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Preface

Diabetes is one of the most common endocrine dysfunctions in neonates and can occur at
any age. This book is proposed as an overview of recent progress in diabetes research
worldwide, with a focus on different research areas relevant to this disease. These include
diabetes mellitus types 1 and 2 and its complications, latent autoimmune diabetes, very low-
calorie diets in type 2 diabetes mellitus, inflammation, oxidative stress, Hsp70, lipotoxicity,
visceral fat, fat metabolism, adiponectin, and leptin. This book reviews the factors that con-
tribute to air pollution and type 2 diabetes mellitus, body temperature regulation during
exercise and hyperthermia in diabetic patients, and levels of amino acid serum and urinary
excretion in young diabetic patients. Also, it examines the relationship among diabetes, hy-
perinsulinemia, insulin resistance, and colorectal cancer. The authors have also contributed
articles not only on the molecular signal integration of aging and diabetes mellitus but also
on the molecular and biochemical scrutinization of pyridoxine status in the diabetic com-
munity. This book proposes some treatments for this disease offering us hope in prevention
and successful alleviation.

Dr. Ahmed R.G.

Associate Professor of Developmental and Experimental Biology
Division of Anatomy and Embryology

Department of Zoology
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Beni-Suef University, Egypt






Chapter 1

Diabetes Mellitus in South Asia

Viduranga Y. Waisundara and Naofumi Shiomi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.76391

Abstract

The prevalence rates of diabetes mellitus and its complications in South Asia are much
higher than in other developed and developing countries; therefore, diabetes mellitus
has become a serious problem in this region. While the prevalence of diabetes mellitus
in South Asia is remarkable, its characteristics and causes have not been well-elucidated.
More than 85% of the diabetic population in South Asia suffer from type 2 diabetes, and
the causes can be divided into two categories: internal/traditional causes and causes
induced by rapid development. Factors such as age, gender, diet and lifestyle changes,
including a lack of physical activity caused by modernization and urbanization, are
major contributory factors. The majority of the healthcare costs associated with diabetes
are due to its later complications and are not preventable. Therefore, inexpensive treat-
ment at an early stage of diabetes is important. In this review, the following are recom-
mended as preventive measures of the incidence of the disease: (1) induction of UCP1
through the diet, (2) increasing the intake of antidiabetic bioactive components and/or
food and (3) evolution of the consensus through educational programs and government
policy. National strategies and interventions should be implemented immediately for
both the primary and secondary prevention of diabetes mellitus and its complications in
order to advocate healthy living among the South Asian populations.

Keywords: diabetes mellitus, diabetic complications, India, South Asia, Sri Lanka

1. Introduction

Diabetes mellitus (hereafter referred to as “diabetes”) develops under unusual conditions
where the glucose level in the blood cannot be controlled. The disease is characterized by
several symptoms such as thirst, polyuria and blurred vision [1]. Ketoacidosis or a nonketotic-
hyperosmolar state caused by a chronic higher blood glucose level leads to stupor and coma
in advanced cases and can even cause death in severe cases. There are four clinically defined

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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categories of diabetes: type 1 diabetes (TIDM), type 2 diabetes (T2DM), gestational diabetes
(GDM) and other specific types of the disease [2, 3]. In T1IDM, also known as insulin-depen-
dent diabetes (IDDM), the body is unable to produce insulin because of the autoimmune
destruction of pancreatic islet beta cells (3 cells), and as a result, the glucose levels in the blood
cannot be maintained at normal concentrations. It ranks as the most common chronic child-
hood disease. T2DM or noninsulin-dependent diabetes (NIDDM) is characterized by both
impaired insulin secretion and impaired insulin action. This type is associated with aging,
obesity, a family history of diabetes, physical inactivity and certain ethnicities, although the
causes of some of these factors are not well-explored. In GDM, the most widely accepted
definition is diabetes that develops by varying insulin sensitivity during pregnancy or dia-
betes first recognized during pregnancy; in the former case, treatment with insulin can often
be finished after pregnancy, as this type of diabetes is acute. Among these categories, T2DM
accounts for about 85-95% of diabetes cases worldwide.

Diabetes research has mainly focused on people living in developed countries as a disease
caused by obesity. However, the prevalence rate of diabetes has been increasing in many devel-
oping and newly-industrialized nations as well. In this review, we focused on South Asia as
one such region. The prevalence rate of diabetes and its complications in South Asia is higher
than in other areas, such as Europe [4], and diabetes has recently become a serious health
issue leading to death [5]. Therefore, comprehensive knowledge about the prevalence rate and
causes of diabetes in South Asian countries is desired. As part of this review, we investigated
the present state, characteristics and causes of diabetes in South Asia and proposed strategies
for its prevention. We hope that this appraisal will encourage recognition of the serious state of
diabetes among South Asians and become an effective index for eventually solving this issue.

2. An overview of the prevalence of diabetes in South Asians

South Asia comprises the Indian subcontinent and is home to a diverse population of ethnic,
linguistic and religious groups. The total population of South Asia is about 1.5 billion, rep-
resenting more than 20% of the global population. The countries that fall under this regional
demarcation include India, Pakistan, Sri Lanka, Nepal, Bhutan, Maldives, Afghanistan and
Bangladesh. With deviating definitions based on often substantially different reasons (usu-
ally political), the British Indian Ocean Territory, Mauritius, Iran and the Tibet Autonomous
Region are sometimes included as part of the South Asian subcontinent as well. Nevertheless,
for the purpose of this review, we defined South Asia as India, Pakistan, Sri Lanka, Nepal,
Bhutan, Maldives, Afghanistan and Bangladesh and focused on the diabetes status of the
people living in these countries.

A recent study using a Diabetes Population Risk Tool in Canada showed that South Asians
have the highest risk of developing diabetes [6], and another study estimated that the prev-
alence rate of diabetes in South Asians was around four times higher than in other ethnic
groups [7]. The total number of people with diabetes in the world is estimated to increase from
171 million in 2000 to 366 million by 2030 [8]; this number among South Asians is predicted
to reach 46 million in India, 14 million in Pakistan and 11.1 million in Bangladesh by 2030 [9].
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A huge number of people (3.8 million) annually lose their lives due to diabetic complica-
tions, a value almost equivalent to the loss of life associated with AIDS [7]. Table 1 shows the
diabetic populations and its prevalence rates in South Asian countries based on the data of
the International Diabetes Federation, which was estimated by a statistical investigation of
the relevant populations primarily 20-79 years of age [10]. The results suggest that the dia-
betic populations and the prevalence rates of diabetes in most South Asian countries are thus
expected to dramatically increase at a high rate until 2035. In India in particular, which has
a large population and is rapidly advancing economically, 109 million people are predicted
to develop diabetes by 2035 (Table 1). This will place India at the epicenter of this global epi-
demic [11]. In addition to this upward trend in the prevalence rate, the number of deaths and
the economic burden due to diabetes in South Asians have been rapidly increasing. As shown
in Table 1, around 43-870 USD per person is paid to cure diabetes and its complications. With
the rising rate of incidence, people in South Asia will have to compensate for much higher
diabetes-related expenditures in the near future, which will constitute a heavy burden upon
the respective countries [12, 13].

Countries A (in 1000s) B (%) C D (USD) E (in 1000s) F (%)
Afghanistan 13086.9 6.15 18,514 102 27768.7 6.63
Bangladesh 94378.5 6.34 111,371 43 133493.5 8.18
Bhutan 474.0 4.94 124 150 656.9 6.90
India 774920.8 8.63 1,039,980 95 1042007.9 10.46
Maldives 214.0 7.97 109 870 3329 5.94
Nepal 15307.4 4.58 14,778 60 23032.1 5.44
Pakistan 102124.6 6.80 87,548 56 158355.1 8.08
Sri Lanka 14155.4 8.32 16,384 123 16398.4 9.47

A, total adult population (20-79 years) in 2014; B, diabetes prevalence per total adult population in 2014; C, deaths
number by the disease related to diabetes in 2014; D, mean diabetes-related expenditure per person in 2014; E, estimation
of total adult population in 2035; F, diabetes prevalence per total adult population in 2035.

Table 1. Prevalence of diabetes in South Asia in 2014 and its estimated prevalence in 2035.

3. High prevalence rates of complications related to diabetes in South
Asians

3.1. Prevalence rate of macrovascular complication

Diabetes is known to be strongly associated with many other disease and complications, and
those ultimately lead to organ and tissue damage. The prevalence rates of macrovascular
complications and atherosclerosis are especially high in diabetic patients, inducing adverse
effects of ischemic heart disease [14], peripheral vascular disease and cerebrovascular disease.
Diabetes is suspected to induce macrovascular complications and atherosclerosis. High blood
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glucose and insulin concentrations in diabetic patients induce structural and functional alter-
ations and chronic inflammation at the arterial cell walls. Macrophages gather and invade
the inflammation portion, forming plaque. This advanced plaque buildup is known as ath-
erosclerosis. The main disease leading to death in diabetic patients is cardiovascular disease,
with cerebrovascular disease and diabetic stroke being the second and third highest causes
of death. The ratio of stroke in diabetic patients is two- to fourfold higher than in nondiabetic
patients, and diabetics show a greater possibility of recurrence of stroke [15]. Furthermore,
peripheral arterial disease (PAD), which is characterized by the occlusion of the arteries in the
limb region and results in functional impairment and disability with intermittent claudica-
tion and pain, is also closely related to diabetes [15]. In most unfortunate cases, PAD causes
foot ulceration, ultimately requiring amputation [16]. It is known that diabetic patients have
a 25-times-greater risk of amputation than nondiabetes population.

It has been reported that Asian patients with diabetes are at a higher risk of developing
macrovascular complications, such as cardiovascular disease, than other ethnicities [17]. For
instance, a study conducted in Pakistan revealed that 30.5% of the young adult patients diag-
nosed with ischemic stroke were diabetic—a much higher percentage than in Western set-
tings [18]. Another study performed in ischemic stroke patients of <45 years of age in Sri
Lanka revealed that 5% of the study group with ischemic stroke had diabetes [19]. A prospec-
tive study was also conducted in 2403 patients with ischemic stroke and 783 patients with
intracerebral hemorrhaging in India as a representative South Asian country [20]. That report
mentioned that Asian diabetic patients had a high risk of early death due to ischemic stroke
[20]. Furthermore, reports on the risks of cardiovascular disease and coronary in the Indian
subcontinent have suggested that a leading cause of those diseases was diabetes [21, 22].

3.2. Prevalence rates of diabetic retinopathy, nephropathy and neuropathy

Another serious complication in diabetic patients is dysfunction of the eyes, kidneys and
nerves. Diabetic retinopathy, a typical peripheral microvascular complication, induces acute
damage to the retina of the eye [23]. Diabetic retinopathy is divided into two categories:
background and proliferative retinopathy [22]. In background retinopathy, slight hemor-
rhaging develops in the middle layers of the retina, appearing as dots. In proliferative reti-
nopathy, the formation of new blood vessels occurs on the surface of the retina, and white
areas on the retina are a sign of this type of disease. Several studies have shown that the
occurrence of diabetes retinopathy is influenced by chronic insulin resistance and a high
blood glucose concentration, which occur in obese patients [24]. A poorly controlled blood-
sugar level is the most significant factor associated with the development of retinopathy. The
prevalence rate of retinopathy in diabetic patients in South Asia has been explored in several
studies. One study investigated the rate in patients newly diagnosed with diabetes in India
and found that the rate was lower (5-7%) than in both Western countries and neighboring
countries such as Pakistan (15%), Nepal (19.3%) and Sri Lanka (15%) [25]. However, a similar
study conducted in an urban population in Chennai, India, revealed that the prevalence of
diabetic retinopathy per diabetic patient was 18%, although the prevalence of diabetic reti-
nopathy in the general population was only 3.5%. Furthermore, men were shown to be at a
higher risk than women in that investigation [26].
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Diabetes nephropathy is also a serious complication. High blood pressure induced by both
atherosclerosis and the function of adipose tissue causes the dysfunction of renal tissue. In the
early stages, albumin in the urine is excreted at 30-299 mg per 24 h, which is called “microalbu-
minuria” and leads to renal failure at the final stage. A study found that one-quarter of patients
with T1DM suffers from microalbuminuria or its advanced stage, diabetes nephropathy [15].
Some studies have reported on the prevalence rate of diabetic nephropathy in South Asians [27].
A study conducted in 10 countries in Asia, including Pakistan, found that the ratio of patients
developing microalbuminuria per diabetic patient was alarmingly high (58.6%) [28]. A similar
study conducted in an urban setting in South India revealed that the prevalence rate of microal-
buminuria per diabetic patients was 26.3%, although the prevalence rate of overt nephropathy
was only 2.2% in the study subjects [29]. These studies suggested that duration of the diabetes
and hypertension is highly correlated with the development of nephropathy in South Asians.

Microalbuminuria caused by diabetes also induces peripheral nerve dysfunction, and half
of diabetic patients consequently develop diabetic neuropathy [15]. The American Diabetic
Association has stated that diabetic neuropathy is a sign of peripheral nerve dysfunction [30].
Among the symptoms of diabetic neuropathy, autonomic neuropathy is the most common.
This symptom leads to an abnormal heart rate, loss of vascular control and cardiovascular
autonomic dysfunction. Cardiac neuropathy caused by diabetes is the second-most common
manifestation, depending on age, hypertension, smoking status and obesity. The prevalence
rate of diabetic neuropathy in South Asia has been investigated. A study conducted in Sri
Lanka reported that the prevalence rate of distal peripheral neuropathy (DPN) among T2DM
patients was 24% (females and males: 26% and 20%, respectively). The prevalence rate of
neuropathy among T2DM patients in South India was 19.1%, and this number is gradually
increasing [31]. A similar study conducted in Indian states reported that the prevalence rate
of diabetic neuropathy was 26.1% and was significantly associated with age, glycated hemo-
globin and duration of diabetes [30]. Overall, Figure 1 shows a schematic illustration of the

Diabetes in South Asia
Four times higher than other

Vascular ethnic groups High glucose, insulin and
complications fatty acid levels

Complications

Diabetic Stroke Nephmpath',r
+ |schemic stroke per DF (young) in Pakistan:
30.5% *  Microalbuminuria per DP in Asia: 24%
- Ischemic stroke per DP (below 45) in Sri *  Microalbuminuria per DP in India: 26.3%
Lanka: 5%
Neuropathy
Retinopathy * DPM per T2DM in 5ri Lankan: 24%

Retinopathy per DP in Channel (India): 18% + Nephropathy per T2DM in India: 19.1%

Figure 1. Prevalence rates of diabetes and its complications in South Asia (DP: diabetic patients).
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typical course of diabetes and its complications in South Asia, as explained in this section. It is
evident that the prevalence rates of diabetes and its complications in South Asians are much
higher than in other countries. Therefore, recognition of this critical situation is duly war-
ranted in order to mitigate the propagation of the disease condition.

4. Causes of the high prevalence rate of diabetes in South Asians

4.1. Physiological and traditional causes
4.1.1. Genetic factors

In this section, we explore why the prevalence rate of diabetes in South Asia is so much higher
than in other developed or developing countries. Among the causes, genetic factors seem to
be important, as a study suggested that 30-70% of the diabetes risk could be attributed to
genetic variants (SNPs of diabetic genes) [32]. Genetic variants causing diabetes have been
screened since the 1990s [33]. Around 50 genetic variants, known as “obese genes” or “thrifty
genes” have been identified, and the relationship between diabetes and genetic variants of
[p3-adrenalin receptor—a thrifty gene—have been examined in particular detail. Individuals
with a variant genotype of a thrifty gene proactively store fat in the body by reducing the
energy metabolism; this is beneficial in times of nutrient scarcity [34, 35]. Asian populations
are much more likely to possess thrifty genotypes than Europeans. The reason for this is
believed to be because South Asian populations have not had sufficient time to adapt from
this variant genotype to a normal genotype, as Europeans evolved in environments where
they were relatively unaffected by famine cycles [32].

Several studies have reported that South Asians have several risk factors for disorder of glu-
cose consumption and insulin resistance. For instance, features of insulin resistance, such
as hypertriglyceridemia, and increased abdominal or visceral fat have been seen even in
nonobese Asian populations [36-38], and South Asians have more adiposity than Europeans
and residents of other parts of the world with the same body weight [39, 40]. Furthermore,
South Asians are more insulin resistant than other races [36, 41]. Studies conducted in India
as representative South Asians have reported that Indians were at a higher risk of glu-
cose intolerance than Europeans, even in groups with a low waist circumference [42, 43].
Insulin resistance and compensatory hyperinsulinemia have been found even in children
and adolescents of Asian-Indian origin [44]. These studies firmly suggest that South Asians
have a special variant genotype of the thrifty gene strongly inducing insulin resistance and
unusual glucose consumption. The Asian Indian phenotype —a thrifty gene seen among Pima
Indians, is the most likely candidate for this special variant among the recognized thrifty
genes based on the findings from several studies [36, 37]. Studies have shown that migrant
Asian-Indians had a higher risk of developing diabetes and related metabolic abnormalities
than other ethnic groups [37] and that the prevalence rate of diabetes and its adverse health
effects has risen more rapidly among native and migrant populations in South Asia than in
any other geographic region. However, another study that included 20,119 participants from
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South Asia revealed a considerable degree of genetic contribution to the onset of T2DM [45].
The researchers identified novel six loci (GRB14, ST6GAL1, VPS26A, HMG20A, AP3S2 and
HNF4A) showing correlations with T2DM [45]. Therefore, the diabetic constitution in South
Asia is suspected to be related to other genes in addition to the Asian Indian phenotype.

4.1.2. Effects of family history, age and gender

Individuals’ profiles are important to consider when examining the prevalence rate of diabetes
[46]. The incidence of the disease in a patient’s family is often involved in a given individual’s
risk, as the variant genotype of thrifty genes is passed down from parents to offspring. Studies
comparing the effect of family with others estimated that the risk factors for diabetes in off-
spring with a single diabetic parent and two diabetic parents are, respectively, 3.5- and 6-fold
higher than those without parental diabetes [47]. Among patterns of inheritance, diabetes and
its related traits are both polygenic and heterogeneous, with multiple genes involved in dif-
ferent combinations [48]. However, the number of risk genes and their relative contributions
are complicated and remain somewhat uncertain. A relationship is known to exist between
diabetes and age, probably because the (3-cells of older individuals have a reduced prolif-
erative capacity and secreting activity, reduced expression of cell cycle activators, increased
expression of cell cycle inhibitors, reduced pdx1 expression and increased amylin aggregation
[49]. This decreased functional status is exacerbated in diabetic patients by increased rates of
beta cell apoptosis [38]. In addition, in South Asia, elderly people tend to have a decreased
muscle mass due to sedentary lifestyles [17].

In South Asians, diabetes does not always develop in the elderly, and the characteristics are
remarkable. An investigation on the prevalence rate of diabetes in various age groups of
South Asians showed that the diabetes population was highest among those 260 years of age
for both males and females. However, the rate of diabetes among relatively young individuals
was found to be higher in South Asians than Caucasians [37]. Furthermore, in India, the prev-
alence rate of diabetes peaks at 60-69 years of age [42], and Indian people develop the disease
even in their youth [41]. Similar results to those in India were found in Pakistan and Sri Lanka
[47]. The development of diabetes in younger generations is likely caused by changes in life-
style brought about by urbanization [42]. The prevalence rate of diabetes (5.02%) was found
to be associated with age-adjusted impaired glucose intolerance (5.27%) in a rural community
in Sri Lanka [47]. Diabetes develops at any age, and the change in the prevalence over time is
hypothesized to be associated with the rural to urban population shift [49].

The prevalence rate is also related to gender in South Asia. Diabetes is the second leading
cause of death among South Asian women with diabetes, although it is only the ninth leading
cause globally [9]. A relationship was reported between age and gender in Bangladesh dia-
betes patients [50]. The proportion of female diabetic patients (31.2%) was higher than that of
male diabetic patients (28.5%) among subjects 31-50 years of age. Among subjects >50 years
of age, the diabetic male population was 18.1% and that of the female population was 12.9%.
However, below 31 years of age, only 3.3% of the male population had diabetes, whereas 6%
of the female population was diabetic [51]. A study conducted in four provinces of Sri Lanka
showed that the prevalence of severe obesity among males was 2.4%, whereas that among

7
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females was 8.8%. Further, the report found that, in all categories of overweight, the preva-
lence was greater in women than in men in all provinces [50]. Women with diabetes are also
more likely to suffer a heart attack at a younger age than those without diabetes.

Gestational diabetes may be the main reason why there is a high prevalence rate of diabetes
in women in South Asia, because the prevalence rate of GDM in South Asia is much higher
than that in Europe [52, 53]. One cause of the high prevalence rate in South Asia is considered
to be genetic factors. Several studies have suggested that South Asians basically have a con-
stitution that is conducive to the development of GDM [53, 54]. Another cause is the influence
of sociocultural and socioeconomic factors [55]. Weight and physical activity should be care-
fully controlled in order not to develop GDM before and during pregnancy. However, actions
based on incorrect knowledge and bad traditional habits for pregnancy, which are taught
from a person’s mother, can lead to an increase in weight and a decrease in physical stress
[55]. To make matters worse, GDM often causes miscarriages or birth defects, and the children
born from mothers developing GDM also have a tendency to develop diabetes. Therefore, the
prevention of GDM is very important to stop the passing of diabetes from mother to children
and to decrease the development of diabetes among women in South Asia. It is hoped that
future studies on diabetes in South Asia will focus on gestational and neonatal diabetes, and
programs to prevent GDM should be established in the field at all governmental levels.

4.1.3. Chronic and heavy intakes of alcohol and smoking

Chronic drinking of large amounts of alcohol exacerbates a potential risk factor of diabetes
[50]. The liver is an important organ for consuming and supplying glucose. As the chronic
intake of high concentrations of ethanol induces alcoholic liver injury and inhibits the capac-
ity to control the blood glucose level, the liver accumulates triglycerides. Such a liver condi-
tion is known as “alcoholic fatty liver.” The serum levels of acetaldehyde, an intermediate
metabolite of ethanol, are increased by the decrease in the detoxification capacity under con-
ditions of alcoholic fatty liver, often severely adversely affecting the (3-cells in the pancreas.
Dysfunction of the liver and p-cells causes hyperglycemia, dyslipidemia and diabetes. In all
South Asian countries, chronic and heavy drinking is traditionally common in poor rural
regions; in addition, alcohol consumption is on the rise with rapid globalization and socio-
economic development. For instance, alcohol use among Indians has been increasing because
the lifestyle patterns have been rapidly changing due to migration to urban regions and socio-
economic changes [56]. Public health policies regarding alcohol consumption are needed to
stem this tide of change.

Cigarette smoking is an indirect but important risk factor for diabetes [57]. Studies have
reported that a smoking habit increased the risk of developing diabetes by 44% [58], and
smokers are 30-40% more likely to develop diabetes than nonsmokers [59]. Several studies
have attempted to elucidate the relationship. Smoking reduces the insulin sensitivity because
nicotine included in cigarettes has the ability to inhibit insulin secretion via neuronal nicotinic
acetylcholine receptors. Furthermore, smoking damages cells by increasing the amount of
reactive oxygen [60], and inflammation occurs at the damaged portion, causing swelling of
cells. Smoking is also associated with an increased risk of abdominal obesity [39]. These harm-
ful effects cause metabolic disorders of glucose and lipids and increase the risk of diabetes as
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a result. The percentage of regular smokers in adult males of South Asia is estimated to be
very high (50-60%). India is the second-largest producer and consumer of tobacco products.
Many persons in India use smokeless tobacco products such as betel quid, as these are non-
taxable, and those products are commonly used in rural areas of the country [58]. Concurrent
use of alcohol and tobacco, which is also extremely common among South Asian populations,
has a synergistic effect on the enhancement of diabetes risk [56]. With the spread of chewing
tobacco, smoking is being taken up by younger and younger individuals. An investigation in
7735 British men of 40-59 years of age suggested that the consumption of tobacco, either as
a smoker or user of chewing tobacco, is occurring at lower ages, and 47% of men and 14% of
women who admitted to consuming tobacco had started at age 15 [57]. Reducing heavy smok-
ing rates and the concurrent intake of alcohol are important targets for preventing diabetes
and its complications among South Asians [59]. Changes in the policy and effective education
programs for tobacco use in addition to alcohol use must be implemented as soon as possible.

4.2. Causal factors of diabetes induced by rapid globalization and development
4.2.1. Urbanization

Unprecedented urbanization of rural areas of South Asia is a major environmental factor
involved in the increasing rate of diabetes [61]. Table 2 shows the ratio of urban/rural localiza-
tion among diabetics based on data from the International Diabetes Federation. The urban prev-
alence of diabetes in Sri Lanka is lower than that in rural areas [5], and similar incidences can
be seen in India, Pakistan, Nepal and Afghanistan. In contrast, in countries such as Bangladesh,
Bhutan and the Maldives, where urbanization has not rapidly occurred, an opposite trend is
shown [5]. This is a characteristic of importance, as the prevalence rate of diabetes is generally
high in urban areas (12.4%) followed by the midland (8.1%), highland (5.8%) and coastal areas
(2.5%) in developing countries. To further highlight this anomaly, in Japan—which is a devel-
oped country —the prevalence rate in urban areas is similar to that in rural areas.

Effects of gender on diabetes’ Effects of area on diabetes™
Countries Female (in 1000s) Female/male (-) Urban (in 1000s) Urban/rural (-)
Afghanistan 407.00 1.02 228.59 0.40
Bangladesh 3261.80 1.20 3053.02 1.50
Bhutan 9.60 0.69 12.11 1.17
India 31384.00 0.88 30571.31 0.89
Maldives 8.00 0.88 4.75 1.51
Nepal 196.40 0.38 244.02 0.57
Pakistan 3369.70 0.94 2934.76 0.78
Sri Lanka 569.60 0.94 330.11 0.41

“Data from Diabetes Atlas in 2014.
" Data from Diabetes Atlas in 2013.

Table 2. Ratio of diabetes by gender and area of South Asia.
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Rapid urbanization gives important variation of rural area where agriculture had been the
principle profession [9]. Urbanization has reduced the physical activity and altered dietary
habits by changing the lifestyle among residents of rural areas through means such as
increased mechanization of the agriculture industry, automation of daily activities, popu-
larization of television and increased computer usage, which has accordingly increased the
proportion of obese persons [9, 10]. Studies have shown that the prevalence rate of diabetic
complications is associated with wealth/income, education and office-based occupations in
South Asia [62]. Socially deprived urban South Asian communities have a lower prevalence
of diabetes and obesity than developed countries [1], and a study performed in Sri Lanka
reported that the majority of patients developing diabetic neuropathy resided in rural areas
(75.3%) with a monthly income exceeding Sri Lankan Rs. 12,000 (87.6%) [31]. The inhabitants
of South Asian countries who reside in rural areas and show a low prevalence of diabetes are
involved in agriculture and engage in intense physical labor. These results suggest that the
affluence accompanying urbanization leads to a luxurious—and by extension —more seden-
tary lifestyle, thereby increasing the rate of diabetes [63].

4.2.2. Increase in the rate of obesity due to changes in the diet

Obesity is a major determinant of T2DM. Many recent studies elucidated the mechanism
underlying the development in T2DM. White adipocytes secrete adipokines, such as leptin,
adiponectin and TNF-a. Leptin and adiponectin enhance the capacity of glucose consumption
by increasing the noradrenalin secretion, but TNF-a inhibits it via the inhibition of insulin
receptor and transport of GLUT4 [64]. As the secretion of leptin and adiponectin is decreased
and the secretion of TNF-a is increased in white adipose tissues highly accumulating triglyc-
eride, the glucose intake is inhibited [65]. Furthermore, the pressure on blood vessels induced
by hypertrophic white adipose tissues causes an inflammatory response, and the enhanced
concentration of free fatty acids in the blood by obesity causes the dysfunction of mitochon-
dria in muscle cells and B-cells of the pancreas [66, 67]. These harmful effects induce disorder
of glucose consumption and insulin resistance, thereby resulting in the development of T2DM.

Urbanization in South Asia is a major contributory factor to obesity [68, 69]. Investigations
conducted among rural communities in Sri Lanka showed a strong relationship between dia-
betes and excess body weight, and the prevalence rate of obesity in diabetic patients (21%) was
higher (P <0.05) than in nondiabetic individuals (10.5%) [70]. Obesity is no longer a disease of
affluent and therefore majority of the populations in South Asia in the wake of rapid changes
in lifestyle among more rural populations [58]. As previously stated, migration toward rural
areas of South Asia induced dramatic changes to the diet within a decade. Traditional dietary
patterns are now being lost, and a significant transition to energy-rich diets is occurring in
South Asia. The diet has shifted from relatively monotonous food products like indigenous
staple grains or starchy roots, locally grown legumes, other vegetables and fruits, along with
limited foods of animal origin (except for prosperous subpopulations), to more varied diets
that include more preprocessed foods with higher fat and lower carbohydrate content, more
foods of animal origin, edible oils and more added sugars, especially in the form of processed
drinks and foods, and often more alcohol. These changes in diet have caused a rapid increase
in the obese population of South Asia.
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The amounts of fats and carbohydrates as well as the total calories strongly influence the rate
of obesity, and the body mass index (BMI), glycemic index (GI) and glycemic load (GL) can be
used as indices to estimate the amounts of fats and carbohydrate. Many nations in South Asia
tend to have relatively high-GI and high-GL diets. For example, white rice, which is a daily
staple of the South Asian diet, has a higher GI than whole-grain rice. A recent meta-analysis
found that a single increment in white rice serving per day increased the risk of diabetes by
11% [71]. Furthermore, large portion sizes and predominantly starch-based diets in South
Asians, which correspond to a high GL, are also associated with obesity. Reducing the car-
bohydrate portion sizes and increasing the portion of vegetables is necessary to reduce the
diabetes risk, as high-GI and high-GL diets contribute to obesity [71, 72].

4.2.3. Increase in undesirable lifestyles and a shortage of education programs

Poor lifestyles, such as a short sleeping time, watching TV for a prolonged period and physi-
cal inactivity brought about by urbanization, may function as factors exacerbating and trig-
gering the development of diabetes. The sleep duration among Asians is relatively short. In a
meta-analysis of data from 23 countries, adolescents in Asia were sleeping 40—60 min less each
night than Americans and 60-120 min less each night than Europeans [73]. Some studies have
suggested that this short duration of sleep in Asians was associated with an increased risk of
diabetes, childhood obesity and cardiometabolic abnormalities [73, 74]. As sleep-disordered
breathing induces a twofold increase in the risk of diabetes [73], a short duration of sleep may
induce a condition similar to that of sleep-disordered breathing.

Inactive behaviors (watching TV or playing on a PC for a prolonged period and sedentary
careers) may also be associated with diabetes in South Asians. Prolonged stints of watching
TV are independent of the metabolic activity for obesity, but wasting so much time with this
behavior tends to be associated with an unhealthy diet, including increased consumption
of snacks, sugary beverages and fast food [38]. Furthermore, this lifestyle is associated with
physical inactivity due to a decrease in the metabolic capacity when performing such daily
work. Therefore, watching TV for a prolonged period consequently increases the prevalence
rate of obesity and diabetes. In addition, many studies in South Asians have revealed a rapid
shift to careers in the service sector due to economic growth and the advent of new technolo-
gies. This has led to careers involving long durations of sitting, thereby resulting in a marked
decline in physical activity [38]. People in a high socioeconomic class are more prone to devel-
oping diabetes than those in lower economic classes. Of special note, a study in adults in Sri
Lanka revealed a strong association between physical inactivity and diabetes [75].

Education about diabetes is much more lacking among South Asians than in Europeans, and this
low consciousness of diabetes has consequently contributed to an increase in the rate of diabetes
in South Asians. A study conducted in Bangladesh found that individuals with more education
had a 1.67-fold lower risk of developing diabetes than those with little or no education [75]. In
that study, employees who had often been educated about diabetes had a lower probability of
having diabetes themselves than unemployed individuals [75]. Another study in Sri Lankans
showed that a higher educational level may be associated with better diabetes-related outcomes
[70]. Therefore, education starting from elementary school may be an effective and practical
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way of reducing the rate of diabetes. The World Diabetes Foundation has already implemented
prevention programs at the national level to educate students in urban and semi-urban areas in
South Asian countries about the risk of diabetes, in view of these shortcomings [76].

Figure 2 shows a schematic illustration of the characteristics of diabetes in South Asia
described in this chapter. The causes underlying the high prevalence of diabetes in South
Asians can be distilled down to four main factors. First, South Asians have the thrifty gene
derived from Asian Indian populations that induces insulin resistance and disorder of glucose
consumption; they therefore develop a T2DM constitution. Second, obese populations are
increasing due to dietary changes and a decrease in physical activity in the wake of remark-
able economic progress, which causes T2DM. Third, traditional bad habits such as chronic
heavy smoking and drinking, which cause T1IDM and T2DM, are increasingly being adopted
due to increased income caused by economic progress. Fourth, the recognition to diabetes is
poor because of a lack of relevant policies and the education system.

