42].

People with diabetes have 10 to 20 times higher risk for lower limb amputation 
compared to people without diabetes [43]. It has been estimated that one amputation 
of the lower limb as a complication of diabetes occurs every 30 s globally [44].

Diabetic foot ulcers and amputations are more common in low- and middle- 
income countries than in high-income countries [45]. The prevalence of diabetic 
foot ulcers is higher among people with type 2 diabetes compared with those with 
type 1 diabetes [46]. People with diabetes who have foot ulcers have health expen-
ditures five times higher than those without foot ulcers [1, 47].
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Examination of the feet of people with diabetes and evaluation of circulation in 
lower extremities, in addition to education on self-inspection of feet, provides a 
cost-effective strategy for early diagnosis and treatment of PVD in a setting with 
limited resources.

Diabetes and related complications are exerting a huge economic impact on the 
healthcare systems and national economies. Total diabetes costs are composed of 
direct and indirect costs. Direct costs of diabetes include all diabetes related health-
care expenditures from both public and private sources [1, 48]. The indirect costs of 
diabetes include loss of production resulting from disability, mortality, absenteeism 
(absence from work), and presenteeism (reduced productivity when at work) [1, 49].

Historically, direct diabetes costs have been continuously rising, from USD 232 
billion worldwide in 2007, to USD 727 billion in 2017, and USD 760 billion in 
2019, for the age group 20–79 years. The trend of rising costs is expected to con-
tinue to reach USD 825 billion by 2030, and USD 845 billion by 2045 [1].

Diabetes treatment is a small portion of the healthcare budget allocated for dia-
betes in developed countries, at a level of approximately 10%. Majority of the dia-
betes related direct costs in developed countries are due to diabetes complications 
and resulting hospitalizations [1, 50].

Situation is different in the developing countries where diabetes treatment takes 
a higher portion of the healthcare budget. The example of the Republic of North 
Macedonia was already mentioned with the tremendous cost of insulin and related 
supplies at the level of 40% of the budget allocated for all reimbursed, non-hospital 
medications (Fig. 1.4) [22, 51].

Furthermore, approximately 20% of the total healthcare budgets in South and 
Central American countries and 15% in Middle East and North African countries 
are allocated for diabetes, compared to 8.3% in Europe [1].

Although screening of early diagnosis of diabetes complications is associated 
with certain healthcare costs, their late diagnosis and treatment results in even 
higher costs, largely contributing to the overall economic impact.

These significant economic effects of diabetes complications on direct costs have 
been reported from the developed countries, such as Germany, the UK, the US and 
Italy [1, 52–59]. Studies of the economic impact of diabetes in developing countries 
also indicate a large economic burden [60]. Healthcare expenditures for diabetes 
and its adverse effects on the labor market are expected to increase over time and 
with disease severity, indicating that early investments into prevention and disease 
management may be particularly cost-effective in countries with limited 
resources [60].

Treatment of diabetes complications is a major driver of direct costs, and the 
main complications identified include: CVDs, diabetes foot complications, includ-
ing amputations, diabetic retinopathy, and diabetic nephropathy. Direct costs are 
clearly related to the number of complications present, with mean annual healthcare 
expenditures for people with four or more complications being 20 times higher than 
in people with diabetes without complications [1, 52–59].

Control of major risk factors in people with type 2 diabetes can be cost-effective 
strategy in reducing CVDs. Screening for diabetic retinopathy is very cost-effective 
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compared with no screening; and comprehensive foot care reduces costs by prevent-
ing ulcers and amputations in high-risk people with diabetes [61]. Improved care 
and subsequent prevention of complications results not only in better healthcare 
outcomes, but is also highly cost-effective [61].

The highest overall diabetes-related costs on a country level were estimated for 
the US with USD 294.6 billion, followed by China and Brazil, with USD 109.0 bil-
lion and USD 52.3 billion, respectively [1]. The countries with the lowest diabetes- 
related costs are lower resource countries, such as Sao Tome and Principe, and 
Tuvalu, with estimates of USD 1.1 million and USD 1.8 million [1].

There is a huge difference if we compare the countries according to the diabetes 
related expenditures per person in 2019. Countries with the highest annual expendi-
ture per person are Switzerland with USD 11,916, followed by the US and Norway 
with USD 9,506 and USD 9,061; respectively [1]. Countries with the lowest annual 
expenditure per person are Bangladesh (USD 64), Central African Republic (USD 
72) and Nepal (USD 80) [1]. Understandably, lower resource countries are spending 
less for diabetes per person, which affects the quality of care and increases the risk 
for even more costly diabetes complications.

It is worth mentioning that indirect costs add up to the overall diabetes burden, 
and need to be taken into consideration when evaluating the cost-effectiveness of 
diabetes care. Latest estimates suggest that indirect costs contribute with close to 
35% of total diabetes costs, calculated at USD 1.31 trillion in 2015 [1, 62].

In high-income countries indirect costs were estimated at a level of 36.5%, com-
pared to 31.7% in middle-income and 37.8% in low-income countries. Although 
there is a small difference between these groupings in terms of the share of the 
indirect costs, there is a considerable variation in the structure of the indirect costs 
[1, 62].

Disability and mortality are dominant in the global figures for indirect costs with 
48.5% and 45.5%, respectively. Situation with structure of indirect costs is similar 
in high-income countries (59.2% and 35.5%). However, mortality contributes with 
63.6% of indirect costs in middle-income countries, and 90.6% in low-income 
countries. Absenteeism and presenteeism together contribute 6% globally and less 
than 3% in low-income countries [1, 62].

It is important to estimate the economic impact of undiagnosed diabetes on the 
healthcare costs, since it could result in diagnosing diabetes complications at an 
advanced stage which is associated with higher costs.

Diabetes complications, due to their enormous impact on both direct and indirect 
costs, have to be included in the National Diabetes Plan. Efforts should be made by 
each developing country to estimate the prevalence of diabetes complications. 
Procedures for screening diabetes complications have to be included in the National 
Diabetes Care guidelines.

Frequent screening for diabetes complications results in early diagnosis and 
treatment that is a cost-effective compared to their treatment at a more advanced 
stage. Meticulous screening is particularly valuable under the conditions with lim-
ited resources.
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Chapter 4
Cost-Effectiveness of Available Diabetes 
Treatments

Insulin treatment has been a life-saving and only medication for type 1 diabetes for 
almost a century. It was already explained that the burden of diabetes prevalence is 
largely due to the steep rise in the number of people with type 2 diabetes. For type 
2 diabetes, most of the current guidelines recommend metformin as initial treat-
ment. Metformin is a generic, relatively cheap and affordable diabetes medication. 
Since diabetes is a progressive condition, there is often a need to intensify the treat-
ment after metformin.

According to the relevant guidelines, selection of medication to be added after 
metformin is based on several factors, including individual characteristics, presence 
of established atherosclerotic cardiovascular disease (ASCVD) or high ASCVD 
risk, other comorbidities, potential for weight gain, hypoglycemia, safety, tolerabil-
ity, and the cost of medication [1].

Insulin remains the most effective diabetes medication and several improve-
ments were made to the amino acid sequence of insulin molecule to enhance its 
properties, which resulted in the designer insulins or insulin analogues. Insulin ana-
logues are characterized by faster onset and higher peak of action when adminis-
tered subcutaneously compared to human insulin—bolus insulin analogues; or by 
prolonged duration of action, smoother and peakless profile—basal insulin ana-
logues. First bolus insulin analogue was introduced in 1996, and first basal insulin 
analogue was introduced in 2000. Insulin analogues are usually offered at higher 
prices compared to human insulins and although they make the standard treatment 
for the majority of population with diabetes in developed countries, a lot of indi-
viduals in developing countries are still treated with human insulins.

The cost of insulin has been constantly rising in the past two decades [1, 2]. 
Unfortunately, in many countries insulin is not completely reimbursed and its high 
prices become a significant burden for the people with diabetes. This results in 
higher ‘out-of pocket’ expenditures, and contributes to a significant treatment non- 
adherence with devastating consequences [1, 2].

The cost of diabetes treatment, including insulin therapy, is a major factor in the 
cost-effective diabetes management. There is a huge discrepancy in the availability 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51469-3_4&domain=pdf
https://doi.org/10.1007/978-3-030-51469-3_4#DOI


40

of diabetes treatments between developed and developing countries. And even more 
tragic is that this is also relevant for the insulin treatment.

According to the global survey conducted by the IDF in 2016, metformin and 
sulfonylureas, as the most widely prescribed classes of oral antidiabetic treatment, 
were always available in over 80% of high-income countries, compared with less 
than 20% in low-income countries [3]. The situation with insulin in low-income 
countries is even worse—insulin, in its various types, was always available when 
and where needed in over 80% of high-income countries, compared with less than 
15% in low-income countries [3].

The IDF survey has been an eye-opener for various stakeholders that many peo-
ple with diabetes in developing countries do not have uninterrupted access to basic 
antidiabetic medication, including insulin as a life-saving medication [3].

A lot of people with diabetes, even in the most developed country of the world—
the US, are struggling with the affordability of insulin treatment. According to the 
latest reports, 1 in 4 people with diabetes in the US is rationing the insulin supplies 
[4]. The reason has been the rising cost of insulin, and such rationing could poten-
tially result in tragic consequences [4].

The example of insulin affordability makes the distinction between developed 
and developing countries quite ambiguous. There are developing countries where 
insulins are completely reimbursed for all people with diabetes requiring insulin 
treatment, relevant for both human insulins and insulin analogues (e.g. the Republic 
of North Macedonia), and developed countries where considerable share of people 
with diabetes have to copay for insulin.

Initiatives are underway in several US states for limiting the insulin copayments 
per certain amount monthly. The legislation would create a program allowing states 
to procure insulin supplies at discounted prices and dispense them without prescrip-
tion renewals in selected cases.

That was certainly not the intention of the bright minds that discovered the insu-
lin back in 1921. Banting and Best vision was that everyone who needed insulin 
would be able to afford it, which is why they sold the insulin patent to the University 
of Toronto for just a dollar. Nearly 100 years later, many people with diabetes have 
to pay significant amounts for their insulin medication [4].

In the past two decades, prices for the most commonly prescribed insulins have 
increased by more than 700% in the US after adjusting for inflation [4]. It is not 
quite transparent, which are the factors that have contributed to such increase in the 
price of insulin treatment [4]. It has been reported in the US that people with diabe-
tes with annual income below USD 100,000 were more likely to ration insulin com-
pared to people with incomes above this level [4]. Such rationing was associated 
with inadequate glycaemic control [4].

Innovation has often been cited as a reason for the rising insulin costs; however, 
the price of the same insulins has increased several folds in the past 20 years. If a 
long-term affordability of life-saving medication cannot be guaranteed in the US, it 
would certainly be a challenge for a large part of the population with diabetes in 
developing countries.
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It is not only the medication - the other diabetes related costs exert an additional 
financial burden. People with diabetes in the US are experiencing more financial 
issues than those without diabetes, even when they have healthcare insurance [4]. 
Nearly 40% of people with diabetes reported financial challenges from medical 
costs, including medical debt or the inability to afford needed medical care [4]. This 
challenge was associated with high financial distress, food insecurity, treatment 
non-adherence, and missed or delayed medical care [4].

The importance of affordability of diabetes medication, and insulin treatment in 
particular, is emphasized in times of global crisis as during the latest pandemic with 
COVID-19. There is a risk of production and supply shortages of this critical medi-
cation, making the people with diabetes concerned about the availability of insulin 
treatment. Another factor is the increasing unemployment rate, affecting the health-
care insurance and financial resources of the people with diabetes, and their access 
to the life-saving medication.

People with diabetes in developed countries might experience difficulties with 
the access to diabetes treatment, including insulin treatment. Understandably, the 
situation is worse in the lower resource countries. Most of the novel treatments that 
have demonstrated benefits in people with established CVD, such as GLP-1RA and 
SGLT2i, are largely unavailable in developing countries due to their cost.

A huge problem with the access to medications is that price is usually similar in 
both developed and developing countries. In other words, global pharmaceutical 
companies are not adjusting their prices for the economic strength of the country. 
On the contrary, many of them challenged by the reference pricing system where 
prices in one country are used as a reference for prices in other countries are persis-
tent in not adjusting the prices according to the local circumstances. In doing so, 
they try to prevent a domino-effect on prices across major geographical areas and 
markets. If faced with the possibility of reduction of prices, pharmaceutical compa-
nies are battling to keep them unchanged in the countries where they operate.

To put it in another perspective, pharmaceutical companies do not offer lower 
prices for medicines adjusted for the wealth of the country, thus making certain 
therapeutic options unaffordable for the majority of population with diabetes in 
developing countries. Pharmaceutical companies justify such high prices with the 
huge costs of research and development and the calculated health economics benefit 
for the healthcare system if the medication is used, taking into consideration both 
direct and indirect costs.

The problem is that those prices and health economic benefits are often calcu-
lated based upon the input variables as financially valued in the most developed 
countries, which are the largest markets for the companies. The products are then 
offered at the similar prices in both developed and developing countries, although 
the financial value of input variables would be much lower in developing countries. 
Direct and indirect costs in developing countries are lower; however, the input for 
justifying the prices is based on the costs from the most developed countries.

That is the reason why, very often, health economics analysis of cost- effectiveness 
of diabetes treatment cannot justify the price offered for the developing countries. 
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In many instances prices are much higher than the perceived healthcare benefits of 
the medication in developing countries. Hence, it would be difficult to demonstrate 
cost-effectiveness of the novel diabetes treatments in the setting of developing 
countries. Taking into consideration that the overall market for most diabetes medi-
cations is usually shared by only few global pharmaceutical companies, the devel-
oping countries have no other choice but to procure the medication for the prices 
offered.

There are two possibilities for developing countries in that situation. The first 
possibility is to allow wider use and reimbursement of high priced diabetes treat-
ments exerting huge pressure on the healthcare budget. The second possibility is to 
limit their use, leaving major parts of population with diabetes without effective 
treatment.

The first possibility when countries with limited resources are committed to pro-
vide novel diabetes therapeutic options, exerts not only enormous pressure on the 
healthcare budgets, but is leaving other healthcare areas facing potential shortages. 
Those areas include the other NCDs that are becoming more prevalent in develop-
ing countries. Diabetes related costs have huge impact even on the normal function-
ing of the hospitals. In such scenario, developing countries are forced to continuously 
borrow money to cover this gap in the healthcare budgets, making them severely 
indebted and vulnerable, but doing their best to keep the system afloat.

Even when choosing modern insulin treatment, such as the first or second gen-
eration basal insulin analogues, cost-effectiveness of the treatment has to be consid-
ered. We have to consider not only the cost of a pen or a pack, but also the units of 
insulin required to achieve comparable glycemic control. It has been demonstrated 
that for achieving comparable glycemic control with the two first generation basal 
analogues, required doses are quite different. That may result in a different cost of 
treatment per person [5].

In the light of the latest COVID-19 global pandemic when whole countries and 
economies have been in  lockdown with rising unemployment; countries have to 
borrow money to keep the societies living, and additional borrowing for providing 
the most modern treatment would be a challenge for the healthcare systems.