Inner and Traditional Causes Causes by Rapid Development

Diabetic constitution Characteristics to be Urbanization

~ Iminigration vl = Decrease of active
Asians  having the considered . di of
thrifty gene o/ |+ Four times higher in | ) " stress emt increase

Gender .: 1 Insulin resistance | “" MErnous stress

* Traditional undesirable =, — | * T2DM:85-30% | Undesirable lifestyle
concept to females * low income group Is * Short sleeping hours

included s Excess TV watching

Traditional unhealthy

lifestyles ) | Change of Food-Style

* Heavy and chronical " = Intake of  high
intakes of alcohol -

* Heavy smoking Proposal for Presentation

Low Consensus

= Poor awareness
programmes

calorie food items

1. Increase UCP1 by food and exercise

2. Intake of effective anti-diabetic
bioactive compeonents

3. Raising awareness on the disease

Figure 2. Causes of diabetes in South Asia and suggestions for their prevention.

5. Strategies for preventing diabetes in South Asia

As we suggested in the previous sections, the implementation of preventive strategies for dia-
betes is necessary as soon as possible. Preventive treatment should be performed as early as
possible in subjects at risk of developing diabetes, as complete recovery is extremely difficult
once diabetes develops. Second, the recovery of the glucose consumption capacity and insu-
lin sensitivity are the most important targets for treatment because most diabetic patients in
South Asia have T2DM, which is mainly caused by disorders in these activities. Furthermore,
inexpensive treatments are necessary, as diabetic patients in South Asians tend not to be very
wealthy. Given these aspects, we propose three strategies herein for reducing the prevalence
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rate of diabetes. The first strategy involves the induction of uncoupling protein 1 (UCP1) by
changing the diet and lifestyle. UCP1, which is expressed only in brown adipocytes, plays
a role in nonshivering heat generation using the proton potential of the inner membrane of
mitochondria. Through the effects of UCP1, fatty acid is effectively metabolized to compen-
sate for the loss of energy. Recently, the effects of UCP1 on glucose and insulin resistance were
examined using fatty mouse and UCP1 transgenic mouse models [77-79]. The results of those
studies suggest that increasing the concentration of UCP1 is the most effective way to rescue
subjects with preliminary T2DM. The induction of UCP1 is relatively easy because muscle
cells and white adipocytes can be differentiated to brown adipocyte by the stimulation of cool
temperatures and exercise [80, 81] or by consuming herbal and/or complementary medicines
[66]. We therefore think that the induction of brown adipocytes is the most inexpensive and
effective way of preventing the development of diabetes at the early stage in South Asia.

The second strategy involves qualitative improvements in the diet by proactively consum-
ing functional compounds or food products containing antidiabetic bioactives. Many effec-
tive compounds for protecting against obesity have been identified. For example, consuming
fish instead of meat is good for protecting against obesity because DHA contained in fish
can reduce fat and cholesterol. Proactively consuming food containing polyphenols, such as
green tea, soybean products and berries, and carnitine, such as fish [82-84], is also effective for
similar reasons. Superfoods that contain high levels of these effective compounds and func-
tional foods with artificially enhanced levels have been enthusiastically studied, and many
inexpensive functional foods and supplements are now available in developed countries [85,
86]. The proactive consumption of superfoods and functional foods through the daily diet
without expensive drugs is extremely effective for protecting against obesity and diabetes.

The final and most important strategy involves changing the consensus. If most South Asians
with obese constitutions continue their bad habits, such as chronic heavy smoking and drink-
ing and consuming high-calorie and oily foods, the rapid increase in the prevalence rate of
diabetes cannot be effectively curbed. In Japan, the consensus regarding obesity and meta-
bolic syndrome has recently been enhanced by a trend toward anti-obesity and education via
TV and books; in this way, the rising tide of obesity is being stemmed little by little. This is
a strategy which could be easily implemented in South Asia as well. Therefore, revising the
consensus can be effective, even in South Asians. In a case report from Ballabgarh, India, a
five-step model (identify the problem, understand the problem, evaluate feasible and cost-
effective intervention) is addressed to the issue [87], but statistics clearly display that such
efforts are not sufficient, and further education toward diabetes and national strategies and
interventions to protect against obesity and diabetes should be implemented immediately.

6. Conclusion

We focused on the issue of the recent increase in the diabetes prevalence in South Asia and
described the results consequently obtained in associated studies. First, we investigated the prev-
alence of diabetes and its complications in South Asia. Existing studies and statistics suggest that
the prevalence was much higher in this region than in other developed and developing countries
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and that this prevalence is rapidly increasing despite already being a serious problem in the
subcontinent. This high prevalence rate will induce increased diabetes-related expenditures and
incur a heavy financial and social burden in the near future for people in South Asia.

Second, we examined why South Asians show a higher prevalence rate of diabetes than other
populations and explored the reasons for its rapid increase in prevalence. One potential inter-
nal cause is a constitution based on obesity, which is induced by the thrifty gene characteristic
of Asians. Another potential internal cause is the adoption of traditional bad habits, such as
chronic heavy smoking and drinking. These factors may cause T2DM even in nonobese sub-
jects and T1DM even in older individuals. A potential environmental cause is urbanization.
Rapid development gives rise to an undesirable diet and lifestyle, which can cause obesity in
South Asians, especially those living in rural areas.

Finally, we proposed effective prevention strategies based on the above analyses. Primary
prevention through the promotion of a healthy diet and lifestyle should be a priority, and the
prevalence rate may be able to be drastically decreased by making changes to one’s diet and
lifestyle. However, if South Asians fail to recognize the impending diabetes crisis, this condi-
tion will unfortunately become much more serious in the near future. The implementation of
public health strategies aimed at mitigating the obesogenic environment is critical.
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Abstract

Latent Autoimmune Diabetes in Adults (LADA) is the term used to describe adults who
have a slowly progressive form of diabetes mellitus (DM) of autoimmune etiology, but
that may be treated initially without insulin. Although the American Diabetes Association
(ADA) currently does not recognize this disease as a specific type, there is increasing
information about it, as well as groups dedicated to its study. LADA shares some immu-
nological and genetic aspects with DM type 1, it affects an age group that is typically
affected by type 2 DM. Therefore, it could be considered a type of intermediate diabetes.
This process can be detected by specific antibodies in the peripheral blood, months or
even years before the clinical onset of the disease. Diagnosis is based on clinical and labo-
ratory criteria: age of onset, initial response to oral hypoglycemic agents and the presence
of specific antibodies for diabetes. Although the definitive treatment is insulin, glitazones
may be useful in early stages of the disease. Currently, its management represents a chal-
lenge for the physician, including specialists, and it is a form of DM to keep in mind.

Keywords: diabetes mellitus type 1, diabetes mellitus type 2, adult latent autoimmune
diabetes, autoimmunity, glutamic acid decarboxylase

1. Introduction

Diabetes mellitus (DM) is a complex and heterogeneous disease from a physiopathological
point of view and often exceeds the somewhat rigid margins of the categories included in the
current classification [1].

In 1986 Groop et al. reported a subgroup of diabetic patients who had cells specific for pancre-
atic beta cell (c-) function, with characteristics different from the classic type 1 and type 2 DM
[2]. Type 1 DM is caused by an autoimmune response that produces a progressive destruction
of pancreatic (c-3). This process can be detected by specific antibodies in the peripheral blood,
months or even years before the clinical onset of the disease [3].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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The term Latent Autoimmune Diabetes in the Adult (LADA, Latent Autoimmune Diabetes of
the Adult) by its abbreviations in English; it was coined by Tuomi et al. to describe patients
with a slowly progressive form of autoimmune or type 1 DM who could be treated initially
without insulin [4].

Both diseases, both DM type 1 and LADA; present specific antibodies: anti-decarboxylase of glu-
tamic acid (anti-GAD), anti-beta cells (ICA), anti-tyrosine phosphatase (IA-2) and anti-insulin,
the first of which is the most prevalent, followed by ICA [5, 6]; in more than 10% of adults with
presumed DM type 2 (DM2) [7, 8], so LADA is the most prevalent form of autoimmune diabetes
in adults and probably also the most prevalent form of autoimmune diabetes in general [9].

Clinically, these patients are difficult to distinguish from type 2 diabetic subjects who are
positive for the markers that characterize patients with type 1 diabetes.

The presence or absence of islet autoantibodies is one of the most direct ways to distinguish
between type 1 and type 2 diabetic patients [10].

And, although LADA is undoubtedly related to type 1 DM, its clinical presentation frequently
features traits attributable to type 2 DM and is often misdiagnosed and treated for significant
periods of time. This is helped by the fact that the current diagnostic criteria used to identify
this variant of diabetes are imprecise and subject to controversy.

Although the American Diabetes Association (ADA) currently does not recognize this disease as
a specific type, there is increasing information about it, as well as groups dedicated to its study.

2. Epidemiology

There is a big difference in the prevalence of type LADA DM among different population
groups around the world. In North America it is estimated that 5-10% of new cases of DM in
adult patients could correspond to this pathology [11].

In a UK Prospective Diabetes Study (UKPDS), about 10% of adults with suspected type 2 dia-
betes at the time of diagnosis had evidence of islet autoimmunity in the form of circulating ICA
or GAD antibodies and most progressed to dependence on insulin in 6 years [12]. See Table 1.

In Central America there are still no studies that describe the prevalence of LADA type
Diabetes. In countries like Honduras, its diagnosis is based on the clinic; this reduces the
credibility of the diagnosis, especially when there is not enough equipment to corroborate the
presence or absence of the antibodies described above.

Given that an appreciable proportion of people with diabetes who do not require insulin have
a high proportion of antibodies against glutamic acid decarboxylase (GAD), it has been con-
cluded that the LADA type Diabetes is probably much more prevalent than the DM type 1 but
less frequent than DM type 2 [24]. This in turn explains the reason for the use of Anti-GAD,
in comparison with other antibodies, to detect type LADA DM among subjects diagnosed as
DM type 2 [13, 25].
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Author Country Type of study Universe Prevalence %

Adeleye et al. [13] Southwest of Nigeria Based on the clinic 160 11.9

Ipadeola et al. [14] Southwest of Nigeria Based on the clinic 235 14.0

Agyei-Frempong et al. [15] Ghana Based on the clinic 120 11.7

Otieno et al. [16] Kenya Based on the clinic 124 5.7

Hwangbo et al. [17] Korea Based on the clinic 462 4.3

Tuomi et al. [18] Finland Based on population 1122 9.3
density

Bosil et al. [19] Italy Based on population 2076 2.8
density

Zinman et al. [20] North America and Based on population 4134 4.2

Europe density

Arikan et al. [21] Turkey Based on the clinic 54 31.0

Brahmkshatriya et al. [22] India Based on the clinic 500 5.0

Lerman et al. [23] Mexico Based on the clinic 83 3.6

Table 1. Prevalence of positive glutamic acid decarboxylase antibodies (late autoimmune diabetes in adults) in subjects
with type 2 diabetes among different population groups.

3. Genetics

Pathological studies have proposed that LADA and type 1 DM share physiopathological and
genetic aspects; such as genes (HLA, INS VNTR and PTPN22) and with respect to DM type
2 (TCF7L2) [26], which suggest that it may represent a genetic admixture of the two types of
diabetes, especially when non-insulin requiring.

It is known that LADA has a higher frequency of human histocompatibility antigens (HLA)
characteristic of DM type 1: HLA-DR3 (28% of patients), DR4 (27%) and DR 3/4 (22%), in
comparison with the general population [26, 27].

The dilemma persists in the fact whether this genetic mixture represents a totally different
disease syndrome or is part of a continuum of an autoimmune process.

It is important to mention that in all the genome-wide association studies directed to the
exome sequencing carried out until now or the sequencing of the whole genome exome, they
have not yet been carried out in large cohorts of adult autoimmune patients.

As mentioned, both diseases have specific antibodies. Concomitantly, a decrease in the
frequency and activation of “natural killer” cells in peripheral blood compared with
healthy individuals has been demonstrated, which translates into a defect in the immune
response [28].
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4. Why are LADA and non-diabetic type 1?

Taking into account its subsequent and less aggressive presentation, different arguments have
been formulated that explain the appearance of LADA. See Table 2.

4.1. When to think about LADA?

Some characteristics have been related, which in order of frequency associated with the dis-
ease in comparison with type 2 diabetics are: age of onset <50 years, symptoms of acute onset,
BMI <25 kg/m? and personal or family history of autoimmune disease.

It is described that the presence of 2 or more of these criteria presents a 90% sensitivity and
71% specificity for the identification of LADA patients [25, 30].

In case of suspicion, specific antibodies should be requested to confirm the diagnosis.

Less marked exposure to environmental factors.
Lower specific antibody titers.
Intermittent crisis of autoimmune aggression.

Greater capacity to regenerate beta cells and protection against the apoptotic process.

gk N

Acquired immunotolerance.

The last three points would be the result of a better protection/risk gene balance compared to type 1 diabetics [3, 29].

Table 2. Postulates of Pozzilli and Di Mario [3], which differentiates LADA from DM type 1.

1. Appearance in adulthood, usually after 30 years
2. Presence of specific auto antibodies, anti-GAD the most prevalent

3. There is no need for insulin therapy at the onset of the disease, which should last at least 6 months

Table 3. LADA diagnostic criteria, proposed by Immunology of Diabetes Society (IDS).

Characteristics DM type 1 LADA DM type 2

Age of onset of the disease ~ Childhood or adulthood ~ Adulthood Adulthood

Metabolic syndrome Similar general population Similar general population 80 and 90%

Ketoacidosis Frequent Infrequent Absent

Autoimmunity Present (ICA Present (predominates anti GAD) Absent
predominates)

Insulin therapy Since the diagnosis Approximately 6 months without Late

therapy requirement

Source: Pollak et al. [31].

Table 4. Characteristics of DM type 1, LADA and DM type 2.
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However, in order to clarify and have a more unified concept at the time of diagnosis, The
Immunology of Diabetes Society (IDS) [4] has proposed 3 criteria for diagnosis, including:
diagnosis of diabetes according to criteria established at a higher age at 30 years, indepen-
dence of insulin for at least 6 months after diagnosis and positivity of antibodies against
GADA (Tables 3 and 4).

5. Clinical presentation and relationship with chronic diseases

Andersen et al. mentions that patients with LADA have a higher body mass index (BMI) than
type 1 diabetics, but less than type 2. The condition of normal weight is the most frequent
nutritional status [32].

However, it is not a Sine Qua Non standard in its diagnosis.
5.1. Metabolic characteristics

Patients with adult onset autoimmune diabetes generally have a better metabolic profile than
those with type 2 diabetes, with lower levels of triglycerides, higher HDL cholesterol and
lower BMI, waist/hip ratio, and blood pressure [18, 33-37].

5.1.1. Body mass index and LADA

A clinical point of view that persists is that patients with LADA are usually thin at the time of
diagnosis [5] similar to children with diabetes type 1. However, documentation of BMI in LADA
populations of European extraction does not support this point of view. Most of the larger LADA
cohort studies report an average BMI in categories of overweight or obesity (BMI > 25.0 kg/m?)
[20, 38—40] and most report a BMI similar to the diabetes type 2 cohorts [20, 38, 40]. Therefore, a
normal BMI (<25.0 kg/m?) should not be a diagnostic criterion for LADA.

5.1.2. Metabolic syndrome and LADA

The increase in the prevalence of metabolic syndrome (MetS) worldwide is alarming, even
more so if we take into account that it is considered a risk factor for the development of dia-
betes, or a pre-diabetic state. The impact of MetS has been demonstrated by the increase in
subclinical atherosclerotic disease in patients with the syndrome, even without the diagnosis
of diabetes [41]. In countries such as the United States and Mexico, the prevalence of MetS is
around 25% of its adult population [42].

Through a cross-sectional population-based study conducted by Wong-McClure et al. they
claim that the general prevalence of MetS in Central America is high, being higher in Honduras
(21.1%, CI: 16.4-25.9) than in the other countries of the isthmus [43].

Given the presented and due to the absence of data in primary care in Honduras [44], a descrip-
tive study is carried out; in which the prevalence of MetS was determined using the criteria
of the third report of the Group of Experts in Adult Treatment (Adult Treatment Panel III)
of the National Program of Education on Cholesterol or by its acronym in English «National
Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATPIII) [45] being 65.8%.
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Multiple studies on MetS and its relationship with DM type LADA estimate that at least 30%
of patients diagnosed with type LADA have metabolic disorders [36].

Given the age of onset and the frequency of this syndrome in the adult population, the coexis-
tence of both pathologies is not infrequent. It is estimated that approximately 42% of patients
may present with metabolic syndrome, a figure lower than in type 2 DM, in which the associa-
tion reaches 84% [36].

It is probable that some patients present insulin resistance (IR) although the importance of
this phenomenon in the onset of the disease is not clear. It has been shown that adiponectin
levels are similar to individuals without DM, suggesting that IR is not part of the etiopatho-
genesis of the disease [46].

In turn, the presence of dyslipidemia and hypertension is higher than in type 1 diabetics [47],
but less frequent than in type 2 diabetics, which could result in an intermediate cardiovascu-
lar risk between both types.

5.1.3. DM type 2 and LADA

Multiple studies have found that patients with LADA require treatment with insulin more
frequently and earlier after diagnosis than those with type 2 diabetes who are negative for
antibodies. GADA positivity in adult patients with diabetes who do not require insulin is
associated with decreased fasting C-peptide and a decrease in peptide-C response to oral
glucose [12, 18, 48, 49].

It is mentioned that, the magnitude of this insulin response is inversely related to the GADA
title [18]. Curiously, insulin secretion was similar in patients recently diagnosed with LADA
and DM type 2, as mentioned in two large studies conducted by Zinman et al. and Lundgren
et al. [20, 50]

A metabolic study of insulin secretion and insulin sensitivity, conducted by Juhl et al. in 2014;
confirmed the lack of weight difference in the groups with LADA and DM type 2 [51].

However, despite these early characteristics, over time, the increased propensity to reduce the
function of b cells in LADA becomes evident [12, 18, 48].

Among GADA-positive patients, these altered metabolic parameters tend to be significantly
better in those with high GADA titer compared to low GADA titer, but without a clear dis-
tinction between groups [18, 33-35].

These wide differences in metabolic parameters translate into negative GADA patients with
more signs of metabolic syndrome than positive GADA patients, regardless of whether the
latter have LADA or adults with diabetes onset Type 1 [34, 35, 51].

The formal examination of insulin resistance indicates that patients with LADA are more
insensitive to insulin than healthy controls, but their insensitivity to insulin is comparable to
or lower than that of patients with DM type 2 and is dependent on BMI [20, 40, 50, 52].
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6. Clinical features

At the time of diagnosis, the clinical phenotype of patients with apparent autoimmune dia-
betes can be remarkably broad, ranging from diabetic ketoacidosis to the characteristics of
diabetes that can be controlled only with diet.

The classification of these patients also covers a range that may seem arbitrary; for example,
in the European Action LADA study, patients with GADA who started taking insulin in the
first month of diagnosis were designed as classic type 1 diabetes, those who started with
insulin in 6 months were not published and those who started with insulin 6 months or later
were designed LADA. Compared with patients with type 2 diabetes, patients with adult onset
autoimmune diabetes, even when they do not require insulin (LADA), have a lower age at the
time of diabetes, lower BMI and waist/hip ratio, but a higher Pronounced loss of C-peptide
and an increased likelihood of treatment with insulin [18, 35, 48].

Phenotypically, patients with high GADA titres tend to have these same characteristics, but
they are more marked and more similar to classic type 1 diabetes, with younger patients at
the time of diagnosis being thinner with a high risk of progression to treatment with insulin.

Patients with a low GADA titer are phenotypically more similar to those with DM type 2 dia-
betes. These differences are also observed in the metabolic syndrome, which is more frequent
in type 2 diabetes than type 1 and LADA diabetes, and more prevalent in low-grade patients
than patients with GADA high titer [18, 33, 35, 48].

Because the high GADA titer tends to be associated with multiple diabetes-associated auto-
antibodies (DAA), it is not surprising that the NIRAD study found that among patients with
adult diabetes, more DAA were detected plus these patients needed insulin treatment and
had an earlier age [53].

However, there is sufficient overlap for these clinical parameters between patient groups to
make it impossible to accurately distinguish autoimmune diabetes from adult type 2 diabetes
in clinical characteristics only when considering individual patients [4, 54].

7. Complications

The frequency of ketoacidosis has not been documented in LADA, but it is assumed to be very
low. Chronic vascular complications associated with type 1 diabetes and type 2 diabetes are
also present in LADA [55].

7.1. Chronic complications

Few studies have addressed this issue. Cabrera-Rode et al. describe a lower incidence of retinopa-
thy, nephropathy and peripheral vascular disease, in comparison with type 2 diabetics, although
without significant differences given the small number of patients. Recently, a study in Korea,
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with more than 300 patients (5.3% classified as LADA, 70% in insulin therapy), reveals that the
risk of developing microvascular complications is similar to diabetic patients type 1 and 2 [55, 56].

7.2. Diabetes microvascular and macrovascular complications

It has been observed that the prevalence of microvascular complications in LADA is broadly
similar to that observed in patients with type 2 diabetes, however in a small study conducted
by Myhill et al., reported a lower risk of nephropathy [51, 55-57].

It is important to mention that patients with LADA generally have a more favorable cardiovas-
cular risk profile than those with type 2 diabetes. However, to date, different studies have found
no evidence of a lower risk of macrovascular disease in patients with DM type LADA [51, 55, 57].

The independent associations of hypertension, hyperlipidemia, obesity and hyperglycemia
with macrovascular disease in diabetic patients are well established. Interestingly, hyperten-
sion, hyperlipidemia and obesity were less frequent in LADA than in type 2 diabetes [55], but
the rates of macrovascular complications were similar. Possible explanations include differ-
ences in pathogenesis or treatment.

Given the autoimmune pathology, patients with LADA may have greater systemic inflamma-
tion, involved in vascular pathology [58].

It is a fact that patients with LADA can be treated suboptimally because they often start treat-
ment with insulin later than clinically indicated, due to unrecognized insulin deficiency,
detection of specific antibodies and a reluctance to change oral therapies to injections.

They are also likely to have a shorter duration of treatment with metformin, an oral agent
associated with a lower rate of ischemic heart disease in the UKPDS [59].

Although these studies were small, there is no evidence to support a less aggressive treatment
policy for cardiovascular risk factors in patients with LADA.

8. Therapeutic update for DM type LADA

Currently there is no established intervention for patients with LADA-type DM, despite the
fact that they represent a considerable number of patients with diabetes. Considering that
these patients present hyperglycemia, there is no doubt that they require specific therapy to
control blood glucose levels.

Therefore, there is no doubt that the best therapeutic option in patients with LADA (while
trials are expected to prevent the depletion of B cells) is to achieve good metabolic control and
prevent chronic complications.

As a cornerstone in the treatment it is important to keep in mind that glycemic control is a
strong risk factor for the development of cardiovascular disease in patients with LADA at a



Latent Autoimmune Diabetes in Adults
http://dx.doi.org/10.5772/intechopen.72685

higher level than in patients with type 2 diabetes and could be related to the lower prevalence
of the metabolic syndrome in the first ones [60].

Different studies show that insulin therapy is the ideal treatment to achieve a better metabolic
control in subjects with type LADA DM.

This procedure is useful to reduce the destruction of 3-cells when there is a break in their activ-
ity, which determines a decrease in the expression of pancreatic antigens in [3-cells [3, 61-68].

The application of an early insulin treatment in subjects with LADA who present a discrete
insulin secretion is beneficial, and influences the preservation of pancreatic $-cell function.
The early and correct identification of the LADA is necessary to define the adequate therapeu-
tic behavior and improve the prognosis of these individuals.

In patients initially diagnosed as type 2 diabetic, a number of therapeutic options are possible
that coincide with present available treatments of hyperglycemia.

It is at this moment where conjecturing or establishing a therapeutic goal is a challenge;
because alternatives have been sought for the management of our patients, among which are
mentioned.

8.1. Sulfonylureas

Beside diet, sulfonylureas are largely used in patients with type 2 diabetes. Sulfonylureas
stimulate insulin secretion by promoting closure of the ATP-dependent potassium channels
on pancreatic b-cells.

They are effective as blood glucose reducers, however, there is experimental evidence that
they can increase the immune response, so they are considered imprudent, as they could
accelerate the progression towards insulin dependence [3, 22].

In 1996, Kobayashi and 114 others observed that the administration of small doses of insulin
was an effective treatment in individuals with recently diagnosed LADA, which is expressed
by a high rate of negative conversion of the AHF and an increase in the levels of C-peptide. In
serum, on the other hand, when a sulfonylurea (glibenclamide) is used alone in these diabet-
ics, the persistence of the ICA is maintained and there is a progressive decrease in the levels
of C-peptide in the serum.

8.2. Biguanides

Treatment with metformin has no direct action on the 3 cell, and it could be indicated in
patients with LADA with clinical characteristics of metabolic syndrome or with obesity. This
treatment allowed a good control of HbAlc and caused a drastic decrease in insulinemia [69].
In these cases, a combination therapy of metformin with insulin could also be considered.

Nevertheless, one potential problem associated with the use of metformin is the development
of lactic acidosis in a patient at high risk of becoming insulin-dependent.
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8.3. Glitazones

Theoretically they could have their value in the treatment, not only to improve the sensitivity
of the insulin but also to exert an anti-inflammatory effect that would favor the preservation
of the {3 cell mass [2, 70].

There is interesting evidence that glitazones increase insulin synthesis and the insulin content
of islet cells as well as improve the secretory response of islets [71].

Zhou and others have demonstrated the efficacy of treatment with rosiglitazone in combina-
tion with insulin, which helps preserve the function of the cell compared to insulin alone in
LADA [2, 70, 71].

Sitagliptin is a potent DPP-4 inhibitor which results in the delay of degradation of incretin
hormones (glucagon-like peptide-1 (GLP-1) and gastric inhibitory peptide (GIP)), thereby
improving beta-cell function and resulting in better glycemic control in patients with T2D.

Recent studies demonstrate that the use of sitagliptin in individuals with T1D improved over-
all the glycemic control and reduced insulin requirements without altering the amount of
endogenous insulin production [72].

A prospective study of 1-year duration demonstrated maintenance of beta-cell function through
the administration of sitagliptin in patients with recent-onset LADA [73]. A similar study proved
that c-peptide secretion and glycemic control was improved by the use of another DPP-4 inhibi-
tor, saxagliptin, versus placebo in LADA patients [74, 75]. All these accumulating evidences
support the hypothesis that this may be a class effect; however, further studies are required.

8.4. Potential strategies for preventing b-cell destruction in LADA

A clinical trial showed that insulin therapy was the best treatment in this type of diabetic,
and that the use of glibenclamide produced a persistence of the ICA (the ICA persisted in
100% of the subjects with LADA treated with glibenclamide + insulin), and that its exclusion
decreased the presence of these antibodies (the ICA disappeared in 75% of the individuals
with LADA treated only with insulin) [76, 77].

The use of glibenclamide or another sulphonylurea is not recommended in the treatment of
these patients or their combination with insulin [65, 66], since it could contribute to the persis-
tence of the autoimmune process and the probable progressive destruction of pancreatic cells.

Finally, a meta-analysis on pharmacological treatment [71], with a total of 8 publications (735

patients), concludes that:

* There are no benefits in the metabolic control when associating hypoglycemics with insulin
therapy.

¢ Better metabolic control with insulin compared to sulfonylureas.

¢ Insulin dependence earlier in patients treated with sulfonylureas.

* Preservation of initial C peptide with early insulin therapy or rosiglitazone, which would
position these therapies as the choice.
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9. Conclusions

9.1. Summary: knowledge and uncertainty

Patients with DM type LADA are more likely to have lower C-peptide, associated with fewer
signs of metabolic syndrome; higher levels of HbAlc, faster progress to insulin therapy. It
is not yet clear how DM type LADA is associated with the loss of insulin secretion capacity.

9.2. Summary: knowledge and uncertainty

There are no clear clinical features that distinguish autoimmune diabetes from type 2 dia-
betes. However, there is a tendency for adult patients with GADA, even when they do not
require insulin, being younger at the time of diagnosis and thinner with a greater tendency
to progress to treatment with insulin. Within a cohort of positive GADA adult patients, the
GADA title and the number of LADA patients impact the clinical and biochemical differences
of type 2 diabetes. The clinical phenotype should drive the management strategy.
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Abstract

Type 2 diabetes mellitus (DM) is a chronic and multifactorial disease strongly linked
to a low-grade inflammatory process. Thus far, type 2 DM is generally regarded as
an incurable disease by common therapies. However, very low-calorie diet (VLCD)
regimens have demonstrated beneficial and rapid effects on glucose metabolism in
subjects with type 2 DM. These beneficial effects include improvement of diabetes
complications, insulin sensitivity and reduction in glycaemia, glycated hemoglobin
(HbA1C), and triglyceride levels. VLCD regimens commonly comprise no more than
800 kcal/day and are therefore associated with rapid weight loss in overweight and
obese individuals. This group of diets positively affects local/systemic inflammation
and oxidative stress (OS) by modulating inflammatory cytokines, adipokines and
endogenous antioxidant levels. The investigation of VLCDs in the field of type 2 DM
treatment is progressively augmenting due to the multiple benefits in cardiometabolic
health of overweight/obese subjects with type 2 DM. Here, we gather and review the
evidence regarding the role of inflammation and OS in individuals with type 2 DM
under VLCD regimens.

Keywords: very low-calorie diet, obesity, type 2 diabetes mellitus remission,
oxidative stress, adipokines
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1. Introduction

Thus far, type 2 diabetes mellitus (DM) is recognized as an incurable metabolic disease by
common therapies. Obesity and type 2 DM are intrinsically correlated, and low-grade chronic
inflammation at a local and systemic site has been suggested as a key component in the pro-
gression toward the disease [1, 2]. In this regard, very low-calorie diet (VLCD) regimens,
providing <800 kcal/d, have demonstrated to exert a beneficial and rapid effect on glucose
metabolism in individuals with type 2 DM, which are not seen with pharmacological therapies
[3]. Since 1970, VLCD has been used to induce rapid weight loss with a favorable safety profile
[4]. Benefits of VLCD in T2DM patients with obesity include weight loss, fat mass reduction,
reversion of hyperglycemia, elimination of pharmacologic treatment and normalization of both
beta cell function and hepatic insulin sensitivity [3, 5]. The main mechanism by which VLCD
regimens exert their beneficial effects on metabolism of type 2 DM subjects appears to be their
capacity to induce weight loss and modulate inflammation via cytokines and adipokines [6-8].
However, there are considerable limitations of VLCD regimens in certain individuals. The
most common issue to resolve in clinical trials evaluating VLCD regimens is noncompliance
of patients due to previous dietary patterns, psychological aspects, vitamin deficiency mani-
festations and renounce to undergo lifestyle changes [9, 10]. In addition, initial weight loss by
VLCD treatment is associated with greater weight regain; thus, long-term weight maintenance
after VLCD has been an elusive goal when compared to surgical procedures like bariatric
surgery [11, 12].

The purpose of the present chapter is to focus on the metabolic and clinical effects of VLCD
regimens in type 2 DM subjects as well as on the role of inflammation and oxidative stress (OS).

2. Clinical outcomes with VLCDs in type 2 DM

The most common way to measure effectiveness among different medical treatments is by the
assessment of clinical outcomes. A clinical outcome may refer to any measurable variable that
is dependent on the assigned treatment [13]. With regard to type 2 DM, the most important
and common outcomes evaluated in clinical trials assessing for therapy effectiveness are gly-
cemia, glycated hemoglobin (HbA1C) levels, insulin sensitivity/resistance and elimination of
antidiabetic drugs (also known as “diabetes remission”). However, current therapies, other
than bariatric surgery, have failed to demonstrate significant effects on the ultimate goal of
type 2 DM therapy, disease remission [14, 15]. Hence, this metabolic pathology is commonly
referred, thus far, as an incurable and progressive disease.

Obesity is a well-known risk factor for type 2 DM [16]; therefore, several treatment approaches
have been implemented to induce weight loss in obese individuals with type 2 DM. It is worth
mentioning that since 1970, several studies have documented the capacity of a restricted diet
to exert a rapid weight loss in overweight/obese subjects in a positive manner [4]. These types
of diets comprise no more than 800 kcal/day and are known as VLCDs. VLCD regimens have
been evaluated as diet treatments for type 2 DM based on their capacity to induce rapid weight
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loss. In 1997, Capstick et al. performed a clinical trial in 14 patients with obesity and type 2 DM
aiming to evaluate the effects of a VLCD (425 kcal/day) regimen for 12 weeks on weight and
metabolic control. In this clinical trial, body weight (from 108.9 to 94.5 kg), waist circumfer-
ence (from 116 to 103 cm) and systolic blood pressure (SBP) (-8 mmHg) were reduced. The
authors also reported a total reduction in exogenous insulin utilization by 50% in the VLCD
cohort individuals who were taking a high dose of insulin per day at baseline, accompanied
by a decrease in the number of oral antidiabetic drugs (8-2, median tablets/day). In addi-
tion, this regimen was well tolerated with a favorable safety profile [17]. Since then, several
studies have implemented a diet treatment for type 2 DM. In 2011, Lim et al. evaluated the
clinical effects of a 600 kcal/day VLCD regimen for 8 weeks in 11 middle-aged patients with
obesity and type 2 DM. Results showed an average weight loss of 15.3 kg, equivalent to 15%
of their initial body weight, with a sustained reduction of 3 kg after a 12-week follow-up [18].
Nevertheless, the majority of these studies have been pursued for <6 months, with limited
evidence on their long-term efficacy in the treatment of diabetes.

In regard to the long-term study of VLCD regimens, Paisey et al. compared the clinical effects
of a VLCD regimen with an intensive conventional diet plus exercise for 5 years in obese type
2 DM subjects. Fifteen patients in both cohorts finished the program. After 3 years of therapy,
subjects in the VLCD regimen lost more body weight (mean ~15 kg weight loss) than their coun-
terparts; however, by 5 years of follow-up, most of the weight was regained. On the other hand,
the intensive group had a more sustained and progressive weight loss than the VLCD. The
authors demonstrated that VLCD was safe to perform but difficult to follow for more than
6 months and showed a relative low patient compliance rate of ~60% in those individuals [19].

Similarly, Lim et al. showed a persistent beneficial effect on weight control after 6 months
of an 8-week VLCD [20]. However, there could be some concerns about the tolerability and
safety of VLCD in the long term based on the limited calorie content of these types of diets.
Interestingly, Rolland et al. performed a study comparing weight loss and safety in obese
subjects of three types of restricted calorie diets: VLCD, low-carbohydrate/high-protein diet
and low fat, reduced-energy diet. At 3 months, a greater loss in body weight, total choles-
terol, low-density lipoprotein cholesterol (LDL), fasting glucose and diastolic blood pressure
in the VLCD cohort was observed. At 9 months, there were no significant differences, with the
exception of fasting glucose, among the VLCD (average 550 kcal/day) and low-carbohydrate/
high-protein diet (800-1500 kcal/day) regimens. Dropout rates were similar in the VLCD and
low-carbohydrate/high-protein diet groups and no adverse effects were reported at 3 and
9 months in both groups [21]. Thus, at least for 9 months, VLCD seems to possess a favorable
safety profile compared to less intense restricted calorie diets (>800 kcal/day).

A recent systematic review and meta-analysis compared weight loss following VLCD (<800 kcal/
day) and low-energy liquid-formula regimens (>800 kcal/day) in people with and without type
2 DM [5]. The analysis of five studies varying from 4 to 52 weeks in length revealed no signifi-
cant differences in weight loss among both regimens. Further, data showed that the efficacy on
weight loss depended on several factors, including duration of diet and clinical characteristics
of the subjects. In addition to effects on body weight, VLCD regimens were associated with a
lack of adverse effects.
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It is worth mentioning that reduction in body weight by VLCD regimens may trigger ben-
eficial effects on diverse clinical alterations caused by certain pathologies where obesity is
linked to their development and/or severity. Indeed, some studies have shown improvements
on autonomic nervous system over reactivity (as per changes in heart rate variability) and
stage 2 chronic kidney disease (as per changes in glomerular filtration rate) present in obese
individuals with type 2 DM by VLCD regimens [22, 23]. Altogether, these studies suggest
that weight loss, in the short term, is more rapid and pronounced by VLCD regimens but
is also accompanied by more noticeable weight regain in the long term when compared to
less restricted calorie diets. However, the long-term effects on body weight by VLCD remain
unclear. Weight maintenance and education programs are needed for those individuals will-
ing to follow a VLCD regimen if long-term weight loss is desired.

3. Metabolic parameters with VLCDs

The main goal pursued by pharmacological and nonpharmacological treatments in type 2 DM is
to normalize the blood glucose levels. Diabetes remission, defined, as achieving glycemia below
the diabetic range in the absence of active pharmacologic or surgical therapy [24] is lamenta-
bly rare by common therapies, including exercise, diet and antidiabetic drugs [14]. However,
even a small decrease in high blood glucose levels is associated with a significant reduction
in microvascular [25] and macrovascular [26] complications in subjects with type 2 DM. Until
now, the only therapy that has compelling evidence in inducing long-term (up to 10 years)
diabetes remission is bariatric surgery [27]. Interestingly, VLCD regimens have shown meta-
bolic benefits in type 2 DM individuals, in the short term, similar to those observed by bariatric
surgery. For instance, in 1979, Savage et al. evidenced a restoration of normal fasting plasma
glucose levels by a VLCD regimen (500 kcal/day), for at least 4 weeks, in obese and type 2 DM
individuals [28]. Such effects were attributed to the weight loss induced by the diet. Notably, all
individuals presented a short duration of diabetes, 2-24 months. In 2004, Jazet et al. performed
a clinical trial in 17 obese individuals with type 2 DM, with the purpose to identify the factors
that could predict the blood glucose lowering effect induced by a VLCD regimen. After a 30-day
treatment with 450 kcal/day, all individuals lost weight, but not all of them (i.e., nonresponders)
achieved a reduction in blood glucose levels. But those who did (i.e., responders) had a shorter
duration of type 2 DM and preserved the capacity of [3-cells to secrete insulin [29]. This evi-
dence provided key information in regard to diabetes remission that was later investigated by
other groups. In 2011, the Newcastle Counterpoint study demonstrated reversal in 11 people
with type 2 DM (<4 years of diagnosis) using a VLCD consisting of 600-800 kcal/day. A rapid
decrease in liver and pancreas fat content derived from weight loss was linked to the glucose-
lowering effects elicited by VLCD [18]. Later on, the same group of researchers showed that a
higher baseline plasma insulin levels, preserved (3-cell function and lower duration of diabetes
were linked to diabetes remission following a VLCD regimen (624-700 kcal/day) for at least
6 months [20]. Despite being regarded as progressive and incurable, type 2 DM appears to be
reversible by means of VLCD regimens. Nonetheless, long-term diabetes remission remains to
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be investigated and ongoing clinical trials are in the run [30] to provide more solid and clear
evidence, as to if diabetes remission is possible by considerably changing the way people eat,
without the necessity of invasive procedures (i.e., bariatric surgery).

4. Cytokines and adipokines in obesity and type 2 DM

Evidence has shown that a prolonged positive energy balance (more calories consumed than
those expended) above that required for normal growth and development leads to over-
weight and obesity [31], which is a well-known risk factor for the development of type 2 DM
[16]. Although a high proportion of individuals with type 2 DM are overweight/obese [32],
not all of the overweight/obese individuals develop type 2 DM. The anatomical site where the
excess calories are preferentially stored as triglycerides plays a pivotal role in the occurrence
of metabolic abnormalities [33]. The adipose tissue has been recognized as the main site for
lipid accumulation when excess calories are ingested [34]. However, studies have also shown
that a positive energy balance over time leads to an increased accumulation of lipids (in the
form of triglycerides) in various organs, including the liver, skeletal muscle and pancreas
[35]. The abnormal fat accumulation in those organs has been linked to various derangements
in the metabolism, including insulin resistance and [-cell failure (core defects of type 2 DM)
[3]. Additionally, inflammation is a common feature of both obesity and type 2 DM. Indeed,
studies have shown that obese individuals present an increase in adipose tissue macrophages
and other immune cell infiltration [1]. These cells are key drivers of inflammation via over-
production of inflammatory cytokines, including interleukin (IL)-13, tumor necrosis factor-a
(TNF-a) and IL-6, which are strongly associated with the progression of the obese phenotype
and metabolic traits of type 2 DM [36, 37]. In addition, the abnormal infiltration of immune
cells in adipose tissue has deleterious long-term consequences on the biology of this tissue, as
adipocytes are major targets of the pro-inflammatory effects of cytokines released by immune
cells [38]. It is suggested that adipocytes secrete more than 600 potential hormones and signal-
ing molecules (and the list grows every year), also known as adipokines, some of them are
also produced by immune cells [39]. This group of molecules possesses a myriad of effects on
diverse tissue/organs, including but not limited to the control of inflammation, fat distribu-
tion, insulin sensitivity and secretion, energy balance, appetite and satiety [39-42]. Some of
the best studied and relevant adipokines in obesity and type 2 DM are leptin, adiponectin,
TNF-a, IL-6, IL-1, resistin, dipeptidyl peptidase IV, apelin, monocyte chemotactic protein-1
(MCP-1), and so on [40, 41]. Interestingly, adipokines can act as either pro-inflammatory or
anti-inflammatory signaling molecules. For instance, in lean individuals, adipocytes release
anti-inflammatory adipokines (e.g., IL-4, IL-10, IL-13, apelin, etc.), while in obese subjects, pro-
inflammatory molecules (e.g., TNF-a, leptin, IL-6, resistin, etc.) are predominantly released.
The imbalance of cytokines and adipokines homeostasis in overweight/obese individuals
leads to chronic low-grade systemic inflammatory state, a process that is a key driver of insu-
lin resistance and ultimately to the development type 2 DM [2]. Thus, therapeutic strategies
targeting cytokine and adipokine levels may favorably influence both obesity and type 2DM.
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The most studied adipokines in type 2 DM subjects with VLCD are adiponectin and leptin.
Adiponectin is a 244-amino acid hormone synthesized by mature white adipose tissue in
subcutaneous, visceral and perivascular adiposity [42]. Adiponectin increases as fat mass
decreases, and some of its functions are adipogenesis, adipocyte lipid storage (a “healthy”
expansion of adipose tissue) and adipocyte insulin sensitivity via increased GLUT4-mediated
glucose uptake [43]. The beneficial metabolic effects of adiponectin are in part related to its
capacity to modulate the energy sensor 5’ adenosine monophosphate-activated protein kinase
(AMPK) [44]. The regulation of adiponectin is a very complex system; however, low plasma
adiponectin levels are associated with overweight, obesity and type 2 DM [43, 45]. The exact
mechanisms involved in downregulation of adiponectin are not fully understood. Dietary
restriction regimens in all its varieties (e.g., VLCD, calorie restriction, intermittent fasting,
etc.) have been documented to exert beneficial metabolic effects in patients with type 2 DM
derived from weight loss and concomitant modulation of adipokine levels. VLCD appears
to have the most profound and rapid positive effect on weight loss, insulin resistance, [3-cell
function, inflammation and OS than other calorie-restricted regimens [3, 46—49]. However,
the majority of studies performed, thus far, have failed to demonstrate significant changes in
adiponectin serum levels after VLCD regimens in obese and type 2 DM individuals, despite
improvements on metabolism [6, 8, 50].

Conversely, leptin is a 167-amino acid hormone secreted mainly by white adipose tissue and
is positively correlated with body fat content [51]. Leptin regulates energy homeostasis by
inhibiting appetite (anorexigenic effects), thereby inducing the weight loss. In obese subjects,
circulating levels of leptin are increased [52]. Interestingly, after a three-week regimen with
VLCD in obese women, Anderlova et al. demonstrated a significant reduction on leptin serum
levels and an increase of soluble leptin receptor levels, with no significant effects on adipo-
nectin [6]. In addition, Lips et al. directly compared the effects between VLCD and bariatric
surgery (Roux-en Y gastric bypass) on systemic inflammation markers in obese women. Three
months after both interventions such as leptin and adiponectin serum levels were reduced
and increased, respectively, by both regimens, although a more favorable inflammatory pro-
file was observed in the VLCD cohort [53]. Noteworthy, VLCD has also been shown to posi-
tively affect inflammatory markers in obese type 2 DM subjects. Mraz et al. evidenced that a
two-week VLCD regimen (~600 cal/day) decreased body weight and fasting glycemia accom-
panied by decreased C-reactive protein and IL-6 plasma levels in obese type 2 DM women.
Moreover, these subjects experienced a reduction in inflammatory markers at the mRNA
level, including chemokine receptors (e.g., CCR-1, CCR-2, CCR-5, IL-6 receptor) in peripheral
monocytes and chemokines (CCL-8 and CXCL-10) in subcutaneous adipose tissue [8].

5. VLCD and OS

OS is a condition of imbalance between oxidative species and antioxidant defense [54]. Several
lines of evidence suggest a close relationship between inflammation and OS [55-57]. Indeed,
various OS markers are up regulated in subjects with type 2 DM [58-60], where a chronic low-
grade inflammation state is present. Regimens with calorie-restricted diets have been reported
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to positively affect OS in obese and type 2 DM individuals via modulation of recognized OS
markers. For instance, a study performed with obese individuals (with and without metabolic
syndrome diagnosis) evidenced a reduction of oxidized LDL plasma levels after a VLCD for
3 months. In another study, a VLCD regimen for 8 days was associated with improved oxidative
status, defined as increase in superoxide dismutase (SOD) and reduction in malondialdehyde
(MDA) levels, in obese individuals with and without type 2 DM [61]. Although such effects
were only reported in nine patients, surprisingly, a seven-day period was enough to demon-
strate significant reductions in those parameters in addition to reductions in fasting plasma
glucose, total cholesterol and LDL levels. Likewise, Heilbronn et al. documented reduced DNA
damage (a marker of OS) in blood samples from overweight individuals after 6 months of a
VLCD regimen compared to individuals who had followed a weight maintenance diet [49].
There exists a link between OS and inflammation in type 2 DM, and in this regard, VLCDs have
shown the capacity to attenuate both processes.

6. Future directions and recommendations

There is no doubt about the beneficial metabolic effects linked to VLCD regimens in type 2
DM. Such beneficial effects by VLCD go beyond glycemic and lipid control, since VLCD has
shown to reduce OS and inflammation. Perhaps, in addition to its associated safety profile,
VLCD regimens are now taking a privileged position in the treatment of type 2 DM, because
of their capacity (in part) to exert rapid and substantial weight loss without the common
risks associated with bariatric surgery. However, particular points that need to be addressed
in VLCD trials are whether these types of diets are viable treatments for long-term diabetes
remission and these regimens are applicable in primary care settings. Specifically, there is
a need for more evidence related to the VLCD-associated benefits and safety, in longer and
larger studies, which fortunately may be available soon because of current ongoing clinical
trials evaluating this scenario.

Indeed, the Diabetes Remission Clinical Trial (DiRECT) is an ongoing trial intended to deter-
mine whether a weight management program (i.e., consisting in a VLCD regimen, food rein-
troduction and long-term weigh loss maintenance steps) delivered in a routine primary care
setting and is a practical and successful treatment to achieve type 2 DM remission after 2 years
[32]. This study started in 2016 and the obtained results are promising.

It has been manifested that individuals under VLCD regimens may suffer from psychological
stress (e.g., increase in cortisol levels), which may be associated with weight regain after the dis-
continuation of VLCD regimens [62]. Interestingly, the Prevention of WEight Regain in diabetes
type 2 (POWER) was designed to evaluate the effectiveness of adding a psychological interven-
tion to a VLCD regimen in overweight type 2 DM individuals [63].

Clear recommendations for individuals with type 2 diabetes who would like to improve or
reverse their condition by VLCD regimens await further studies. Nevertheless, all individuals
with newly diagnosed type 2 DM should be informed about the possibility of reversing their
disease by a diet regimen, not commonly offered as a treatment by general practitioners. This
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will bring hopes and motivation to individuals who are categorized as possessing an incur-
able disease. It is important to mention that not all individuals are capable to execute a task
that comprises a relative drastic change to their lifestyle that has been maintained for years.
Hence, structured programs that involve groups of dieticians, nurses, doctors and psycholo-
gists are required in order to treat this disease and lead to disease remission. Health Services
around the globe will continue to suffer from the cost burden of type 2 DM as its incidence
is projected to increase worldwide [64]. Even if a small proportion of type 2 DM individuals
reverse their condition, the savings in health programs, particularly in developing countries,
will be substantial.
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Abstract

Objective. To evaluate the influence of combined therapy of Sitagliptin and metformin
on fat metabolism in patients with T2 DM.

Methods. The study included 82 patients with obesity. The following were evaluated at
base line and after 6 months of therapy: fasting glucose, postprandial glucose, glycated
hemoglobin, weight, waist circumference, lipid profile, proinsulin, leptin,adiponectin,
HOMA-B,HOMA-IR, MRI of visceral fat.

Results. After 6 months, HbAlc decreased by 18.52% (p < 0.001) in-group 1 and by 8.17%
(p < 0.001) in-group 2. HOMA-f increased by 33% in group 1 (p < 0.001) and by 11% in
group 2 (p > 0.05). Adiponectin levels increased by 27.06% (p < 0.001) in group 1 and by
7.16% in group 2 26 (p < 0.001). Leptin levels were reduced by 30.47% (p < 0.001) in group 1
and by 5.41% in group 2 (p <0.001). MRI showed a 7.52% reduction in visceral fat for group
1 (p <0.001) and a 1.76% reduction for group 2 (p <0.01).

Conclusion. Sitagliptin and metformin combination therapy had a prominent effect on
nonglycemic parameters, with more marked decreases in visceral fat and leptin and
increases in adiponectin levels.

Keywords: Sitagliptin, visceral fat, fat metabolism, type 2 diabetes, adiponectin, leptin

1. Introduction

Diabetes mellitus (DM) occupies a prominent place among chronic diseases due to the
rapid spread, tendency to increase in the number of patients, high disability due to numer-
ous macro- and microvascular complications and the leading position among the main
causes of death [1]. The relationship between epidemics of type 2 diabetes and obesity
initiated conducting research studying the adipose tissue as an endocrine organ that plays
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a crucial role in the development of metabolic disorders in patients suffering from obesity.
Due to excessive accretion of visceral adipose tissue, there is an imbalance of adipokines,
lipid metabolism, hyperinsulinemia, which lead to the development and progression of
insulin resistance (IR), DM 2. According to modern concepts, in the pathogenesis of DM
2, in addition to IR and impaired insulin secretion, an important role is played by abnor-
malities related to the “incretin effect,” which led to the creation of a class of inhibitors
of dipeptidyl peptidase-4 (iDPP-4). The advantage of this class is the restoration of the
physiological concentration of glucagon-like peptide-1 (GLP-1). Due to the physiological
mechanism of action, the use of drugs of this class is associated with a low risk of hypo-
glycemia. It should be noted that therapy with DPP-4 inhibitors, along with glycemic ones,
also has favorable nonglycemic effects, among which, a positive effect on body weight
(BW), lipid profile and blood pressure (BP) [2-5]. One of the first approved representatives
of iDPP-4 (registered by the FDA in 2007) is Sitagliptin. According to the literature, the
use of Sitagliptin has been studied both in the form of monotherapy, and in double, triple
combinations of hypoglycemic drugs combined with insulin [6-12]. Particular attention
is drawn to the possibility of the combination of iDPP-4 with a first line drug-metformin.
It is important to note that metformin can lead to an increase in total GLP-1 and poten-
tially enhance the effects of the inhibitor DPP-4 [13]. The combination of metformin and
iDPP-4 suggests an impact on all the major pathogenetic mechanisms of development of
type 2 diabetes type [14]. A number of studies [15, 16] reported the identification of DPP-4
as a new adipokine, which can be a link between an increase in adipose tissue mass and
obesity-associated diseases. The excessive content of DPP-4 in visceral adipose tissue may
be a marker of inflammation of adipose tissue, which is associated with insulin resistance.
Conversely, animal studies have shown that suppression of DPP-4 prevents the develop-
ment of inflammation and impaired glucose tolerance, which develops on the background
of obesity, in adipose tissue.

Thus, due to poor knowledge, a comprehensive study of lipid metabolism, with the visual-
ization of fat dynamics, the evaluation of adipocytokine-adiponectin and leptin secretion,
and the possibility of disease management by changing the parameters of lipid metabolism,
on the background of iDPP-4 therapy in combination with metformin, the best variant of
physiological intervention mobilizing the body’s own resources, is of the scientific and prac-
tical interest, which determined the relevance of the study. The solution of this problem will
allow us to expand our understanding of the nonglycemic effects of iDPP-4, to improve the
effectiveness of therapy in patients with type 2 diabetes and obesity. The study was con-
ducted at the Department of Endocrinology of the Russian Medical Academy of Postgraduate
Education.

The aim of our study was to evaluate the effect of combined therapy with Sitagliptin and
metformin on the parameters of fat metabolism in patients with type 2 diabetes and obesity.

The study protocol was approved by the expert commission of therapeutic faculty of the
State-Funded Educational Institution “Russian Medical Academy of Postgraduate Education”
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of the Ministry of Health of Russia on issues of medical ethics 14.11.2013 (Minutes Ne 8 of
14.11.2013).

Materials and methods. The study included 82 patients with type 2 diabetes with exces-
sive body weight of varying severity, dyslipidemia, not taking lipid-lowering therapy, who
did not reach the target levels of HbAlc on metformin monotherapy and dietary treatment.
The average age of the patients was 55.3 + 9.1 years. Group I included 42 patients with type
2 diabetes and obesity on combination therapy with metformin 2000 mg/day + Sitagliptin
100 mg/day. Before entering the study, patients in this group received monotherapy with
metformin at a dose of 1500-2000 mg/day. Group Il included 40 patients on metformin alone
at a dose of 2000 mg/day. Before entering the study, patients were on dietary treatment. All
patients were overweight and obese. A brief description of the groups by main parameters
is presented in Table 1.

After the formation of comparable clinical groups, all patients underwent clinical, instru-
mental and laboratory tests. Methods of examination included the collection of anamnesis,
measurement of anthropometric parameters (height, body weight (BW), waist circumference
(WQ), hip circumference (HC) and their ratio).

To evaluate the carbohydrate metabolism, the levels of fasting plasma glycemia (GH), post-
prandial glycemia (PPG) and glycated hemoglobin (HbA1lc) were determined.

For the study of fat and lipid metabolism, the concentrations of leptin, adiponectin, total
cholesterol (OX), triglycerides (TG), high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol and apolipoprotein 3 (apo 3 protein) were determined.

The quantity and nature of the distribution of adipose tissue were assessed by MRI of visceral
fat at L4 level. The area of visceral fat (VFA) > 130 cm? and the ratio of VFA/SFA > 0.4 were
interpreted as visceral obesity.

Insulin resistance and functional activity of B-cells were determined using the HOMA IR and
HOMA 3 indices. The calculation was carried out according to the following formulas:

HOMA IR = Fasting insulin (uE/ml) X Fasting plasma glucose (mmol/L)/22.5.
Index of HOMA-IR <2.77 was considered normal. IRI-immunoreactive insulin.
HOMA f = 20X IRI (uU/ml)/fasting glycemia (mmol/L) -3.5.

Abiochemical blood test was performed on Advia 1800 automatic analyzers from Bayer (Germany)
and Olympus AU 2700 from Beckman Coulter (USA). The level of HbAlc was determined by
capillary electrophoresis on a Capillaris 2 device from Sebia (France). The study of the content
of adiponectin was carried out by ELISA (immunoenzyme method) with Bio Vendor test sys-
tems (Germany). The levels of leptin and proinsulin were evaluated using DRG kits for enzyme
immunoassay on the Multiscan Labsystems analyzer (Finland). Insulin level in serum of venous
blood was evaluated by the method of chemiluminescent immunoassay on the automatic device
Architect 12000 (Abbot, USA). The level of C-peptide was determined in the serum of venous
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Group characteristics by main parameters

Parameters Group 1 Group 2 P

Total number of patients, abs% 42 (100) 40 (100) —

Men'’s, abs. (%) 10 (23.8) 8 (20) —

Women, abs. (%) 32(76.1) 32 (80) —

Average age, years 55.3+9.1 56.1+£5.4 >0.05
Duration of DM type 2, years 24+20 24+15 >0.05
Fasting glycemia, mmol/l 9.7 +279 9.6+2.1 >0.05
Postprandial glycemia, mmol/l 11.01£3.19 9.45+1.96 <0.05
HbAlc, % 8.3 £1.66 8.35+1.7 >0.05
Total cholesterol, mmol/l 6.85+0.95 7.11+6.39 >0.05
Adiponectin, ukg/ml 7.63 +2.56 7.41+243 >0.05
Leptin, ng/ml 23.87 £13.43 23.84 £9.61 >0.05
BMI, kg/m? 34.78 +4.87 35.45+4.3 >0.05
Visceral fat area (VFA, L4), sm? 300.73 + 80.88 334.62 +70.55 >0.05
Subcutaneous fat area (SFA, L4), sm? 375.88 +91.55 431.25+54.13 >0.05
Proinsulin, pmol/l 9.66 + 10.49 10.02 + 12.65 >0.05
Insulin, ©U/ml 14.24+9.3 14.72 +8.51 >0.05
C-peptide, ng/ml 33+1.6 32+17 >0.05
HOMA-3 40.63 + 25.99 57.05 +35.43 >0.05
HOMA-IR 5.85+4.15 6.32+5.0 >0.05

Table 1. Characteristics of groups by main parameters.

blood by the method of chemiluminescent immunoassay on the Immulite 2000 automatic analyzer
(Siemens, USA). To assess the lipid profile, the levels of OX, HDL cholesterol, LDL cholesterol and
TG in serum were determined after 12 h of fasting by enzymatic colorimetry on automatic Advia
1800 analyzers. Apolipoprotein [ (apo-p-protein) was determined by immunoturbidimetry using
an Olympus AU 400 automatic analyzer, manufactured by Beckman Coulter (USA).

Before entering the study, patients provided written informed consent, were trained in the
school of diabetes, were secured by means of self-control and self-monitoring diaries.

The statistical analysis of the data was carried out using the Statistica 8 software package. The
Wilcoxon test was used to assess the difference in the parameters before and after treatment.
The difference in dynamics between the groups was determined by the Mann-Whitney U
test. The pair relationships of the indicators were determined by the Spearman rank correla-
tion coefficient.
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Figure 1. Study design.

To test the statistical hypotheses on the type of distribution, the Shapiro-Wilks criterion was
applied. The significance level of p was set at 0.05.

The design of the study is shown in Figure 1.

2. Anthropometric measures

After 24 weeks of therapy, a significant decrease in all anthropometric measures was observed in
both groups, but more statistically significant differences were observed in group I. BMI decreased
on average by 1.81 + 1.33 (5.29%), p < 0.001 in group I, and by 0.68 + 0.35 (1.96%), p < 0.001 in
group II. Body weight (BW) decreased by 4.97 + 3.22 kg (5.2%), p < 0.001 in group I, and by
2 +0.94 kg (2.07%), p <0.001 in group II. Waist circumference (WC) decreased by 6.52 + 4.71 cm
(5.88%), p <0.001 in group I and by 2.42 +1.06 (2.18%), p <0.001 in group II. Accordingly, WC/HC
ratio decreased from 0.95 = 0.06 to 0.91 + 0.05 (3.28%), p < 0.001 in group I, and from 0.94 + 0.03
to 0.93 £ 0.03 (0.98%), p < 0.001 in group II (Figure 2). The decrease in WC as well as in the WC/
HC ratio indicates a decrease in the amount of visceral fat, which means a decrease in insulin
resistance and hyperinsulinemia, the underlying basis of the metabolic syndrome.

The decrease of body weight on Sitagliptin and metformin combined therapy is likely associ-
ated with an integrated effect from caloric restriction of the diet, a synergistic effect of iDPP-4
and metformin on GLP-1, which has an anorectic effect.
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Figure 2. Dynamics of anthropometric parameters. P < 0.001 for all values; P between groups <0.001 for all value.

3. Carbohydrate metabolism

After 24 weeks, a significant decrease in all parameters of carbohydrate metabolism was
observed in group I. Level of FPG in group I decreased by 2.67 + 2.37 mmol/L (21%), p <0.001,
FPG decrease in group II has not reached statistical significance with the mean decrease of
0.33 £ 1.6 mmol/L (1.45%), p > 0.05. Postprandial glucose (PPG) decreased by 3.26 +2.54 mmol/L
(26.35%), p <0.001 in group I and by 0.64 + 1.2 mmol/L (5.31%), p < 0.05 in group II. HbAlc level
decreased by 1.63 + 1.31% (18.52%), p <0.001 in group I, and by 0.72 + 0.47% (8.17%) in group II
(Figure 3).

The largest success in achieving glycemic control in patients on combined treatment is associ-
ated with complimentary action of the therapy components. Metformin lowers insulin resis-
tance and hepatic glucose production, while Sitagliptin delays inactivation of GLP-1, thus
enhancing glucose-dependent insulin secretion and decreasing glucagon secretion [17]. In
addition, it was demonstrated that metformin leads to increase in overall GLP-1 and can

1 el "

-0,64* PPG,mmal/l
-3,26*
-0,33** GF,mmal/l
2,67 #
-3,5 -3 -2,5 -2 -1,5 -1 0.5 0

m Metformin | Sitagliptin+Metformin

Figure 3. Dynamics of carbohydrate metabolism in the groups. GF-glucose fasting, PPG-postprandial glycemia;
*P <0.05; ** P>0.05.
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potentially enhance the effects of DPP-4 inhibitor. It is notable that the study achieved a
significant PPG decrease in metformin monotherapy group, which is potentially associated
with metformin ability to increase GLP-1 level and to slow down carbohydrate absorption in
the intestine.

4. Lipid profile

Lipid profile parameters belong to the improvement indices of the metabolic health.

The analysis of the lipid profile showed significant positive dynamics of TC, HDL and Apo
B in both groups. The only difference between groups was in HDL and TG dynamics. HDL
level decreased by 0.78 + 0.5 mmol/L (17.43%), p <0.001 in group I, and by 0.37 + 0.17 mmol/L
(9.63%), p <0.001 in group II; TG decreased by 1.33 + 1.16 mmol/L (28.15%), p <0.001 in group
I, and by 0.63 + 0.39 mmol/L (15.19%), p <0.001 in group II. Figure 4 displays parameter
dynamics in both groups.

Possible mechanisms partaking in the positive effect on lipid profile from therapy by DPP-4
inhibitor in combination with metformin could be weight loss, lowering of glucose level,
decrease in visceral fat (VF), which is accompanied by improvement in metabolic status.

-0,13 -0, 13“‘

-0??

Dvnamics of linid profile

THC, mmol/fl HOLmmal/l LOL,mmal/] Té{ammnl.rl Apo B
protein,ng/ml

| Sitagliptin+metformin @ Metformin

Figure 4. Dynamics of lipid profile. *** P < 0.001; **P < 0.05; *P > 0. 05 between groups.

5. Subcutaneous and visceral fat

MRI visualization of visceral fat dynamics demonstrated positive fat redistribution by low-
ering VFA in group I by 20.62 + 13.54 cm? (7.52%), p <0.001. In group II of metformin mono-
therapy, VFA decreased by 5.77 + 3.75 cm? (1.76%), p <0.001. SFA decreased by 4.51 + 14.43 cm?
(1.69%), p < 0.05 in group I, and by 1.95 + 1.05 cm? (0.46%), p < 0.05 in group II. Significant
improvement in SFA dynamic was observed in both groups; however, we have not detected
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Figure 5. Dynamics of visceral and subcutaneous fat by results MRI. VF-visceral fat, SF- subcutaneous fat; *P between
groups >0.05; **P between groups <0.05.

statistically significant difference between the groups (Figure 5). VEA/SFA ratio significantly
lowered by 0.18 + 0.24 (15.26%), p < 0.001 in group I; and by 0.008 + 0.008 (1.14%), p < 0.001 in
group II, which is also indicative of more marked lowering of visceral fat in group L

6. Adipose tissue hormones

Of note, decrease in VFA and improvement in anthropometric measures were associated to
change in secretion of adipose tissue hormones. On Sitagliptin and metformin therapy, a more
marked decrease in leptin level by 7.37 + 5.69 ng/ml (30.47%), p <0.001 was registered, while
on metformin monotherapy, leptin level decreased by 1.21 + 1.34 ng/ml (5.41%), p <0.001.

The study also indicates dynamics of another adipokine-adiponectin that plays a significant
role in glucose and lipid metabolism. The initial adiponectin levels in both groups were lower
than reference values. After 6 months of therapy, a more marked adiponectin level increase by
1.95 + 1.53 pug/mL (27.06%), p <0.001 was observed in group I compared to group II, where it
is increased by 0.49 + 0.26 pug/mL, (7.16%), p <0.001. It is known that this hormone secretion is
diminished at T2D. The recovery of secretion is accompanied by the improvement in carbohy-
drate metabolism indicators, lowering of atherogenesis and slowing down of the progression
of diabetes vascular events [18].