The second possibility would mean lack of access to modern diabetes treatments 
which increases the risk of poor glycemic control and diabetes complications. 
Recent medications, such as SGLT2i and GLP-1RA, have demonstrated benefits 
beyond glycemic control and lack of those medications additionally increases the 
cardiovascular risk in people with type 2 diabetes.

The role of some pharmaceutical companies is not limited only to the pricing of 
diabetes medications in developing countries. Developing countries usually have 
less stringent regulatory requirements for sales and marketing, as well as for medi-
cal and clinical activities of the pharmaceutical companies. Consequently, physi-
cians tend to adhere less to diabetes care guidelines in developing compared to 
developed countries.

The regulation is either insufficient or completely absent, and there are numerous 
examples of physicians from developing countries being incentivized by certain 
pharmaceutical companies to increase the prescriptions of medications. In most 
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extreme cases, the diabetes care guidelines could be largely influenced by pharma-
ceutical companies’ interests expressed through the scientific views of ‘independent 
experts’.

It is worth mentioning the situation of global pharmaceutical companies running 
clinical trials in developing countries. In many cases, study fees received by physi-
cians in developing countries are relatively high compared to their wages, and could 
be a potential source of scientific bias when performing clinical trials.

Unfortunately, some of the pharmaceutical companies are not separating their 
sales and marketing from their clinical activities, making the clinical trials not the 
necessity to generate reliable clinical data, but a powerful tool to have principal 
investigators on their side when pursuing sales and marketing objectives.

Not only the national healthcare decisions are affected where the principal inves-
tigators could potentially have a huge influence through advisory, guidelines, or 
national procurement procedures, but the science and medicine could be affected, 
since it is difficult to be reassured that generated clinical data would be of accept-
able integrity.

One solution would be to conduct studies in developing countries by indepen-
dent clinical research organizations, and to completely disconnect clinical from 
sales and marketing activities of the companies. In addition, there have to be strict 
regulation in the developing countries on the means of financing of physicians by 
pharmaceutical companies.

Some of the pharmaceutical companies exert their influence on the healthcare 
systems in developing countries through certain patient organizations which they 
are covertly funding. Instead of pharmaceutical companies appearing in public and 
fighting for the high priced novel diabetes treatments, it is often few people with 
diabetes attempting to win the public support by requiring novel treatment for this 
vulnerable population. It puts additional pressure on the policy makers and influ-
ences their decisions which rely less on the evidence based on the cost-effectiveness 
of the medication, and more on the huge noise generated in the public space.

Digital and social media have recently played an important role in facilitating 
these processes driven towards additional pressure on the healthcare budgets, espe-
cially in the developing countries. Information is spread very fast through the social 
media, and it leaves little or no room for any cost-effective analysis of the treatment 
in question under the particular health economics circumstances of the developing 
country.

Innovations are something no one can live without, that is for sure. Innovations 
in medicines are welcome; they have significantly contributed towards better medi-
cal outcomes and increased life expectancy. However, in order to provide sustain-
able diabetes care, cost-effectiveness of novel treatments has to be taken into 
consideration under the circumstances of the developing countries.

Very often, due to the practices mentioned above, the penetration of more expen-
sive diabetes medication has been higher in developing compared to developed 
countries. One example was the situation in the Republic of North Macedonia. In 
2011, insulin analogues were contributing with 84% of the total insulin volume and 
92% of the total insulin value in the country, after continuous growth in the previous 
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years (Fig. 4.1a, b) [6]. The penetration of the more expensive insulin analogues in 
the Republic of North Macedonia was higher compared to some of the most devel-
oped countries in the world, such as Germany or Norway (Fig. 4.2) [6].

The considerable increase in the penetration of insulin analogues, taking into 
consideration that insulins have been free of charge for the patients, was unbearable 
cost for the Healthcare Insurance Fund and Government Programs. Unfortunately, 
the high percentage of individuals using insulin analogues was not paralleled with 
the improvement of glycemic control or prevention of diabetes complications [7].
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On the contrary, people with diabetes were offered expensive insulin analogues 
free of charge with no or very limited possibility of glucose monitoring, since the 
test strips were quite expensive and were largely unavailable for the majority of 
people with diabetes. It was like driving the most expensive car in the world blind- 
folded. Such high penetration of insulin analogues was not mirrored by any moni-
toring of metabolic control parameters that are crucial for the prevention of diabetes 
complications.

To put the burden into broader context, if the cost for insulin analogues per per-
son was analyzed in relation to the wealth of the country represented as GDP, and 
the index for Republic of North Macedonia was marked as 100, then the indices for 
the most developed countries in the world, such as Germany and Norway, would be 
38 and 19 (Fig. 4.3a) [6]. Similar results were obtained if the cost of analogues was 
analyzed in relation to the GDP per person with diabetes (Fig. 4.3b) [6]. It means 
that the lower resource country, such as the Republic of North Macedonia, was pay-
ing three to five times more for modern diabetes treatment in relation to its wealth, 
in comparison with some of the most developed countries in Europe (Fig. 4.3) [6].

This situation is similar in other middle- or low-income countries, if we compare 
the healthcare resources allocated for modern treatment related to their wealth, to 
those of the developed countries.

It was already mentioned that 40% of all non-hospital medications reimbursed 
by the Healthcare Insurance Fund and Government Programs in Republic of North 
Macedonia, was spent on insulin and related supplies, such as insulin needles, glu-
cagon, insulin pumps and ancillaries (Fig. 1.4). This cost did not include oral anti-
diabetic medication, other form of diabetes medication, or direct and indirect costs 
of diabetes complications. It is a great example of how the cost of diabetes medica-
tion could bankrupt a whole healthcare system of a developing country. The 
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pressure is higher in reverse relation to the wealth of the country—lower resource 
countries are affected the most.

To put it into perspective, the cost of insulin and related supplies for 4 years was 
equal to the cost of the huge, modern clinical complex that was planned to be built 
in the capital of the Republic of North Macedonia, and to serve the needs of the 
entire population across all clinical disciplines [6].

The Republic of North Macedonia has been characterized by high insulin pene-
tration, as 43.8% of all diagnosed people with diabetes were treated with insulin in 
2015 (Table 1.1) [7]. The relatively high insulin penetration could be explained by 
the limited access to non-insulin treatments, such as DPP-4i, SGLT2i and 
GLP-1RA. Therefore, people with type 2 diabetes requiring treatment intensifica-
tion after metformin and sulfonylureas were more rapidly initiated on insulin 
treatment.

The country introduced several initiatives, as already described, including a stra-
tegic National Diabetes Plan, adopting international diabetes care guidelines under 
the local circumstances and publishing those as National Diabetes Care guidelines 
in the Official Journal of the country, formation of National Diabetes Committee, 
responsible for monitoring of adherence to diabetes guidelines by various stake-
holders, and integration of diabetes care modules in the NeHS [8–11].

According to the guidelines, people with type 2 diabetes requiring insulin treat-
ment were required to start on human insulins first, and then, under certain circum-
stances, they were allowed to be transferred to more costly insulin analogues. No 
limitations on the use of insulin analogues in people with type 1 diabetes were stipu-
lated with the national guidelines.

In addition, central procurement of insulin and related supplies was introduced, 
together with parallel imports. Insulin in all its forms was provided 100% free of 
charge. On the other hand, the number of free test strips was increased seven-fold 
for the people with diabetes on insulin treatment. National Diabetes Committee 
identified numerous cases of people with type 2 diabetes treated with insulin analo-
gies and having poor glycemic control. In many of those, cheaper human insulins 
were found to be better alternative to insulin analogues in terms of glycemic control. 
Penetration of insulin analogue was reduced from over 90% to 55% in 4  years, 
resulting in considerable savings.

Public procurement at central level could also drive the prices down, instead of 
each hospital or region procuring diabetes treatment supplies on its own. Bigger 
quantities usually result in reduction of prices due to the increased volume. Ensuring 
there is a competition among bidders drives the prices down, although the competi-
tion might be limited for certain diabetes medications.

Biosimilars and generics increase competition resulting in reduction of prices, 
after the patents of originator diabetes treatments expire. Encouraging generics and 
biosimilars producing pharmaceutical companies to compete at the centrally orga-
nized procurements could contribute to the cost-savings.

The centralized, integrated NeHS had a crucial role in the monitoring of adher-
ence to the National Diabetes Care guidelines. The significant increase in glucose 
monitoring resulted in reduction of acute diabetes emergencies.
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Such rationalization of treatment costs allowed for inclusion of novel classes of 
diabetes treatment, such as DPP-4i, SGLT2i and GLP-1RA, that were provided free 
of charge for selected people with type 2 diabetes according to the Guidelines.

By implementing all above measures, the biannual cost of the national, central-
ized, public procurement of insulin, insulin needles, test strips, glucagon, insulin 
pumps and related ancillaries was reduced from MKD 1.95 billion in 2012 to MKD 
1.5 billion in 2014, and MKD 1.15 billion in 2016, despite the increase in the num-
ber of people with diabetes, increase in the cumulative annual growth rate of insulin 
volume by 5% over the period, increase in the number of free test strips by seven-
fold, and introduction of novel diabetes treatment classes, such as GLP-1RA, 
SGLT2i, and DPP-4i (Fig. 4.4) [12].

This rationalization of costs confirms that even in the developing countries there 
could be enough resources if those are spent rationally and by practicing the evi-
dence based medicine. The released resources could be used for additional initia-
tives to fight diabetes, for increasing glucose monitoring capacity, or for introduction 
of novel classes of diabetes treatment.

Those cost reductions resulted in reduced profits for some of the pharmaceutical 
companies, fiercely attacking the diabetes care policies and the people behind them. 
Hence, everyone involved in any such initiative for cost rationalization has to be 
prepared to be fiercely attacked. Attacks are usually orchestrated through selected 
few people with diabetes, using mass and social media.

Insulin treatment has to be provided to every person in need. If evidence based 
medical guidelines are practiced by every physician, in addition to initiatives result-
ing in reduction of prices of diabetes medication, it is possible to provide sustain-
able diabetes care in a setting with limited resources.

What should be done to provide cost-effective diabetes treatment in 
developing countries?
Each developing country should …

• … secure adherence to the National Diabetes Care guidelines, including 
the prescription of diabetes treatment;

• … consider central procurement of diabetes treatment while encouraging 
biosimilars, generics and parallel imports to reduce the prices;

• … use centralized, integrated NeHS to evaluate the cost-effectiveness of 
treatment;

• … allocate resources for sufficient glucose monitoring;
• … consider introduction of novel diabetes treatment for selected people 

with diabetes, according to the Guidelines.
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Chapter 5
Cost-Effectiveness of Monitoring 
Metabolic Control

What cannot be measured cannot be managed and improved—the golden rule of 
management is particularly true when it comes to managing diabetes. When we talk 
about measuring in diabetes, we primarily think of glucose monitoring.

In general, there have been three eras of glucose monitoring: from urine samples 
since the 1940s, from blood samples since the 1960s, and from interstitial fluid with 
sensors, i.e. continuous glucose monitoring (CGM) since the late 1990s. First com-
pact blood glucose meter (BGM) with digital display and possibility of Self- 
Monitoring of Blood Glucose (SMBG) was introduced in the 1980s. Latest hybrid 
closed loop systems are integrating insulin delivery in a form of subcutaneous insu-
lin infusion with the CGMs, and are adjusting the delivery of basal insulin 
automatically.

A 3-year study has recently reported that people with type 1 diabetes on insulin 
pumps and SMBG demonstrated worse glycaemic control compared to those on 
insulin pen therapy and CGM [1]. It suggested that metabolic control depends more 
on the frequency of glucose monitoring, and less on the method of delivering insulin 
[1]. Study results confirm that measuring glycaemia is a very critical part in the 
management of diabetes.

There has been a considerable increase in the CGM use by people with type 1 
diabetes as reported from the real-world study T1D Exchange Registry from the US 
[2]. Percentage of people with type 1 diabetes on CGM from this Registry increased 
from 6% in 2011 to 31% in 2017 [2]. It is expected that by 2023, 87% of people with 
type 1 diabetes and 27% of people with type 2 diabetes on insulin treatment will be 
using CGMs in the US [2].

Taking into consideration the uptake of CGMs worldwide, the question is if 
SMBG is already dead. It is like asking a question if fossil fuel cars are already 
dead. According to the figures from 2018, only one in 250 cars on the roads was 
electric (0.4%), and the same percentage of people with diabetes were using CGM 
(0.4%) (Fig. 5.1) [3–5]. Despite the number of CGM users is growing considerably, 
mainly due to the increase in users of intermittently scanned CGM (isCGM), SMBG 
will not be dead in the foreseeable future. This is of particular importance for the 
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developing countries where the access to CGM is limited, or CGMs are not avail-
able at all, due to the much higher cost compared to SMBG.

Benefits of intensive glycaemic control on the reduction of diabetes complica-
tions in people with type 1 diabetes were initially demonstrated in the DCCT study, 
where SMBG was part of the multifactorial intervention [6]. Reduction in microvas-
cular and macrovascular diabetes complications in the subjects from intensive group 
was also observed in the follow-up observational study EDIC (Epidemiology of 
Diabetes Interventions and Complications) [6].

Similar findings were reported for people with type 2 diabetes from the UKPDS 
and the follow-up UKPDS-PTM study, where the improvement of glycaemic con-
trol was associated with reduced risk for diabetes complications [7].

Frequent SMBG is key to achieve glycaemic targets as set by the international 
authorities, ADA and IDF (Table 5.1) [8, 9]. Achieving the recommended targets 
correlates with HbA1c below 7%, which is associated with reduced risk for diabetes 
complications.

Increased frequency of SMBG results in reduction of HbA1c in people with type 
1 diabetes [10]. If SMBG is measured more frequently throughout the day, the gly-
caemic control is improved, which was demonstrated for all age groups [10].

… only one in 250 cars on the 
road is electric (0.4%)

… only one in 225 people with 
diabetes on CGM (0.4%)

Image by Gerd Altmann from Pixabay

Fig. 5.1 Estimated proportion of electric cars on road and people with diabetes using CGM, data 
adapted from Ref. [3–5]. CGM Continuous Glucose Monitoring

Table 5.1 Recommended glycaemic targets by ADA and IDF, data adapted from Ref. [8, 9]

ADA IDF

Preprandial capillary plasma glucose 4.4–7.2 mmol/L (80–130 mg/
dL)

<6.0 mmol/L (108 mg/
dL)

Peak postprandial capillary plasma 
glucose

<10.0 mmol/L (180 mg/dL) <10.0 mmol/L (180 mg/
dL)

Correlate with HbA1c < 7.0% (53 mmol/mol)
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Titration to target FPG by the use of SMBG also reduces HbA1c in insulin- 
treated people with type 2 diabetes [11–14]. Use of SMBG was critical for estab-
lishing the so-called ‘Treat-to-Target’ concept, whereby achieving the target FPG 
through titration of basal insulin results in HbA1c reduction associated with lower 
risk of diabetes complications.

Things become more complex when SMBG is used in non-insulin treated people 
with type 2 diabetes, as there are studies confirming that use of SMBG significantly 
improves glycaemic control or reduces hypoglycemia risk in these people, and stud-
ies that have not demonstrated such benefits with SMBG [15–28].