Adipose tissue hormones dynamics is displayed in Figure 6.

Thus, visceral fat area increased on the background of increasing concentration of adiponec-
tin and decreasing leptin content.
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Figure 6. Dynamics of adipokines.

7. Functional activity of B-cells and HOMA-IR

Data from the analysis of pancreatic [3-cell function condition have certain scientific and
practical interest. For instance, in the Sitagliptin and metformin combined therapy group,
a significant increase in HOMA-{ index by 23.4 + 22.6 relative units (33.06%), p <0.0001 was
observed compared to the group that receiving metformin monotherapy, where increase
in this index has not reached a statistical significance and equaled 4.86 + 1.63 relative units
(11.08%), p > 0.05.

Furthermore, the work has obtained statistically significant insulin level lowering in both
groups. For instance, on a background of Sitagliptin therapy in combination with metformin
therapy, insulin level decreased by 15.68%, (p <0.001), and on metformin monotherapy, insu-
lin level decreased by 7.57%, (p <0.001).

Before treatment, both groups showed increase in proinsulin level, after 6 months of therapy,
we achieved significant decrease in the proinsulin level in group I (Sitagliptin + metformin)
by 29.17%, (p <0.001), and in group II (metformin) by 13.79%, (p < 0.001). Proinsulin/insulin
ratio is increased when the functional activity of -cells is decreased and is an indication
of more marked apoptosis in pancreatic [3-cells. We established that on Sitagliptin therapy
in combination with metformin, a significant decrease by 10.38%, (p <0.05) was observed in
proinsulin/insulin ratio, while in metformin monotherapy group, a decrease in this ratio was
insignificant, by 2.84%, (p > 0.05) (Figure 7). This should be considered as a long-term positive
effect of Sitagliptin on the function of pancreatic -cells.

It is important to note that on combined therapy C-peptide level increased by 55.83%,
(p <0.0001); and by 6.3%, (p < 0.05) in metformin monotherapy group. HOMA-IR significantly
lowered in both groups. However, we have not detected statistically significant difference
between the groups” dynamics. It decreased by 32% (p < 0.0001) in group I, and by 11.05%
(p <0.0001) in group II. The decrease in homeostasis model assessment of insulin resistance is
the evidence of improvement in peripheral glucose disposal. Positive effect on 3-cell function
is associated with lowering of glucotoxicity, weight loss, insulin resistance, and improvement
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Figure 7. Function of p-cells of the pancreas and HOMA IR in dynamics. *P between groups <0.05.

in metabolic health, which promoted lowering of the “stress” on the insular apparatus of the
pancreas. 3-cell function improvement is promising in stabilization of T2D progression.

The results of the correlation analysis are displayed in Table 2 and in Figure 8.

Thus, as can be seen from the correlation analysis, an additional therapeutic effect on glyce-
mic control in patients with T2D and obesity is associated with a decrease in the amount of
visceral fat and a change in the secretion of adipose tissue hormones. Table 3 presents a com-
parative analysis of the main parameters, depending on the type of therapy.

ITokasaTean, gmHaMuKa AAUTIOHEKTUH JenTyH
HbAlc r=-0.39" r=0.32"
VE r=-0.54" r=0.33"
body mass r=-0.75" r=045"
BMI r=-0.74" r=045"
WC r=-0.62" r=043"
LDL r=-0.29" r=03"
TG r=-0.33" r=0.16
HOMA IR r=-0.53" r=0.37"
HOMA r=0.29" r=-0.33"
Leptin r=-0.63" —

"p <0.01 significance of correlation coefficient at p <0.01.
“p < 0.05 significance of correlation coefficient at p < 0.05.

Table 2. Correlation analysis.
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Figure 8. Correlation between the dynamics of the VF and HbA1lc.
Parameters Group 1, Group 2, P

L . . between
Sitagliptin + metformin Metformin groups
Before treatment After treatment Before treatment After treatment

HbAlc 8.3+1.66 6.66 +1.24 8.35+1.75 7.62+1.39 <0.001
BMI, kg/m? 34.78 +4.87 32.96 +5.04 3545+4.3 34.76 +4.33 <0.001
Adiponectin, 7.63 +2.56 9.59 +3.03 741+243 79+244 <0.001
mkg/ml
Leptin, ng/ml 23.87 +13.43 16.49 +9.63 23.87 +9.61 22.66 +9.61 <0.001
VEF, sm? 300.73 + 80.88 280.11 + 84.16 334.62 +70.55 328.85+70.4 <0.001
SF, sm2 375.88 +91.55 371.37 +98.04 431.25+54.13 429.3 +54.52 >0.05
LDL, mmol/1 431+0.73 3.53£0.58 3.89 +0.61 3.51+0.61 <0.001
TG, mmol/l 428+24 295+1.73 4.31+2.04 3.68 +1.86 <0.05
HOMA-IR 5.85+4.15 349 +2.44 6.32+5.0 432+277 >0.05
HOMA-3 40.63 +25.99 64.04 +29.01 57.05 +35.43 61.91 +30.82 <0.005

Table 3. Comparative characteristics of the main parameters depending on the type of therapy.

8. Discussion

The study investigates the effect of Sitagliptin in combination with metformin as well as
of metformin monotherapy on carbohydrate and fat metabolism in patients who required
their therapy to be intensified. According to the data received, after 24 weeks, the posi-
tive dynamics of HbAlc was followed by a significant decrease in mean fasting glycemia
and postprandial glycemia in group I, while in group II (on metformin monotherapy), the
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decrease in glycemia did not reach statistical significance. An important advantage in our
study was that, despite the common belief about neutral effect that DPP-4 inhibitors have
on weight, we demonstrated that with the addition of Sitagliptin to metformin, there was a
more marked weight loss and decrease of BMI and visceral fat depot, compared to the group
of patients on metformin monotherapy. What was a “pure” contribution of DPP-4 inhibitor
+ metformin combination, and what was due to lifestyle changes in both groups could not
be determined in this work, therefore, further prospective studies including quantitative
calculation of energy inputs are required. The study of adipokine status, specifically leptin
and adiponectin, was of particular interest. The main function of leptin is forming a com-
munication pathway link between adipocytes and the brain [19]. Leptin secretion positively
correlates with the amount of adipose tissue, which we also demonstrated in our work.
In addition to the anorectic effect in the adjustment of eating behavior, leptin also stimu-
lates energy intake. During increased energy intake exceeding the body’s requirements,
the leptin level increases, which prevents further food consumption and increases energy
expenditure, and that leads to negative energy balance and rebalancing of energy. Most
obese patients have high leptin levels, but this does not lead to weight loss, which confirms
the fact that obese patients may develop resistance to leptin. Leptin’s effect disorder in
obesity can be a leading factor in the development of insulin resistance and fat and glucose
metabolism disorder. In our work, on a background of combined Sitagliptin and metfor-
min therapy, the leptin level was reduced by 30.47% and in the metformin monotherapy
group by 5.41%. We associate decrease in leptin level with weight loss and a decrease in the
amount of fat.

In both study groups, the initial adiponectin levels were lower than reference values. After
24 weeks of therapy, adiponectin content in blood increased by 27.06% in the group receiv-
ing Sitagliptin and metformin combination, and by 7.16% in the group receiving metformin
monotherapy. Adiponectin with its effect on the reduction of insulin resistance, which is char-
acteristic of patients with T2D and obesity, and also its anti-inflammatory, antidiabetic and
antisclerotic effects make it an additional therapeutic target. In our study, an increase of adi-
ponectin is most likely associated with a decrease of body weight and VFA, according to the
data of the correlation analysis. However, there are publications which make it known that
GLP-1 promotes an increase in adiponectin level [20, 21], the Sitagliptin therapy was followed
by increase in adiponectin level [22, 23].

Correlational analysis demonstrated correlation of glycemic control in T2D obese patients
with reducing visceral fat amount and with recovery of secretion of adipose tissue hormones.

In addition, the study showed a significant improvement in the functional activity of pan-
creatic [3-cells against combined Sitagliptin and metformin therapy, which was confirmed
by an increase in the HOMA-{3 indeX, a decrease in the ratio of proinsulin/insulin, in con-
trast to metformin monotherapy, where the change in these indices did not reach statis-
tical significance. A possible mechanism for improving the function of [-cells can be a
decrease in lipotoxicity, against a background of a decrease in the level of TG inhibiting
[-cell function.
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9. Conclusion

Our study demonstrated the important role of correction of fat metabolism disorders in
improving glycemic control in patients with diabetes and obesity. Regression of visceral fat
according to the MRI results was accompanied by the recovery of levels of adipokine hor-
mones, which led to an improvement in the parameters of carbohydrate and fat metabolism.
Contrary to common belief, we consider Sitagliptin as a drug that promotes weight loss. The
chapter demonstrates that ultimately it is the reduction of the visceral depot that plays a
key role in the correction of carbohydrate metabolism disorders. The parameters of the lipid
profile and glycemic control are significantly improved as the pathogenetic effect on patient’s
body weight as well as on the structure of its adipose tissue. Recovery of such indicators as
HOMA-IR and HOMA-f proves the possibility of disease management by correcting disor-
ders of fat metabolism in patients with T2D and obesity in the early stages.
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List of abbreviations

DM diabetes mellitus

IR insulin resistance
DPP-4 dipeptidyl peptidase type 4
GLP glucagon-like peptide
BM body mass

BMI body mass index
HbAlc glycated hemoglobin
GF glucose fasting

PPG postprandial glycemia
VF visceral fat

VFA visceral fat area

SFA subcutaneous fat area

MRI-MPT
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WC waist circumference

HC hip circumference

TCH total cholesterol

LDL low-density lipoproteins
HDL high-density lipoproteins
TG triglycerides

Author details

Alexander S. Ametov and Dinara G. Gusenbekova*

*Address all correspondence to: drdinara@yandex.ru

Russian Medical Academy of Postgraduate Education, Moscow, Russian Federation

References

(1]

(2]

Dedov II. Novel technologies for the treatment and prevention of diabetes mellitus and
its complications. Diabetes mellitus. 2013;3:4-10

Van Genugten R. Moller-Goede D, van Raatle D, et al. Extra-pancreatic effects of incre-
tin-based therapies: Potential benefit for cardiovascular-risk management in type 2 dia-
betes. Diabetes, Obesity and Metabolism. 2013;7:593-606

Jose T, Inzucchi S. Cardiovascular effects of the DPP-4 inhibitors. Diabetes and Vascular
Disease Research. 2012;2:109-116

Satoh-Asahara N, Sasaki Y, Wada H, et al. A dipeptidyl peptidase-4 inhibitor, sitagliptin,
exerts anti-inflammatory effects in type 2 diabetic patients. Metabolism. 2013;3:347-351

Derosa G, Ragonesi P, Fogaria E, et al. Sitagliptin added to previously taken anti-diabetic
agents on insulin resistance and lipid profile: a two years study evaluation. Fundamental
& Clinical Pharmacology. 2012;2:221-229

Aschner P, Kipnes M, Lunceford J, et al. Effect of the dipeptidyl peptidase-4 inhibitor
sitagliptin as monotherapy on glycemic control in patients with type 2 diabetes. Diabetes
Care. 2006;12:2632-2637

Aschner P, Katzeff H, Guo H, et al. Efficacy and safety of monotherapy of sitagliptin
compared with metformin in patients with type2 diabetes. Diabetes Obesity and
Metabolism. 2010;3:252-261



8]

(%]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]
[20]

[21]

DPP-4 Inhibitors and Fat Metabolism in Patients with Type 2 Diabetes
http://dx.doi.org/10.5772/intechopen.72078

Aschner P et al. Insulin glargine versus sitagliptin in insulin-naive patients with type 2
diabetes mellitus uncontrolled on metformin (EASIE): A multicenter randomized open-
label trial. The Lancet. 2012;9833:2262-2269

Derosa G, Carbone A, Franzetti I. Effects of a combination of sitagliptin plus metformin
vs metformin monotherapy on glycemic control, 3-cell function and insulin resistance in
type 2 diabetic patients. Diabetes Research and Clinical Practice. 2012;1:51-60

Hong E, Khang A, Yoon ], et al. Comparison between sitagliptin as add-on therapy to
insulin and insulin dose-increase therapy in uncontrolled Korean type 2 diabetes: CSI
study. Diabetes, Obesity, Metabolism. 2012;9:795-802

Vilsbell T, Rosenstock ], Yki-Jarvinen H, et al. Efficacy and safety of sitagliptin when
added to insulin therapy in patients with type 2 diabetes. Diabetes Obesity Metabolism.
2010;2:167-177

Xu L, Man C, Charbonnel B, et al. Effect of sitagliptin, a dipeptidyl peptidase-4 inhibitor,
on beta-cell function in patients with type 2 diabetes: a model-based approach. Diabetes
Obesity Metabolism. 2008;12:1212-1220

Migoya E, Bergeron R, Miller ], et al. Dipeptidyl peptidase-4 inhibitors administered in
combination with metformin result in an additive increase in the plasma concentration
of active GLP-1. Clinical Pharmacology & Therapeutics. 2010;6:801-808

Ametov AS, Pakus EN. Efficacy and safety of metformin-sitagliptin combination for the
treatment of patients with diabetes mellitus and obesity. Diabetes Mellitus. 2010;3:62-64

Lamers D, Famulla S, Wronkowitz N, et al. Dipeptidyl peptidase 4 is a novel adipokine
potentially linking obesity to the metabolic syndrome. Diabetes. 2011;7:1917-1925

Sell H, Matthias B. Kloting N, et al. Adipose dipeptidyl peptidase-4 and obesity:
Correlation with insulin resistance and depot-specific release from adipose tissue in vivo
and in vitro. Diabetes Care. 2013;12:4083-4090

Seck T, Nauck M, Sheng D. Safety and efficacy of treatment with sitagliptin or glipizide
in patients with type 2 diabetes inadequately controlled on metformin: A 2-year study.
International Journal of Clinical Practice. 2010;5:562-576

Klebanova EM, Balabolkin MI. Hormones of adipose tissue and their role in the patho-
genesis of diabetes mellitus type 2. Lechashchii vrach. 2010;11:27

Ametov AS. Diabetes type 2: Problems and solutions. Vol. 2. 3rd ed. Moscow. p. 37-41. 2015

Pocai A, Carrington P, Adams ], et al. Glucagon-like peptide 1/glucagon receptor dual
agonism reverses obesity in mice. Diabetes. 10-2009:2258-2266

Kim Ch, Hosaka T, Yoshida M, et al. Exendin-4, a GLP-1 receptor agonist, directly
induces adiponectin expression through protein kinase A pathway and prevents inflam-
matory adipokine expression. Biochemical and Biophysical Research Communications.
2009;3:613-618

69



70 Diabetes and Its Complications

[22] Nomura S, Omoto S, Taniura T, et al. Anti-atherosclerotic effects of sitagliptin in patients
with type 2 diabetes mellitus. Diabetes, Metabolic Syndrome and Obesity: Targets and
Therapy. 2015;339

[23] Nagao H, Kashine S, Nishizawa H, et al. Vascular complications and changes in body
mass index in Japanese type 2 diabetic patients with abdominal obesity. Cardiovascular
Diabetology. 2013;1:88



Chapter 5

Fine Particulate Matter (PM, ;) Air Pollution and Type 2
Diabetes Mellitus (T2DM): When Experimental Data
Explains Epidemiological Facts

Thiago Gomes Heck,
Pauline Brendler Goettems Fiorin,
Matias Nunes Frizzo and Mirna Stela Ludwig

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70668

Abstract

Epidemiologic and experimental studies suggest that environmental exposures to air
pollutants can increase prevalence of metabolic and cardiorespiratory diseases. Among
the risk factors, many studies have shown that air pollution, especially by fine particulate
matter (PM,,), can lead to the development of type 2 diabetes mellitus (T2DM) or make
diabetics more susceptible to other health complications. This chapter aimed to discuss
the pathophysiologic mechanisms evolved in susceptibility to cardiorespiratory PM,
effects in T2DM subjects, as well as the enhancing effect of PM, ; exposure on develop-
ment of T2DM. We discussed the pathophysiologic mechanisms of PM, ; exposure and
T2DM based on pro—/anti-inflammatory balance, metabolic regulation, redox status, and
heat shock response, reinforcing the complex nature of T2DM etiology and highlighting
the PM, ; air pollution as a critical health problem.

Keywords: fine particulate matter, type 2 diabetes mellitus, inflammation, oxidative stress,
HSP70

1. Introduction: Epidemiology of sum of environmental and metabolic
risk

In the last century, many epidemiological data demonstrated that the urbanization phenome-
non corroborates to increasing prevalence of metabolic diseases and cardiorespiratory diseases.
It is well known that high energy food offer and sedentarism are risk factors for metabolic

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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diseases such as diabetes, while high levels of air pollutant emission represent a risk for cardio-
respiratory diseases. Thus, almost all people living in great cities are exposed simultaneously
to these two risk factors: food consumption in quantities above the necessary for health mainte-
nance and exposure to environmental air pollution above the limits proposed by WHO.

Some numbers from WHO are really impressive. Data from Global report on diabetes (2016)
show that at least 422 million people are diabetic in worldwide and that diabetes prevalence
has been rising more rapidly in middle- and low-income countries [1]. In the same risk direc-
tion, Global Urban Ambient Air Pollution Database update 2016 [2] showed that 98% of these
cities, with more than 100,000 inhabitants, do not meet WHO air quality guidelines. This data
represents that 92% of the world population lives in places where air quality levels exceed
WHO limits. Thus, we can hypothesize that probably a great amount of people are simultane-
ously exposed to urbanization risk factors to health.

Based on a biologically plausible hypothesis from 2004 [3], Brook et al. published data from
respiratory clinics (n = 5228 patients) and conclude that traffic-related air pollutants were
associated with type 2 diabetes mellitus (T2DM) prevalence among women [4]. Thus, in few
years, at least eight studies corroborate with the first study and provide data from associa-
tion between exposure to fine particulate matter (<2.5 um, PM, ) and T2DM prevalence (for
review, please see Rajagolapan and Brook, 2012).

Actually, the WHO air quality guidelines (WHO-AQG) [6] recommend that PM, ; levels not
exceed annual mean concentration of 10 pg/m® and confirm that 92% of the world’s popula-
tion lives in places where air-quality levels exceed WHO limits. Interestingly, the information
is presented via interactive maps, highlighting areas within countries that exceed WHO lim-
its. Data obtained from “Most searched cities” and others in http://breathelife2030.org/ [7] and
WHO ambient (outdoor) air pollution database 2016 are shown in Figure 1.

Just for hypothesize the population under PM, , pollution risk, we listed in Table 1 an estimate of
habitants in each city listed in Figure 1. We may conclude that at least 140 millions of people are
breathing an inadequate level of PM, . Additionally, according to WHO diabetes database, 1 per-
son in each 11 is diabetic; thus, we can hypnotize that, only in these cities, more than 12 million
of people are simultaneously under exposure of these 2 risk factors to health: diabetes and PM,

As can be observed in the data listed above, air pollution in middle- and low-income coun-
tries, in majority in Asia, Latin America, and Africa, is a significant public health burden.
Here, we highlighted places that often present high concentrations of PM, ; and simultane-
ously a high population density suggesting an industrialized and modernized life style that
corroborates to T2DM development. Accordingly, as was demonstrated more than 10 years
ago, the sum of these conditions is critical for health. Diabetic patients are more susceptible to
air pollution-induced cardiovascular morbidity and mortality [8, 9], and this susceptibility to
PM, , cardiovascular effects was associated with vasoconstrictive effects observed in episodes
of high levels of pollution in T2DM [10].

In terms of “hard cardiovascular events,” the recent review of Brook, et al. resume several
meta-analyses assessing the impact of short-term exposures to PM,.. Accordingly, data
extracted from 34 studies, each 10 pug/m?® increase in PM, ; concentration (during few hours to
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Figure 1. Fine particulate matter annual mean concentration in cities worldwide. Data obtained from WHO 2016
database [2] and published by breathlife2030.0rg [7]. Data presented in terms of concentration of particles per air

volume in pg/m?.

City, Country Population City, Country Population
Zurich, Switzerland 401,144 Shanghai, China 24,152,700
London, UK 8,787,892 Mumbai, India 12,442,373
Paris, France 2,229,621 Cairo, Egypt 9,500,000
Visalia, US 131,074 Beijing, China 21,700,000
Sao Paulo, Brazil 12,038,175 Kampala, Uganda 1,507,080
Santiago, Chile 7,314,176 Delhi, India 16,349,832
Milan, Italy 1,368,590 Bamenda, Cameroon 2,000,000
Cubatao, Brazil 127,006 Riyadh, Saudi Arabia 6,506,700
Monterrey, Mexico 1,130,960 Gwalior, India 1,953,505
Yasuj, Iran 108,505 Zabol, Iran 130,642
Lima, Peru 10,852,210 Total 140,732,185

Data extracted from wikipedia.com

Table 1. Estimate of population of cities listed in Figure 1.
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days), increased the risk for acute myocardial infarction (by 2.5%), hospitalization or death
from heart failure (2.1%), stroke (1.1%), and arrhythmia (1.5%). The risk increases for long-
term exposure when people live in unhealthy urban area that exceeds PM, , levels, reaching
more than 10% increase in cardiovascular mortality. Also, if people live in polluted area, a
peak of PM, . levels increases 10-50 fold the risk for cardiovascular events [11]. Furthermore,
elderly people and women are high susceptible profile to PM, , effects and for T2DM develop-
ment, mainly in menopause [11].

The pathophysiologic mechanisms evolved in susceptibility to cardiorespiratory PM,,
effects in T2DM subjects, as well as the enhancing effect of PM, , exposure on development of
T2DM, are discussed below. The number and the complexity of these mechanisms are posi-
tive correlated to the importance for life maintenance. In this chapter, we presented patho-
physiologic mechanisms based on oxidative stress, inflammation, and heat shock response,
with major contribution from experimental studies. These issues were selected considering
as representative of the ability of an organism to respond physiologically (by adequate and
quick ways) to the environmental challenges or internal changes in the metabolism as an
essential characteristic that permits the life. As background of this discussion, there is the
comprehension of the concept that homeostasis regulation of one variable is dependent on
many cooperative or synergic mechanisms, that may be activated simultaneity or by steps,
in terms of redox response, cell by cell signaling, and/or by molecular stress response. Since
T2DM and PM, ; may be considered as stress situations that can promote damage to organ-
ism, and also are conditions that require adaptation/protection responses in the stressed
cells, the comprehension of multi-integrative physiologic response can provide mechanis-
tic explanation of epidemiological data listed above. Whereas high-intensity challenges to
organism can overload the defensive response mechanisms, chronic and moderate intensity
challenges can induce internal “recalibration” of many systems to survive [12]. Then, in
the light of this “integrative” and “evolutionary” perspective is important to consider the
expressive and complex effects of PM,, exposure and T2DM on these variables discussed
below: (a) the pro/anti-inflammatory balance; (b) the metabolic regulation (flux and con-
sumption of energy sources); (c) the redox status (pro/antioxidant balance); and (d) heat
shock response.

2. Pathophysiology of T2DM development: Role of inflammation,
oxidative stress, and heat shock proteins

The plasma glucose level at any given time is determined by the balance between the amount
of glucose entering the bloodstream and the amount leaving it. The principal determinants
are therefore the dietary intake; the rate of entry into the cells of muscle, adipose tissue, and
other organs; and the glucostatic activity of the liver. Thus, there are biochemical abnormali-
ties as fundamental defects to T2DM development as reduced entry of glucose into various
peripheral tissues and increased release of glucose into the circulation from the liver. The
extracellular glucose excess (hyperglycemia) represents for many cells challenge to mainte-
nance of intracellular glucose level [13, 14].
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In animals, hyperglycemia state can be produced by pancreatectomy, by toxins administra-
tion that in appropriate doses cause selective destruction of the (3 cells of the pancreatic islets
(as streptozocin or alloxan), by administration of drugs that inhibit insulin secretion, or by
administration of anti-insulin antibodies. Also, strains of mice, rats, hamsters, guinea pigs,
miniature swine, and monkeys that have a high incidence of spontaneous diabetes mellitus
have also been described. However, due to high prevalence of T2DM related to lifestyle, sev-
eral experimental data obtained from high fat diet (HFD) animal models have been used with
success to induce the disruption of insulin signaling in liver, skeletal muscle, or adipose tissue
causing hyperinsulinemia and thus, the development of T2DM [15, 16].

The HFD models help us to comprehension of the mechanisms described up to now for
T2DM. As reviewed recently, it was proposed that the activation of transcription factor fork-
head box protein O1 (FOXO1) in the liver and disruption of glucose-transporter translocation
(GLUT4) to the surface membrane in skeletal muscle as the first steps of insulin resistance
[17]. The resultant hyperglycemia and chronic hyperinsulinemia are hypothesized to disrupt
insulin suppression of adipocyte lipolysis [17]. Additionaly, the active metabolism of adipose
tissue may contribute to hyperinsulinemia since in HFD feeding, it occurs in the deregula-
tion of hepatocyte gluconeogenesis (such as FOXO1), which causes increased hepatic glucose
output, and deregulate the glucose transporter GLUT4 response to insulin in muscle, which
results in decreased glucose uptake by muscle. In this case, the hypertrophy of adipose tissue
can be interpreted as the first step of insulin resistance development that results in hypergly-
cemia and T2DM.

Persistent hyperglycemia causes tissue damage by different mechanism that involves oxi-
dative stress. Increased uptake of glucose results in increased intracellular glucose con-
centration, that in turns, increased polyol pathway flux. This metabolic pathway uses
dihydronicotinamide adenine dinucleotide phosphate (NADPH) that is required for main-
taining the levels of the major intracellular nonenzymatic antioxidant defense, the glutathi-
one. Nonenzymatic reaction of glucose and other glycation compounds formed advanced
glycation products (AGEs) that modify intracellular proteins functions. Also, AGEs binding
to specific receptors (RAGES) can induces reactive oxygen species (ROS) production. Finally,
increased levels of AGEs and glucose (intracellularly and extracellularly) increased protein
kinase C activation and hexosamine pathway flux. All these mechanisms listed above are
involved in decrease nitric oxide (NO) production (vascular impaired function) and activa-
tion of factor nuclear kappa B (NF-kB), major pro-inflammatory transcript factor (for details,
please see Giacco and Borwnlee, 2010).

Chronic hyperglycemia is strongly associated with enhanced oxidative stress with over-
production of ROS and nitrosative species (RNS), a reduction of the activity of antioxidant
enzymes is known to cause endothelial dysfunction and insulin resistance [19]. Thus, oxida-
tive stress constitutes as an important factor implicated not only in the T2DM development
itself but also in the development of diabetic complications [18, 20]. T2DM is well known
a cause of microangiopathies, observed at least by the three major diabetic complications,
namely, diabetic retinopathy, nephropathy, and neuropathy. Also, T2DM constitutes a major
risk factor for macroangiopathy, such as coronary artery disease and cerebrovascular disease.
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Thus, oxidative stress in T2DM is associated with a wide array of complications associated
with decreased quality of life of affected patients, thus contributing to the staggering increase
in health-care expenditure.

Overweight and obesity is a risk factor for development of T2DM and is strongly related
to chronic low grade inflammatory state. Adipose tissue metabolism is responsible for sys-
temic oxidative stress and increase pro-inflammatory signaling, observed by increased
plasma/serum cytokine levels. The development and the severity of the disease are related
to immuno-inflammatory responses and thus, biomarkers. Inflammatory cells (monocytes/
macrophage and Th1 lymphocytes) are stimulated to express high amounts of the inducible
form of nitric oxide synthase (iNOS, that is, encode by NOS-2 gene) by activation of transcrip-
tors factor of inflammation, as NF-kB [21]. Studies in human obesity and insulin resistance (as
well as in animal models) have revealed a clear association between the chronic activation of
pro-inflammatory signaling pathways and decreased insulin sensitivity.

Elevated levels of TNF-q, IL-6, and IL-8 have all been reported in various diabetic and insu-
lin-resistant states. As part of the chronic inflammatory process, locally secreted chemokines
attract pro-inflammatory macrophages to the adipose tissue, where they form crown-like
structures around large dead or dying adipocytes. These “infiltrated” macrophages release
cytokines that further activate the inflammatory response in neighboring adipocytes, exacer-
bating inflammation and insulin resistance. In addition, overnutrition and obesity are often
accompanied by elevations in tissue and circulating free fat acids (FFA) concentrations, and
saturated FFAs can directly activate pro-inflammatory responses in vascular endothelial cells,
adipocytes, and myeloid-derived cells. Excess of free fatty acids accumulate (FFA), resulting
in lipotoxicity and an increase in potentially harmful intracellular lipid products activating
the NF-«B pathway and inflammation. Adipose tissue macrophages (ATMs) infiltrate adipose
tissue to clear these excess lipids and produce pro-inflammatory cytokines, such as IL-1f,
TNF-a and IL-6, which further propagate inflammation [22].

According Fontana et al., obesity is strongly associated with plasma IL-6 levels so that has
been calculated that one third of total circulating concentrations of IL-6 originate from adipose
tissue. A feed-forward paracrine inflammatory cycle involves co-cultured adipocyte release
of FFA and macrophage FFA-induced TNF-a production, which blocks insulin-stimulated
glucose uptake in adipocytes, and leads to increased release of FFA. TNF-a induces insulin
resistance through several mechanisms including inhibition of insulin receptor signaling and
increases in FFA. In addition, macrophages secrete a chemotactic pro-inflammatory lectin
Galectin-3 that directly decreases insulin signaling and promotes adipose tissue inflamma-
tion. Thus, the overexpressed pro-inflammatory cytokines in obesity are considered the link
between obesity and inflammation [23-25] and also, obesity and the concomitant develop-
ment of inflammation are major components of insulin resistance [26].

Additionally with pro-inflammatory signaling and oxidative stress, hyperglycemia in T2DM
is also associated with modifications in the cell stress response ability, with markedly unde-
sirable effects in the metabolism. Cell stress response may be studied observing heat shock
proteins (HSP) amount, synthesis, and release from cells and tissues. Since HSP are classified
by their molecular weight, in this chapter, we use the term “HSP70” to describe all proteins
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from 70 kDa HSP family, including inducible 72 kDa and constitutive 73 kDa forms. Also we
use the prefix “e” or “i” to identify protein location, as extracellular (eHSP70) or intracellular

(iHSP70) located.

Pro-inflammatory signaling, oxidative stress, and hyperglycemia in T2DM is related to
decreased iHSP70 levels. In obesity, it observed a reduction in iHSP70 levels and an increase
in JNK activation in skeletal muscle. This effect may be a result of heat shock factor (HSF-1)
inhibition. The levels of iHSP70 are correlated with the level of insulin resistance and nega-
tively correlated with fast glucose levels [27]. Heat therapy, that increases iHSP70 levels and
decreases JNK activation in muscle, protects against hyperglycemia, hyperinsulinemia, glu-
cose intolerance, and insulin resistance [28].

Studies about cell stress response and oxidative stress using biopsies from T2DM patients
showed that mRNA expression of HSP70 and heme-oxygenase-1 is reduced in this subjects.
Furthermore, mRNA HSP70 levels were correlated with (-hidroxiacil-CoA dehydrogenase
and citrate synthase enzymes activities, suggesting that insulin resistance is associated with
poor heat shock and antioxidant defense of muscle [29]. In this way, mitochondrial dysfunc-
tion plays an essential role in T2DM development [30]. This organelle dysfunction may be
a result of hyperglycemic state and/or oxidative state. The activation of key pathways that
increases lipid oxidation and decreases lipid esterification reduces insulin resistance levels.

In a study with wild type and HSP70-knockout mice (HSP70-KO), it was demonstrated that
HSP70 level is critical to maintenance of mitochondrial morphology and is a biomarker/sen-
sor of mitochondrial stress levels and insulin signaling function in skeletal muscle. HSP70-KO
mice showed impaired glucose homeostasis, insulin resistance, and increased adiposity lev-
els. Also, muscles of HSP70 mice accumulated lipids probably as a result of reduction in fat
acids oxidation, which in turns, promotes muscle inflammation. Moreover, muscle cells with-
out HSP70 showed low levels of basal oxygen consumption and high levels of ROS mito-
chondrial production [31], whereas HSP72 overexpression mice are protected against insulin
resistance by positive regulation of oxidative metabolism. Induction of HSP70 expression in
skeletal muscle of these mice promoted an increase in mitochondrial number and oxidative
capacity decreasing insulin resistance [32].

Intracellular HSP70 expression is associated with antiapoptotic and anti-inflammatory
actions. Inhibition of NF-KB activation and translocation is a marked anti-inflammatory func-
tion of iHSP70 with great implications in immune system, inflammatory process and cell
survival regulation [33]. Thus, HSP70 is well known by its molecular chaperon cytoprotective
roles. However, this protein is also found in blood of health subjects [34] and a crescent num-
ber of studies have been demonstrated higher levels of HSP70 in blood in T2DM, T1DM, and
gestational diabetes [35, 36]. The role of HSP70 in the extracellular space (eHSP70) involves
immune regulatory actions, pro-inflammatory signaling, and alert/danger signal of cell dam-
age [37].

In T2DM patients, it observed an increase in eHSP70 levels, and this increase is associated
with diabetes duration, a biomarker of chronicity of the disease [36]. Also, chronic exposure
of pancreatic (3-cell in vitro to high levels of eHSP70 induces cell death and modifies cellular
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bioenergetics profile. Since T2DM and T1DM patients exhibit higher eHSP70 levels, the per-
petuation of this pro-inflammatory signal may induce loss of cell integrity and consequently
[3-cell dysfunction [38].

In obese T2DM subjects, the eHSP70 level is higher than nonobese T2DM suggesting that adi-
posity, mainly visceral adiposity and its complications, may contribute to increasing eHSP70
levels. Actually, iHSP70 may be considered a cytoprotective proteins by anti-inflammatory
functions associated with normal insulin sensitivity. On the other hand, increased levels
of eHSP70 chronically may be a result of chronic low-grade inflammatory state of visceral
obesity [39]. Therefore, the unbalance between eHSP70 and iHSP70 levels (eHSP70/iHSP70
ratio), known as H-index, can reveal the full context of inflammatory process and insulin
resistance state [16, 40].

3. T2DM and PM, The mechanism of enhanced risk

Epidemiologic evidences have shown many effects of exposure to air pollution in the increase
of hospital admissions in more susceptible individuals, as well as the increase of incidence
of some diseases, from respiratory to cardiovascular diseases (Cote et al., 2008). In the last
decade, the association between diabetes and air pollution was highlighted by some studies
[10, 41-43].

Meo et al. reviewed studies that discuss insulin resistance, diabetes mellitus, and air pol-
lution and conclude that in 10 studies, among 11 analyzed, the PM,, exposure to is associ-
ated with abnormalities in glucose homeostasis and this effect is related with inflammation,
insulin resistance mitochondrial alteration, cardio-metabolic disorders, and thus, related to
T2DM development. The same work confirms a clear and strong association between T2DM
and exposure to particulate material especially, the exposure to small particulate matter of 10
microns (PM, ) or less in diameter, such as PM, ; [15, 45].

The polluted air, mainly by PMZ,S, is related to inflammation, vascular dysfunction, and ath-
erosclerosis by the toxicology mechanisms invocated by the PM, . invasion into the blood-
stream [42]. Beyond this, PM, , is related to induction of insulin resistance and adiposity in
high fat diet mice models [16, 43]. Chronic PM, . exposure can induce glucose intolerance,
oxidative stress, and mitochondrial alteration in Langerhans islet and adipose tissue. Thus,
PM, ; inhalation represents a novel additional risk factor to T2DM [16, 43, 46].

Experimental studies attempt to explain the pathophysiological mechanisms that lead to
metabolic outcomes described above. Xu et al. showed that PM, . exposure for 12 weeks pro-
moted significant liver damage, evidenced by elevated levels of hepatic stress biomarkers,
such as transaminases (ALT and AST) and reduced glycogen levels, alterations involved in
impaired glucose tolerance and insulin resistance in mice. Also, this work demonstrated that
PM, , exposure triggered Nrf2-mediated oxidative responses and activated the JNK-mediated
inhibitory signaling pathway, resulting in hepatic dysfunction. Wherefore, hepatic insulin
resistance can also be a potential mechanism of diabetes pathogenesis due to pollutants [45].
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Oxidative stress is a common factor in both conditions, T2DM and PM, .. Furthermore, the
oxidative stress induced by PM, ; also represents a pathogenic stimulus for pancreatic 3-cell
dysfunction [47], since it is responsible for debility on the antioxidant defenses [48].

The redox unbalance promoted by exposure to air pollution can stimulates an inflammatory
processes, contributing to installation of a metabolic disorder. The role of inflammation in the
toxicity mediated by PM, . is associated to the increase in alveolar immunological response
(increased phagocytic cell count) and to pro-inflammatory cytokines production by these cells
in the alveolar surface [49], accompanied by increased lung oxidative damage [50-52], which
generally evolute to systemic oxidative stress, a risk for diabetes complications.

Postulated mechanisms of action include oxidative stress and low-grade inflammation, endo-
thelial dysfunction, visceral adipose tissue inflammation, endoplasmic reticulum stress, and
mitochondrial dysfunction [5, 53]. Thus, both acute and chronic PM, ; exposures are associ-
ated to inflammatory and oxidative markers, as well as in TIDM and T2DM, but it is not clear
the real effects of diabetes plus air pollution combination. However, the pathophysiology
involved in this case increases the global risk of death by increasing the susceptibility to air
pollution damage [10].

Cell stress response, observed by alteration in HSPs levels in different organs, is a defensive
and cytoprotective response in both conditions, exposure to pollutants and metabolic dis-
eases. However, there are few pieces of evidence about PMz,s exposure concomitant to T2DM
development that explores heat shock response [16].

The HSPs naturally are very sensitive elements to any chemical attack to the cells and are
extensive used as biomarker of environmental exposures. In this sense, the iHSP70 expression
during cellular challenges indicates that these proteins can be candidate to monitoring air
pollution aggression to the health organism [54]. One study showed increase in the iHSP70 in
the lung and heart one day after course particle exposure [55], and the authors discussed
the plausibility of oxidative stress and/or cytokines in HSPs-induced expression as cellular
defense at molecular levels, inhibiting pro-inflammatory pathways. In this way, low doses
(12.5 pg/ml) of PM, ; can increase eHSP70 in human bronquial epithelial culture [56]. Thus,
the strong correlation among oxidative stress and inflammation induced by PM, ; inhalation
promotes both increase in the iHSP70 and eHSP70 content, reinforcing the purpose of use
these proteins as an important biomarker of homeostatic equilibrium in environmental chal-
lenges [16, 57, 58].

Simulating urbanized conditions (consumption of high fat diet and exposure to PM, ) [16]
showed that subchronic exposure to PM, ,, even at low doses (5 ug-day, intranasal adminis-
tration), potentiates metabolic dysfunction in HFD-fed mice, which are T2DM-susceptible.
The effects of PM,, in T2DM mice presented a positive correlation between adiposity,
increased body weight and glucose intolerance, and increased glucose and triacylglycerol
plasma levels. Also, in this study, pancreas exhibited lower iHSP70 expression, accompanied
by 3.7-fold increase in the plasma to pancreas [eHSP72]/[iHSP70] ratio (H-index). This study
represents an experimental evidence that the combination of two relevant challenges to the
organism, from different origins (environmental and dietary factors), promotes alterations in
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cell stress response (measurable by plasma/tissue H-index), reinforcing the chaperone bal-
ance [([eHSP72]/[iHSP70]) status] as a biomarker of T2DM risk.

If a short-term PM, , exposure promotes innumerous damages, long-term exposure may evi-
dence chronic effects on human health. Xu et al. showed in experimental mice model that
long-term PM,, exposure induces alterations on adipose tissue and leads to mitochondrial
dysfunction. If PM, , exposure is associated with other risk factors for T2DM, such as inad-
equate eating behavior, it observed an increase in adiposity, body weight, and glucose intoler-
ance [16], as well as increase in glucose and triacylglycerol plasma levels. Exposure to PM,
can markedly potentiate metabolic dysfunction in an already compromised organism, pro-
moting relevant alteration in cell stress response.

The implications to health of a link between PM, ; pollutants exposure and T2DM are criti-
cal problems to public health since air pollution is a pervasive risk factor that affects many
people worldwide. In this way, it is important to highlight that modest reduction of pollution
exposure may provide substantial public health benefits [45]. The underlying mechanisms
responsible for this adverse effect in response to ambient PM, , air pollution need to be further
investigated [43]. Both experimental and epidemiologic studies suggest that environmental
exposures to air pollutants can increase the risk of insulin resistance, which lead to a link
between air pollution and T2DM.

4. Conclusion

This chapter aimed to describe pathophysiological mechanisms of the association between
exposure to atmospheric pollution by PM, ; and T2DM development, which are being high-
lighted in experimental studies connected to epidemiological data. The highlighted mecha-
nisms involve inflammation, oxidative stress, and a clear participation of impaired cell stress
response observed by alterations on HSP70 levels. Finally, epidemiological together with
experimental studies reinforce the complex nature of T2DM etiology and highlights the PM,
air pollution as a critical health problem.

5

It is known that type 2 diabetes results from the interaction between genetic susceptibility,
environmental factors, and lifestyle choices, commonly accepted causes for the development
of T2DM. However, it is argued that these factors alone cannot fully explain the rapid rise in
the prevalence of diabetes [45]. If the high prevalence of T2DM is a result of an association
between several risk factors, and air pollution is one, environmental protection represented
by prioritization of steps to minimize the air pollution levels may be considered as health
strategy to avoid T2DM [44]. Given the enormous number of people exposed to air pollution
as shown in Figure 1, even conservative reduction of PM, ; emission would translate into a
substantial decrease in the population attributable fraction of T2DM related to environmental
factors [45]. In perspective, it is expected that future studies will describe molecular mecha-
nisms involved, highlight the responsible pollutants and the role of combined exposures to
mixtures, and susceptibility factors. These discoveries of metabolic effects of air pollution
may help relevant public health guidelines discussion and government decision in this cur-
rent context of global urbanization [59].
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Appendices and nomenclatures (Optional)

AGEs:
ALT:
AST:
ATMs:
eHSP70:
FFA:
FOXO1:
GLUT4:
HFD:
HSF-1:
HSP:
HSP70:
HSP70-KO:
iHSP70:
IL-1p:
IL-6:
IL-8:
iNOS:
kDa:
mRNA:
NADPH:
NF-kB:
NO:
NOS-2:
PM,.:
RAGES:
RNS:
ROS:
T2DM:

TNF-a:
WHO:

advanced glycation products.

alanine aminotransferase.

aspartate aminotransferase.

Adipose tissue macrophages.

70 kDa extracellular heat shock proteins.
free fat acid.

forkhead box protein O1.
glucose-transporter type 4.

high fat diet.

heat shock factor.

heat shock proteins.

70 kDa heat shock proteins.

70 kDa heat shock proteins knockout mice.
70 kDa intracellular heat shock proteins.
interleukin-1beta.

interleukin-6.

interleukin-8.

inducible nitric oxide synthase.

kilodalton.

messenger RNA.

dihydronicotinamide adenine dinucleotide phosphate;
factor nuclear kappa B.

nitric oxide.

nitric oxide synthase-2.

Fine Particulate Matter.

advanced glycation products binding to specific receptors.
nitrosative species.

reactive oxygen species.

type 2 diabetes mellitus.
tumor necrosis factor alpha.

world health organization.
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Abstract

Thermoregulatory function, that is, heat dissipative responses such as skin blood flow
(SkBF) and sweating to an increased body temperature, is critical during physical work
or exercise in warm and hot conditions and during hyperthermia. Thermoregulatory
function is associated with individual somatotype, fitness level, normal aging, and physi-
ological status and diseases. Individuals with type 2 diabetes have decreased thermoreg-
ulatory responses compared with healthy counterparts, characterized by decreased SkBF
and sweating. The decreased SkBF and sweating would be associated with the reduction
in nitric oxide bioavailability and endothelial functions in skin vasculatures, also with
central mechanisms, and so on. Aerobic exercise training and/or acclimation to the heat
improve heat dissipative responses in healthy subjects. The effects of exercise training
in type 2 diabetics on glycemic control are well established while it remains unclear that
high levels of aerobic fitness or exercise training in diabetics improve thermoregulatory
function during heat stress.

Keywords: thermoregulation, sweat rate, skin blood flow, plasma volume, aging,
diabetes

1. Introduction

Individuals are more likely to become exhausted and to develop heat-related illnesses when
physical work or sporting activities are performed for a prolonged time in warm and hot
conditions or direct sunlight compared to in cooler conditions. Thermoregulation is one of
the most important physiological functions for when individuals are exposed to extreme hot
environments. The incidence of heat-related illnesses is particularly great if physical work or
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exercise is performed at higher intensities and in higher ambient temperatures (T ) and rela-
tive humidity (RH) [1]. In addition, the incidence is greater in persons who are dehydrated,
who are not acclimated to hot environments, or who have low levels of physical fitness and
daily activity even if they are healthy [1]. More importantly, the incidence is greater in indi-
viduals with obesity, diabetes mellitus, and cardiovascular diseases, due to impaired thermo-
regulatory responses [1, 2]. It is also greater in individuals with attenuated thermoregulatory
responses, such as those with skin grafts, spinal cord injuries, and multiple sclerosis [3-5].
Moreover, an extreme hot environment can be dangerous for the elderly (even those who are
healthy) because of the normal aging process [1, 2]. Over the last two decades, the morbid-
ity and mortality of heat-related illnesses has rapidly increased in Japan because of the rap-
idly aging population and global warming [6]. This chapter first discusses thermoregulation
during work and exercise in warm and hot conditions and the possible physiological effects
of humoral and other important factors on thermoregulation. Second, the effects of diseases
such as diabetes on thermoregulatory responses are discussed.

2. Thermoregulation in warm and hot conditions

Core body temperature is determined by the heat equilibrium between heat gain and loss
[1]. Typically, core body temperature is elevated when we face continuous whole-body
work and exercise. This is because only approximately 20% of the energy produced in
contracting muscles is used for muscle contraction; the remaining 80% is converted to heat
energy, and therefore exercise causes an increase in muscle temperature. The heat is dis-
tributed to the body by the circulation and increases body temperatures. Therefore, greater
exercise intensities are associated with greater heat production during exercise. However,
although core body temperature elevates rapidly within several minutes of starting exer-
cise, heat dissipation mechanisms are activated sufficiently to balance heat production and
eventually the increase in core body temperature reaches a steady state. The cutaneous
vasculature and sweat glands are thermoregulatory effectors of the skin and promote heat
loss by increasing skin blood flow (SkBF) via cutaneous vasodilation and by sweating,
respectively [1]. The heat generated in contracting muscles is transferred, because of cir-
culation of blood, to the skin surface; thus, skin surface temperature is elevated by the
increased SkBEF. The heat transferred to the skin surface is released to the surrounding
air according to the thermal gradient between the skin and the air (non-evaporative heat
dissipation). Therefore, in a cool environment, non-evaporative heat dissipation is effec-
tive; however, in warm environments, when T, is higher than skin temperatures (~30°C), it
becomes ineffective or even negative and acts as a source of heat gain. Conversely, sweat-
ing enhances heat loss via sweat evaporation from the skin surface to the air (evaporative
heat dissipation). Evaporative heat dissipation is determined according to the gradient of
water vapor between the skin surface and the surrounding air. Therefore, it is available
regardless of T, and is the main and critical heat loss mechanism when T, exceeds ~30°C;
however, it is attenuated in a humid environment. Consequently, when heat gain exceeds
heat loss during high-intensity work and/or exercise in a hot and humid environment, core
body temperature increases rapidly. Therefore, these conditions increase susceptibility to
heat-related illnesses.
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Physiologically, SkBF and sweating are regulated by body core and skin temperatures (ther-
mal factors) and also other (non-thermal) factors [1]. Body core temperature is monitored con-
tinuously by central thermoreceptors. On the other hand, skin temperatures are monitored
continuously by the peripheral thermoreceptors. These receptors send received thermal infor-
mation through an afferent pathway to the thermoregulatory center in the preoptic/anterior
hypothalamus [1]. When the hypothalamic thermoregulatory center determines that core and
skin temperatures are elevated compared to the set point, SkBF and sweating are increased
through the reflex efferent pathways of sympathetic nerve systems [1]. In humans, SkBF and
sweating are neutrally controlled via two distinct skin sympathetic nerves. A sympathetic
adrenergic vasoconstrictor system is one of the neural control mechanisms for SkBF and the
other is a separate sympathetic cholinergic vasodilator system [1]. Sweating is controlled by
sympathetic cholinergic nerves [1]. In addition, non-thermal factors modify the thermal reflex,
including central commands, mechano- and metabo-reflexes, arterial and cardiopulmonary
baroreflexes, blood volume and osmolality, and mental stimuli [1]. During exercise, they exert
different effects on SkBF and sweating responses [1]. Typically, SkBF at the same levels of core
and skin temperatures is lower during exercise than resting conditions, and this restriction is
greater at higher exercise intensities. Conversely, sweating at the same levels of core and skin
temperatures is likely to be higher during exercise than resting conditions.

When levels of dehydration worsen, the risk of heat-related illnesses is much higher during
work or exercise in a hot environment [7]. Rothstein and Towbin [8] described for the first
time the effects of dehydration on thermoregulation in humans. They reported that an ~0.3°C
increase in rectal temperature is caused by every 1% body weight loss by sweating in breaks
between exercises when soldiers march in the desert. This is because, as non-thermal factors,
dehydration-induced hypovolemia and hyperosmolality limit the response to enhance SkBF
and sweating to increased body temperature. Decreased body fluid volume and increased
osmolality change dramatically during exercise even in a cool environment. Indeed, plasma
volume (PV) is decreased with an increased intensity of exercise. In maximal exercise, the
decrease in PV is reached by approximately 300-500 mL (8-15%). Increased capillary fluid
filtration from the intravascular to the extravascular spaces due to an increase in blood pres-
sure and peripheral vasodilation during exercise causes the PV change. Additionally, metabo-
lites accumulated in the intracellular fluid of contracting muscles such as lactic acid increases
free-water shift from the plasma to the intracellular fluid through the interstitium based on
the osmotic gradient [9]. It is estimated to be ~1 L of the volume shifted to the contracting
muscles at maximal exercise. About half of this water is from PV [10]. In addition, plasma
osmolality (P__ ) is increased from ~285 mosmol/kgH,O at rest to over 300 mosmol/kgH,O at
maximal exercise due to accumulated metabolites. These humoral changes are not caused by
dehydration due to sweating; rather, they are associated with the exercise itself. Because they
are observed within several minutes after the start of exercise, in addition, when exercise is
performed in warm and hot conditions, hypohydration due to the decrease in PV and hyper-
osmolality due to the increase in P during exercise is exacerbated because of increased SkBF
and sweating for thermoregulation. Enhanced SkBF induces a reduction in venous return
to the heart due to pooling of excessive blood in dilated peripheral vasculature of the skin
[11]. Additionally, ~10% of the sweat volume is lost from plasma fluids, and P___ is increased
according to sweat rate because sweat is hypotonic compared to body fluids. These humoral
changes enhance the load on the circulation and act as limiting factors for thermoregulation.
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Nadel et al. [12] first showed that isotonic hypovolemia (change in PV, =700 mL; body weight,
—2.7%) achieved by diuretic administration before exercise induced upward shift of the esoph-
ageal temperature (T, ) threshold for the onset of cutaneous vasodilation by 0.4°C during exer-
cise at 55% of maximal oxygen consumption rate (VO,__ ) in a hot environment (T, 35°C). It
also reduced the SkBF at peak value by about 50% compared to control condition. Besides,
Mack et al. [13] reported that an acute reduction in venous return to the heart induced by
application of -40 mmHg lower body negative pressure (LBNP) decreased SkBF and elevated
T, during exercise at an intensity corresponding to a heart rate of 125 beats/min in a warm
environment (T, 28°C). In contrast, all techniques to acutely increase venous return during
exercise, including isotonic hypervolemia with saline infusion [11], postural change from
upright to supine position [14, 15], head-out water immersion [16], or continuous negative
pressure breathing [17], enhanced the response to increase SkBF to an increased core body
temperature during exercise. From these observations, the response to increase SkBF to an
increased core body temperature during exercise is attenuated by dehydration-induced hypo-
volemia via the cardiopulmonary baroreflex. Recently, Ogawa et al. [18] reported that the
efferent sympathetic signals to skin vasculature, that is, the skin sympathetic nerve activity
(SSNA), component synchronized with the cardiac cycle was decreased by postural change
from supine to 30° head-up tilt during hyperthermia (T_ increased ~0.7°C) with passive heat-
ing and that the responses were correlated with the decrease in cutaneous vasodilation. With
these data, they suggested that the SSNA component synchronized with the cardiac cycle was
likely to contribute to the suppression of cutaneous vasodilatation.

Previous studies have suggested that the response to increase sweat rate during exercise is also
attenuated by hypovolemia. Fortney et al. [19] presented that the ability to enhance sweating
of the chest and forearm to an increase in T_, but not the T threshold at the start of sweating
during cycle ergometer exercise (65-70% VO, __ ) in a warm environment (T, 30°C; RH, 40%),
was attenuated by isotonic hypovolemia (9% reduction in plasma volume induced by diuretics)
prior to exercise. Additionally, Mack et al. [13] showed that LBNP at the level of -40 mmHg dur-
ing exercise dampened the sweat rate and SkBF to increased T_. Dodlt et al. [20] also observed
decreased skin sympathetic nerve activity following LBNP in passively heated subjects. In con-
trast, Kamijo et al. [21] reported that isotonic hypovolemia induced by diuretic (~10%) before
exercise dampened increases in SkBF, similar to the results of Nadel et al. [12]. However, it did
not dampen the increase in sweat rate during exercise at 60% VO, in a warm environment (T,
30°C; RH, 45%). Thus, the effects of hypovolemia on sweat rate are still debatable.

Plasma hyperosmolality suppresses the response to increase SkBF and sweating during
exercise. Fortney et al. [22] showed that 10 mosmol/kgH,O increases in P achieved by
hypertonic saline infusion before exercise caused an increased T, thresholds for cutane-
ous vasodilation and sweating by 0.2°C. In addition, the sensitivity to increase SkBF in
response to increased T _decreased during exercise at 70% VO, in a warm environment
(T, 30°C; RH, 40%). Additionally, onset of SkBF and sweat rate responses to increased core
body temperature is delayed by plasma hyperosmolality. Takamata et al. [23] showed a
linear upward shift of the T thresholds with several levels of increase in P___ by hypertonic
saline infusion. They suggested with these data that T _ thresholds for cutaneous vasodi-
lation and sweating during passive heat stress (lower-leg water immersion, 42°C) at rest
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shifted upward by 0.044°C and 0.034°C per 1 mosmol/kgH,O increase, respectively. More
intriguingly, they also suggested that the upward shift in T thresholds during exercise
were caused by an increased P induced by exercise. The increased T thresholds at a
given increase in P during exercise were identical to those during resting passive heat
stress [23]. Mitono et al. [24] supported this evidence by indicating that when the increase
in P during exercise was attenuated by hypotonic saline infusion prior to exercise, the
delayed onset of cutaneous vasodilation in response to increased T, during exercise was
normalized. It has been suggested that the response of the thermoregulatory center was
attenuated by plasma hyperosmolality via osmoreceptors.

As described above, dehydration is a limiting factor for heat loss mechanisms during exercise
in the heat. These mechanisms prevent cardiovascular failure caused by reduction in venous
return to the heart due to blood pooling in dilated peripheral skin vasculature and reductions
in PV due to sweating. Indeed, it has been reported that, when drinking such a small amount
of water so as not to change PV and P__ in dehydrated individuals, thirst sensation and
plasma vasopressin secretion induced by increased P are released rapidly by a stimulation
of oropharyngeal reflexes [25, 26]. It also simultaneously releases the dehydration-induced
attenuated responses of SkBF [21] and SR [26].

3. Effects of exercise training on thermoregulation in warm and hot
conditions

Thermoregulatory responses are improved by aerobic and endurance exercise training,
resulting in reduced physiological strain and therefore enhanced cardiovascular and exer-
cise capacities during exercise in warm and hot conditions. These adaptations are remarkable
when exercise training is performed in the heat [1]. After a 10-day training period in a cool
condition (T, 20°C), SkBF and sweat rate responses to increased T, during exercise (T, 25°C)
are enhanced. After a subsequent 10-day training period in a hot condition (T, 35°C), these
responses improved further [27]. The increased SkBF and sweating responses are character-
ized by the early start of cutaneous vasodilation and sweating responses to increased T _ [28,
29] and the increased sensitivity to increase SkBF and sweat rate in response to an increased
T, compared with before exercise training [28, 29]. It is suggested that the mechanisms of the
increase in thermoregulatory responses with exercise training are similar to those following
acclimations to repeated heat exposures, including adaptations of the thermoregulatory center
and thermoregulatory effectors [1, 12] as well as an increase in VO, [30] and PV [28, 31, 32].

Itis suggested that the exercise-induced PV expansion is primarily associated with an increase
in total volume of extracellular fluid [33]. An increase in plasma protein (mainly albumin
content) also contributes by drawing fluids into the intravascular space from the interstitium
[33-35]. Facilitated Na* and water reabsorption [33, 36] and an enhancement of voluntary
fluid intake with increased thirst sensation [37] (associated with an activated renin-angioten-
sin-aldosterone system and vasopressin release) during and after exercise or dehydration are
suggested as mechanisms of training-induced increases in extracellular fluid volume [38].
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Increases in plasma protein may be due to activated hepatic plasma protein synthesis [39, 40]
and enhanced translocation of protein to the intravascular space from the interstitium [41]
coincide with a restricted transcapillary escape ratio of protein [42].

PV expansion by exercise training results in a reduction in lactic acid concentration in the
blood at the same absolute intensity of exercise (an enhanced lactate threshold), which con-
tributes to a suppression of increase in P__ during exercise. This mechanism contributes to the
downward shift of the body core temperature threshold for cutaneous vasodilation and sweat-
ing after training. Moreover, expanded PV increases venous return to the heart and cardiac
filling pressure and therefore enhances cardiac stroke volume. It also improves the responses
of SkBF and sweat rate to increased core body temperature during exercise [11, 16, 17].
Indeed, an increase in cardiac stroke volume and also the sensitivity of increase in SkBF to
increased T, during exercise in a warm condition (T, 30°C) was closely correlated to a PV
expansion by a 10-day endurance training (60% VO, __ for 1 h/day at 30°C) [28]. Additionally,
Goto et al. [43] reported the influences of protein and carbohydrate (CHO) supplementation
just after exercise (Pro-CHO; 0.36 g protein/kg and 3.6 kcal) during the 5-day training period
(70% VO, for 30 min/day) in a warm environment (T, 30°C) on PV and thermoregulatory
responses. They suggested that, in the Pro-CHO group, plasma albumin content (Alb__ )
therefore PV increased by ~10% and ~8%, respectively. These were significantly higher than
the increase of ~4% in the placebo intake control group (CNT; 0.9 kcal and 0 g protein/kg
body weight). They attributed the increase in Alb_ , to activated hepatic albumin synthesis
following exercise due to the increased substance bioavailability [39, 40] and also the effects
of insulin on protein synthesis in hepatocytes [44]. Most notably, the sensitivity of an increase
in SkBF and sweat rate to increased T, enhanced after training more in the Pro-CHO group
compared with the CNT group. Additionally, both groups showed a significant decrease in
heart rate and T_ during exercise after training period. However, these adaptations were more
prominent in the Pro-CHO group than in the CNT group, indicating decreased cardiovascu-
lar and thermal strains after the training period with PV expansion.

and

In addition, Ikegawa et al. [31] supported the observations by Goto et al. [43] by presenting
an increased PV with an early shift of the onset of the cutaneous vasodilation and sweating
responses to an increased T after the same training protocol. Further, the early shift of the
onset of the cutaneous vasodilation and sweating responses was wholly or partly diminished
after the expanded PV by training was reduced to the pre-training level by using the diuret-
ics. Furthermore, Ichinose et al. [28] showed that 10 days of exercise training (60% VO, __ for
60 min/day at 30°C) attenuated the sensitivity of the upward shift of T threshold for cutane-
ous vasodilation with the increased P__ by hypertonic saline infusion, though the threshold
for sweating was not changed. Furthermore, they suggested that increased PV after training
correlated with the attenuated sensitivity to hyperosmolality in each individual, suggesting
that the attenuation is associated with the stretch of cardiopulmonary baroreceptors induced
by PV expansion. Thus, the enhanced thermoregulation and cardiovascular capacities after
exercise training are closely associated with PV expansion in addition to the neural adapta-
tion of the thermoregulatory center and thermoregulatory effectors [1, 12].

The Na* concentration of sweat is important to maintain PV during exercise. It decreases after
exercise training or heat acclimation due to an enhanced Na* reabsorption at the sweat gland
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duct induced by an enhanced sensitivity to aldosterone [45]. To maintain PV during exercise,
hypotonic sweat is advantageous because hypotonic sweat loss causes a greater increase in
osmolality of extracellular fluid. It promotes the shift of water from intracellular to extracel-
lular fluid space according to the osmotic gradient between the spaces [45]. This therefore
attenuates the decreased PV and venous return to the heart. As a result, the decreased thermo-
regulatory responses with a sweating loss at a given volume are attenuated with low Na* con-
centration in sweat [46]. Moreover, the delayed onset of cutaneous vasodilation and sweating
responses to increased T at a given increase in P was attenuated in heat-acclimated indi-
viduals in whom an increased P by sweating loss at a given volume was enhanced due to
low Na* concentration in sweat [46].

4. Effects of biological aging on thermoregulation in warm and hot
conditions

The susceptibility to heat related-illnesses in the elderly [6] is caused by a deterioration in ther-
moregulatory responses with aging [47, 48]. Previous studies have indicated that even healthy
elderly individuals have an impaired thermal perception [49] and impaired autonomic [50, 51]
and behavioral [52, 53] thermoregulatory responses. A recent study indicated that skin warmth
detection thresholds in the extremities and the whole-body thermal sensation deteriorated with
normal aging under both normothermic conditions and under passive heat-induced mild hyper-
thermic conditions [54]. Decreased VO,  and cardiovascular capacity associate with the dete-
riorated thermoregulation with aging [51]. Nevertheless, elderly individuals with a similar level
of VO, to young individuals are known to show an attenuated response of SkBF both during
passive heat stress in whole-body or local-body parts and during exercise under a hot environ-
ment compared to young individuals [55, 56]. Specifically, Kenney et al. [56] used bretylium
tosylate to block the local release of norepinephrine on the forearm skin. They suggested that
the attenuated SkBF response to hyperthermia during exercise in a hot condition was caused
not by an enhanced vasoconstrictor system but mainly by a decreased sensitivity of the active
vasodilator system to increased T, . In addition, the whole-body and local sweat rate in response
to passive heat stress or exercise are attenuated in the elderly compared to young adults [57].

Several physiological changes with advancing age, for example, such as decreased PV and
increased P at baseline [58], diminished thirst sensation [58], and responses in antidiuretic
hormone and aldosterone after thermal dehydration [38], are suggested to be associated with
the decreased thermoregulatory responses in the elderly. Decreased renal concentrating abil-
ity [59] and lower reabsorptive ability of sweat gland ducts [59] with advancing age are also
suggested to be associated with the deteriorated thermoregulatory responses with aging.
Vasoconstriction of splanchnic organs during exercise, which enhances the redistribution of
cardiac output to the skin vasculature, is associated with increased cutaneous vasodilation in
youth, which is also attenuated with aging [60]. Furthermore, elderly individuals commonly
take a variety of prescription drugs that may affect thermoregulatory responses and body
fluid regulation [1]. Exercise training and heat acclimation can improve the blunted body
fluid regulation and thermoregulation with aging, although generally the improvement of
these is lower or limited relative to their younger counterparts.
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5. Effects of type 2 diabetes on thermoregulation in warm and hot
conditions

Type 2 diabetes typically presents later in life with a mean onset age of 54 years [61]. Type
2 diabetes is associated with multiple comorbidities, including obesity, dyslipidemia, meta-
bolic syndrome, hypertension, and other markers of cardiovascular diseases in addition to the
changes associated with aging. Most of the research examining ability of thermoregulation in
type 2 diabetic patients has considered not only to estimate itself but also the responses to eval-
uate the severity of neuropathy along with other diabetes-related complications. Many studies
have only measured the local heat dissipative responses of the hands and feet. It is generally
reported that type 2 diabetic patients have attenuated SkBF responses evoked by pharmaco-
logical stimuli [62, 63], local skin heating [64, 65], and whole-body heating [64, 66]. Importantly,
these effects appear to depend on physical fitness level. Type 2 diabetic engaging in physical
activity has reduced impairments in skin vasodilation compared with type 2 diabetics who are
not physically active [67]. Conversely, studies of local sweating in type 2 diabetics have gener-
ally found that these individuals have impaired sweating responses compared to their healthy
counterparts [64, 68, 69], despite one study reporting otherwise [70]. The changes in regional
sweating with type 2 diabetes are comparable to those observed with type 1 diabetes, such that
there is relatively lower body anhidrosis along with euhydrosis or hyperhidrosis compared to
the upper body [68]. While these studies have implications for whole-body temperature regula-
tion during heat stress, the evidence regarding the impact of heat stress (as induced by warm
and hot environments, physical activity, or both) on type 2 diabetics remains limited.