Cochrane conclusions from 2012 were that the overall effect of SMBG on gly-
caemic control in non-insulin treated people with type 2 diabetes is incremental up 
to six months after initiation, and subsides after 12 months of use [29].

Intuitively, it should be better to take a proactive approach and do SMBG in order 
to manage the glycaemic control. The opposite is to wait for months until the next 
visit at physician’s office to have HbA1c measured (reactive approach), realize it 
was high and glycaemic control was inadequate, and there is nothing to be done 
since the value of HbA1c reflects the time period that has elapsed [30].

The recommendations on SMBG in non-insulin treated people with type 2 dia-
betes are described in the IDF Guidelines on Self-Monitoring of Blood Glucose in 
Non-Insulin-Treated Type 2 Diabetes [31]. The Guidelines introduced the concept 
of ‘structured SMBG’, or making sense of the SMBG in the management of 
diabetes.

In the Guidelines, it is recommended that SMBG should only be used if individu-
als with diabetes and their healthcare providers have the knowledge, skills and will-
ingness to incorporate it into their diabetes care plan [31]. It should be considered at 
the time of diagnosis as part of individuals’ education, and to facilitate timely treat-
ment initiation and titration optimization [31].

Self-monitoring of blood glucose should also be considered as part of an ongoing 
diabetes self-management education [31]. Protocols for SMBG in terms of fre-
quency per day and days per week need to be individualized to address specific 
requirements [31].

Targets to be achieved with SMBG should be agreed between the person with 
diabetes and the healthcare provider [31]. Use of SMBG requires an easy procedure 
for regular monitoring of performance and accuracy of BGM [31].

Structured SMBG in non-insulin treated people with type 2 diabetes is a critical 
component of diabetes education and treatment. It is vital for glycaemic assessment, 
behavioral change, optimization of therapy, and diabetes education and understand-
ing, both for the healthcare provider and the person with diabetes [31]. In addition, 
structured SMBG has an impact on the metabolic control, safety, quality of life 
(QoL), and the economic burden [31].

The role of structured SMBG in non-insulin treated people with type 2 diabetes 
has been confirmed by the recently published ‘The SMBG Study’ where the struc-
tured SMBG provided improvements in glycaemic control of non-insulin treated 
people with type 2 diabetes [32]. This study has proved the value of SMBG in 
people with type 2 diabetes not on insulin, if structured SMBG is implemented.
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All the studies mentioned above were using SMBG as a tool to achieve lower 
HbA1c, and by lowering HbA1c to reduce the risk of diabetes complications. The 
value of HbA1c is currently acknowledged as the gold standard for measuring the 
glycaemic control. Nevertheless, the question is how reliable is HbA1c as a surro-
gate marker, and what are its advantages and limitations?

Advantages of the use of HbA1c as a measure of glycaemic control include that 
it is easy to measure, relatively cheap, predictive of vascular complications, and 
helps management decisions [33]. Limitations of HbA1c include the facts it only 
provides an approximate measure of glycaemia, is unable to address glycaemic 
variability (GV) or hypoglycemia, 50% of the HbA1c value reflects the mean BG in 
the previous month, and is unreliable in certain conditions [33].

Those conditions are quite numerous, including: (1) comorbidities, such as ane-
mia, accelerated red blood cells turnover, thalassemia, reticulocytosis, haemolysis, 
HIV infection, uraemia, hyperbilirubinemia, dyslipidemia, cirrhosis, hypothyroid-
ism; (2) physiologic states, such as ageing and pregnancy; (3) medications or treat-
ments, such as alcohol, opioids, vitamin C and E, aspirin, erythropoietin, dapsone, 
ribavirin, blood transfusions, hemodialysis, and (4) other circumstances, such as, 
different glycation rate, protein turnover, race and ethnicity, laboratory assay, gly-
caemic variability, smoking, mechanic heart valves, and use of exogenous testoster-
one [6, 33, 34].

In a real world clinical practice it is estimated that 14–25% of HbA1c results are 
misleading [6, 33, 34]. That is the reason we are moving beyond HbA1c as a stan-
dard of adequate metabolic control, and novel glucometrics are introduced with the 
wider use of CGMs. Those novel glucometrics include Time In Range (TIR, defined 
as time spent in range 3.9–10 mmol/L (70–180 mg/dL)), Time Below Range (TBR, 
defined as time spent below 3.9 mmol/L (70 mg/dL)), and Time Above Range (TAR, 
defined as time above 10 mmol/l (180 mg/dL)). For people with type 1 and type 2 
diabetes, TIR should be more than 70%, TBR below 4% (time below 3.0 mmol/L 
(54 mg/dL) should be below 1%), and TAR below 25% (time above 13.3 mmol/L 
(250 mg/dL) should be below 5%) [34].

Other glucometrics include the time CGM was active, average glucose, Glucose 
Management Indicator (GMI)—formerly known as estimated HbA1c, GV, and 
Ambulatory Glucose Profile (AGP) [34].

It has been demonstrated by the use of DCCT data that TIR was associated with 
reduction of microvascular complications in people with type 1 diabetes [35]. Each 
10% reduction in TIR was associated with increase in the risk of retinopathy by 
64%, and microalbuminuria by 40% [35].

Similar findings were reported for the association between TIR and microvascu-
lar complications in people with type 2 diabetes—the higher the value of TIR, the 
lower the risk for retinopathy [36]. It was recently published that TIR was inversely 
associated with Carotid Intima Media Thickness in people with type 2 diabetes, 
suggesting it could be related not only with reduction of microvascular, but also of 
macrovascular complications [37].

These novel glucometrics could also be used with BGMs, which is of great 
importance for the developing countries where CGMs would not be widely 
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available soon. Glucometrics, such as average glycaemia, glucose variability, stan-
dard day, ambulatory glucose profile, change in glucose over time, glucose distribu-
tion, and integration with other relevant data including medications, insulin doses, 
diet, physical activity, illness, stress, or travel, could all be retrieved from SMBG 
data of BGMs [30].

Use of the Smart Glucometers, which are sending the SMBG data into the cloud 
to be further analyzed, reported, and shared with family and healthcare providers, 
could be of great significance for the developing countries, where the uptake of 
CGMs is expected to be slower due to the associated cost. There are diabetes man-
agement systems that enable BGMs to send the SMBG data into the cloud for analy-
ses and reports in the form of novel glucometrics.

Accuracy of BGMs is crucial as critical decisions are based on the SMBG val-
ues. Current standards for SMBG accuracy include those of Food and Drug 
Administration (FDA) and International Organization for Standardization (ISO) 
15197–2013 [8]. Recent study comparing second generation basal insulin analogues 
in people with type 2 diabetes reported inaccuracy of the BGMs used during the 
very sensitive period of insulin titration [38, 39]. It was concluded that if such inac-
curacies of BGMs occur in highly controlled clinical trial settings, we can imagine 
what happens in everyday life of people with diabetes, and how it might affect treat-
ment decisions and overall glycaemic control.

There are many factors affecting the accuracy of SMBG that have to be consid-
ered, especially in developing countries. Those include: (1) higher and lower oxy-
gen tension conditions (glucose oxidase monitors are sensitive to oxygen); (2) 
temperature (reaction is sensitive to temperature, all monitors have an acceptable 
temperature range); (3) interfering substances (uric acid, galactose, xylose, acet-
aminophen, L-dopa, vitamin C); (4) manufacturing defects (could lead to bias in 
hypoglycaemic, target, and hyperglycaemic range); (5) test strip lot-to-lot variation 
(lot-to-lot variations as high as 11% could occur while using the same BGM); (6) 
alternate site testing (particularly when glucose levels are changing rapidly); (7) 
skin contaminants (food sources, such as fruits, juices, sodas, milk; hand lotions); 
(8) counterfeit test strips (pre-owned or second-hand test strips should not be used) 
[8, 30].

In comparison of 17 models of BGMs that were available on the market, 9 had a 
Mean Absolute Relative Difference (MARD) above 10%, which is unacceptable 
accuracy [40]. Similar results were obtained when ISO 15197 standards were 
applied, when out of 18 BGM on the market, only 6 met the ISO standards on accu-
racy [8]. Although there was a huge difference between the accuracy of CGMs and 
SMBG at the beginning, latest models of CGMs have a MARD comparable to 
SMBG in the range of 8.1% to 10.6% [41].

Affordability of BGMs and test strips for monitoring blood glucose is particu-
larly important in a time of global crisis, such as the recent one with COVID-19 
pandemic. Disruption of the global economy could lead to delays in manufacturing 
and supply shortages, leaving the people with diabetes without their essential tools 
for managing hyperglycemia. On the other hand, inadequately managed hypergly-
cemia makes them more prone to developing severe forms of the infectious 
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COVID-19 disease and increases the risk for worse outcomes after contracting the 
infection.

In a study conducted in developing countries, glycaemic control in individuals 
with type 2 diabetes remained suboptimal, indicating a need for system changes and 
better organization of care to improve self-management and attainment of treatment 
goals [42]. This also refers to improvements in monitoring of glycaemia [42].

The importance of SMBG could be elucidated from the real-world evidence 
reported from the Republic of North Macedonia. Although, majority of the people 
with diabetes in the country were on insulin analogues by 2011, it was not associ-
ated with adequate glycaemic control at a national level. People with diabetes had 
very limited access to free, reimbursed test strips as only 50 free test strips per year 
were provided for those on insulin treatment.

In addition to the rationalization of insulin treatment, since 2015 the number of 
free test strips was increased seven-fold to 350 free test strips per year for people 
with type 2 diabetes on insulin treatment, whereas the people with type 1 diabetes 
were provided with 125 free test strips per month.

Test strips were procured through centralized procedure that resulted in a signifi-
cant reduction of the price per test strip, as higher volumes were associated with 
lower prices. Bidders were obliged to provide BGMs, lancets and lancet devices 
free of charge. Procurement of the test strips was part of the general procurement 
procedure, including insulins, glucagon, insulin pumps, ancillaries, and novel 
classes of diabetes medications (SGLT2i, GLP-1RA, DPP-4i). The cost savings 
achieved for test strips were significant and comparable to the cost savings achieved 
with the diabetes medications.

The considerable increase in the number of free test strips was associated with 
reduction of acute diabetes emergencies, such as DKA and HHS. In only a year, the 
number of acute diabetic complications was reduced by 9%, despite the increase in 
the number of people with diabetes and those who were on insulin treatment 
(Fig. 5.2) [43].
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Fig. 5.2 Reduction of 
acute diabetes 
emergencies, DKA and 
HHS, after seven-fold 
increase in free test strips 
for people with type 2 
diabetes on insulin 
treatment [43]. DKA 
Diabetes ketoacidosis, 
HHS Hyperglycaemic 
Hyperosmolar State
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It confirms that is possible even in a setting with limited resources to increase the 
frequency of SMBG by considerably increasing the number of free test strips. Those 
actions could result in reduction of acute complications, and could potentially lower 
the risk for long-term diabetes complications through improved glycaemic control.

Above findings confirm the results from the COMISSAIR study that frequent 
measuring of glycaemia is critical for adequate glycaemic control, and more impor-
tant than the method of insulin delivery [1]. If resources in diabetes care are limited, 
they should be adequately allocated for glucose monitoring. Each person has to be 
provided with a certain number of free or affordable test strips per month. It is 
equally important as the provision of free insulin.

Instead of fragmented procurement that is associated with lower volumes and 
higher prices, centralized procurement results in higher volumes and lower prices. 
Bidders who comply with the procurement specification could be included in the 
negative bidding process where they are competing by lowering the price, prefera-
bly using an electronic bidding system.

Reduced diabetes comorbidities by the frequent use of SMBG was reported 
from India, demonstrated to have economic and QoL implications [44]. In a simu-
lation analysis, the cohort with at least one SMBG per day was associated with a 
10-year estimated saving of INR 120,173 compared to the cohort with no 
SMBG [44].

Proactive diabetes management with SMBG was demonstrated to improve treat-
ment outcomes and reduce morbidity and mortality in this simulation from India 
[44]. Near-normal BG levels could bring in cost savings from reduced long-term 
complications and avoidance of repeated hospitalizations along with an improved 
QoL [44].

Low adherence to the use of SMBG was reported even in people with type 1 
diabetes from developed countries, such as Sweden [45]. In a survey study done 
before the wider use of CGMs in Sweden, it was reported that less than 50% of 
people with type 1 diabetes perform SMBG at least 4 times per day, according to the 
ADA guidelines, and 30% of people were unaware of the guidelines at all. The top 
two most reported reasons for not performing more frequent SMBG were ‘not 
remembering’ and ‘lack of time’ [45].

There is an underutilization of SMBG in people with type 2 diabetes from devel-
oped countries. Recent real-world study on the use of SMBG in people with type 2 
diabetes from Italy concluded that there is an urgent need for improvement [46]. 
Non-insulin treated people with type 2 diabetes were using 15–23 test strips per 
month, people treated with basal insulin were using 32 test strips per month, and 
people with type 2 diabetes on basal-bolus insulin treatment were using 53–58 test- 
strips per month [46]. Similar findings were reported from other developed coun-
tries, such as Canada, the UK and France [47–49].

Unfortunately, there is a low rate of SMBG adherence according to the national 
guidelines, in both developed and developing countries. According to the available 
survey based studies, the rate of adherence was reported to be 28% in China, 39% 
in South and Central America, 50% in the UK, 52% in the US, and 59% in Jordan 
[50–52].
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The rate of adherence was reported to be 58% in the recent study of real-world 
use of SMBG in people with type 2 diabetes in China [53]. It was not a survey based 
study and the SMBG was automatically recorded in a real-time manner by using a 
blood glucose monitoring platform [53]. For the first time intelligent BGMs were 
used to record the SMBG in people with type 2 in a real-time manner; unlike the 
survey based studies before that were relying on individuals’ memory of the SMBG 
frequency [53].

Inadequate utilization of SMBG in people with type 2 diabetes mellitus in Sub- 
Saharan Africa has also been reported [54]. Based on 15 real-world, observational 
studies, it was found that percentage of people with type 2 diabetes able to do 
SMBG at home, ranges from 0% in Uganda, 3% to 10% in Ethiopia, 4% in 
Zimbabwe, 5% in Ghana, 20% in Kenya, 25% in Sudan, 26% in Tanzania, and 32% 
to 43% in Nigeria [54].

On average, only 15% of all people with type 2 diabetes in Sub-Saharan Africa 
were doing SMBG at home. Most of those people possessing BGMs at home per-
formed SMBG only once a month, or at no regular interval, not adhering to the 
guidelines. In addition, only 1% to 2% of those people measured their blood glucose 
on a daily basis [54].

Only half of the people who performed SMBG at home, also kept records of their 
results, so they could analyze and discuss them with the healthcare providers as part 
of the structured SMBG process. There has been no study on the use of structured 
SMBG, i.e. of individuals’ ability to analyze SMBG results and whether they know 
what to do if their blood glucose is above or below agreed target values [54].

In many developing countries test strips for SMBG are only available in private 
clinics where people with diabetes are financially capable to afford SMBG, and not 
in public clinics where test strips are not covered by public healthcare insurance. 
Understandably, glycaemic control is much better in private clinics compared to 
clinics with limited or no access to SMBG. In many developing countries, CGMs 
are not available at all [55].