Kenny et al. [71] recently reported that relatively active type 2 diabetics who were otherwise
generally healthy (good glycemic control and no diabetes-related complications) have signifi-
cantly decreased whole-body heat loss during exercise for 60 min (~370 W of metabolic heat
production or ~60% of the predetermined VO, __ ) as assessed by whole-body direct calorim-
etry. During the exercise bout, due to the lower evaporative heat loss in type 2 diabetes, they
stored ~1.5-fold more heat than their healthy counterparts. Regardless of the greater amount
of heat accumulation during exercise, the diabetes-related impairment in the capacity to dissi-
pate heat persisted into the 60-minute recovery. Healthy groups lost ~twofold more heat rela-
tive to the group with type 2 diabetes, which was associated with slightly and no statistically
significant, but sustained difference in the rate of non-evaporative heat loss [71].

6. The mechanisms underlying type 2 diabetes-related impairments
in heat dissipation

To date, few studies have examined the mechanisms underlying type 2 diabetes-related
impairments in heat dissipation; however, some information may be gleaned from those stud-
ies aimed primarily at assessing the presence of neuropathies. The reduction in nitric oxide
bioavailability in individuals with type 2 diabetes is well established [62, 63, 72, 73] and may be
further exacerbated by the presence of atherosclerotic plaques which are known to adversely
alter endothelial function through interfering with nitric oxide signaling [74]. In fact, one study
reported that the relative nitric oxide-dependent vasodilation during whole-body passive
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heating was similar between healthy controls and type 2 diabetics; however, absolute SkBF
was lower in the latter group [72]. Moreover, there is evidence to support an endothelium-
independent component to the impairment in vasodilation as observed during exogenous
administration of a nitric oxide donor (e.g., sodium nitroprusside) [63]. Importantly, these
diabetes-related changes in SkBF appear to be closely associated with the duration of diabetes
and/or the presence of related complications [62, 63]. There is little report on the central ver-
sus peripheral mechanisms that form the basis of diabetes-related SkBF responses; one study
indicated that onset of vasodilation responses to increased core body temperature was delayed
and it was the primary factor, explaining lower SkBF in patients with type 2 diabetes mellitus.
This indicates that central mechanisms contribute to the modulation of SkBF [66].

The mechanisms responsible for diabetes-related impairments in sweating during heat stress
remain incompletely understood and most of the information is provided from studies which
have not examined thermoregulatory control. Petrofsky et al. [64] indicated that, during iso-
metric handgrip exercise to exhaustion, sweating on the arms and legs was significantly lower,
but only forehead sweat rate was actually higher in type 2 diabetics than the controls. The pri-
mary factors associated with this modulation in sweating include long-term diabetes, poorly
controlled glycemia, and the presence of neuropathy. Diabetic neuropathy seems to have an
important role in altering the sweat gland innervations [68, 75]. Luo et al. [75, 76] showed that
the sweat glands in type 2 diabetics with poor glycemic control exhibit exacerbated reduc-
tions in periglandular nerve terminals and in the innervation index. Impairments in sweating
during heat stress may also be related to the reduction in nitric oxide bioavailability since the
role of nitric oxide-induced sweating during exercise has recently been proven [77, 78].

7. Effects of hyperglycemia on thermoregulation during thermal stress

Hyperglycemia can have an important negative impact on body core temperature regula-
tion. Specifically, hyperglycemia can lead to increases in P which have been independently
associated with impairments in sweating and SkBF as described in the earlier section [79].
Furthermore, hyperglycemia can induce dehydration through osmotic diuresis [80] which
can lead to hypovolemia without adequate fluid replacement. Recently, studies have demon-
strated that the combination of hyper osmolality and hypovolemia augments any effects to
further exacerbate impairments in heat dissipation in healthy individuals [81, 82]. In contrast,
acute hyperglycemia (induced by hyperinsulinemic-hyperglycemic clamp) did not result in
the impairment of NO-mediated skin microvascular function [83].

8. Effects of exercise training on thermoregulation in the elderly
individuals

Several longitudinal studies have reported that heat dissipative responses during exercise in a
hot environment are enhanced when aerobic training is performed under hot or even cool to
thermoneutral conditions by initially sedentary elderly individuals [30, 60, 84] and young indi-
viduals [27-29]. Thomas et al. [30] reported that a 16-week aerobic training program increased
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VO, . by >5% and advanced onset of cutaneous vasodilation in response to an increased
mean body temperature during exercise in a hot environment (T, 36°C) both in young and in
elderly individuals. They also suggested that an enhanced sensitivity of the active vasodilator
system contributes to the enhanced cutaneous vasodilation [30]. Additionally, Okazaki et al.
[84] supported and extended these results by showing that onset of cutaneous vasodilation and
sweating responses to an increased T _ during exercise in a warm environment (T, 30°C) were
advanced after an 18-week aerobic and resistance training under cool to thermoneutral condi-
tions in initially sedentary elderly individuals. The improvements in VO, _ were 20 and 10%,
respectively, in each study. However, both studies indicated that the sensitivity of increase in
SkBF and sweat rate to an increased mean body temperature or T  did not increase after train-
ing. Further, Okazaki et al. [84] indicated that a diminished increase in PV following training
period in elderly individuals was associated with the unchanged sensitivity, by showing a linear
correlation between changes in the sensitivities and those in PV following the training period.
Similarly, in young individuals, the increase in PV is considered to be the major mechanism
which contributed to the improvement of thermoregulatory responses by exercise training as
described in the earlier section. This results from increased venous return to the heart by increas-
ing cardiac stroke volume and/or by suppressing baroreflex-induced reduction of skin vasodila-
tion [11]. Additionally, Ho et al. [60] showed that splanchnic and renal vasoconstriction during
exercise were increased in young individuals but not in elderly individuals following aerobic
training period. Thus, in elderly people, exercise training improved VO, _ but generally dimin-
ished the enhancement of thermoregulation compared with younger counterparts [60, 84].

The primary limiting factor for the blunted increase in PV with aerobic training in elderly peo-
ple is an attenuated increase in Alb__ with exercise [35, 84, 85]. Other factors are likely to be
a reduced fluid intake after thermal dehydration [38, 58] or water deprivation [86] with aging.
Accordingly, enhanced albumin synthesis in the liver in response to exercise is one mechanism of
theincreased Alb__ after aerobic training in the young individuals [39, 40]. In regard to this point,
the response to increase Alb_  after aerobic training is smaller in the elderly individuals. It may
be affected, in part, by the attenuated hepatic albumin synthesis response to exercise [87, 88] due
to decreased gene expression with normal aging. However, it is also reasonable that this is caused
by insufficient protein intake for albumin synthesis in elderly people. Decreased daily activity
with aging may be accustomed to low energy and protein diets in elderly people. Therefore,
improvements would occur if substrates for plasma albumin synthesis are given immediately
after exercise when albumin synthesis is reportedly enhanced [40, 88]. In this regard, one study
showed that when young and elderly individuals ingested placebo (i.e., non-energy ingestion)
just after acute high-intensity interval exercise, the ability of recovery of Alb_  and PV after exer-
cise was generally blunted in elderly individuals compered to young individuals. In contrast,
Alb__ and PV recovered more when they consumed a protein and CHO mixture compared to

cont

consumed placebo in both individuals [35].

Okazaki et al. [89] further determined the effects of protein and CHO intake just after exer-
cise on PV and thermoregulatory responses during 8 weeks of aerobic training under cool
to thermoneutral conditions in elderly individuals. In individuals consuming protein and
CHO, Alb_ , and PV increased by 6%, and these increases were accompanied by enhanced
sensitivities of SkBF and sweat rate (18 and 80%, respectively) to increased T, . In contrast,
they remained unchanged in individuals taking the placebo immediately after exercise [89].
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Additionally, this enhanced sensitivity associated with a 10% increase in stroke volume during
exercise [89]. Consequently, the improved PV expansion response induced by exercise along
with post-exercise protein and CHO intake enhances the attenuated increase in cardiovascu-
lar and thermoregulatory capacity in elderly individuals compared with young counterparts.
Recently, Kataoka et al. [90] reported the similar results in hypertensive elderly individuals
(~160 mmHg for systolic and ~90 mmHg for diastolic blood pressure at rest) that PV and SkBF
response to increased T, both increased after aerobic training (60-75% of VO, , for 60 min/day,
3 days/week, for 8 weeks) with protein (10 g) and CHO (15 g) supplementation. Furthermore,
they showed that despite the increased PV, arterial blood pressures rather decreased after
training with an increased carotid arterial compliance and baroreflex sensitivity.

Recent studies have presented that aerobic training improves cutaneous vasodilation by local
mechanisms in aged skin [91]. Black et al. [92] used L-NAME (an NO synthase inhibitor)
during acetylcholine infusions to block NO production and demonstrated that, in initially
sedentary elderly individuals, increase in vascular responsiveness following 12 and 24 weeks
of aerobic training was induced by the increase in action of NO in the skin. There are similar
results in a longitudinal study [93] although a cross-sectional study reported no effects [94].

The enhancement of the sweating function in summer occurred later and its reduction in
winter occurred earlier, in an elderly group compared with a younger group despite a smaller
seasonal variation range [95]. To prevent heat disorders in elderly individuals, it is strongly
recommended that they engage in exercise training prior to the summer season. Regular exer-
cise generally improves thermoregulatory capacity alongside VO, _ . Protein and CHO intake
after exercise will also enable adequate training adaptations to be achieved.

9. Effects of exercise training on thermoregulation in diabetic patients

The effects of aerobic fitness along with short- and long-term exercise training have been
widely studied in the context of glucoregulation in type 2 and type 1 diabetics. The effects of
exercise training on glycemic control in type 2 diabetics are well established. A recent meta-
analysis by Umpierre et al. [96] reported that structured exercise training (over 12 weeks) con-
sisting of aerobic exercise, resistance training, or a combination is associated with enhanced
glycemic control (~0.7% HbAlc reduction) in type 2 diabetics. They also reported that struc-
tured exercise training of more than 150 min per week is associated with greater HbAlc
reduction (~0.9%) compared to 150 min or less per week [96]. Structured exercise training also
has beneficial effects on diabetes-related complications [97]. Greater benefits are apparent in
type 2 diabetics with higher HbAlc before the exercise intervention [97].

In healthy individuals, it has been suggested that higher levels of aerobic fitness and/or physically
activity improve the capacity to dissipate heat during exercise [98, 99]. A recent study indicated
that the age-related decline in aerobic fitness was associated with the decreased whole-body
evaporative heat loss during exercise in the heat [100]. Moreover, a group of trained middle-
aged males (~48 years) exhibited greater whole-body heat loss than an untrained group during
exercise [100]. Other studies have also indicated that VO, _ decreased ~7% per decade in seden-
tary, active, and even endurance-trained populations [101]. Despite reports of the relationship
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between aerobic fitness and thermoregulatory capacity in healthy people, there are no reports
in with either type 1 [102-104] or type 2 [71] diabetics because aerobic fitness has not been con-
sidered as a potential factor influencing thermoregulatory capacities. Therefore, the increased
aerobic fitness with exercise training in diabetics would improve thermoregulatory control,
autonomic nervous system function, and cardiovascular responses, especially during exercise-
induced heat stress, as reported in healthy counterparts, however, the situation remains unclear.

10. Oral rehydration during exercise

Based on the physiological responses to warm and hot conditions described previously, it is
suggested that dehydration prior to and during exercise should be prevented or countered.
This would reduce extra thermal and cardiovascular strains during exercise in the heat and
the risk of developing heat-related illnesses. In general, oral rehydration with solutions con-
taining 0.1-0.2% of NaCl and 4-8% of CHO based on thirst sensation is recommended, but,
during exercise, we need to prevent the addition of 2% of body weight reduction [7]. Elderly
persons or persons who work or undertake high-intensity exercise in warm and hot condi-
tions should start fluid ingestion prior to and during the early period of work before thirst is
perceived [7]. Special care should be taken by diabetics so that hyper and hypoglycemia are
not induced with oral rehydration during exercise and hyperthermic conditions.

11. Conclusions

The morbidity and mortality of heat-related illnesses would expand in the years to come world-
wide because of the rapidly aging population and global warming. The decreased thermoreg-
ulatory capacity in type 2 diabetes is associated with the presence of neuropathies, reduced
nitric oxide bioavailability, central mechanisms, and so on, while it would be improved with
aerobic fitness with exercise training as in healthy counterparts. Thermoregulatory adapta-
tions after exercise training are enhanced with PV expansion with a dietary supplementation
conjunction with exercise in healthy individuals. Further researches are necessary to elucidate
the effective strategy to improve thermoregulatory capacity as well as glycemic control in
type 2 diabetes with or without complications with exercise training.
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Abstract

The aim of this study is to analyze amino acid plasma profile in a group of young
diabetics and to evaluate its application as markers of metabolic control of the disease,
as well as to analyze the urinary excretion of amino acids in these patients. A clinical
assessment and metabolic study (amino acid serum concentrations and urinary excre-
tion of amino acids) was accomplished in a group of 49 children diagnosed with diabe-
tes, and a group of 48 healthy children (control group). The plasma levels of total amino
acids as well as branchedchain, glucogenic and ketogenic amino acids were significantly
higher (p <0.05) in the diabetic group with respect to the control group. Total as well as
branched-chain, glucogenic and ketogenic amino acids urinary levels were significantly
lower (p < 0.05) in the diabetic group compared to the control group. The study of the
amino acid plasma in the young diabetic reflect disturbances in protein/amino acid
metabolism and, consequently, in metabolic control of the disease. The study of amino
acid urinary excretion might have interest not only in the context of diabetic nephropa-
thy, but also in the revealing of partial aspects of amino acid metabolism and, probably,
in the metabolic control of the disease.

Keywords: amino acids, insulin-dependent diabetes mellitus, children, serum
concentration, urinary excretion

1. Introduction

Most of the cells in our body are dependent on the anabolic effects of insulin, which enables the
use and storage of different nutrients from the diet.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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It has been experimentally proven that insulin deficiency involves a series of ultrastructural
and/or functional changes at an intracellular level, within muscle as well as liver, which
substantially inhibit protein synthesis and stimulate protein degradation. Therefore, being
amino acidosis, the structural elements of proteins and its metabolism could be altered in
diabetes mellitus [1, 2]. In fact, significant changes in amino acid plasma levels and urinary
excretion have been described in diabetic ketoacidosis, as well as anomalies in postprandial
plasma profile of such amino acids in diabetic patients, whose values will not even return to
normal levels after intensive insulin therapy [3-6].

Diabetic nephropathy is one of the most frequent and severe late complications in infant-
juvenile diabetes; its functional and structural pathology seems to be shaped from the early
stages of the disease. Persistent microalbuminuria is a functional disruption that occurs in the
emerging phases of diabetic nephropathy, whose early detection and monitoring is quite
important due to its prognostic significance [7, 8].

An increased urinary excretion of low molecular weight proteins and lysosomal enzymes has
been confirmed in diabetic patients in the absence of microalbuminuria, as a result of a
disorder in renal tubular reabsorption; its significance in natural history of diabetic nephropa-
thy would be interpreted as early markers of renal injury [9-11]. On the other hand, barely 2-
3% of the total amount of amino acidosis filtered by the glomerulus is excreted in urine
following a massive and active tubular reabsorption [12]. Hence, aminoaciduria in diabetic
individuals might be conditioned by the degree of structural and/or functional integrity of the
renal tubule.

The aim of this study is to analyze amino acid plasma profile in a group of young diabetic
individuals and to evaluate its potential application as markers of metabolic control of the
disease, as well as to analyze the urinary excretion of amino acids in the absence of
microalbuminuria in these patients.

2. Material and methods

2.1. Participants

A clinical assessment and metabolic study was accomplished in 49 children diagnosed with
insulin-dependent diabetes mellitus, aged 8.6-14.3 years, following conventional insulin ther-
apy, and a group of 48 healthy children (control group) aged 7.4-14.8 years.

2.2. Clinical assessment

Information recorded from every patient/participant included age, weight and height, BMI,
time and progress of the disease, and dosage of subcutaneous insulin.

Weight and height measurements were made in underwear while being barefoot. Weight was
measured using the Afio-Sayol scale (reading interval 0-120 kg and a precision of 100 g), and
height was measured using the Holtain wall stadiometer (reading interval 60-210 cm, preci-
sion 0.1 cm). The Z-score values for the BMI were calculated using the epidemiologic data
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contained within the program Aplicacién Nutricional, from the Spanish Society of pediatric
gastroenterology, hepatology, and nutrition (Sociedad Espafiola de Gastroenterologia,
Hepatologia y Nutricion Pediatrica, available at http://www.gastroinf.es/nutritional/). The
graphics from Ferrandez et al. (Centro Andrea Prader, Zaragoza) (2002) were used as reference
charts.

Blood pressure (BP) was measured in the right arm with the patient in the supine position
using Visomat comfort 20/40 (Roche Diagnostics Inc.) digital blood pressure monitor, record-
ing the lowest of three measurements.

2.3. Biochemical analysis

All participants (diabetic and control group) underwent blood testing after a 12-hour fast, in
order to determine plasma glucose levels, glycosylated hemoglobin (Hb1Ac), creatinine and
amino acid concentrations. In addition, a 24-hour urine sample was collected to determine
albumin and amino acid concentrations and glomerular filtration rate (GFR).

The analyzed amino acids (in blood and urine) were the following: alanine (ALA), arginine
(ARG), aspartic acid (ASP), cysteine (CYS), glutamine (GLN), glutamic acid (GLU), glycine
(GLY), histidine (HIS), isolecucine (ILE), leucine (LEU), lisine (LYS), methionine (MET), phe-
nylalanine (PHE), serine (SER), threonine (THR), tyrosine (TYR), valine (VAL), and taurine
(TAU).

Measurements in plasma (glucose and creatinine) and urine (creatinine) were made using a
Synchron CX5 (Beckman) analyzer. HbAlc was determined using Boehringer-Mannheim
reagents.

The quantification of urinary albumin excretion (UAE) was made by nephelometry (Away
Protein System-Beckman), and microalbuminuria was considered when values exceed 12 ug/
min, being that a reason for exclusion. GFR was calculated using the endogenous creatinine
clearance, and hyperfiltration was considered when values were over 145 ml/min/11.73 m”.

The determination of urine and plasma amino acid concentrations was made by reversed-
phase high pressure liquid chromatography (HPLC) with o-phthaldialdehyde precolumn
derivatization.

2.4. Statistical analysis

Results are displayed as means (M) with corresponding standard deviations (SD). Statistical
analysis (descriptive statistics, Student’s T and Pearson’s correlation) was done using the
Statistical Packages for the Social Sciences version 20.0 (Chicago, IL, USA). Statistical signifi-
cance was assumed when p value was lower than 0.05.

Parents and/or legal guardians were informed and provided verbal consent for the participa-
tion in this study in all cases. The study was approved by the Ethics Committee for Human
Investigation at our institution (in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and later amendments).
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3. Results

Table 1 shows the comparison of mean values for the clinical and biochemical characteristics
(blood and urine) in the diabetic and control groups. Fasting glycaemia, Hb1Ac, and GFR were
significantly higher (p < 0.05) within the diabetic group compared to the control group. There
were not any significant differences in age, BMI Z-score, systolic and diastolic blood pressure,
and urinary albumin excretion between both groups.

There was no correlation between glomerular filtration and Hb1Ac or urinary albumin excre-
tion, not between blood pressure (systolic and diastolic blood pressure) and glomerular filtra-
tion or Hb1Ac. There was a positive correlation (p <0.05) between diastolic blood pressure and
the evolution of the disease (years) (r = 0.515).

Table 2 exposes and compares the mean values of amino acid plasma concentrations for the
samples of the diabetic and control groups. Plasma concentrations of ARG, GLN, ILE, PHE,
THR, TYR, VAL, and TAU were significantly higher (p < 0.05) within the diabetic group with
respect to the control group.

Table 3 depicts and compares the mean values of plasma concentrations of different amino
acids groups analyzed in the diabetic and control group. The plasma levels of total amino acids
as well as branched-chain, glucogenic, and ketogenic amino acids were significantly higher
(p < 0.05) in the diabetic group with respect to the control group.

There was no correlation between the single amino acid (or amino acid groups) plasma levels
and the evolution of the disease (years) or Hb1Ac. There was a negative correlation (p < 0.05)
among insulin dosage and amino acids THR (r = —0.404), MET (r = —0.513), PHE (r = —0.456),
SER (r = — 0.442), CYS (r = —0.390), GLY (r = —0.451), and TAU (r = —0.479), as well as a

Items Diabetic group Control group p-Values
(n =49) (n=48)
Age (years) 11.82 £ 1.78 12.05 +1.93 n.s.
BMI Z-score 0.05 £ 0.67 —0.01 £0.55 n.s.
Systolic BP 93.15 £ 8.85 89.0 = 8.95 ns.
Diastolic BP 55.0 +£7.26 52.2 +8.36 ns.
Evolution (years) 5.79 +2.67 — —
Insulin (Ul/kg/d) 0.82 £0.26 — —
Glucose (mg(dl)) 198.8 £ 55.5 89.57 +10.2 <0.01
Hb1Ac (%) 7.7 £1.68 4.56 +£0.7 <0.05
GFR (ml/min/1.73 m?) 135.65 4+ 34.3 114.16 £9.13 <0.05
UAE (ug/min) 377+18 3.42+1.89 n.s.

GFR: glomerular filtration rate, UAE: urinary albumin excretion.

Table 1. Clinical and biochemical characteristics of the diabetic and control groups (M + SD).
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Amino acids Diabetic group Control group p-Values
(n=49) (n=48)
ALA 144.83 £ 36.32 134.84 + 36.67 n.s.
ARG 49.01 +16.78 22.62 +6.94 <0.01
ASP 0.33 £0.95 134 £2.18 n.s.
CYS 34.77 £ 11.61 31.56 £+ 10.90 ns.
GLN 243.23 +59.42 187.84 + 56.83 <0.01
GLU 18.28 £+ 9.69 20.70 +10.22 ns.
GLY 46.53 +22.3 35.34 +10.23 n.s.
HIS 133.62 + 43.59 147.09 + 53.89 ns.
ILE 90.83 +19.37 66.54 + 15.27 <0.001
LEU 74.74 + 17.37 68.65 + 14.65 ns.
LYS 60.70 & 27.32 57.15 + 28.61 n.s.
MET 31.57 +10.68 29.18 £+ 13.05 ns.
PHE 81.84 & 19.54 65.64 & 16.45 <0.01
SER 53.93 + 26.03 66.04 + 22.04 n.s.
THR 73.26 & 27.90 57.90 + 18.07 <0.05
TYR 60.25 + 27.18 38.25 +12.47 <0.05
VAL 190.46 + 48.01 148.91 + 35.31 <0.01
TAU 99.69 + 36.82 75.66 + 37.01 <0.05

ALA: alanine, ARG: arginine, ASP: aspartic acid, CYS: cysteine, GLN: glutamine, GLU: glutamic acid, GLY: glycine, HIS:
histidine, ILE: isolecucine, LEU: leucine, LYS: lisine, MET: methionine, PHE: phenylalanine, SER serine, THR: threonine,
TYR tyrosine, VAL: valine, TAU: taurine.

Table 2. Plasma concentrations of amino acids (nmol/ml) in the diabetic and control groups (M + SD).

positive correlation (p < 0.05) among glycaemia and amino acids VAL (r = 0.545) and LEU
(r = 0.648).

Table 4 displays and compares the mean values of urinary concentrations of different amino
acids quantified in the diabetic and control group. The urinary level of amino acids, except for
ASP, ILE, and PHE, was significantly lower (p < 0.05) in the diabetic group with respect to the
control group.

Table 5 outlines and compares the mean values of urinary levels of the different amino acids
groups in the diabetic and control group. Total as well as branched-chain, glucogenic and
ketogenic amino acid urinary levels were significantly lower (p < 0.05) in the diabetic group
compared to the control group. The mean values of the glucogenic/total amino acid ratio were
significantly lower (p < 0.05) in the diabetic group with respect to the control group. There
were no significant differences in the ketogenic/total amino acid ratio between both groups.

Amino acid groups Diabetic group Control group p-Values
(n=49) (n=48)

Total 1383.70 + 353.67 1198.46 + 261.16 <0.05

Branched-chain 347.65 + 58.76 285.20 + 45.20 <0.01

Glucogenic 1252.74 + 236.82 1053.69 + 211.19 <0.001

Ketogenic 441.62 £ 57.09 354.13 £ 5345 <0.05

Table 3. Plasma concentrations of amino acids (nmol/ml) in the diabetic and control groups (M + SD).
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Amino acids Diabetic group Control group p-Values
(n=49) (n=48)
ALA 53.97 + 36.68 118.07 + 45.24 <0.001
ARG 245+191 4.59 +£2.97 <0.05
ASP 498 £3.23 8.84 +4.22 n.s.
CYS 19.25 + 11.07 61.91 +29.17 <0.05
GLN 7.84 +4.52 95.02 + 32.18 <0.001
GLU 16.62 £ 9.61 35.83 +£15.77 <0.05
GLY 23.00 + 15.05 192.41 + 121.59 <0.001
HIS 74.12 4 48.50 233.95 & 89.36 <0.01
ILE 18.98 £ 10.31 29.83 + 18.42 ns.
LEU 12.46 + 8.17 22.16 £9.13 <0.05
LYS 223.65 + 150.75 525.32 + 196.31 <0.05
MET 19.11 £ 8.01 86.04 + 56.06 <0.05
PHE 40.64 + 22.58 51.67 £13.71 ns.
SER 10.64 + 7.64 25.40 + 13.65 <0.01
THR 14.47 +10.96 63.29 +19.36 <0.05
TYR 26.65 + 16.28 79.08 & 21.15 <0.001
VAL 25.61 +11.94 45.11 £ 13.67 <0.05
TAU 115.17 + 56.70 172.31 4+ 107.12 <0.01

ALA: alanine, ARG: arginine, ASP: aspartic acid, CYS: cysteine, GLN: glutamine, GLU: glutamic acid, GLY: glycine, HIS:
histidine, ILE: isolecucine, LEU: leucine, LYS: lisine, MET: methionine, PHE: phenylalanine, SER serine, THR: threonine,
TYR tyrosine, VAL: valine, TAU: taurine.

Table 4. Urinary levels of amino acids (umol/m?) in the diabetic and control groups (M + SD).

Amino acid groups Diabetic group Control group p-Values
(n=49) (n =48)

Total 754.94 + 427.16 1868.42 + 662.36 <0.05
Branched-chain 54.58 + 26.51 101.13 + 36.76 <0.05
Glucogenic 252.51 + 178.75 943.79 =+ 370.50 <0.05
Ketogenic 236.40 £+ 121.16 530.69 £ 215.78 <0.05
Ratio G/T 0.34 +0.09 0.50 + 0.07 <0.05
Ratio K/T 0.33 £0.16 0.28 £0.12 n.s.

G/T: glucogenic/total, K/T: ketogenic/total.

Table 5. Urinary level of amino acid groups in the diabetic and control groups (M + SD).

There was no correlation between the levels of each particular amino acid and/or group of
amino acids in urine and the time of evolution, Hb1Ac, urinary albumin excretion, GFR, and
blood pressure (systolic and diastolic blood pressure).

4. Discussion

4.1. Plasma concentrations

In diabetes mellitus, the deficiency in insulin, and in large part, the effects of the counter
regulatory hormones would stimulate the synthesis of glucose—other than the glycogenolysis
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pathway —through the glyconeogenesis [1, 2, 13]. This might explain the differences found in
the amino acid plasma levels within the diabetic and control group that, in general, would
indicate that there is an increase in the bioavailability of glycogenic substrates in diabetic
patients, even in basal conditions.

Insulin leads to a decrease in amino acid plasma levels through the stimulus of protein
synthesis and the inhibition of proteolysis [2, 14]; this would largely explain the negative
correlation found between insulin dosage and plasma level of the different amino acids.
Therefore, the significantly high plasma concentrations of the different amino acids—particu-
larly glucogenic amino acids—in the diabetic group with respect to the control group (probably
as a consequence of the insulinopenia that characterizes diabetes), could be useful as plasma
markers of a deficient metabolic control.

An increase in postprandial branched-chain amino acid (valine, leucine, and isoleucine)
plasma concentrations has been described in diabetic patients, in relation to the metabolic
control of the disease [4, 15]. This is probably due to a deficient peripheral metabolism of
these amino acids (they undergo basically muscle metabolism). Since it has not been
possible to prove an increase in the release of branched-chain amino acids from muscle
and/or liver in diabetic patients during fasting [1, 2], and being conscious that biological
effects of insulin are deficient in diabetes, it can be assumed that the increased branched-
chain amino acid plasma levels in the diabetic group in comparison to the control group
would be due to a low stimulation (by insulin) in amino acid transportation inside the
cell. Even though no correlation has been found between branched-chain amino acids
and metabolic control or time of evolution of diabetes, a positive correlation has been
detected between valine and leucine and fasting glycaemia, a fact that would support the
hypothesis of a more intense relationship among basal plasma concentration of these
amino acids and single determination glycaemia rather than with mediumterm metabolic
control.

Even though amino acids are appropriate substrates for hepatic and/or renal synthesis of glucose
(gluconeogenesis), glutamine and especially alanine are the most important glucogenic amino
acids in quantitative terms [16]. However, while glutamine plasma levels in basal conditions
were significantly higher in the diabetic group in comparison to control group, alanine plasma
levels did not differ in those groups.

During fasting, alanine release does not exclusively correspond to a mechanism of proteolysis
and posits muscle synthesis of new molecules of alanine from the glucose captured by the
muscle or glucose alanine cycle [2, 16]. Nevertheless, since glucose uptake by the muscle is
lowered due to insulinopenia in the diabetic patient, the conversion of glucose into alanine
would be decreased, and consequently, this would explain why alanine plasma levels in the
diabetic group do not differ from the control group.

Amino acid metabolism in insulin-dependent diabetes mellitus appears to be intrinsically
disrupted, since insulin deficiency and to a great extent, the effects of the counter regulatory
hormones imply an increase in hepatic gluconeogenesis and muscle proteolysis, as well as a
deficient peripheral use and/or disturbance in hepatic amino acid metabolism; this would
result in a plasma profile characterized by an increase of total amino acids, at the expense
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mainly of branched-chain and glucogenic amino acids. In this way, the study of the amino
acid plasma profile in diabetic patients would be worthwhile, since it would reflect distur-
bances in protein and/or amino acid metabolism and consequently, in metabolic control of
the disease.

4.2. Urinary excretion

Diabetic nephropathy is preceded by a window period, which might show different renal
functional and/or structural disturbances, even in the early stages of the disease [7, 8]. In
fact, the results obtained, in line with other researchers [17, 18], reveal significantly higher
glomerular filtration in the diabetic group in comparison to the control group, and especially
in those patients with a shorter period of disease and regardless of metabolic control of the
disease. In addition, even when the whole diabetic group had normal blood pressure mea-
surements, the existing correlation between diastolic blood pressure and the time of evolu-
tion of the disease suggests a situation of window period in diabetic nephropathy in this
group of young diabetics, and highlights the importance of periodic blood pressure mea-
surements in diabetics from the early stages of the disease. This allows for the beginning of a
dietary and/or medical treatment earlier than was recommended until now [19]. However, it
can be concluded that the structural integrity of the glomerulus in these diabetic patients
would be relatively well preserved, since the urinary excretion of albumin was similar in
both groups.

On another note, several researchers have noted a higher beta 2 microglobulin and lysosomal
enzyme urinary excretion in diabetic patients in the absence of microalbuminuria, as a sign of
functional disorder in the proximal tubule with no glomerular lesion, from the early stages of
the disease [10, 11]. In this context, the study of amino acid urinary excretion in the diabetic
could be of great interest, since different mechanisms of specific tubular reabsorption for
different amino acids have been described on an experimental basis [20]. Hence, any tubular
malfunction might condition significant qualitative and/or quantitative aminoaciduria, and
therefore, it could have a potential clinical application in the early detection of tubular lesion
and/or silent diabetic nephropathy.