In a small number of developing countries CGMs are available, but only to those 
on the most expensive healthcare insurance who can afford the consumables. As a 
result, almost everyone is on SMBG—and even then, getting enough test strips in 
public healthcare is very difficult [55].

Additionally to monitoring glycaemic control via HbA1c and novel glucomet-
rics, it is vital to monitor other parameters important for adequate metabolic control, 
such as the lipid profile, SBP and DBP, BMI, smoking status, creatinine and UACR, 
and the other related laboratory parameters. Such information needs to be recorded 
in the individual EHRs of a centralized, integrated e-Health system.

Integration of BGM or CGM data into the individual EHRs could further facili-
tate the monitoring of glucose control in people with diabetes. Despite the novel 
technologies for measuring glycaemia, the vast majority of people with diabetes are 
using SMBG: The frequent use of SMBG and the novel glucometrics in the coun-
tries with limited resources could significantly contribute to the improved glycae-
mic control and reduced risk for diabetes complications.

5 Cost-Effectiveness of Monitoring Metabolic Control



59

References

 1. Šoupal J, Petruželková L, Grunberger G, Hásková A, Flekač M, et al. Glycemic outcomes in 
adults with T1D are impacted more by continuous glucose monitoring than by insulin delivery 
method: 3 years of follow-up from the COMISAIR study. Diabetes Care. 2020;43(1):37–43.

 2. Beck WR. Pains and gains in continuous glucose monitoring. Continuous glucose monitoring 
is trending – device options and utilizations. ADA 79th Scientific Sessions, 09 Jun 2019, San 
Francisco, United States. https://professional.diabetes.org/webcast/continuous-glucose-moni-
toring-trending%E2%80%94device-options-and-utilization. Accessed 17 Mar 2020.

 3. International Diabetes Federation. IDF Diabetes Atlas. 9th ed. Brussels, Belgium: International 
Diabetes Federation; 2019.

 4. Coren JM. Researchers have no idea when electric cars are going to take over, 2019. https://
qz.com/1620614/electric-car-forecasts-are-all-over-the-map. Accessed 07 Oct 2019.

 5. Garg S. Real time continuous glucose monitoring. New clinical outcomes, progress toward 
automated insulin delivery and trendsetting with interoperability. ADA 79th Scientific 
Sessions, 08 Jun 2019, San Francisco, United States. https://cgmeducation.net/Speaker_
Ready.php. Accessed 01 Apr 2019.

 6. Nathan MD for the DCCT/EDIC Research Group. The diabetes control and complications 
trial/epidemiology of diabetes interventions and complications study at 30 years: overview. 
Diabetes Care. 2014;37(1):9–16.

 7. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of intensive 
glucose control in type 2 diabetes. N Engl J Med. 2008;359(15):1577–89.

 8. American Diabetes Association. Standards of medical care in diabetes 2020. Diabetes Care. 
2020;43(1):s1–212.

 9. IDF Clinical Practice Recommendations for managing Type 2 Diabetes in Primary Care, 2017. 
www.idf.org/managing-type2-diabetes. Accessed 10 Mar 2020.

 10. Miller KM, Beck RW, Bergenstal RM, et al. Evidence of a strong association between fre-
quency of self-monitoring of blood glucose and hemoglobin A1c levels in T1D exchange clinic 
registry participants. Diabetes Care. 2013;36:2009–14.

 11. Riddle M, et al. The treat-to-target trial: randomized addition of glargine or human NPH insu-
lin to oral therapy of type 2 diabetic patients. Diabetes Care. 2003;26:3080–6.

 12. Yki-Järvinen H, et al. Insulin glargine or NPH combined with metformin in type 2 diabetes: 
the LANMET study. Diabetologia. 2006;49:442–51.

What should be done to provide cost-effectiveness of monitoring of 
metabolic control in developing countries?
Each developing country should…

• …ensure adequate number of free or affordable test strips for people with 
diabetes, primarily those who are on insulin treatment;

• …consider central procurement of test strips to achieve reduction of prices;
• …introduce the concept of structured SMBG for improved glycaemic 

control;
• …ensure that healthcare providers and people with diabetes are familiar 

with the measures of SMBG accuracy;
• …ensure that healthcare providers and people with diabetes are familiar 

with the novel glucometrics,
• …ensure the metabolic control parameters are recorded in the individual 

EHRs, and continuously monitored.
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Chapter 6
Importance of Structured Diabetes 
Education

The favorable clinical outcomes in people with diabetes rely on individuals’ self- 
management of the condition in their daily life. Although in many cases some form 
of support is provided, people with diabetes do not have any direct supervisor in 
their daily routines, which emphasizes the importance of education to manage 
diabetes.

Diabetes education is a critical part of diabetes management and has to be offered 
to all people with diabetes. Its aim is to equip them with the required knowledge 
about diabetes, competencies to make stand-alone decision-making, and skills for 
self-management. Numerous studies have demonstrated that diabetes education 
could result in improved diabetes care, reduced hospitalizations, and is cost effec-
tive in the long-term [1–4].

It is recommended that diabetes education is delivered through standardized and 
culturally adjusted modules covering different aspects of the living with diabetes. 
Ideally, such standardization would be done at a national level, based on cultural 
specifics, available technologies, treatments, lifestyle patterns, and healthcare 
resources.

Template modules have already been recommended by relevant international 
authorities and could easily be adopted as a minimum standard for development of 
country-specific materials [5]. The use of already prepared modules is particularly 
important in developing countries having limited resources to develop diabetes edu-
cation modules entirely on their own [5]. Standardized dissemination and evalua-
tion of diabetes knowledge is often labeled as Structured Diabetes Education 
Program (SDEP).

Structured Diabetes Education Programs should include modules on training- 
the- trainer, role of diabetes educator and management of diabetes care team, psy-
chosocial and behavioral approaches, and community awareness [5].

There should be modules that cover diagnosis, classification and presentation of 
diabetes, pathophysiology, self-management, diabetes medication and insulin ther-
apy. Modules should also cover physical activity, nutrition therapy, short-term 
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complications and emergencies, sick-days, long-term complications, oral and sex-
ual health [5].

Additionally, modules for diabetes in children and adolescents, GDM, pregnancy 
in pre-existing diabetes, older people, and perioperative management should also be 
included [5]. The above structure of the SDEP curriculum proposed by IDF should 
be considered as a minimum and not as a comprehensive list of modules for use by 
developing countries.

Modules need to be nationally adjusted, culturally and socially tailored, and 
delivered in the most appropriate format. Digital media and online SDEPs have 
multiple benefits, especially for lower resource countries where many diabetes spe-
cialties are lacking. The internet has been widely available and online platforms 
have become a viable option for dissemination of SDEPs and evaluation of the 
diabetes knowledge in people with diabetes.

Duration of SDEPs has to be individualized, as it is not possible to deliver and 
absorb all the information in a couple of hours. In case of online SDEPs, the recipi-
ent could set the dynamics of absorbing information.

Another advantage of online SDEP is that it could be implemented with limited 
resources, as the accredited materials could be posted online, ending with a diabetes 
knowledge test. Healthcare providers should direct the person with diabetes towards 
the online program and will record the test result in the individual EHRs. Diabetes 
care team would be available for any questions or dilemmas the person might have 
during the course of SDEP.

Online SDEP becomes essential when people with diabetes are not able to leave 
their homes, as during the global pandemic with COVID-19. In those situations 
when people with diabetes are one of the most critical categories for morbidity and 
mortality, online platforms become the only communication channel for delivering 
SDEP. Even more, a complete physician’s follow-up visit could be performed via 
telemedicine with the possibility to access individual EHRs and analyze reports 
derived from BGMs or CGMs.

It is critical that SDEP is completed not just with evaluation of knowledge and 
skills acquired by the people with diabetes, but also with their feedback on the con-
tent and delivery of SDEP.  Only mutual assessment and feedback could lead to 
acquiring higher levels of education by people with diabetes, and improvement of 
SDEP content by the diabetes care team.

Furthermore, it is important how often and when to re-introduce SDEP in a par-
ticular person with diabetes, as single SDEP in a newly diagnosed, distressed and 
distracted people, is not expected to equip them with long-term knowledge. 
According to the ADA, there are four critical times for implementation or re- 
assessment of SDEP: at diagnosis, annually, when complicating factors arise, and 
when transitions in care occur [1].

It is obvious that SDEP has to be provided at the time of diagnosis, and due to the 
stress with the new situation, it would be beneficial if the person with diabetes is 
accompanied by another person from the inner circle, such as a spouse, partner, par-
ent, child or a friend. The closest people to a person with diabetes have to be aware 
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of all the aspects covered by the SDEP. They should, preferably, accompany the 
person with diabetes throughout the complete course of SDEP.

One example of the need to have an accompanying person during SDEP is when 
a spouse or a partner is more often preparing the meals, and has to be aware of the 
nutritional characteristics of various foods that might affect glycaemia. Another 
example is the need to educate the people from inner circle on the signs and symp-
toms of hypoglycemia, a common acute diabetes complication in people with dia-
betes. Unfortunately, according to the IDF estimates, less than 50% of people with 
diabetes and 25% of family members of people with diabetes have access to diabe-
tes education programs (Fig. 6.1) [6].

Continuous, documented SDEP has to be performed at least on an annual basis 
with recording of individuals’ success to acquire the necessary knowledge, skills 
and competencies. The capturing of individuals’ achievements after SDEP comple-
tion would enable continuous monitoring of a person’s knowledge, similar to moni-
toring of parameters for metabolic control. When complicating factors or transition 
in care occurs, the SDEP needs to be re-introduced, regardless of the time elapsed 
since the previous diabetes education [1].

It is crucial for the healthcare system in developing countries to understand and 
acknowledge the importance of the SDEP. In many cases the SDEP has not been 
implemented as recommended, although the other components of diabetes manage-
ment (staff, medication, glucose monitoring) have been available. Structured 
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Fig. 6.1 Percentage of people with diabetes and their family members with access to diabetes 
education programs, data adapted from Ref. [6]
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diabetes education should be focused on the needs, clinical outcomes, overall health 
and well-being of the person with diabetes, and should be considered at every physi-
cian’s visit.

The way SDEP is offered may be different: could be in individual settings, group 
settings, or combined—certain modules could be covered individually, and others in 
groups. It is preferred that education programs involve the members of the whole 
diabetes care team. It would be beneficial if peer-to-peer dissemination of informa-
tion is also included as part of the SDEP, conveyed by other people with diabetes, 
particularly for people with type 1 diabetes. The importance of such peer-to-peer 
communication is often exceeding the one delivered through the standardized mod-
ules of SDEP. It is crucial that such communication is provided in a controlled and 
approved manner.

In the era of digital technologies, it is impossible to prevent people from encoun-
tering numerous unverified and often harmful diabetes related information, espe-
cially through the social media. Misleading information in many cases offers 
magical solutions, frequently resulting in devastating consequences in the form of 
acute diabetes complications. It is difficult to assess the long-term deleterious 
effects such spread of false information might have on the development of chronic 
diabetes complications.

People with diabetes from developing, less regulated countries, are more prone 
to be exposed to non-medical schemes for diabetes management. Providing them 
with knowledge how to identify the risk and to immediately discuss it with their 
diabetes healthcare providers becomes mandatory in contemporary circumstances, 
when they are surrounded by unlimited sources of information.

When the importance of SDEP in diabetes management is recognized within the 
healthcare system, it has to be appropriately valued; otherwise the sustainability of 
SDEP as a continuous process would be jeopardized. Healthcare systems in devel-
oping countries have to allocate dedicated resources for SDEP, similar to the 
resources allocated for glucose monitoring, diabetes medication, screening and 
treatment of diabetes complications.

Reports from studies conducted in developing countries confirm the value of the 
SDEP. It has been demonstrated that glycaemic control parameters (HbA1c, FPG, 
PPG), lipid profile (total cholesterol and triglycerides), and BMI were significantly 
improved in people who were part of the intervention group with SDEP, compared 
to the control group without SDEP [7]. Reported outcomes (medication adherence, 
self-management behavior, knowledge, self-efficacy, health belief and QoL) were 
significantly improved by the SDEP [7]. By improving metabolic parameters, SDEP 
could result in reducing the risk of developing diabetes complications [7].

In another review of SDEPs in high- and low-mortality developing countries, 
interventions were generally effective on behavior change and persons’ glycaemic 
control in the short term (≤9 months) [8]. While 57% of the studies mentioned cul-
tural tailoring of interventions, only 17% reported on training of providers, and 39% 
were designed to be accessible for people with low literacy [8]. The limited studies 
available suggest that SDEPs in developing countries are effective in the short term, 
but must be tailored to conform to the cultural aspects of the target population [8].
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Studies of SDEPs in developing countries from Sub-Saharan Africa also con-
firmed the importance of education in people with diabetes. Combination of weekly 
group educational sessions on nutritional aspects with monthly follow up sessions 
significantly reduced the intake of energy and starchy food [9]. Another study with 
weekly contacts over a period of four months significantly improved the healthy 
eating habits of people with diabetes [10].

Group education programs about self-care behaviors in developing countries 
improved the foot care of participants [11, 12]. In addition, four one-hour group 
education sessions on nutritional aspects significantly increased the level of adher-
ence [11, 12].

Education levels are lower in most of the developing countries and the channels 
of communication are limited. It is a challenge to convey the information to people 
with diabetes in low-income countries if there is a limited access to healthcare, 
education, mass media or online platforms.

Despite the studies above, SDEPs in most developing countries are limited in 
scope, content and consistency, and it is largely unknown how people from develop-
ing countries utilize the SDEP for managing their diabetes [13, 14].

Structured Diabetes Education Programs should become a mandatory part of the 
National Diabetes Care guidelines in developing countries. It needs to be stipulated 
in the guidelines that every person with diabetes has to be offered SDEP, followed 
by testing of acquired diabetes knowledge, skills and competencies [15]. In addi-
tion, National Diabetes Care guidelines in developing countries should potentiate 
that people with diabetes need to be informed about the importance of SDEP as an 
integral part of their diabetes management [15].

Although numerous diabetes care initiatives running in developing countries 
were acknowledged by relevant international authorities, it was also recognized that 
many SDEP recommendations were not fully implemented, and significant number 
of people with both type 1 and type 2 diabetes were not offered SDEPs, neither at 
the time of diagnosis nor later during the course of the disease [16].

Despite the need for improved education of people with diabetes, there is also a 
need for improved education of the physicians treating diabetes, as reported from a 
study conducted in developing countries [17]. Physicians need to be aware of the 
current guidelines in order to provide proper diabetes care. Many physicians noted 
adequate glycaemic control despite non availability of HbA1c measurements, 
whereas others overestimated the proportions of people at goal [17]. In addition, the 
clinical inertia of delayed intensification of therapy was reported among physi-
cians [17].

The IDF estimates that currently 20% of healthcare professionals do not receive 
any postgraduate training in diabetes [6]. It once again stresses the need of educa-
tion not only towards the people with diabetes and their family members, but also 
towards the healthcare professionals.