All the same, and according to the results obtained, urinary excretion of each single amino
acid (except for isoleucine, aspartic acid, and taurine), as well as each amino acid groups
analyzed were significantly lower in the diabetic group with respect to the control group.
This may seem paradoxical; however, the difference observed in the relation glucogenic and
total amino acid (G/T ratio) between both groups reveals that the lower amino acid urinary
excretion in the diabetic would greatly be at the expense of glucogenic amino acids, proba-
bly because the glomerular filtration is also lower, as a consequence of a greater organic use
of these amino acids in the endogenous synthesis of glucose. No correlation has been found
between aminoaciduria and time of evolution, glomerular filtration, blood pressure, and
metabolic control.

In sum, the study of amino acid urinary excretion in the young diabetic might have interest not
only in the context of diabetic nephropathy, but also in the revealing of partial aspects of amino
acid metabolism, and probably, in the metabolic control of the disease.
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Abstract

Cancer and diabetes are two major health problems worldwide, and incidence is increasing
globally for both diseases. Type 2 diabetes is characterized by hyperinsulinemia and insu-
lin resistance and the effect of insulin and insulin growth factor I on cancer development
and progression have been demonstrated in animal and human studies. The relationship
between diabetes and cancer was reported for more than 60 years. Many epidemiologi-
cal studies conducted over time suggested the association between diabetes and cancer.
Epidemiological studies show an increased risk in type 2 diabetic patients for colon, breast,
liver, pancreas, bladder cancers and non-Hodgkin’s lymphoma, and a decrease risk for
prostate cancer. Lung cancer does not appear to be related to diabetes and for renal cancer
data are inconclusive. Diabetes, beside the fact that it is an independent risk factor for dif-
ferent type of cancer, can also have an impact on prognosis of cancer, and studies shown
an increased cancer mortality in patients with diabetes.

Keywords: diabetes, cancer, hyperinsulinemia, insulin resistance

1. Introduction

Cancer and diabetes are two major health problems worldwide, and incidence is increas-
ing globally for both diseases. In 2012, 14.1 million new cancer cases and 8.2 million death
occurred worldwide, and the number of cases and deaths is expected to grow as popula-
tions adopt lifestyle behaviors that increase the cancer risk [1, 2]. Diabetes is also an important
health problem associated with severe complications, and its growing worldwide In 2014 was
estimated that 422 million adults were living with diabetes, the prevalence of diabetes globally
is 8.5% in adult population and caused 1.5 million death in 2012 [3]. Globally, cancer is the 2nd
cause of death, and diabetes is 12th cause of death [4]. The economic growth is accompanied
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by lifestyle westernization, characterized by physical inactivity, high-calorie diet and obesity
and may explain this change in incidence and mortality of lifestyle related diseases such as
diabetes, cancer and cardiac disease.

The relationship between diabetes and cancer was reported for more than 60 years. Theodore
Tuffier, a French surgeon, is probably the first one to hypothesize the existence of a relation-
ship of type 2 diabetes mellitus and cancer risk in the second half of nineteenth century. He
observed that patients with type 2 diabetes have a greater risk of certain cancers than those
without diabetes and formulated some key questions: could diabetes affect the incidence of
cancer? could diabetes influence the natural history of cancer? and could cancer affect the
natural history of diabetes? [5].

Many epidemiological studies conducted over time suggested the association between diabetes
and cancer. Studies show an increased risk in type 2 diabetic patients for colon, breast, liver,
pancreas, bladder cancers and non-Hodgkin’s lymphoma [6-12], and a decrease risk for pros-
tate cancer [13]. Lung cancer does not appear to be related to diabetes and for renal cancer data
are inconclusive [14].

Diabetes, beside the fact that is an independent risk factor for different type of cancer, can also
have an impact on prognosis of cancer, and studies shown an increased cancer mortality in
patients with diabetes. A meta-analysis of 23 studies comparing the overall survival in cancer
patients with or without diabetes showed that diabetic patient have an increased mortality,
HR of 1.41 (95% CI, 1.28 to 1.55) compared to non-diabetic patients in all cancer types [15].

The majority of the studies that explore the relation between diabetes and cancer do not make
the difference between type 1 and type 2 diabetes. It is important to make that distinction,
because type 1 diabetes is an autoimmune disease and it is caused by destruction of pan-
creatic 3 cells with resultant insulin deficiency and hyperglycemia, and on the other hand
type 2 diabetes it appears because of peripheral insulin resistance and it is characterized by
hyperinsulinemia and {3 cell hyperplasia. These 2 entities differ also in the age of onset, type 2
diabetes occurs in adults patients, while type 1 diabetes is usually observed in young people.
Considering the differences in the physiopathology of these two diseases, it is important to
make diagnostic distinction before any conclusion is made about the association of diabetes
and cancer. But, the large majority of patients with diabetes have type 2 diabetes and most
study have been conducted on patients with diabetes at older age, this can extrapolate that the
majority of diabetic patients who develop cancer are patients with type 2 diabetes.

One Swedish study was conducted on patients with type one diabetes, but did not found an
increased risk for pancreatic, breast or colorectal cancer in this patients [16, 17].

2. Diabetes and cancer — common risk factors

Diabetes and cancer very often coexist in the same patients; up to 18% of patients with cancer
have also diabetes. Risk factors that are common for both diseases, diabetes and cancer are age,
obesity and overweight, physical inactivity, smoking [18]. An important problems is whether



Diabetes and Cancer: Is there a Link?
http://dx.doi.org/10.5772/intechopen.72081

the association of diabetes with different type of cancer is related to common risk factor for both
diseases or diabetes with metabolic modification like insulin resistance and hyperinsulinemia
is responsible for the increased risk of cancer. More studies are needed to understand the role of
each component of lifestyle independent of other, to understand the relation between diabetes
and cancer.

2.1. Age

More than 60% of cancers are diagnosed in patients aged 60 years or more, and the prevalence
of diabetes is 17% in this age group; the coexistence of cancer and diabetes is expected to raise
as life expectancy increases [19, 20].

2.2. Obesity

Diabetes is known to be related with overweight and obesity, studies shown over the years a
strong association between obesity, insulin resistance and type 2 diabetes and early age diag-
nosis of diabetes is reported to be linked directly to obesity severity [21, 22]. Cancers most fre-
quently associated with obesity and overweight are breast cancer in postmenopausal women,
colon, pancreas, endometrium, gallbladder and liver, and may increase mortality in prostate
cancer [23, 24].

The association between weight loss and decreased risk of diabetes was strengthened by
numerous studies. A randomized, prospective, multicenter Diabetes Prevention Trial, shown
that lifestyle intervention and physical activity was associated with 58% reduction in inci-
dence of diabetes in high risk individuals [25].

The relation between weight loss and cancer risk is not that clear, and most data are derived
from breast cancer studies, and in this studies association observed was very weak [26]. The
Nurses” Health Study shown a statistical significant association between weight loss and
decrease incidence of breast cancer, if the weight loss is maintained for more than 4 years [27].

2.3. Physical inactivity

Data from epidemiologic observational studies shown that physical activity is associated with
lower risk of colon, breast and endometrial cancers, and may help to prevent lung or prostate
cancer, but in this case the link is not yet established [28-31].

A protective role of increased physical activity in diabetes metabolism and outcomes has been
demonstrated in studies. Data from observational studies suggest that approximately 30 to
60 minutes of moderate-intensity physical activity, at least 5 days per week reduces substan-
tially, with 25-36%, the risk of developing type 2 diabetes [18, 32].

2.4. Smoking

Smoking is a well-known risk factor for lung cancer incidence and mortality. Other types
of cancer that is known to be associated with cigarette smoking are cancer of larynx, upper
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digestive tract, bladder, pancreas, liver, kidney and uterine cervix. Studies have shown that
smoking is an independent risk factor for diabetes, and it is well known to act as an adverse
effect on diabetes complications [33, 34].

2.5. Alcohol consumption

Alcohol consumption increases the risk of many type of cancers, oral cavity, pharynx, colon,
liver and female breast. For diabetes, increased alcohol consumption is a considered a risk, but
moderate consumption was associated with reduced incidence of diabetes in both men and
women [35, 36].

3. Mechanisms underlying diabetes and cancer

Carcinogenesis is a very complex process in which normal cells must undergo multiple genetic
modification in order to appear malignant phenotype and invasion and metastasis occurs. This
process of carcinogenesis is divided in three steps. First step is initiation, this is the irreversible
step toward cancer, second step is promotion, the stimulation of growth of initiated cells, and
the third step is progression. Any factors that have the capability to affect one of these steps
could be associated with cancer incidence and mortality.

Diabetes may have an effect on carcinogenesis process by multiple mechanisms: hyperinsu-
linemia, either is exogenous due to administration of insulin or endogenous due to insulin
resistance, hyperglycemia or chronic inflammation [18].

There are many epidemiologic evidence that support the link between diabetes and cancers.
Diabetes and cancer may be related simply because these two diseases share common risk factors
such as obesity, diet, physical inactivity, but several biologic mechanism have been described
that may strengthen this link between diabetes and cancer.

Information regarding biologic mechanism is from in vivo and in vitro studies, research is ongo-
ing currently to provide more clear understanding of these possible mechanisms, and the infor-
mation from these studies may be important for prevention of the disease and management of
the patient.

3.1. Hyperinsulinemia

Insulin and insulin-like growth factor (IGF) receptors form a complex network of cell surface
receptors and majority of cancer cells express these receptors. The A isoform is commonly
expressed on cells, and can stimulate insulin-mediated mitogenesis, even in cells that do have
a deficiency in IGF-I receptors, and in addition to this function, the insulin receptor is capable
to stimulate cell proliferation and to promote metastasis [18, 37, 38]. Interaction of insulin
receptors or IGF-I receptors with their ligands activate multiple pathways, that can stimu-
late proliferation, resistance to apoptotic stimuli, invasion and metastasis. IGF-I have more
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important anti-apoptotic and mitogenic activities than insulin, and could act as growth factor
in pre-neoplastic or cancer cells that express insulin and IGF-I receptors. In cancer cells these
receptors are over-expressed and many cancer cell lines have been shown to be very respon-
sive even to the mitogenic effect of normal concentrations of IGF-I [39-41].

High levels of IGF-I have been associated with an increased risk of postmenopausal breast
cancer, colon and prostate cancer [18, 42, 43].

Itis also possible that hyperinsulinemia may promote carcinogenesis by indirect mechanisms.
Insulin reduces the hepatic production of insulin growth factor binding protein (IGFBP) and
this will lead to increased levels of circulating free IGF-L

Hyperinsulinemia have an indirect effect on reduction in hepatic production and blood levels of
sex-hormone binding protein, which increase bioavailability of estrogen in both man and women
and also increase bioavailability of testosterone in women which is also link to cancer, but not in
man [18, 44].

In postmenopausal women, body fat is the primary site of estrogen synthesis, and obesity is
related to high levels of serum estrogen this will increase the risk for breast and endometrial
cancers in women who do not use hormonal replacement therapy [45].

3.2. Hyperglycemia

The link between effect of hyperglycemia and cancer is still unclear. Hyperglycemia increases
production of free radicals which could lead to oxidative damage to DNA and mutation in
oncogenes and tumor suppressor genes [18]. Research is still unclear about whether high
levels of circulating glucose fuels malignant growth.

The recent interest in Warburg hypothesis emphasize the dependence of many cancers on
glycolysis, creating a high requirement for glucose, so called “glucose addiction,” because
ATP generation glycolysis requires more glucose than oxidative phosphorylation. This is the
basis for F-flurodeoxyglucose —positron emission tomography (PET) of cancer, that detects
tissues with high glucose uptake [46].

Studies correlating hyperglycemia with cancer do not indicate that the high level of glucose itself
mediate this correlation, because chronic hyperglycemia is associated with insulin resistance
and often with excess of body fat, and hyperglycemia may act as surogate [18].

3.3. Chronic inflammation

Type 2 diabetes and obesity are characterized by chronic inflammation that increases the pro-
duction of free radicals. This can disrupt insulin signaling and damage DNA. Adipose tis-
sue is an active endocrine organ and is producing interleukin-6 (IL-6), plasminogen activator
inhibitor-1 (PAI-1), adiponectin, leptin and tumor necrosis factor-a (TNF-cat). All of these fac-
tors may play a role in malignant transformation and cancer progression, and some of these
roles are well known [47].
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4. Diabetes treatment and cancer

Type 2 diabetes is treated with different types of medications, so it may be a link between
these drugs and the risk of cancer. Anti-diabetic medication includes drugs that increase
insulin in circulation (insulin and sulfonylureas) and drugs that improve insulin action and
decrease insulin levels (metformin, thiazolidinediones). The central goal of diabetes man-
agement is glucose control, this minimize morbidity and mortality related to diabetes by
reducing diabetes associated complications. When selecting antidiabetic therapies, physi-
cian and patients consider several factors, these includes type of diabetes, glucose-lowering
potential of the antidiabetic agent, adverse effect of treatment, costs, patient characteristic
and comorbidities.

Type 2 diabetes represent the majority of diabetic population and account for 95% of diabetic
population and majority of studies were conducted on this patients. It is generally associated
with obesity and overweight in almost 80% of cases. In type 2 diabetes insulin resistance and
hyperglycemia are progressive [48, 49].

The majority of studies on antidiabetic treatment and cancer risk have limitations, one limitation
is that diabetic patients are treated with more than one antidiabetic agent, because of the pro-
gressive nature of type 2 diabetes. In this case is very difficult to assess an association between a
specific antidiabetic drug and cancer risk [18].

There are 14 diabetes drugs available at this time, and data suggest a higher risk of cancer
development with pioglitazone, insulin and insulin secretagogues [50-53]. Metformin have
been identified in several studies in the past few years to improve survival in patient diagnosed
with cancer and diabetes and to reduced cancer risk [54]. Insulin has been shown in studies
to have a direct proliferative effect; for the insulin analogues, further studies are needed to
determine the potential role in cancer proliferation.

5. Diabetes and site — specific cancer

5.1. Diabetes and breast cancer

Breast cancer is the leading cause death among females worldwide. An estimated 1.7 million
new cases and more than 500,000 deaths occurred in 2012 [2]. Risk factors for breast cancer
include age greater than 50 years, family history, genetics, female gender, Caucasian and
African American Race, obesity and hormonal factors such as menstrual history, nulliparity
and use of hormone replacement therapy [55].

The association of diabetes and breast cancer was studied extensively and appears to be con-
nected via activation of insulin-IGF pathway through hyperinsulinemia and dysregulation of
sex hormones [56, 57]. Cell proliferation in both normal human cell and in breast cancer cell
has been shown to be influence by insulin. Insulin stimulates cell cycle progression and DNA
synthesis of MCE-7 breast cancer cells in vitro [58, 59].
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One mode of action of breast cancer gene 1 (BRCA-1) is a tumor suppressor activity which depends
on its ability to mimicry a cellular low-energy status, which is also known to block tumor cell
anabolism and suppress the malignant phenotype. Studies shown that increased physical activ-
ity and normal weight in young women and adolescence have been associated with significantly
delayed breast cancer onset for Ashkenazi Jewish women carrying BRCA-1 gene mutations [60].

Similar to animal model, human studies demonstrated a link between hyperinsulinemia and the
risk for breast cancer. One study, although was conducted on postmenopausal women without
diabetes, the Women’s Health Initiative, reported that fasting insulin levels, independent of obe-
sity, were strongly associated with breast cancer risk [61]. Studies conducted on women with
diabetes, demonstrated also the association between hyperinsulinemia and risk for breast cancer.
The Nurses” Health Study was conducted on women with type 2 diabetes and concluded that
women with type 2 diabetes had an elevated incidence of breast cancer, independent of body
adiposity and also that the risk was observed on women with estrogen receptor positive breast
cancer [62].

Other studies explored the relationship between type 2 diabetes and breast cancer mortality and
reported positive association. For example, prospective cohort study conducted by Coughlin
et al. [63] showed that diabetic patient had an increased risk of breast cancer mortality in com-
parison with controls. Several factors may contribute to the increased mortality in diabetic
breast cancer patients, these include delayed cancer diagnosis, suboptimal cancer treatments,
direct tumor promoting effects of hyperinsulinemia, and adverse effects of diabetes-related
comorbidities or certain antidiabetic medications [64].

In conclusion, several studies have demonstrated an increased risk of breast cancer and breast
cancer mortality in patients with type 2 diabetes and this may be related to biological effect
of diabetic state.

5.2. Diabetes and endometrial cancer

Worldwide in 2012, more than 500,000 women were diagnosed with uterine cancer, and the
mortality rate was 1.7 to 2.4 per 100,000 women [65]. In developed countries, uterine cancer is
the most common gynecologic neoplasia, counting over 50,000 new cases and over 10,000 deaths
from this disease every year [66—68].

An important and well known risk factor for endometrial cancer is obesity. Other risk factors
are reproductive factors, hypertension, physical activity, exposure of endometrium to estrogen
unopposed by progesterone and diabetes.

In vitro studies have shown that endometrial cancer cells have an increased proliferation by
activation of IGF-I, activation of insulin, and through the ovarian steroid hormone signaling
pathways, such as estrogen and androgen [68, 69]. Although is not known to exist a direct
correlation with insulin or IGF levels in endometrial cancer, additional factors such as ovar-
ian steroid hormones or inflammatory cytokines make difficult to confirm if there is a single
effect of insulin or IGF activation through insulin or IGF serum levels. Estrogen can activate
IGF-I receptor on endometrial cancer cells, this will increase cellular proliferation through
PI3K signaling, a link to IGF-I receptor activation [70]. The androgen receptor (AR) activated
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by the binding with androgen could also increase the proliferation of endometrial cells by the
Notch signaling pathway [66, 71]. Insulin resistance increases C-reactive protein (CRP) levels
and was associated with an increased risk of endometrial cancer in postmenopausal women
[66, 72]. This show that endometrial cancer could be associated with the chronic inflammation
that present in type 2 diabetes.

Obesity is a well-established risk factor form endometrial cancer, and due to close relationship
between obesity and type 2 diabetes it is important to distinguish and there a very few studies
that examined the effect of diabetes in endometrial cancer by body weight, and the findings in
this studies is inconsistent [73]. There are many studies that examine the association between
diabetes and the incidence of endometrial cancer, but only three studies adjusted for body mass
index (BMI) and one study reported a significant association of endometrial cancer risk and
diabetes [74, 75].

Association between diabetes and incidence of endometrial cancer and the potential effect
of modification by obesity and physical activity was prospectively examined in the Swedish
Mammography Cohort Study. Diabetes was associated with an increased risk for endometrial
cancer, and combination of diabetes with obesity and low physical activity was associated
with a further increased risk for endometrial cancer [76]. Interventions to reduce body weight
and increase physical activity may have important implications in terms of endometrial can-
cer and future management of diabetic subjects.

5.3. Diabetes and colorectal cancer

In 2012, there were an estimated 1.4 million new colorectal cancer cases and 693,900 deaths. The
highest colorectal cancer incidence rates in both males and females are in Japan, followed by
Europe, Oceania, and North America. The lowest rates are found in Africa, some Asian coun-
tries, and Latin America and the Caribbean [2].

Type 2 diabetes was suggested as a risk factor for colorectal cancer [77]. Mechanisms implicated
in this association are a slower bowel transit in patient with diabetes, that lead to increased
exposure to toxins, increased production of carcinogenic bile acids and hyperinsulinemia [78].

Hyperinsulinemia has been associated with insulin resistance, increased levels of growth fac-
tors, including IGF-1, and alterations in NF-_B and peroxisome proliferator-activated receptor
signaling, which may promote colon cancer through their effects on colonocyte kinetics and
was explored in most studies.

The Nurses’ Health Study shown that patients with type 2 diabetes included in the study had a
relative risk for colorectal cancer of 1.43 [79]. Several studies shown an increased risk for colorec-
tal cancer in diabetic patients using insulin therapy [80] and also reported increased mortality in
diabetic patients with colorectal cancer aged over 30 [77].

In conclusion, both colorectal cancer risk and mortality appear to be increased in patients with
type 2 diabetes and hyperinsulinemia is mediating this association.
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5.4. Diabetes and pancreatic cancer

Cancer of the pancreas is one of the deadliest cancer types. Based on the GLOBOCAN 2012
evaluation it is estimated that pancreatic cancer is responsible for more than 330,000 deaths
per year, putting pancreatic cancer on the seventh place of leading causes of cancer death in
both sexes together. Worldwide, according to data available, more than 330,000 people had
pancreatic cancer in 2012, making it the 11th most common cancer, and the highest incidence
and mortality rates due to pancreatic cancer are found in developed countries [2].

The causes of pancreatic cancer are still insufficiently known, but certain risk factors have been
identified to have an impact in the development of pancreatic cancer. Risk factors implicated
in pancreatic cancer are smoking, obesity, genetics, diabetes, diet, physical inactivity [81].

Diabetes mellitus is associated with an increased risk of pancreatic cancer; data in literature
shown that both type I and type II diabetes have doubled the risk of pancreatic cancer [82].
Diabetes may be a risk factor for pancreatic cancer, but may also be the result of pancreatic
cancer itself. Mechanism implicated is hyperinsulinemia, insulin has been shown to promote
growth in pancreatic cell line and insulin resistance may enhance pancreatic carcinogen-
esis through enhanced proliferation of islet cells and increase cell turnover [83]. In type 2
diabetes exocrine pancreatic cells are exposed to high levels of insulin, and insulin act as
mitogen leading to tumor growth. But this does not explain the increased risk of pancreatic
cancer in type 1 diabetic patients and in patients treated with insulin therapy [84]. On the
other hand, pancreatic cancer can be the cause of diabetes, through islet cell destruction and
insulin resistance. It is not clear how pancreatic cancer can determine insulin resistance, but
has been shown that diabetic patients with pancreatic cancer have increased plasma levels
of islet amyloid polypeptide, a hormonal factor secreted by pancreatic cells that may cause
insulin resistance [85].

Insulin resistance may appear early in pancreatic cancer, and patients may be diagnosed with
diabetes long before developing sign or symptoms of pancreatic cancer. This concept was intro-
duced by Gullo et al. [86]

In conclusion, further studies are necessary to explain this complicated association between
diabetes and pancreatic cancer.

5.5. Diabetes and prostate cancer

Unlike others cancers that were discussed before, prostate cancer have been shown to have a
decreased incidence among type 2 diabetic patients, studies show a decreased risk for pros-
tate cancer in diabetic patients (9-16%) [87, 88].

High testosterone levels are associated with prostate cancer and type 2 diabetic patients com-
monly have low levels of testosterone, are obese and elderly and both are associated with low
levels of testosterone, and this may be one of the reason that can explain the negative associa-
tion with prostate cancer.
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Some studies have suggested that the link between prostate cancer and diabetes is mediated
by the effect of hyperinsulinemia on testosterone levels [89]. Other studies have shown a nega-
tive association between hyperglycemia, hyperinsulinemia and prostate cancer. For example,
Stocks and colleagues [90] in their prospective study reported that increased insulin resistance
and low glycemic control is associated with low risk for prostate cancer in diabetic patients.

Despite the fact that prostate cancer risk may be low in diabetic patients, they may have higher
risk for cancer related mortality than non-diabetic patients.

Prostate cancer is an important example of the complexity of carcinogenesis associated with
diabetes. On the one hand, an association between diabetes, IGF-1, hyperinsulinemia and insu-
lin resistance appears plausible, but on the other, these features can be somewhat counterbal-
anced as well and can reduce the risk for the development of one of the leading cancer entities
worldwide.

5.6. Diabetes and hepatic cancer

Hepatocellular carcinoma (HCC) represents the most common form of primary liver can-
cer. The association between HCC and type 2 diabetes was reported first 30 years ago, when
Lawson documented that type 2 diabetes is more prevalent in patients with HCC, irrespective
of viral hepatitis, alcoholic cirrhosis or hemochromatosis [91].

Since then, multiple studies have shown an association between type 2 diabetes and HCC, and
documented the increased risk for HCC in diabetic patients, independent of age, sex, obesity,
smoking, hypertension, presence of cirrhosis and hepatic steatosis [92-94].

The exact pathophysiological mechanisms linking type 2 diabetes and HCC are not completely
understood, but the understanding of HCC pathophysiology has improved in recent years.

It is well known that type 2 diabetes is associated with increased hepatic and peripheral insulin
resistance, lipotoxicity, increased oxidative stress and chronic low-grade inflammatory state,
and several studies suggest that all these factors may contribute to the development of HCC by
promoting hepatic cellular growth/proliferation and by inhibiting cellular apoptosis. In addi-
tion, in the presence of insulin resistance, insulin levels rise in blood, resulting in increased
insulin-like growth factor-1 (IGF-1) production that is capable to stimulate hepatic cellular
growth and proliferation and inhibit cellular apoptosis in the liver. Hyperinsulinemia also
stimulates insulin receptor substrate-1 (IRS-1), which plays an important role in the activation
of some intracellular cytokine signaling pathways implicated in hepatic carcinogenesis [95, 96].

There are ongoing studies trying to improve our knowledge about the pathophysiology of
HCC. Recently, we have evidence that suggest that gut microbiota alteration may play a role in
pathogenesis of type 2 diabetes [98], other studies reported some epigenetic alterations that might
be also important for HCC development, for example, the hypermethylation of the E-cadherin-1
(CDH-1) gene has been related to increased incidence of NAFLD-related HCC [95-97].
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6. Conclusions

Diabetes and cancer are common and serious global health problems, and incidence of both
diseases is increasing all over the world. Many studies have suggested the relationship between
diabetes and cancer and the fact that diabetes, may affect the risk of developing a variety of
cancers, and this association is also biological plausible.

It is important as a clinician to take in consideration all aspects when treating a cancer patient
who has diabetes. It is important to consider all complications, cardiac, neurologic and renal
complications that are commonly associated with diabetes. Continued improvement of can-
cer outcomes may be dependent also by the control of diabetes. Taking in consideration the
results of numerous epidemiologic and clinical studies involving diabetes and cancer, clini-
cians must also pay attention to the increased risk of new or longstanding diabetics for some
tumor entities by regularly screening diabetic patients for early development of cancer.

The association between diabetes and cancer is complex and need further studies.

It is an important health problem worldwide, and scientists, clinicians and politicians have
to develop national policies for early diagnosis and prevention of diabetes and cancer more
effectively, otherwise both diseases with their biologic and sociologic relationships could over-
whelm health systems.
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Abstract

DM is considered as the cause of accelerated aging. Numerous biomedical studies have
proved the key role of neuroimmune-endocrine interactions in the human body, which
trigger the universal molecular pathways in the development of aging and DM (GH/IGF-1,
Ras-MAPK, FOXO3A, sirtuin, mTOR, CETP, Timeless gene, TZAP pathways). Modern
methods of proteomic and bioinformatic analysis allow us to investigate key genomic-
proteomic interactions that underlie diabetic nephropathy (DN) in patients with type 2
DM. The study of the formation and development of DN can become the model for study-
ing molecular pathways of aging of kidney tissue. Future biomedical research based on
methods of high-throughput screening (HTS) of a pool of target molecules will lead to great
advances in the diagnosis of aging stages and DM, as well as the development of methods
for the prevention and therapy of accelerated aging of the human body and various vio-
lations of carbohydrate metabolism (1D-2D/MALDI-TOF-MS, HTS, biochips, biosensors).

Keywords: aging, diabetes mellitus, pathway, gene expression, proteomics

1. Introduction

The latest data show that the prevalence of diabetes mellitus (DM) in the world has increased
more than in two times, peaking at 415 million by the end of 2015 [1]. In accordance with the
current evaluation of the International Diabetes Federation, 642 million patients will be with
DM by 2040 [2]. Increased incidence of DM caused the adoption of the United Nations (UN)
resolution 61/225 dated 20 December 2006 about DM. In the 2011, political declaration was
adopted by the UN to the national healthcare systems to create a multidisciplinary strategy
in the area of prevention and control of noninfectious diseases, where particular attention is
drawn to the problem of DM as one of the leading causes of disability and mortality [3].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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There is significant increase of the prevalence of DM in the Russian Federation. According
to the Federal Register of Diabetes Mellitus, at the end of 2016, 4.35 million outpatients
with DM (3% of the total population) were registered in Russia, of whom 92% (4 million
people) had type 2 DM, 6% (255,000 people) - type 1 DM and 2% (75,000 people) -other
types of DM. Actual number of patients with DM remains underestimated, since only iden-
tified and reported cases are considered. The results of the large-scale Russian epidemio-
logical study NATION confirmed that only 50% of type 2 DM cases are diagnosed. Actual
number of patients with DM can be at least 8-9 million people (about 6% of the population)
in Russia [4]. Because of the lack of timely diagnostics of DM, some patients do not receive
necessary therapy and have higher risk of the developing of such complications of DM as
retinopathy, nephropathy, ischemic heart disease, cerebral ischemia, peripheral angiopa-
thy. These complications are responsible for most cases of disability and mortality of DM.

Today, DM is considered as the cause of accelerated aging [5]. Twenty percent of middle-
aged people and 35% of the population of older persons are characterized by varying degrees
of impaired glucose tolerance (IGT) and symptoms of insulin resistance. An increase in the
frequency of obesity and sedentary lifestyle and the major risk factors for type 2 DM sug-
gests that the prevalence of DM in the world will increase. The management of this disease
becomes difficult for persons aged 60, 70 and 80 years. The risk of complications, such as isch-
emic heart disease, increases with age, as well as damage with age of organs of vision, hearing
and physical activity, can amplify in the presence of DM.

The modern stage of the development of researches in the field of DM and aging is inter-
related and involves the use of unified technological platforms for molecular diagnostics
and pharmacology of stages of aging and DM. Unified technological platforms presuppose
the performing of comparative genomic and proteomic studies, the results of which allow
to study interrelated pathogenesis of aging and DM. Also new technological platforms are
necessary for the development of new prophylaxis and treatment of these interconnected
pathological states. The analysis of data from comparative genomic and proteomic studies
allows the formation of unified molecular pathological pathways of DM and aging. The chap-
ter presents new technological platforms for the early identification and the development of
anti-aging and anti-diabetic agents.

2. Neuroimmune and neuroendocrine communications: aging, metabolic
syndrome and diabetes mellitus

Aging is a universal factor for metabolic and immune disorders in humans and related dis-
eases, including DM [6]. So, analysis of the reciprocal effect of neuroendocrine factors and
immunological processes at the system level, human organs and tissues is very important. It
is the basis for the development of processes of aging and the emergence of DM formation of
mechanisms at cellular and molecular levels.

The maintenance of the homeostasis of nervous and immune systems is carried out by com-
parable number of cellular elements. The integration of nervous and immune systems is due
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to the presence of neuronal processes, receptors and neurotransmitters in the nervous system,
as well as the presence of highly mobile cell elements and cytokines in the immune system
[7]. The search of opportunities of the influence to immune processes through the central ner-
vous system in the order to prevent of aging and metabolic disorders is based on fundamental
laws of hierarchical organization of regulatory system, the presence of humoral signals in cell
populations, the points of application of the effect in tissues and organs. The information in
the nervous system is encoded in the sequence of electrical impulses and in the architecture of
neuronal interactions, in the immune system information is stored in stereochemical configu-
ration of molecules and receptors involved in lymphocyte interactions. There was evidence of
a common receptor apparatus in the immune system to neuromediators and nervous system to
endogenous immunomodulators. Immunological active neuroendocrine substances - thymo-
sin, triiodothyronine (T3) and thyroxine (T4), protimosin, endogenous regulator of protimosin,
parathymosin, oxytocin, Th-I antigen and vasoactive intestinal peptide have been found both
in the brain and in the thymus, they play significant role in the aging of human immune sys-
tem [8]. The greatest number of studies are devoted to the participation of interleukin 1 (IL-1),
in immunoregulation at the level of immunocompetent cells and in regulation of functions.
Interleukin 2 (IL-2) also exerts various effects on the immune and nervous systems mediated
by affinity binding to the corresponding cell surface receptors. The activating effect of IL-2 on
lymphocytes and macrophages is manifested in the enhancement of the antibody-dependent
cytotoxicity of these cells with parallel stimulation of the secretion of tumor necrosis factor
(TNF-a). IL-2 induces proliferation and differentiation of oligodendrocytes, affects the reac-
tivity of the hypothalamus neurons and increases the level of adrenocorticotropic hormone
(ACTH) and cortisol in the blood, which together form a stable mechanism of neuroimmune
and neuroendocrine network interactions. Cells that are targets for the action of IL-2 are
T-lymphocytes, natural killers (NK), and macrophages. IL-2 causes the functional activation
of these cell types and the secretion of other cytokines, for example, increases the production
of NK cells by interferon y (IFN-y) [9]. There are data about the production of nervous cells of
IL-1, IL-6 and TNF-a, which are critical components in the development of chronic inflamma-
tion with destruction of B-cells of the pancreas in DM type 2 [10]. It is known that glucocorti-
coids (GCs), androgens, estrogens and progesterone suppress immune responses, and growth
hormone (GH), T4 and insulin have a stimulating effect [11, 12]. Cells of the immune system
transmit transmembrane signal to receptors for GCs, insulin, GH, estradiol, testosterone, beta-
adrenergic agents, acetylcholine, endorphins and enkephalins [13]. All of above-mentioned
hormonal factors are involved in the formation of metabolic and immunological changes in
conditions of aging and DM. For example, the exogenous administration of contra-insular
hormones T3 and T4 alters functional activity of the immune system. This action is realized
through cytoplasmic and nuclear receptors in immune cells [14, 15]. The theory of aging sug-
gests that life expectancy has negative relationship with metabolic rate, which is regulated by
hormones of energy metabolism. Experimental hypothyroidism increased life expectancy in
young rats, whereas hyperthyroidism shortened life expectancy. Several mutant mice in long
life experiment had reduced or almost absent thyroid function [16-18]. Hypothyroidism can
affect life expectancy by reducing the intensity of metabolism, body temperature and oxygen
consumption, resulting in a decrease in the generation of free oxygen radicals and associ-
ated oxidative damage in cells. Subclinical hypothyroidism is associated with a reduction
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in mortality in women, which was found in families with long life expectancy and is due to
polymorphism of the receptor to thyroid stimulating hormone (TSH) [19]. An important fact
is that subclinical hypothyroidism is often recorded with type 2 DM [20].