It is critical who is delivering the diabetes education for healthcare providers, as 
it is very important that those sources are unbiased and financed with unrestricted 
grants. One of the most important channels of exerting influence on prescribing pat-
terns of physicians is through medical education. Many of those medical education 
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events or resources in developing countries are not evidence based and balanced, 
and are favoring particular treatment sponsored by certain pharmaceutical company. 
This could significantly drive the costs of diabetes treatment higher, as explained in 
the previous chapters.

Furthermore, SDEPs in developing countries are mainly available in diabetes 
care facilities in larger cities, and a lack of resources was recognized as a reason for 
the paucity in diabetes education in developing countries [17]. It was mentioned that 
diabetes prevalence has been higher in rural compared to urban areas in the Republic 
of North Macedonia [18].

One of the possible explanations for this surprising finding could be the limited 
access to adequate SDEP in rural areas due to the lack of Diabetes Centers [18]. 
Diabetes Centers are not only providing care for people diagnosed with diabetes, 
but are also managing people with prediabetes. It was therefore recognized that lack 
of those centers in rural areas could be a reason for the higher diabetes prevalence 
in rural compared to urban population [18].

There have been no studies so far comparing the effect of SDEP on the level of 
diabetes knowledge and metabolic control in insulin-treated people, if SDEP is pro-
vided at the time of diagnosis or later during the course of diabetes [19].

Such study comparing the diabetes knowledge between insulin-treated people 
with diabetes offered SDEP at the time of diagnosis with those offered unstructured 
education, and evaluating the effects of the SDEP on their diabetes knowledge 
immediately after, and 1 year after completion, has been reported from the Republic 
of North Macedonia [19]. In addition, glycaemic control was compared in both 
groups at baseline, and one year after SDEP [19].

Insulin treated people with diabetes demonstrated inadequate diabetes knowl-
edge and there was no difference in the previously acquired knowledge between the 
groups, regardless if people were offered SDEP or unstructured education at the 
time of diagnosis [19], Such findings at baseline demonstrate the need to implement 
the National Diabetes Care guidelines’ recommendations and offer SDEP at least 
annually with test of the acquired diabetes knowledge [15]. Despite SDEP being 
delivered at the time of diagnosis, if it is not repeated at least annually, the benefits 
are lost when compared to unstructured education.

As anticipated, diabetes knowledge was significantly improved in both groups 
after 5 days of SDEP, and both groups passed the predefined threshold of knowledge 
test with no between-group differences in the test results [19].

When the same diabetes knowledge test was taken after 1 year, lower results 
were observed in both groups, if compared to the results obtained after the comple-
tion of SDEP [19]. Nonetheless, these results were significantly higher than those 
obtained before the SDEP, indicating sustainable effect of SDEP after 1 year [19]. 
Both groups demonstrated adequate diabetes knowledge 1 year after SDEP by pass-
ing the predefined threshold [19].

In addition, lower HbA1c values were measured in both groups after 1 year, with 
no between-group difference in HbA1c reduction. The improved glycaemic control 
could be attributed to the increase in diabetes knowledge after 1 year; however, even 
the reduced values of HbA1c were well above the recommended targets [1, 15, 19].
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The inadequate glycaemic control achieved 1 year after SDEP supports the rec-
ommendations from the National Diabetes Care guidelines to repeat the education 
and testing of diabetes knowledge at least annually [15, 19]. Improvement of gly-
caemic control after SDEP and the positive effects of SDEP on diabetes knowledge 
have been reported from similar studies in developed countries [20–24].

It would be of interest to further evaluate the sustainable effects of SDEP on 
diabetes knowledge and metabolic control for a period longer than 1 year, and to 
establish the optimal frequency and content of SDEP for each person.

Structured diabetes education should be appropriate in terms of cultural, linguis-
tic needs or level of literacy. Adequate resources need to be secured for the diabetes 
educators, who should be qualified, competent and adequately trained. As part of 
the patient-centric healthcare system, people should also be encouraged to take an 
active role in the creation and implementation of SDEPs.

Healthcare providers need to be cautious when educating people with diabetes 
how to use and interpret results from the BGMs. It should be considered that many 
people in developing countries are of advanced age, have a lower level of education, 
and are not familiar with English, the standard language of messages and alerts on 
the BGM display. The education on SMBG has to be adjusted to the level of educa-
tion of the people who would use it. Situations are common when people with dia-
betes are looking at the display upside down reading 14  mmol/L (252  mg/dL) 
instead of ‘hi’, a dangerous situation of hyperglycemia that may result in DKA or 
HHS (Fig. 6.2) [25].

Another example of misreading the BGM display by an older person not familiar 
with English is when ‘lo’ (low) was read as 10 mmol/L (180 mg/dL), and hypogly-
cemia requiring treatment was misinterpreted (Fig. 6.2) [25]. People with diabetes 
should be evaluated for obtaining an acceptable level of knowledge and skills before 
using the BGMs on their own.

Fig. 6.2 Pitfalls in reading the display of BGMs [25]. BGMs Blood Glucose Meters
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According to the IDF, one of the challenges developing countries face is address-
ing the lack of time and shortages of personnel to offer diabetes education [16]. Diet 
counseling in people with type 2 diabetes is generally provided by diabetes nurses 
concentrated in urban areas and limited to people on insulin. Dietitians are not 
involved in diabetes treatment in most of the developing countries. Physicians’ edu-
cation in developing countries includes very little practical instruction on the role of 
nutrition in disease prevention or treatment. Furthermore, there is a shortage of 
registered nurses with training in diabetes [16].

Majority of population with diabetes in developing countries is lacking access to 
healthcare providers involved in SDEP. Offering continuous and high-quality SDEP 
has been a challenge even for the developed countries, which only suggests the 
magnitude of the problem for the developing countries.

Novel digital technologies have to be used to enforce SDEP and such initiatives 
might be of particular interest for developing countries. It has been acknowledged 
that mobile technologies, such as mobile banking, are penetrating fast even in the 
less developed countries. As internet and mobile technologies become widely avail-
able, online or m-Health based SDEP modules could be a cost-effective solution.

The essence of SDEP is re-education and re-evaluation. Platforms with records 
of scores the person achieves after SDEP would be valuable information for the 
healthcare provider. Additionally, it would be of great benefit if such scores are 
captured in the individual EHRs, together with the other diabetes related informa-
tion that need to be continuously monitored.

Continuous SDEP results in a sustainable increase of diabetes knowledge 
attained by people with diabetes, and could ultimately lead to improved glycaemic 
control and reduced risk of diabetes complications.

What needs to be done for implementation of structured diabetes 
education programs in developing countries?
Each developing country should…

• …include SDEP as a key activity of diabetes management in the National 
Diabetes Care guidelines,

• …offer SDEP through standardized, culturally adjusted modules, covering 
different aspects of the living with diabetes;

• …offer SDEP to people with diabetes minimum at the four critical times: 
at diagnosis, annually, when complicating factors arise, and when transi-
tions in care occur;

• … ensure test scores after completion of SDEP are recorded in individual 
EHRs as part of the NeHS;

• …allocate resources for SDEP to ensure its sustainability,
• …consider online SDEP and m-Health solutions in a setting of limited 

resources.
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Chapter 7
Benefits of Centralized e-Health System 
in Diabetes Care

We are living in a paperless, digital age, and EHRs are becoming the standard of 
capturing patient related information. Understandably, the penetration of EHR sys-
tems is higher in developed compared to developing countries. Use of EHRs facili-
tates healthcare provider decisions resulting in better clinical care and improved 
patient outcomes.

Importance of introducing EHR in developing countries has been emphasized by 
the WHO almost 15 years ago, when the EHR Manual for developing countries was 
published [1]. Inadequate health information systems have been identified as a 
major challenge in the healthcare systems of many developing countries, and EHRs 
have not been widely implemented in those countries [1, 2].

Some of the reasons identified for inadequate use of EHRs in developing coun-
tries have been the high costs of procurement and maintenance of the EHR systems, 
lack of financial incentives and priorities, and inadequate internet connectivity [3].

It is important for lower resource countries to consider development of their own, 
national EHRs, instead of procuring global, costly EHR solutions. For that purpose 
they could use the expertise of other developing countries that are more advanced in 
the implementation of EHR. Such in-house solutions could be based on the open 
standards and open source software [4].

However, it is not enough just to have an EHR system capturing the medical 
information, including diabetes care parameters. The critical part of implementing 
EHR systems is to make them communicate with each other and provide interoper-
ability, in order to share patient related information across the country. It is impor-
tant that wherever the patient goes within a country, the healthcare providers have 
access to the patient’s medical history.

It is true nowadays that in most developed countries, such as the US, Germany or 
Sweden, patient related information is captured electronically in sophisticated EHR 
systems. However, interoperability of EHR systems is inadequate even in those 
developed countries, as the systems are not exchanging patient information with 
each other. It is great to have EHR systems, but if the records could not be easily 
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accessed by all the providers who need them and the patients themselves, then there 
is a lack of benefit of using such systems.

This is also relevant for the diabetes related information captured in EHRs of the 
most developed countries, if different systems are used in different hospitals. Hence, 
if a person with diabetes goes from one city or region to another within the same 
country, the healthcare providers would know nothing about its diabetes.

One striking example of a disastrous outcome due to non-integration of EHRs, 
even in the most developed healthcare systems such as Germany, was the case of 
Germanwings pilot Andreas Lubitz. He was unable to sleep because of what he 
believed were vision problems, and had consulted numerous doctors fearing he was 
going blind. Andreas Lubitz was taking prescription medicines and suffered from a 
psychosomatic illness, treated for suicidal tendencies, and was declared unfit to 
work by doctors, and absolutely unfit to operate an aircraft.

Andreas Lubitz should have never been allowed to be in control of an airplane. 
Nevertheless, medical secrecy requirements prevented above information to be 
available to Germanwings, and the doctors were not aware of the medical records of 
other doctors due to a missing interoperability of the different EHRs. It all ended up 
in catastrophe when Andreas Lubitz took over the control of Germanwings flight 
number 9525 from Barcelona to Dusseldorf, deliberately causing a crash on 
24-March-2015, and killing all 144 passengers onboard. If the EHR systems of all 
the doctors he visited had been integrated, this tragedy could have probably been 
prevented.

Integration of the EHR systems should not only be between hospitals, but also 
between all relevant stakeholders across all layers of healthcare. All healthcare enti-
ties have to be integrated in a centralized, National e-Health System. Diabetes 
related information has to be a substantial part of the NeHS. In addition to improv-
ing the clinical care and patient outcomes, a centralized, integrated EHR system 
could serve as a database for healthcare authorities to perform numerous analyses at 
a national level, thus enabling the adequate management of medical conditions and 
available resources.

Although there are outstanding national registers in developed countries for cer-
tain conditions; the EHR systems in the majority of those countries are not centrally 
integrated. It is interesting that what is non-existent in the most developed countries 
is available in a developing, low-resource country, such as the Republic of North 
Macedonia. Accordingly, if it could have been implemented in a country like the 
Republic of North Macedonia, it would be possible to implement it in any develop-
ing country with limited resources.

Introduction of NeHS in the Republic of North Macedonia on 01-July-2013 was 
a revolutionary step in monitoring and improving the performance of national 
healthcare system. It was a domestically developed platform, created and tailored 
according to the instructions from the Ministry of Health. The comprehensive, 
national EHR system covered all citizens across the three healthcare levels: primary 
care provided by family physicians, secondary care provided by specialists in 
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general and regional hospitals, and tertiary care provided by university clinics. 
Implementation of the NeHS has been praised internationally as a key platform for 
improving the performance of the national healthcare system [5–7].

It is worth noting that the NeHS was domestically developed and the costs for 
development and maintenance have been a fraction of the costs of similar compre-
hensive, global e-Health solutions on the market. A dedicated Directorate for 
e-Health was formed within the Ministry of Health, responsible for maintaining and 
upgrading the NeHS, and reporting directly to the Minister of Health. The Directorate 
for e-Health has been closely cooperating with the healthcare authorities and the 
Institute of Public Health, as it has become possible to instantly generate and ana-
lyze numerous public healthcare data.

European Healthcare Consumer Index (EHCI) Report for 2014 stated that the 
Republic of North Macedonia has made the most remarkable advance in the EHCI 
scoring of any country in the history of the Index, from 27th to 16th place, largely 
due to eliminating waiting lists by implementing the real time e-Booking system 
(Fig. 7.1) [5–9].

The value of centralized, integrated EHR systems goes beyond the online 
appointments that have largely facilitated healthcare access for patients, including 
those with diabetes. It has been an online, cloud-based platform for EHRs of the 
entire population in the Republic of North Macedonia [5, 6, 8, 9]. Other countries 
have also expressed interest in providing the whole or elements of the NeHS in their 
national healthcare systems.

Since the beginning of 2015, the diabetes care module in the NeHS was upgraded 
with the possibility to record diabetes treatment, metabolic parameters and diabetes 

Fig. 7.1 National e-Health System in the Republic of North Macedonia [5–9]
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complications (Fig. 7.2a, b) [5–9]. In that way, the NeHS has provided endless pos-
sibilities for monitoring prevalence of morbidities and mortalities, prescribed medi-
cations, referrals across the system, metabolic control, and numerous other analyses 
in one of the worst hit populations in Europe [5–9].

Integration of diabetes related data in NeHS was one of the initiatives undertaken 
to manage the burden of diabetes in the Republic of North Macedonia (Fig. 7.3) 
[9–11]. Other initiatives included designating diabetes mellitus as a specific medical 
condition in the Law on Healthcare; adopting international guidelines as National 
Diabetes Care guidelines published in the Official Journal of Republic of North 
Macedonia, where laws are published, further emphasizing the importance of dia-
betes as a nationwide condition (Fig. 7.3) [9–11]. The National Diabetes Register 
was also created within the NeHS containing more detailed information about the 
people with diabetes (Fig. 7.3) [9–11].

Additional initiatives included formation of National Diabetes Committee 
according to the Law on Healthcare (Fig.  7.3) [9–11]. The National Diabetes 
Committee has been responsible for the development of National Diabetes Plan, 
implementation of the National Diabetes Care guidelines and monitoring of adher-
ence to the guidelines.

Fig. 7.2 Integration of diabetes related data in NeHS (a) diabetes treatment (b) metabolic param-
eters and diabetes complications [5–9]

a
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b

Fig. 7.2 (continued)

Fig. 7.3 Initiatives for managing diabetes burden in the Republic of North Macedonia [9–11]
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Introduction of the NeHS in the Republic of North Macedonia has provided the 
first opportunity to evaluate the prevalence of diagnosed diabetes cases, unlike the 
previous estimates based on extrapolations of high quality data from other countries 
in the region [6].

The IDF publications up to 2019 specified that there was no nationally reported 
data on the total prevalence for the Republic of North Macedonia, and the estimates 
were based on extrapolations. However, that has changed with the introduction of 
the NeHS [6, 12, 13]. Publication of the first stratified diabetes prevalence derived 
from the NeHS was considered for the country estimates in the latest edition of IDF 
Diabetes Atlas, confirming the value of the NeHS [6, 13].

The first stratified diabetes prevalence data for Republic of North Macedonia 
derived from the NeHS were key for the initiation of IDF regional project to evalu-
ate the undiagnosed diabetes prevalence in Western Balkans countries (Albania, 
Bosnia and Herzegovina, Montenegro, Macedonia, Serbia), which if added to the 
diagnosed diabetes prevalence could result in a more precise estimate of the total 
diabetes prevalence.

The use of NeHS enables various stratification analyses in population with dia-
betes by age, gender, place of living, or comorbidities. Those analyses could help 
monitor diabetes prevalence, and evaluate the effectiveness of already introduced 
measures to curb the prevalence.

The NeHS has been an essential tool for the National Diabetes Committee. It has 
served as a platform for rationalization of diabetes treatment by monitoring pre-
scribers’ adherence to the guidelines, thus being critical in managing the exponen-
tially rising diabetes costs. Thanks to the NeHS, prescribers who were violating the 
guidelines were identified which played a crucial role in the rationalization of insu-
lin treatment costs by almost 50% in 4 years, despite the cumulative annual growth 
of insulin volume by 5%, seven-fold increase in the free test strips, and introduction 
of novel diabetes treatment classes.

The NeHS has also served as a human resources management tool. Its use identi-
fied if additional human resources were needed in diabetes care, resulting in 
increased number of residencies and fellowships in Endocrinology and Diabetes.

Its value as a human resources tool has been critical as many physicians from the 
country have left their jobs in the Republic of North Macedonia, and moved to bet-
ter paid jobs in developed European countries, leaving a gap in the national system. 
The migration of physicians is a huge problem for the other developing countries, 
as well. The problem is more complex as the ones who migrate are predominantly 
younger specialists and fellows, leaving the domestic system with the ageing physi-
cians’ population.

By analyzing the workload of the remaining providers from the NeHS, such as 
the number of patients, visits, referrals, complexity of patients and other engage-
ments of the providers, it was possible to reallocate the remaining resources or 
redistribute the workload to provide an adequate diabetes care.

Analysis of geographical distribution of diabetes population from the NeHS 
resulted in decisions to open additional Diabetes Centers and insulin pharmacies at 
locations where those were missing. As a result, in less than 2 years, 3 more Diabetes 
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Centers and insulin pharmacies were opened in the country, adding to the total num-
ber of 41 Diabetes Centers nationwide.

Furthermore, NeHS has become an essential platform for Predictive, Preventive 
and Personalized Medicine (PPPM) in people with diabetes. The concept of PPPM 
has emerged as the focal point of efforts in healthcare aimed at controlling the prev-
alence and management of NCDs, including diabetes [14–17].

The NeHS has been used as a platform for Predictive Diabetes Care, as it has 
enabled monitoring of metabolic control parameters and the associated predicted 
risk for diabetes complications. The NeHS could be used for monitoring of pre-
dicted diabetes risk and identifying high risk individuals for developing diabetes.

The NeHS has been a platform for Preventive Diabetes Care, as it has enabled 
monitoring of diabetes complications, and provides directions for preventive activi-
ties to avoid or delay diabetes complications. It also provides monitoring of modifi-
able risk factors for prevention of diabetes.

Finally, the NeHS has served as a platform for Personalized Diabetes Care, pro-
viding diabetes care based on individual glycaemic control and comorbidities. The 
NeHS data are available to care-givers across all healthcare levels and there is a 
potential of adding new scientifically sound and approved biomarkers to further 
personalize diabetes care in the future.

Taking into consideration that diabetes has been a huge healthcare and socio- 
economic burden for the country, the analysis of data on metabolic control in people 
with diabetes has been of utmost importance. A study was performed to analyze the 
metabolic control in insulin treated people with diabetes from the Republic of North 
Macedonia [18].

National e-Health System was searched for all insulin-treated people with data in 
their EHRs on any of the metabolic parameters. Analysis of the NeHS found that the 
insulin-treated people with diabetes in the Republic of North Macedonia had mean 
HbA1c of 7.8 ± 1.8%. It was found that 37.8% of the people with diabetes achieved 
target HbA1c ≤ 7%; whereas 25.9% had HbA1c >7% and ≤8%; and 36.3% had 
HbA1c >8% (Fig. 7.4) [18].

First metabolic control results in insulin-treated people with diabetes derived 
from the NeHS have reported that there is a need for improvement of glycaemic 
control, as 36.3% of subjects had poor glycaemic control (HbA1c  >  8%) 
(Fig. 7.4) [18].

In addition, the need for improvement of weight management was identified, as 
mean BMI was 30.4 ± 5.2 kg/m2 [18]. The need for improvement of lipid manage-
ment was also reported as more than half of the subjects had total cholesterol and 
LDL above the recommended targets [18, 19]. Analysis discovered that only 16.8% 
of subjects had any metabolic data in their EHRs, so change from optional to man-
datory recording of metabolic parameters was suggested as necessary to improve 
the individual and national metabolic control [18, 19].

If we compare the results of glycaemic control in the Republic of North Macedonia, 
where 37.8% of the people with diabetes were on target, with the glycaemic control 
from developed European countries, we could find it comparable to Italy (36% of 
cases on target), and the UK (39% of cases on target), whereas other developed 
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countries had better glycaemic control, including the Netherlands (71%), France 
(65%), Belgium (60%), Sweden (57%), Ireland (53%), and Germany (49%) [18, 20].

It is interesting that the study in the developed European countries was also con-
ducted by using EHRs and it covered a total of 7,597 subjects from 8 developed 
European countries, compared to the study from NeHS in the small country of 
Republic of North Macedonia which analyzed 6,204 individuals, only confirming 
the power of centralized, integrated e-Health systems [18, 20].

Another interesting observation is that despite the reduction of penetration of 
insulin analogues, the achieved glycaemic control was comparable with some of the 
developed European countries, and improved compared to previous reports of gly-
caemic control in the country [21, 22].

The NeHS could also provide information on the percentage of people with dia-
betes achieving metabolic targets at the level of region, city, healthcare institution, 
or individual physician. In that way, it is possible to create benchmarks and identify 
the best and worst performers. Improvements in achieving targets at the physicians’ 
level contribute to the better national metabolic control. Those metrics could be 
defined for various processes, including achieving metabolic control, screening for 
complications, or cost-effective use of diabetes treatments. Institutions and physi-
cians have to be incentivized to achieve better performance.

The NeHS was also used to evaluate the use of metformin in people with type 2 
diabetes in the country. Surprisingly, it was found that metformin was not adequately 
titrated and the majority of people with diabetes were receiving suboptimal metfor-
min doses. Similarly, it was identified that many patients were not receiving statin 
treatment for CVD prevention, although they were eligible for such treatment 
according to the National Diabetes Care guidelines.

It was already mentioned that Republic of North Macedonia is estimated to have 
one of the highest diabetes age-adjusted comparative prevalence in Europe, and is 
categorized as a very high risk country for CVD mortality, defined as CVD mortal-
ity >450/100,000 for men, and >350/100,000 for women [5, 6, 23].

≤ 7% 7.1-8% > 8%

37.8%

25.9%

36.3%

� Mean HbA1c -7.8 
1.8% 

(n=6,204)

� 37.8% of patients 
on target (≤7%)

% 
Patients

HbA1c

Fig. 7.4 Glycaemic control in insulin-treated people with diabetes derived from the NeHS [18]
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By using the NeHS, for the first time it was possible to report the national preva-
lence of heart failure in people with type 2 diabetes in the Republic of North 
Macedonia, and their access to reimbursed treatment with SGLT2i or GLP-1RA 
after the initial treatment with metformin [24].

The national prevalence of heart failure in people with type 2 diabetes was found 
to be 12.0% [24]. Majority of the people with type 2 diabetes and heart failure were 
at the age of 60 years or above (92.5%) [24]. Only 0.5% of all people with type 2 
diabetes and heart failure had access to fully reimbursed treatment with GLP-1RA 
or SGLT2i [24].

The first results of national prevalence of heart failure in people with type 2 dia-
betes derived from the NeHS suggested that despite the recent increase in the num-
ber of individuals with fully reimbursed treatment of SGLT2i or GLP-1RA, their 
access to those medications has still been very limited [24].

The access to NeHS is currently authorized only for various groups of healthcare 
providers with different rights. For example, physicians have full access, while 
nurses have limited access to the patient data. Citizens of the Republic of North 
Macedonia currently do not have access to their own EHRs, although such access 
has been enabled in certain developed countries. The next step should be to enable 
all citizens to have direct access to their own EHR data.

As we are moving from desktop to handheld devices, the next step in the improve-
ment of NeHS would be to provide user friendly m-Health solution, or mobile app 
based platform. Such m-Health solutions are expected to have all the above men-
tioned functionalities, completely replacing the need of any paper documents in the 
healthcare processes.

It is interesting that developing countries might have an advantage in implemen-
tation of national, integrated EHR systems. Although it sounds paradoxical, many 
developed countries have EHR systems of different age and technology that are 
difficult to integrate on a national level. On the other hand, many developing coun-
tries are mainly EHR-naive, thus making the introduction of national, centralized, 
integrated systems much easier to implement. One such example has been the 
Republic of North Macedonia. But the explosion of mobile banking even in the less 
developed countries, reminds us that many other countries could easily benefit from 
the EHR systems as part of the m-Health solutions.

It would be beneficial if EHRs contain information on BMI, smoking status, and 
test score after SDEP; but also on physical activity, calories intake, and any novel 
biomarkers that might occur in the future. Individual EHRs could also include infor-
mation from the glucose monitoring devices, such as BGMs and CGMs.

The NeHS could be used for monitoring the progression of subjects from predia-
betes to type 2 diabetes. It could identify the people with prediabetes to focus pre-
ventive activities in this population. The NeHS could be used for monitoring of 
diabetes risk in people not diagnosed with diabetes.

The use of EHRs from NeHS has been crucial in performing telemedicine visits 
of people with diabetes in a time of a global infectious pandemic, such as the recent 
one with COVID-19. People with diabetes, as a high risk population for increased 
morbidity and mortality, have been strongly advised not to leave their homes. The 
role of telemedicine and NeHS in diabetes care will only increase in the future.
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The NeHS has been valuable in times of natural disasters such as the floods in 
rural areas close to Skopje in 2016 when the people were stranded in their homes. 
The NeHS helped identify the people with diabetes in the affected area to facilitate 
the delivery of their medication.

It has to be considered that centralized, integrated e-Health systems would also 
be a target for breaching cyber security, exposing vital personal data from the medi-
cal histories. Efforts have to be made to protect the NeHS from data breaches 
through cyber-attacks.

The NeHS remains a key platform supporting the National Diabetes Committee 
activities in its main mission of improving glycaemic control in people with diabe-
tes by adhering to National Diabetes Care guidelines, while preserving the sustain-
ability of the health care system.

Finally, it needs to be mentioned that implementation of centralized, integrated 
NeHS in a developing country is not a smooth exercise. It has been met with strong 
resistance in the Republic of North Macedonia, since, suddenly, all the activities, 
workload and achievements of every physician, became very transparent.

However, the strong gains from the implementation of the NeHS justify the 
efforts to overcome all barriers that might appear on the way. In order to be success-
fully implemented, the NeHS requires strong political leadership and support from 
the medical community.
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Chapter 8
Promise of Nutrition

In the past three decades overweight and obesity replaced undernutrition as a major 
public healthcare challenge for the developing countries. Major changes in dietary 
patterns of developed countries were replicated later in the developing countries, 
including increased use of processed carbohydrates, especially in the form of bever-
ages, inexpensive vegetable oils and animal-based diet. Urbanization and advances 
of technology in lower resource countries resulted in reduction of physical activity 
and have significantly contributed towards epidemiological transition and increased 
prevalence of diabetes.

Despite the emerging problem of overweight and obesity, parts of the population 
in some developing countries are still struggling with undernutrition, so the term 
‘twin malnutrition’ reflects the both extremes of malnutrition: obesity and undernu-
trition [1]. More than a third of developing countries had overlapping forms of mal-
nutrition, particularly in Sub-Saharan Africa, South Asia, and East Asia and the 
Pacific [1].

Consumption of carbohydrate containing sweeteners has considerably increased 
worldwide, and most of the food and beverages contain added sweeteners [2–4]. 
Majority of additional calories originating from added sweeteners are consumed 
through beverages. The excessive use of high-calorie drinks, stimulated by aggres-
sive marketing from global companies especially towards youth, resulted in increas-
ing rates of overweight and obesity as the critical drivers for diabetes. Additionally, 
the hectic lifestyle, insufficient time for cooking at home replaced by overconsump-
tion of fast foods, added up to the increased calories intake and the diabetes tsu-
nami [2].

Vegetable oils have become affordable for the majority of the population from 
developing countries, increasing their calories intake in a setting of low income. In 
the period between 1985 and 2010, individual intake of vegetable oils increased 
between three- to six fold in developing countries [2].

In addition, there has been considerable increase in the intake of animal-source 
foods in developing countries [5–7]. Excessive consumption of animal-source foods 
may be linked to the increase in the saturated fat intake and spiraling rates of 
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obesity, diabetes, CVD and related mortality [8, 9]. Three year average supply of 
protein of animal origin in the Republic of North Macedonia increased from 26 
grams per person per day in the period 1999–2001 to 32 grams per person per day 
in the period 2011–2013 (Fig. 8.1) [10].

Most of the affordable, processed foods contain trans-fats, another nutrient 
known to be associated with increased risk of cardiovascular events. High calorie 
fast foods are rich in trans-fats which additionally increases the risk of premature 
development of CVDs [11].

These unfavorable dietary trends in developing countries towards increased con-
sumption of carbohydrates, vegetable oils and animal-sourced foods were paral-
leled with decreased consumption of legumes, vegetables and whole grains [2].

All these dietary patterns in developing countries only replicated what has 
already happened in large parts of population from developed countries. Traditionally, 
it has been reported that obesity and diabetes rates were higher in rural areas of 
developed countries, unlike the developing countries where those rates were gener-
ally higher in urban populations. However, recent trends suggest an increase in obe-
sity and diabetes rates in rural populations of developing countries, similar to the 
patterns in developed countries [12]. The same has been found in the first stratified 
diabetes prevalence data derived from the NeHS in the Republic of North Macedonia, 
where the prevalence of diabetes was higher in rural compared to urban popula-
tions [13].

It has been reported that the burden of obesity and diabetes is greater in develop-
ing parts of the world, such as Asia, Latin America, Middle East, and Africa, which 
may be due to the differences in fat accumulation, and the cardiometabolic effects 
of BMI at levels below the threshold of 25 kg/m2 [14].

Change of the nutritional pattern in the Republic of North Macedonia could be a 
striking example of its impact on the exponential rise of the national diabetes 
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prevalence. Three year average dietary energy supply adequacy increased from 
108% in the period 2001–2003 to 120% in the period 2016–2018 (Fig. 8.2) [10].

The increase of the calories intake in the Republic of North Macedonia reflects 
the similar trend in any developing country. Free movement of food supplies and 
affordable, processed foods rich in carbohydrates resulted in increase of obesity, 
insulin resistance, prediabetes and diabetes.

Not only the increased calories intake per person per day, but also the structure 
of the calories intake has been a strong driver for diabetes prevalence in the Republic 
of North Macedonia. It was mentioned that dietary habits in the Republic of North 
Macedonia have been very close to the population of Turkey, a country with the 
highest diabetes prevalence in Europe [13, 15].

Consumption of refined sugar in the Republic of North Macedonia increased 
considerably between 1991 and 1999 [15]. However, the consumption of sugar has 
remained high but steady since 1999 and could not account for all of the increased 
calories in diets [15]. Consumption of beef and veal have increased from 15 to 19 
metric tons carcass weight equivalent, though not to the extent of swine and poultry 
consumption, both of which have more than doubled over this relatively short period 
[15]. These represent significant increases in the intake of saturated fat and choles-
terol. Intake of sunflower seed oil, another high-fat, high-calorie food, has also more 
than doubled [15].

Nutrition recommendations for people with diabetes encourage reduced total 
calories and control of the quantity of carbohydrates as most important dietary 
interventions, together with the reduced intake of saturated fat [16, 17]. People have 
to be educated to recognize the carbohydrate content in different foods. Fortunately, 
nowadays, there are numerous online resources and mobile apps for identifying the 
nutritional content of the foods.
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American Diabetes Association refers to the dietary patterns as medical nutrition 
therapy, emphasizing its therapeutic importance in diabetes and prediabetes care 
[16]. It is recommended that such dietary patterns are structured and communicated 
by certified providers. It is quite often nowadays to find many ‘nutrition experts’, 
especially active through social media, whose instructions are not always in line 
with the current evidence, and could result in dangerous acute diabetes 
complications.

Cases with uncertified ‘nutritionists’ are far more common in developing com-
pared to developed countries. There has to be a national system with information of 
all certified providers on nutrition, in order to prevent dissemination of wrongful 
dietary information with tragic consequences for the people with diabetes.

Tailored and evidence based modules on nutrition are mandatory part of the 
SDEP, and have to be provided for all people with diabetes and prediabetes. Most of 
the developing countries are lacking sufficient resources for structured education on 
nutrition. Solution for this challenge may be the more prudent use of technologies, 
such as m-Health and online platforms, where accredited nutrition programs could 
be delivered with active participation of the recipient, and assessment of the knowl-
edge attained after the program completion.

It has been demonstrated that education on nutrition has improved clinical out-
comes, including improvement of glycaemic control, lipid profile and reduction of 
weight. In essence, it is a very powerful tool on par with the pharmacological inter-
vention, and its value needs to be recognized by the healthcare systems of the devel-
oping countries.

Nutrition treatment and reduction of calories intake has to be a mandatory part of 
the diabetes care for overweight and obese people with a recommended gradual 
weight loss. Traditionally, there have been recommendations on calories distribu-
tion among macronutrients. Recent guidelines, however, do not support precise rec-
ommendation on distribution, emphasizing the individual approach and the 
requirement not to exceed the recommended calories intake per day.

It is not a single diet that is recommended, but a variety of eating patterns are 
acceptable for the management of type 2 diabetes and prediabetes, as well as for 
type 1 diabetes. Reduction of carbohydrates intake is generally recommended. 
Carbohydrates should preferably originate from minimally processed, high in fiber, 
nutrient-dense sources. Preferred sources of carbohydrates include non-starchy veg-
etables, whole grain, moderate consumption of fruits and dairy products [16].

Carbohydrate counting has been a critical skill for people with diabetes on insu-
lin treatment, and is beneficial even for those on non-insulin treatments, or for peo-
ple with prediabetes. Education is mandatory on the use of carbohydrate exchanges, 
reading food labels, and tailoring food choices. In addition, content of other macro-
nutrients, such as fats and proteins, are important for people on insulin treatment in 
determining their mealtime insulin doses [16].

There are numerous mobile apps and online support that could facilitate the pro-
cess of recognizing the amount of carbohydrates in various types of food. Those 
apps provide recording and tracking of calories intake, reports on distribution 
among macronutrients and servings, and could be of utmost importance for the user, 
but also for the healthcare provider.
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There should be an absolute ban on the use of sugar-sweetened beverages in 
people with diabetes, and those should be substituted with water [16]. People with 
diabetes are recommended to consume coffee and tea without any added sugars 
[16]. If there is an urge for sugar intake, which is not caused by hypoglycemia, then 
it should be treated with low or no carbohydrate containing vegetables [16]. The UK 
has already introduced the so-called ‘sugary drink tax’ or ‘soda tax’ on sweetened 
beverages, which are considered to be one of the biggest drivers of obesity, espe-
cially in youth.

Some of the preferred diets for people with diabetes include Mediterranean and 
whole grain plant based diet. Mediterranean diet is rich in monounsaturated and 
polyunsaturated fats, and may be considered for improvement of glucose metabo-
lism and lowering CVD risk [16]. Foods rich in long-chain, polyunsaturated fatty 
acids, such as n-3 fatty acids, found in fatty fish, nuts and seeds, are recommended 
for prevention of CVDs [16].

There is no clear evidence that dietary supplements with n-3, vitamins, minerals, 
vitamin D, herbs, or spices, such as cinnamon, can improve the glycaemic control 
in people with diabetes, and are, therefore, not recommended [16].

Under circumstances where drinking alcohol is socially acceptable, adults with 
diabetes are allowed to drink alcohol in moderation—no more than one drink per 
day for adult women, and no more than two drinks per day for adult men [16]. 
People who are drinking alcohol have to be educated on the signs, symptoms, and 
management of hypoglycemia, especially when using insulin or insulin secreta-
gogues. It is critical to monitor glucose after drinking alcoholic beverages to reduce 
hypoglycemia risk [16].

People with diabetes and prediabetes should not exceed the sodium consumption 
of 2,300 mg/day, as for the general population [16]. Unfortunately, the sodium con-
sumption in many developing countries is much higher, contributing to the increased 
prevalence of hypertension and CVDs [18]. Member states of WHO have agreed to 
reduce the intake of salt by 30% by 2025 [19, 20].

Another proposed strategy in terms of healthier nutrition has been the reduction 
of animal sourced products. A growing body of evidence suggests that use of a 
plant-based dietary pattern, with emphasis on whole grains, vegetables, legumes, 
fruits, and nuts, may offer significant advantages [15]. It has been reported that BMI 
and diabetes prevalence increase as the amount of animal products in the diet 
increases [15].

It has also been suggested that avoidance of any types of meat promoted longev-
ity—vegetarian men who consume vegetables, legumes, grains, fruits, nuts, seeds, 
dairy products, and eggs, but no meat, lived 9.5 years longer, and vegetarian women 
lived 6.1 years longer than their meat-eating counterparts [15, 21].

In people diagnosed with type 2 diabetes, a vegan diet has been found to improve 
weight and plasma glucose values [15, 22]. Vegan and vegetarian diets have been 
reported to reduce cardiovascular risk factors, particularly blood pressure and cho-
lesterol [15, 23, 24]. Furthermore, a plant-based dietary pattern with a very low 
(<10%) fat content was suggested to have potential of beneficially affecting the 
course of the coronary artery disease, the leading cause of death in people with 
diabetes [15, 25, 26].
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After an analysis of almost 20 years of data that demonstrated effectiveness on 
the progression of coronary heart disease, reducing the need for coronary bypass 
surgery and percutaneous coronary interventions, the US Congress approved inten-
sive dietary- and lifestyle-focused cardiac rehabilitation programs for Medicare 
recipients [15].

Many cardiovascular benefits of the plant-based diet have led the physicians to 
promote its adoption in people who have high cholesterol, diabetes, hypertension, 
or coronary artery disease [15]. It has recently been reported that men who con-
sumed more plant-based foods over a 10-year period had a 25% reduced risk of 
heart disease, compared with those eating more animal-based foods, while for 
women the decrease was 11% [27]. However, the study found that people eating 
more unhealthful plant-based foods did not have a significantly lower risk of heart 
disease compared with people eating more animal-based foods [27].

A plant-based dietary pattern has been found to be acceptable for consuming by 
people with diabetes similarly to “conventional” diets [15, 28, 29]. Lower rates of a 
range of common cancers and improved cancer survival have also been reported 
among people on a plant-based diet [15, 30].

Perhaps of great interest for the developing countries is the evidence of the effec-
tiveness of a plant-based dietary pattern to reduce the need for medication in people 
with type 2 diabetes. It has been demonstrated in a US study comparing a conven-
tional diabetes diet with a low-fat, low glycaemic index, vegan dietary pattern, dur-
ing the initial 22 weeks that 43% of participants reduced their diabetes medications, 
whereas 8% increased their medications [15, 22]. At 74 weeks, doses of medica-
tions for glycaemic control were reduced in 35% of participants, increased in 14%, 
and unchanged or mixed (changes in opposite directions in 2 medications) in the 
remainder [15, 22].

It has to be evaluated in developing countries if plant-based dietary intervention 
and moderate exercise could reduce the doses of diabetes medication for people 
with type 2 diabetes, including the insulin doses [15]. This intervention diet would 
focus on culturally familiar dishes made from legumes, vegetables, whole grains, 
fruits, nuts, and seeds, with generally recognized exercise requirements [15].

Such study could also include assessments of the intervention’s acceptability and 
sustainability and would develop specific guidelines for reduction of insulin doses 
[15]. If shown to be effective in improving measures of health and reducing insulin 
requirements, this lifestyle intervention strategy could be adopted as a model for a 
diabetes intervention [15].

Average daily calories and carbohydrate exchanges, together with physical activ-
ity, should be recorded in the EHRs of the person with diabetes in order to track the 
BMI development as one of the critical parameters for adequate metabolic control. 
Such monitoring of BMI at individual level would allow monitoring of the preva-
lence of overweight and obesity at national level. It would be important to monitor 
BMI in people with diabetes, but also in people with prediabetes or even people 
with normoglycemia.

It should be mentioned that healthier food of domestically grown fruits and veg-
etables in developing countries could be less expensive than the processed, fast 
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food. Recently a concept called ‘Zero km food (0 km food)’ was introduced [31]. 
This concept stands for food that is produced, sold and eaten locally, or the food that 
has travelled zero kilometers. It refers to non-industrial fruits, vegetables, honey, 
grains that are not transported through global trade chains; therefore, have no sig-
nificant price margins and quality loss during long storage [31].

Another step in improving dietary patterns would be the broad use of food labels. 
Food labels could certainly help consumers make healthy choices. Labels with 
nutrition facts can help consumers compare similar foods and select those that are 
lower in salt, saturated and trans-fats, and added sugars. Food labels should be used 
by certified nutritionists to help consumers determine how many calories they 
should be consuming. Mobile apps are available that could provide all the required 
nutritional information by scanning the barcode of the packed foods.

Promotion of Mediterranean or whole grain plant based diet would actually 
mean going back to the roots of nutrition for the population in developing countries. 
Those are actually the foods their predecessors have been familiar with for ages.

In order to convey healthy dietary patterns to the population, the first activity 
should be to educate the educators. Similar to smoking, it would be difficult for a 
physician, nurse or diabetes educator who is smoking to request from individuals 
not to smoke. It is the same with the overweight or obese healthcare providers and 
for such purpose they need to be adequately educated and trained to modify their 
lifestyle, if needed.

Given the magnitude of the problem, there should be a mandatory curriculum in 
medical and related studies on nutrition with ability to gain practical skills in obtain-
ing and preparing healthy food. The students and future providers have to know 
what is a healthy nutrition standard. In case of prediabetes and diabetes, nutrition 
would be equally important as pharmacological intervention. Medical schools 
around the globe should incorporate curriculums on nutrition in both undergraduate 
and postgraduate studies.

The potential exists for a much stronger role of nutrition in prevention and treat-
ment of diabetes. Increasing the number of registered nurses with training in diabe-
tes would benefit the general population and could reduce over-reliance on 
medication. Furthermore, certified and nationally accredited nutritionists have to be 
more actively involved in the management of diabetes.

Having in mind that it is very difficult to change the lifestyle of adults, education 
on nutrition has to begin as early as possible. Youth has to be taught about the high 
quality nutrition across all levels of education, and the process should be initiated as 
early as in the kindergartens. The education on nutrition should be paralleled with 
education on the importance of physical activity, and ample physical activities have 
to be a mandatory part of the formal education across all levels.

Developing countries have to produce guidelines on nutrition that would be 
broadly communicated to the general population. All the communication channels 
have to be deployed: mass media, online platforms, schools, universities, work-
places. Such activity has been implemented in the Republic of North Macedonia; 
where a Guideline on Nutrition has been published in 2014, followed by a commu-
nication campaign through various channels (Fig. 8.3) [32].
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Education and provision of healthy nutrients could be achieved in a setting with 
limited resources resulting in beneficial effects on the prevalence of obesity, diabe-
tes and diabetes complications.

What needs to be done to maximize the promise of nutrition?
Each developing country should:

• …create and publish a Guideline on Nutrition to increase public awareness 
about healthy diet,

• …analyze the consumption of refined carbohydrates, oils and animal 
source food, and consider introducing ‘sugary drink tax’,

• … monitor individual BMI and national prevalence of overweight and 
obesity,

• …recognize proper nutrition as a critical component of diabetes manage-
ment and for prevention of diabetes;

• …encourage reduction of carbohydrates intake, preferably from minimally 
processed, high in fiber, nutrient-dense sources,

• …consider ban on the use of trans-fats.

Fig. 8.3 Guideline on Nutrition from the Republic of North Macedonia [32]
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Chapter 9
Focus on Diabetes Prevention

Developing countries are at much higher risk of going bankrupt if diabetes or dia-
betes complications are not prevented. Previous chapters were discussing the vari-
ous aspects and possibilities to prevent diabetes and its complications. Those 
activities should be based on knowing the magnitude of the problem by determining 
the prevalence of diagnosed and undiagnosed diabetes cases. Although the global 
estimates reported for a particular country are based on sound methods, sometimes 
the results from a local study could give surprising results, as each country has its 
own specifics.

Mapping of available health care resources dedicated to diabetes care is critical 
to realize if they are sufficient across healthcare levels and geographical coverage, 
or to compensate for age transition and migration to developed countries for better 
paid jobs. National Program of Residencies and Fellowships has to be in place, at 
least for a 4  years period, as it is not possible to produce Endocrinologists and 
Diabetologists in a short period of time (Fig. 9.1) [1]. Age of physicians involved in 
diabetes care needs to be monitored closely for smooth transition of retired staff.

The number of residencies and fellowships for Endocrinologists and 
Diabetologists in the Republic of North Macedonia was increased by 20% in the 
period 2015–2016. Plans should also be available for other healthcare providers 
involved in diabetes care. National plans covering healthcare resources have to be 
updated at least on an annual basis.

In the most affected developing countries diabetes has to be brought up very high 
on the political agenda, otherwise it would not be possible to provide the required 
resources to implement the nationwide policies. Political support is necessary for 
implementation of activities to prevent diabetes and its complications. Medical 
community and scientific associations could initiate dialogue with political leaders 
and offer solutions; however, there has to be a strong political will for the country-
wide measures to be implemented.

The example of Republic of North Macedonia confirms the importance of polit-
ical support in designating diabetes as a specific medical condition in the laws [2]. 
If the regulatory infrastructure is in place, in addition to the National Diabetes 
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Plan, National Diabetes Care guidelines and the NeHS, there has to be a national 
body accountable for the implementation of activities and monitoring of adherence 
(Fig. 7.3) [3–7].

That body, National Diabetes Committee, has to be stipulated in the laws to have 
executive power and accountability [2]. It should be responsible for overseeing the 
situation with diabetes care in the country, and for planning of future activities. 
Those activities might include more Endocrinologists, more Diabetes Centers, more 
insulin pharmacies, evaluation of cost-effectiveness of current and introduction of 
novel diabetes treatments or glucose monitoring technologies. The National 
Diabetes Committee has to be composed of high-level experts with integrity and no 
conflicts of interest.

All the activities, plans, timelines related to diabetes care in the country have to 
be consolidated in a National Diabetes Plan, a strategic document endorsed by the 
highest political levels. Such document could be developed by the National Diabetes 

Fig. 9.1 National Program of Residencies and Fellowships published in the Official Journal of the 
Republic of North Macedonia [1]
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Committee, but has to be backed by the Ministry of Health and the Government. It 
should be a live document that is continuously updated.

The most important tool for the National Diabetes Committee would be the 
NeHS with its numerous possibilities of generating analysis and reports (Figs. 7.1 
and 7.2) [4, 5, 7]. There are many disadvantages for small developing countries 
affected by the diabetes pandemic. One of the advantages is that all the aforemen-
tioned steps could be implemented in a relatively short period of time, if there is a 
strong political will and support by the medical community. The Republic of North 
Macedonia is an example that all the steps could be achieved in a setting with lim-
ited resources.

When such systemic approach is undertaken, main diabetes drivers in the coun-
try need to be identified, such as overweight, obesity, prediabetes, smoking and 
GDM.  Activities to curb the drivers have to be described in the National 
Diabetes Plan.

Diabetes is a very costly disease exerting huge pressure on the healthcare bud-
gets of both developed and developing countries. Unfortunately, many countries 
spend most of their healthcare resources on treating complications, and not on pre-
vention. It is critical to shift the paradigm towards diabetes prevention. Such change 
has to come initially from the medical community, and to be conveyed to the policy 
makers afterwards. Otherwise, it would be difficult to implement nationwide mea-
sures, especially in a relatively healthy population not diagnosed with any NCD at 
the time being.

Both developed and developing countries have to be focused on the prevention of 
diabetes and diabetes complications in order to prevent bankruptcy of their health-
care systems. Even in the developed countries, it is estimated that more than one 
third of people with diabetes are not receiving the recommended care that helps 
prevent complications. This share is much higher in developing countries. 
Unfortunately, the latest COVID-19 global pandemic would urge even the most 
developed countries to look for creative solutions for managing the rising diabe-
tes costs.

If main modifiable diabetes drivers are identified, efforts should be directed 
towards prevention and management of these conditions. Understandably, in order 
to manage it you have to measure it first. Therefore, the prevalence of diabetes driv-
ers has to be estimated. If the parameters such as BMI, smoking status, or prediabe-
tes are recorded in the EHRs, it would be relatively easy to estimate the prevalence 
from the NeHS and to target the affected population.

Another step would be to set nation-specific targets for curbing the prevalence of 
drivers in the SMART manner; i.e. the targets have to be Specific, Measurable, 
Achievable, Realistic and Time-bound. One example could be the reduction of obe-
sity by 5% on an annual basis, which should be monitored by the National Diabetes 
Committee from the NeHS. All these activities and targets have to be specified in 
the National Diabetes Plan.

In creating national targets for prevention of diabetes and related complications, 
the WHO Global NCD Targets could be used as a reference, and adjusted according 
to the local circumstances [8]. Those targets include relative reduction of premature 
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death from NCDs by 25% by2025, at least 10% relative reduction in the harmful use 
of alcohol, at least 10% relative reduction in prevalence of insufficient physical 
activity, 30% relative reduction in sodium intake, 30% relative reduction in preva-
lence of current tobacco use, 25% relative reduction in the prevalence of hyperten-
sion, halting the rise of diabetes and obesity, at least 50% of eligible people to 
receive drug therapy and counseling (including glycaemic control) to prevent heart 
attacks and strokes, and an 80% availability of the affordable basic technologies and 
essential medicines, including generics, required to treat NCDs [8].

Education on healthy nutrition for the general population has to start as early as 
possible, even in the kindergarten. And such dietary patterns, accompanied by 
obtaining skills in preparing healthy food, have to be taught throughout all levels of 
education. Avoiding carbohydrate rich beverages, processed carbohydrates, or add-
ing carbohydrates rich sweeteners, should be a community standard in order to pre-
vent the rising obesity prevalence in children and adolescents.

It has been reported that carbohydrate rich beverages are the main source of car-
bohydrate ingestion leading to obesity and diabetes, especially in youth. Some 
developed countries, such as the UK, have introduced the so-called ‘sugary drink 
tax’ or ‘soda tax’, as a tax on sweetened beverages aiming to reduce the consump-
tion of drinks with added sugar. Such initiative or a similar one taxing the ‘junk 
food’ could certainly be replicated in developing countries.

Another area that could significantly contribute to the reduction of atherosclero-
sis and CVDs is the ban on trans-fats. The ban has already been imposed in certain 
developed countries, including Denmark, Switzerland, Canada, the UK and the 
US.  Although global food companies have reduced the amount of trans-fats in 
developed countries, they have not been banned in most of the developing countries.

The WHO announced an ambitious plan to eliminate the use of trans-fats world-
wide, including the industrially produced edible oil for making margarine that have 
been linked to millions of premature cardiovascular deaths [9]. Although artificial 
trans-fats, or partially hydrogenated vegetable oil, have contributed to a half million 
deaths annually, many of developing countries are not prepared to address this 
health challenge [9].

It was mentioned that each developing country should have its own Guidelines 
on Nutrition (Fig. 8.3) [10]. Those should be communicated broadly to the general 
population through all available channels. The Guidelines have to be jointly devel-
oped by various Ministries, including those responsible for Health, Education, and 
Economy. They have to be implemented for the preparation of meals for children in 
kindergarten and throughout all levels of education. Such Guidelines could include 
banning machines for beverages or candies inside or close to the schools and univer-
sities. As already emphasized, if the habits for a healthy diet are not gained at an 
earliest age, it is extremely difficult to modify them later throughout life.

People preparing the food in kindergarten and schools have to be educated on the 
requirements of the National Guidelines on Nutrition, and have to adhere to those 
requirements. They should be encouraged to use a lot of vegetables and fruits, and 
in some cases to select certain spices that would make the food appealing to the 
children.
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In many cases teachers have to be involved in the train-the-trainer education. If 
the teachers are overweight or obese, and they are the role models for the pupils, it 
would be very difficult to teach the children on a healthy nutrition.

In other instances, the parents of affected children have to be involved, as chil-
dren are usually a reflection of the parents’ habits or lifestyle. It would be more 
productive if education on nutrition is jointly attended by both parents and children. 
Resources to guide them for preparation of healthy food could be in various forms, 
including mobile apps, online platforms, or brochures.

Homework for children could include preparing a healthy dish with their parents, 
or completion of certain physical activity, in addition to doing math and science. 
Despite aggressive marketing campaigns of global food chains, children should be 
discouraged to consume unhealthy snacks, neither sweet nor salty, and should be 
taught to use vegetables or fruits as a snack instead.

The menus in all restaurants have to provide nutritional and calories value of the 
choices offered, so the customers would be familiar with the information before 
ordering the type and quantity of the food.

Monitoring of overweight and obesity in children is of particular importance due 
to the rising prevalence of type 2 diabetes at an earlier age. Children and the total 
population should be encouraged to use bikes as a means of transportation, thereby 
increasing their physical activity.

One way of promoting such a healthy lifestyle could be to assign prominent 
public figures who are physically active, lean, and non-smokers, as ‘Ambassadors of 
Healthy Lifestyle’. They could be used as lifestyle role models for the entire 
population.

It is recommended that people with diabetes should practice at least 60 min per 
day of moderate- or vigorous-intensity aerobic activity, spread over at least 3 days 
per week, with no more than 2 consecutive days without activity [11]. Shorter dura-
tions of minimum 75 min per week of vigorous intensity or interval training could 
be adequate for younger and physically prepared individuals [11]. Adults with dia-
betes should have at least 2–3 sessions of resistance exercise per week on non- 
consecutive days [11].

Although the above recommendations are directed towards people with diabetes, 
they are also relevant for the people with no diabetes. Developing countries should 
consider increasing the hours of physical activity of preschool and school popula-
tion at all ages, accompanied with theoretical support of the benefits of increased 
physical activity. In addition, facilities for physical activities have to be provided at 
schools, universities, workplaces or neighborhoods.

The lockdown imposed in times of global pandemics, such as the recent one with 
COVID-19, presents additional challenge for the physical activities desperately 
needed for regulation of glycaemia. Even under such circumstances, people with 
diabetes should be encouraged to be physically active.

Mobile technologies and apps could be very useful in keeping track of the daily 
calories intake and physical activity. They also provide opportunities to share the 
data with the healthcare providers for analysis, discussion and mutual agreement on 
the further steps. As such, they are great resources for diabetes prevention, or 
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improvement of metabolic control in people with diabetes to prevent 
complications.

When the NeHS is in place, the data on calories intake and physical activity 
should also be recorded in the individual EHRs for monitoring of the modifiable 
risk factors for diabetes.

Furthermore, comprehensive national programs for smoking cessations have to 
be in place, as smoking has been identified as one of the risk factors for develop-
ment of diabetes, and a major risk factor for CVDs. Activities should include smoke- 
free work and other public places, spending on public information campaigns, 
comprehensive bans on advertising and promotion, large direct health warning 
labels, and absolute ban for selling cigarettes to minors.

It is very important that above measures are accompanied by considerable 
increase in prices of cigarettes, making them less affordable for the general popula-
tion. Another measure could be to drastically increase the contribution to healthcare 
insurance fund if a person is a smoker, compared to a non-smoker. All these initia-
tives have already worked effectively in developed countries, and could certainly be 
implemented in developing countries.

Developing countries should be advised against the use of cigarettes and other 
tobacco products, or e-cigarettes [12]. The legal status of e-cigarettes is currently 
pending in many countries, and the list of countries banning the use of e-cigarettes 
is getting longer. Fortunately, many developing countries are implementing activi-
ties against smoking cigarettes, tobacco, or e-cigarettes.

After identification of tobacco or e-cigarette use, smoking cessation counseling 
has to be implemented in addition to other forms of treatment as a routine compo-
nent of diabetes care. Initiatives for reduction or quitting of smoking could use the 
5A Concept, A (Ask)—always ask about current smoking status; A (Advise)—
unambiguously advise all smokers to quit smoking; A (Assess)—assess the level of 
dependency and preparedness to quit smoking; A (Assist)—assist with behavioral 
and pharmacological support if needed, agreeing when to quit smoking with a pre-
cise date; A (Arrange)—arrange the next follow-up visit to monitor the progress of 
quitting smoking [13].

In addition to overweight and obesity, prediabetes should primarily be targeted 
to prevent progression into type 2 diabetes. People diagnosed with prediabetes have 
to be monitored, although many of them would not be pharmacologically treated. It 
is very important to address preventive activities towards this vulnerable population, 
as it is estimated that one third of people with prediabetes progress to diabetes, one 
third remain in prediabetes, and one third could convert into normoglycemia. This 
condition is independently associated with increased cardiovascular risk even prior 
to the diagnosis of diabetes, which only emphasizes the importance of its 
management.

People with prediabetes need to be considered for intensive lifestyle intervention 
programs based on the DPPs to achieve and maintain weight loss. Combination of 
aerobic and resistance training is preferred for prevention of diabetes.

Recommended lifestyle for reducing diabetes risk should include diet with no 
more than 30% of daily energy from fat; no more than 10% of energy from saturated 
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fat; at least 10% of monounsaturated fatty acids, at least 20 g of fiber per 1,000 kcal; 
at least 30 min per day of moderate physical activity; and at least 5% weight reduc-
tion annually [13].

Excessive calories intake has to be avoided in people with prediabetes and 
replaced with reduced calories intake and reduced intake of carbohydrates. Vitamins 
or micronutrient supplementation are not recommended for prevention of diabetes, 
if there is no underlying deficiency.

The initial treatment for diabetes, metformin, could be considered in people with 
prediabetes, especially for those with BMI  >  35  kg/m2, age over 60  years, and 
women with prior GDM [11]. Prediabetes is associated with increased CVD risk; 
therefore, screening for modifiable risk factors for CVD and their treatment is 
highly recommended. Structured education programs may be appropriate for people 
with prediabetes, particularly the modules on nutrition and physical activity.

The main goal of people already diagnosed with diabetes is to prevent diabetes 
complications. Adequate glycaemic control is crucial in prevention of microvascu-
lar and macrovascular complications. The glycaemic control should be monitored 
through the individual EHRs from NeHS, enabling the monitoring at a national level.

Very important step in prevention of diabetes complications is early diagnosis of 
diabetes. That could be done only after thorough assessment of diabetes risk factors, 
or by using diabetes risk tools, and testing for diabetes in identified high-risk 
individuals.

Benchmarks could be implemented to identify hospitals that are achieving tar-
gets in glycaemic control, or in other metabolic parameters. Those benchmarks 
could serve for incentives of physicians achieving better results, but also for the 
people with diabetes to be aware of the quality of care they receive in different 
hospitals.

Indicators and targets for prediabetes and diabetes could be included in the 
Balanced Score Card system for evaluation of the overall performance of healthcare 
institutions, where the remuneration and bonuses for the management and the 
healthcare workers would be linked to the achievement of the targets.

The NeHS could be used as a platform for prevention of diabetes, through moni-
toring of people with prediabetes or other diabetes drivers. The NeHS can be used 
for monitoring the development of diabetes complications, but also if the physicians 
are adhering to the frequency of screening for diabetes complications, as recom-
mended by the National Diabetes Care guidelines. It could be considered that part 
of remuneration of physicians is based on achieving certain diabetes related indica-
tors reflecting adequate metabolic control and management of diabetes 
complications.

Psychosocial stress should not be neglected as an important driver for develop-
ment of diabetes, and for worsening of glycaemic control in people with diabetes. 
Physical activity could be helpful for alleviating the psychosocial stress in many 
instances. In more severe cases, professional support has to be offered.

It was mentioned that these nationwide initiatives require top-level political sup-
port in order to be implemented. Many initiatives were undertaken in the Republic 
of North Macedonia, a developing, European country with limited resources. 
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However, continuity is necessary for implementation of such initiatives, as results 
are not immediately visible and politicians in many developing countries usually 
think only until the next elections.

Some of these initiatives could be quick wins or produce short- to mid-term 
results, but the majority of initiatives stipulated in the National Diabetes Plan pro-
duce results and benefits for the society in the long-term. One of the challenges for 
developing countries is the lack of continuity of nationwide initiatives, when it 
comes to change of political leadership.

Diabetes tsunami is coming in developing countries with its whole complexity. 
However, by introducing some of the proposed initiatives there is a possibility for 
providing sustainable diabetes care with favorable outcomes even in a setting with 
limited resources.
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