Most of the data indicate the role of insulin as one of the growth factors that support the
readiness of lymphoid cells to realize the response to an antigen. The stimulating effect of
this hormone is manifested mainly in conditions of the pathology of the immune system with
DM. Proliferative activity of lymphoid cells is reduced in patients with insufficient insulin
production; first of all, functions of T cells suffer [21]. Antagonistic pleiotropic hypothesis
of aging suggests that some pathological pathways that are evolutionarily necessary for the
development of the human body and reproductive function become unfavorable with aging
of the human body. For example, the increase of the ratio of GH / insulin-like growth factor-1
(IGF-1) is necessary for the growth and maturation during puberty. GH secretion decreases
with age, resulting in a corresponding decrease in IGF-1 concentration. Low levels of IGF-1 in
the human body are associated with an increased risk of developing type 2 DM [22].

GCs are the most studied and effective participants in pathological changes in neuroimmu-
noendocrine network interactions that occur in patients with DM. Genes that are targets of
GCs are responsible for the synthesis of protein molecules involved in virtually all parts of
immunological process in DM [23]. GCs inhibit the synthesis of IL-1, TNF-a, granulocyte-
macrophage colony-stimulating factor (GM-CSF), IL-3, 4, 5, 6, 8 and reduce the induction
of NO synthase, which leads to the decrease of NO synthesis and pro-inflammatory effect
through cyclooxygenase, phospholipase A2, endothelin-1, involved in cardiovascular remod-
eling in aging and DM [24, 25]. On the other hand, GCs enhance the synthesis of proteins
that have an anti-inflammatory effect, including the synthesis of lipocortin-1, which inhibits
the activity of phospholipase A2 and the production of leukotrienes (C4, D4, E4), as well as
prostaglandin E2 and leukotriene B4 [26]. GCs are inducer of type II receptors for IL-1, which
has an anti-inflammatory effect. GCs inhibit the enhanced TNF-a transcription of the IL-8
gene [27]. Feedback in neuroendocrine interaction is carried out by cells that originate from
lymphocytes through the hypothalamic-pituitary-adrenal system.

So, the nervous, immune and endocrine systems fulfill their specific functions with the help
of identical mechanisms and are interrelated.

Insulin resistance is the main component of the metabolic syndrome and is very often found in
elderly patients. Abdominal obesity, which is often found with human aging, is the main cause
of insulin resistance and metabolic syndrome [28]. Aging is also associated with an increase in
the level of proinflammatory cytokines that interact with insulin. Cytokines are isolated from
adipose tissue, and cytokine synthesis increases with age, it is associated with aging. It has
been shown that the synthesis of cytokines increases by aging cells [29]. Glucostatic theory was
formulated by J. Mayer, who described a feedback system that maintains the level of glycemia.
In accordance with this theory, the hypothalamus controls the absorption of nutrients through
receptors that respond to changes in glycemia [30].

The interaction of metabolic disorders and the distribution of adipose tissue in the human
body constitute links in the vicious circle that can accelerate the aging process and the onset
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of DM development. Lipostatic theory postulates the existence of a feedback mechanism
between the amount of fat stored by the body, nutritional behavior and fat burning.

The theory predicts the presence of chemical signal produced in adipose tissue, which
controls food behavior, physical and metabolic activity [31]. In 1994, leptin was discovered,
that is, produced by adipocytes, moves with blood to the brain and acts on the hypotha-
lamic receptors, suppressing the appetite [32]. Decreased leptin concentration leads to the
development of obesity and is considered as one of the factors of the pathogenesis of type
2 DM. There is an increased level of cortisol, heat release, the restriction of growth, the lack
of reproductive function, unlimited appetite and insulin resistance in mice with the ob/
ob genotype. Leptin receptors belong to the family of cytokine receptors of class 1 and are
present in the hypothalamus, fatty tissue, liver, skeletal muscles, pancreas, ovaries, pros-
tate, placenta, kidneys and lungs. Leptin reaches the arcuate nuclei of the hypothalamus,
interacts with its receptors in centers of hunger and satiety and reduces appetite. The bind-
ing of leptin activates the release of adrenaline, which increases the level of cAMP and the
activity of protein kinase A through the adrenergic a-3 receptors, and triggers the synthesis
of thermogenin, which converts mitochondria of adipocytes into unconjugated state [33].

In the arcuate nuclei of the hypothalamus, energy consumption is controlled by two types of
neurons: orexigenic neurons stimulate the appetite by producing and releasing neuropeptide
Y (NPY), which acts on the next neuron sending the brain a signal to eat. The concentration of
NPY in the blood rises during fasting. It is the high level of peptide NPY that causes obesity in
mice od/od and db/db [34]. Anorexigenic neurons of arcuate nuclei of the hypothalamus pro-
duce a-melanocyte-stimulating hormone (a-MSH). The release of a-MSH results in the next
neuron sending a signal to the brain to stop eating. Mutations in the melanocortin receptor,
which is expressed in the brain cells and plays a role in the regulation of appetite, lead to the
appearance of obesity and type 2 DM [35]. Insulin acts on the hypothalamic receptors, sup-
pressing appetite by inhibiting the release of NPY by the orexigenic neurons and also stimu-
lating the production of MCH by anorexigenic receptors, reducing food intake and increasing
thermogenesis. Leptin makes the liver and muscle cells more sensitive to insulin.

Adiponectin—a protein, consisting of 224 amino acids, is encoded by the ADIPOQ gene and
secreted by adipocytes under the action of insulin. Adiponectin regulates energy homeostasis,
has anti-inflammatory and anti-atherogenic effects. Its level decreases with obesity and is asso-
ciated with glucose metabolism. Adiponectin increases the absorption of fatty acids by myo-
cytes and the rate of (3-oxidation of fatty acids in muscles, blocks the synthesis of fatty acids
and gluconeogenesis in hepatocytes and stimulates the absorption and metabolism of glucose
in muscles and the liver. These effects of adiponectin are provided by increasing the level of
cAMP and activating cAMP-dependent protein kinase. A low level of adiponectin is character-
istic for obesity, DM and cardiovascular diseases [36]. The similarity of adiponectin to TNF-a
was found.

TNF-a is one of the key pro-inflammatory cytokines, secreted by macrophages and released
by adipose tissue cells. One of the main targets of TNF-a is the adipocytes themselves, where
it blocks the transcription of several genes and activates the expression of others. These effects
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can lead to insulin resistance, chronic inflammation with systemic consequences for the body.
Many genes transcribed by TNF-a are activated by the transcription factor in NF-kB adipose
tissue cells.

The peroxisome proliferator-activated receptors (PPARs) alter gene expression, affecting the
metabolism of fats and carbohydrates in response to changes in lipid levels in food. Ligands
of these transcription factors are fatty acids and their derivatives. PRAPs act on the nucleus
of the cell by forming heterodimers with another nuclear receptor —retinoid X receptor (RXR)
that binds to regulatory regions of DNA. PPARs include genes necessary for 3-oxidation of
fatty acids and the formation of ketone bodies during fasting and stimulate the expression
of genes encoding proteins that provide (3-oxidation and dissipation of energy due to the
formation of mismatched mitochondria. In mice with non-functioning receptor, leptin-acti-
vated PPAR-y prevents the development of obesity by stimulating the synthesis of proteins
involved in the cleavage of fatty acids and thermogenesis [37].

Ghrelin is a peptide hormone consisting of 28 amino acids produced by P/D1 cells of mucous
membrane of the fundus of the stomach. Ghrelin receptors are expressed by neurons in the
arcuate nucleus and ventromedial hypothalamus, here the processes associated with the
action of ghrelin are mediated: stimulation of the production of releasing hormones, increased
appetite, changes in the level of glucose and lipid metabolism, regulation of secretion and
contractions of walls of the gastrointestinal tract [38]. It stimulates the release of GH. The
concentration of ghrelin in the blood increases before eating and falls immediately after its
intake. The concentration of ghrelin in the blood plasma increases with age, which contributes
to weight gain in people as they age [39].

Consequently, numerous biomedical studies have proved the key role of neuroimmune-
endocrine interactions in the human body, which trigger the universal molecular pathological
pathways in the development of aging and DM.

3. The complex role of molecular pathways in the aging process and DM

Human body cells constantly receive signals from the body and the environment, causing
processes such as damage, infection and stress. The modern field of research, called “epi-
genetics,” explores how the environment and time affect the functioning of genes and the
development, health and aging of humans. Some epigenetic changes are serious triggers for
the development of DM or conditions that increase the risk of developing related DM to age.
The response to internal and external signals from cells and the production of these signals
occurs through biological pathways that are important for the development of aging and
DM, including oxidative stress and/or cellular metabolism. Everyday millions of destructive
events occur in the DNA structure, but in cells there are powerful mechanisms that protect
DNA from damage, and these mechanisms remain active in old age.

Today, the goal is to sequester 100 genes in 1000 healthy elderly people, which can shed
light on the inherited variability that underlies the protection of some people from aging
diseases, including DM, enabling them to live a healthy life at their age. Sequencing allows
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researchers to determine whether the presence of mutation carrier makes the elderly more
secure or more vulnerable to the effects of damaging factors. Topol et al. perform study com-
pared genetic sequencing in healthy volunteers, aged 80 years, and persons whose death
has been linked to diseases associated with aging, including type 2 DM [40]. Scientists are
finding that healthy people have an extremely low probability of genetic variations associ-
ated with the development of the disease. This fact proves the idea that protective genes
play major role in the successful aging people. Therefore, the identification of molecular
bases of protective effect would develop similar medicines, including effective means of
preventing type 2 DM. Barzilai et al. sequenced several candidate genes of centenarians,
including a variant gene that modifies the mechanism of cholesterol metabolism [41].
Scientists have sequenced genes of IGF1, its receptor and have identified mutations that are
unique to women aged 100 years [42]. Calorie restriction increases life span and reduces
age-related deterioration of work systems and physiological responses of age-related dis-
eases, including with the development of DM. Restriction of caloric intake in animals in the
experiment leads to a decrease in the level of glucose and insulin in the blood plasma and
reduces inflammatory responses and the intensity of oxidative stress.

Genetic analysis identified several genes that affect life span and associated with dam-
age to the pituitary development, the decrease of the secretion of GH, food intake and
apoptosis. The work of these genes converges in the region of the IGF-1 receptor pathway
and reproduces many effects of limiting calorie intake. Although dwarf mice having the
defect in the synthesis of GH or the IGF-1 signaling pathway are also characterized by an
increase of life expectancy, people with signaling defects associated with GH are prone
to the development of diseases associated with aging. One of the targets of IGF-1, the sig-
nal pathway within the cell, is the repression of proteins responsible for stress resistance,
including SOD and heat shock proteins, as well as a decrease in IGF signaling can increase
life expectancy by increasing the expression of genes responsible for stress resistance. The
mutation of the receptor to IGF-1, a phosphorylation target (p66 Shc), also increases the
life span without affecting other organs and systems. When Shc is activated, the levels of
intracellular oxygen radicals increase, suppressing the factor FKHRL1, which is involved
in apoptosis (Figure 1).

Let us consider the scheme of molecular pathological pathway insulin/IGF-1 in humans,
where mechanisms of aging and the appearance of type 2 DM are converging.

IGF-1 and IGF-1R provide the activity of proliferative signaling system that stimulates growth
in many cell types and blocks apoptosis. In vivo, IGF-1 acts as an immediate response to
effects of many growth factors and GH. One of the components of IGF-1, mitogenic signaling,
is associated with the tyrosine kinase receptor via Shc, Grb2 and Sos-1, activating the RAS
and MAP kinase cascade (raf, Mek, Erk). The end point of the MAP kinase pathway is the
modification of the activity of transcription factors, such as the activation of ELK transcrip-
tion factors. The serum response factor (SRF) and AP-1 provide mitogenic activity of many
growth factors. IGF-1R signals for cellular survival and growth in response to IGF-1 and IGF-
2. IGF-1R activates three signaling pathways that converge on the phosphorylation process
of the BAD protein and block apoptosis. The first pathological pathway is activated by the
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Figure 1. Scheme of participation of IGF-1-signaling in the regulation of life expectancy (database of pathways of
BioCarta).

IGF-1R PI3 kinase, and the AKT signaling pathway phosphorylates BAD and blocks apopto-
sis. The second pathological pathway is activated by IGF-1R involving the Ras-Map-kinase
pathway with the blockade of apoptosis. The third pathological pathway involves the interac-
tion of Raf with mitochondria in the response to the activation of IGF-1R. The similarity of
these pathological ways blocks apoptosis and increases the response to IGF-1R stimulation.
The function of proapoptotic BAD molecule is regulated by the phosphorylation of three sites
(ser 112, 136 and 155), which reduces the possibility of BAD heterodimerization by survival
proteins of BCL-XL or BCL-2 cells. Phosphorylated BAA binds to 14-3-3 and is sequestered
in the cytoplasm. Phosphorylation of ser-136 is associated with activation of Akt and phos-
phorylation of Ser-112 is due to the activation of the Ras-MAPK pathway. BAD Ser 155 is a
large phosphorylation site that induces the formation of growth factors and is protected by
inhibitors of protein kinase A.

It is known that FOXO3A gene prevails among long livers and probably determines longer
life span, being one of the members of the family of transcription factors that mediate insulin
action and resistance to stress. The relationship between polymorphisms of the FOXO3A gene
and human life expectancy is presented in eight independent cohorts of centenarians [43].
Cell resistance to stress and cell survival in aging and DM may increase with high expression
of the protein of the FOXO3A gene due to its effect on the activation of several members of the
family of serum glucocorticoid-regulated kinases.

Genome-wide association studies (GWAS) have identified genes associated with DM and
aging [44]. Most of the detected longevity genes have distant effect on one of the three
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molecular pathways in the cell: insulin/IGF-1, sirtuins and mTOR. In the 1980s, scientists
discovered the first gene that limited the lifespan of Caenorhabditis elegans and called it Age-
1. The effects of the gene Age-1 are realized through the molecular pathway of insulin/IGF-
1: when the activity of the gene Age-1 decreases, the molecular pathway of insulin/IGF-1
decreases and the life of C. elegans lengthens. Recent studies have shown that in people with
mutations in the pathway of insulin/IGF-1, the risk of developing DM may be reduced.

The sirtuin pathological pathway in the cell regulates the metabolism of the cell. In the 1990s,
scientists from the Massachusetts Institute of Technology discovered an extrocopy of the
equivalent of sirtuin, sirtuin 2, which increases the life span of yeast. mTOR pathway (mam-
malian target of rapamycin) plays a role in the aging processes of various organisms, con-
trolling the rate of protein synthesis, which is important for the functioning of the cell. The
inhibition of this pathway in rapamycin mice leads to an increase in life expectancy [45].

The development of DM is associated with hyperlipidemia III and IV types. An example of
a gene associated with healthy aging and long life expectancy is the cholesteryl ester trans-
fer protein gene. The homozygous variant 405VV of the CETP gene is associated with low
concentrations of the CETP protein in the blood, high concentrations of HDL cholesterol and
large HDL particles, which determines the protection of the human body from the develop-
ment of DM, cardiovascular diseases and Alzheimer’s disease [46].

The work of biological clock is determined by oscillatory genes and genes responsible for
unidirectional movement of time (telomere activity). Oscillatory genes synchronize behav-
ioral and biochemical processes with a day/night cycle. Telomeres, which are repetitive series
of DNA sequences that form terminal regions of chromosomes, are shortened during each
subsequent division of the cell. The shortened telomeres are registered in various pathologi-
cal conditions associated with aging. The activity of all processes in human cells is supported
by NADH and ATP, synthesized from nutrients. Limiting the intake of calories increases the
level of AMP and NAD and healthy life span of animals. Silent Information Controller T1
(SIRT1), NAD-dependent deacetylase, reduces the telomere reduction process, whereas the
1ot receptor activator v, activated by the peroxisome proliferator-activated receptor y coacti-
vator 1la (PGC-1a), is phosphorylated by kinase AMP and deacetylated SIRT1. Thus, PGC-1x
is a key component of circadian oscillator that combines human biological clock and energy
metabolism. Reactive forms of oxygen, formed in conditions of genetic mutation of biologi-
cal clocks, lead to an accelerated reduction of telomeres. The above-mentioned processes are
described in patients with DM.

The Timeless gene (Tim) was found in Drosophila and encodes a protein that regulates the
circadian rhythm [47]. Oscillations of mRNA and protein rhythmically occur in time as part
of the work of negative coupling in the transcription-translation system involved in the work
of the period (per) gene of the periodic oscillatory protein [48-50].

The timeless protein connects the cell cycle with the circadian rhythm in humans. In the model
of “direct coupling,” two cycles are separated by key protein, the expression of which is deter-
mined by the circadian pattern [51]. The special role of the Tim gene in creating circadian
rhythm is realized with the help of the Cry gene in humans. The transcription of the Cry and Per
genes is activated by the CLOCK/BMAL1 complex and suppressed by the PER/CRY complex.
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Timeless protein in humans (hTIM) is responsible for the production of electrical oscillations
emanating from the suprachiasmatic nucleus of the hypothalamus (SCN) and determining for
all circadian rhythms in the human body. This protein interacts with the key products of the
activity of the oscillation genes CLOCK, BMAL, PER1, PER2 and PER3. Sancar et al. investi-
gated the role of hTIM in the work of cell cycle in humans [52]. It plays integral role in phases
of G2/M and the intra-S cell cycle. In the G2/M phase of the cell cycle, hTIM binds the ATRIP
subunit to the ATR protein kinase responsible for DNA damage. Binding of hTIM and ATR
subsequently leads to phosphorylation of Chkl, resulting in cell cycle arrest or apoptosis. The
Timeless gene influences to the development of human diseases. DNA damage associated with
telomeres is increased in cells with reduced replication of the Timeless gene, along with disrup-
tion of telomere replication. Swil is a protein associated with the Timeless protein, which is
responsible for DNA replication in the telomere region [53]. Single nucleotide polymorphism
in the Timeless gene, which leads to the replacement of glutamine by arginine in the amino
acid sequence of the protein, has not demonstrated an association with changes in morning or
evening diurnal rhythms in humans [54]. The Timeless protein can be responsible for circadian
rhythms in pancreatic B-cells [55]. It is believed that the Timeless protein can be identified as a
kinase suppressor with Ras-1-like activity [56].

The telomeric zinc finger-associated protein (TZAP) associated with long telomeres that
have low concentration of protective complex competing with TRF1 and TRF2 factors link-
ing telomeric repeats. In telomeres, TZAP causes a purification process that leads to rapid
removal of telomere repeats. The regulation of the length of telomeres in human cells has
been proposed: reduced concentration of protective complex in long telomeres leads to
binding of TZAP protein and initiation of telomeres purification and sets an upper limit of
telomere length [57]. Telomere shortening was previously associated with the development
of DM in several pilot studies and in two large studies. Zee et al. showed that telomere
length was less in the study group of patients with type 2 DM than in the control group
(adjusted odds ratio = 1.748) [58].

Salpea et al. performed a study in which it was found that telomere length was less in type
2 DM and this fact corresponded to a high level of oxidative stress in these patients. Short
telomeres are an independent predictor of the progression of diabetic nephropathy (DN) in
patients with type 1 DM in the early onset of the disease [59, 60]. Astrup et al. showed that
short telomere length is the predictor of all causes of death in type 1 DM [61]. Short telo-
meres were detected in arterial wall cells in patients with type 1 and type 2 DM [62]. Patients
with IGT demonstrated shorter telomere length compared to healthy controls, and patients
with DM and severe atherosclerosis showed the presence of shorter telomeres compared with
patients with DM without atherosclerosis. The presence of obesity and insulin resistance was
associated with the length of telomere leukocytes in the adult population [63]. The study
found direct causal relationship between telomerase activity and insulin secretion, as well as
glucose tolerance: the TERC-/- mutation showed ITG, which was caused by impaired glucose-
stimulated insulin secretion from pancreatic islet cells due to a decrease in pancreatic cell size
and replication damage of producing insulin -cells [64].

Klass showed that the life expectancy of C. elegans could vary with the presence of the
mutation of the Age-1 gene, and this effect is associated with caloric restriction [65]. Later,
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Johnson showed that life expectancy increased to 65% due to the mutation of the Age-1 gene
to greater extent than caloric restriction [66]. The Age-1 gene encodes catalytic subunit of
class I phosphatidylinositol 3-kinase (PI3K). Ten years after Johnson’s research, the analysis
of the daf-2 gene was performed, and Cynthia Kenyon demonstrated an increase in the half-
life of C. elegans [67].

Despite the fact that long livers can be characterized by unique set of genes, future biomedical
research based on methods of high-performance screening of a pool of target molecules will
lead to great advances in the diagnosis of aging stages and DM, as well as the development of
methods for the prevention and therapy of accelerated aging of the human body and various
violations of carbohydrate metabolism.

4. New technological platform for diagnostic and predictive
pharmacology of aging stages and diabetes mellitus

Research in the field of aging and diabetology is related to recent discoveries in genomics and
proteomics, new analytical equipment allows identifying biomarkers of aging and DM, the
development of new drugs occurs through high-throughput screening of target molecules in
human body [68].

At present, we have created unified technology platform for diagnostics and predictive
pharmacology of aging and DM, taking into account interdisciplinary approach, including
complex solution of problems of genomics, proteomics and metabolomics in the range of
universal molecular pathways [69].

The technological platform for diagnostics and predictive pharmacology of DM includes
three components taking into account a unique instrument base:

* Scientific component: Search for target biomarkers (x-f-subunit of insulin receptor, tyro-
sine kinase, MEK1/2-MAPK-cascade, Shc-Grb2-SOS-Ras—-Raf mitogen, atypical isoforms of
protein kinases, molecular cascade of GH/IGF-1, etc.) with aging and DM as the basis for
a new level of diagnosis; the development of cellular technologies in the treatment of DM
in combination with the development of new drugs based on targeted biomarkers; in vitro
and in vivo studies of individual PK processes of drugs for the prevention of aging and
treatment of DM; combining information on phenotypic manifestations of drug effects on
the basis of pharmacoproteomic profile with the results of PK studies; PK/PD modeling;
personalization of therapy for stages of aging and each type of DM.

¢ Technological component: New methods of genomic, proteomic, pharmacokinetic, pharma-
coprotein, pharmacogenomic studies; biomodeling; software on bioinformatics and for the
registration of ADR; methods of visualization of molecular PD effects of drugs in biological
fluids and body tissues; creation of bank of biosamples.

* Medical component: The introduction of technological platform for molecular diagnostics
and drug monitoring in aging and DM, diagnostic of ADR, new biomolecular methods
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of control and prevention of aging and complications of DM in the clinic; clinical trials of
drugs; economic evaluation of the platform.

Methods of genomic and proteomic analysis of human biosamples at various stages of aging
and aging-related DM are used most widely in biomedical research (Figure 2).

Modern systems for high-throughput screening (HTS) of molecules in cellular struc-
tures (for Image-Based High Content Screening, High Content Analysis and High
Content Imaging) allow to investigate the proliferation and cytotoxicity, cell viability,
cell cycles, the expression of nuclear, cytoplasmic proteins and plasma membrane pro-
teins, mitochondrial mass, phospholipidosis, signaling pathways, the increase and the
decrease of nuclear sizes, apoptosis and fragmentation of nuclei. These systems allow
performing complex analysis of cellular structures in real time, obtaining universal
biological information about the development of aging processes and related diseases
at the molecular level in the cell. Model of diabetic cardiomyopathy has been developed
with the help of Operetta High Content Screening (Perkin Elmer, UK)—the system of
high-performance screening of cell structures. The ways of pharmacological influence
on the key targets of the development of this complication of DM have been devel-
oped. The model of this state in vitro was developed taking into account reproduced
environmental conditions and genetic factors from human pluripotent stem cells of
cardiomyocytes.

Figure 2. Molecular pattern of patient's biosample, obtained by methods of proteomic analysis (two-dimensional
polyacrylamide gel electrophoresis, MALDI-TOF-MS, HPLC / MS / MS).
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Biochemistry of DM was obtained, which stimulates the development of the phenotype of
cardiomyopathy and which allowed us to analyze structural and functional changes in car-
diomyocytes. The cardiomyopathic phenotype was reproduced definitively in specific cells of
patients and determined by the initial clinical status. I vitro model was included in the stages
of screening platform that identifies drugs that prevent the development of the phenotype of
cardiomyopathy [70].

Thus, the current stage in the development of biomedical research in the field of aging and
DM is associated with the introduction of new technology platform for HTS of molecules in
human cells and the pharmacology of the aging stages and all types of DM.

The newest biomedical tools of the twenty-first century are biological microchips (biochips,
DNA microarrays). Developed biological microchips make it possible to realize in an acces-
sible form very complex integrative approaches of genomics, proteomics and selomics. An
important medical application of biochips is the early diagnosis of DM and the development
of new therapy, as well as the correlation of diagnostic markers of DM with diagnostic mark-
ers of stages of aging of the human body. Researchers conduct on-chip simultaneous analy-
sis of tens of thousands of genes and compare the expression of these genes in healthy and
diseased cells. Biochips are also an indispensable tool for biomedical research, which can in
one experiment recognize the influence of various factors (drugs, proteins, nutrition) on the
work of tens of thousands of genes. The effectiveness of biochips is due to the possibility of
parallel carrying out a huge number of specific reactions and interactions of molecules of
biopolymers, such as DNA, proteins and polysaccharides, with each other and low molecular
ligands. The task is to quickly and effectively determine the concentration of the desired com-
pound, for example, glucose for people with DM.

The use of protein chips for search of markers of aging and DM is promising direction. The
following two tasks are of particular interest: simultaneous qualitative and quantitative deter-
mination of large number of proteins in cells of various tissues or in various functional states;
study of interactions of cellular proteins with each other and other cellular ligands (DNA, low
molecular compounds).

Bioelectronic devices are able to raise the quality of medical analyzes to new level, they will
contribute to a one-stage definition of stages of aging and early diagnosis of DM.

Highly sensitive oligonucleotide microarrays were used to evaluate mRNA levels and iden-
tify transcriptional profiles of fibroblast cultures obtained from donors of different ages. The
mRNA levels were measured in actively dividing fibroblasts isolated from young, middle-aged
and elderly patients, as well as patients with progeria. The study identified genes, the expres-
sion of which is associated with phenotypes of different age groups and diseases. The aging
process is based on a mechanism that includes an increasing number of errors in the mitosis of
dividing cells at the post-productive stage of human life [71].

The progress and development of biosensors used in the clinic was related to the devel-
opment of glucose biosensor in the 1960s and obtained on the basis of early integration of
the redox enzyme glucose oxidase with an oxygen electrode [72]. New materials, sensory

151



152

Diabetes and Its Complications

configurations and technical innovations have been proposed for the determination of glu-
cose [73-75]. Currently, glycemic control is based on the study of blood glucose, which still
requires frequent blood sampling with a certain degree of inconvenience. Despite the inten-
sive application of the existing method of blood glucose testing, precise monitoring of glucose
fluctuations during the day cannot yet be performed. Therefore, today, subcutaneous bio-
sensors are used, which measure glucose periodically during the day [76, 77]. However, the
creation of an accurate implantable biosensor for glucose, acceptable for patients with DM,
is an open question. Today, the most promising results were obtained on biosensors, which
are based on amperometric detection of hydrogen peroxide formed by enzymes immobilized
on electrodes. Updike et al. created a biosensor for glucose, implanted subcutaneously, with
maximum duration of up to 5 months [78].

Interstitial levels of lactate should reflect its systemic level when hypoxia appears in the tis-
sues. There is an opportunity to control lactate in vivo in the interstitium; however, it is dif-
ficult to introduce monitoring methods into the clinic because of their unreliability due to
the influence on the level of lactate of a lot of endogenous factors. Several types of biosen-
sors for the determination of lactate are presented in the literature. A microfluidic biochip
was developed, which is integrated with a highly sensitive fiber-optic biosensor of glucose.
Experimental results showed that the biochip determines an ultra-low glucose concentration
(1 nM) [79]. Due to the fact that DM as an aging-related disease progresses and due to com-
plex and stepwise processes of malfunctioning of the pancreatic (3-cells at the molecular level
that can be registered in the blood, early detection of DM requires the use of supersensitive
systems for detecting molecular changes. To this end, a protein microchip was developed,
including the use of polyfluorophor technology. The innovative system is characterized by
high sensitivity: the possibility of the determining of biomarkers at the level of femtograms in
10 ul of the biosample is 92% within 10 minutes [80].

It is believed that the stages of aging and related diseases, including DM, are characterized by
their bar code—a change in the level of transcription of a set of genes specific for this disease.
Itis assumed that in the future, according to the barcode, changes in the expression in particu-
lar set of genes can be diagnosed with specific diseases and the stages of their development
and, consequently, develop targeted treatment regimen.

At present, bioinformatics is ready to provide data about tens of thousands of new drug tar-
gets, predicting the function of genes and deciphering the sequence of proteins. Promising
bioinformatic developments are presented in such sections of medicine as gerontology and
diabetology. The main directions of bioinformatics are distinguished, depending on the
objects of study: sequence bioinformatics, structural bioinformatics and computer genomics.
The main task of bioinformatics in the development of new drugs is to provide technologies
that allow the formation of target targets for directed action of drug having specific structure
for this target.

Today, an extended analysis is available, including the molecular pathways presented
in most databases; so, large array of information about altered proteins can be obtained,
including their expression and/or post-translational modifications in molecular pathways.
Comparative analysis of two web products for the analysis of pathways and intermolecular
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interactions —Ingenuity Pathway Analysis (IPA) and STRING —is published. Data about key
proteins, participating in molecular pathological pathways (Wnt, APP, insulin signaling,
mitochondrial apoptosis, tau-phosphorylation), were obtained on the basis of medical lit-
erature and data of proteomic analysis of the HEK293 cell line.

Information about protein interactions in complexes is found in databases such as MINT,
BioGRID, IntAct or HRPD. It is possible to provide high percentage of predicted pro-
tein-protein interactions and interactions based on literature data (PubMed database).
Widely used web resource for the analysis of inter-protein interactions STRING is not
only a database but also linked to several other resources with large volume of literature
sources [81]. The Cytoscape graphical tool allows us to create network interactions of
high degree of complexity. Recently, web platform has been launched that integrates data
on molecular pathways for the development of pathological processes and the analysis
of intermolecular interactions, including six different databases (KeGG, Bio-Carta, Gene
Ontology, Reactome, Wiki, NCI pathways) and interacts functionally with database on
molecular activity of proteins (Interpro) and database of complex information about pro-
teins (Corum).

Identification of the protein in the study of the biosample should be accompanied by a detailed
analysis of its primary, secondary and tertiary structure, as well as its post-translational modi-
fications and intermolecular interactions (BLAST search engine). The amino acid sequence of
the protein can be analyzed in software products such as Pfam, Interpro, SMART or DAVID
[82], whereas sequence analysis of post-translational protein modifications can be performed
using algorithms such as MotifX or PhosphoMotif [83].

Modern methods of proteomic and bioinformatic analysis allow us to investigate key
genomic-proteomic interactions that underlie DN in patients with type 2 DM. The study of
the formation and development of DN can become the model for studying molecular path-
ways of aging of kidney tissue [84].

We carried out prospective comparative cohort study with parallel design for the search of
molecular prognostic markers of DN of different stages using methods of proteomics and
bioinformatic analysis on the basis of the Department of Nephrology of the Dagestan State
Medical University (Makhachkala, Dagestan, Russia) and the Department of Nephrology of
the Rostov State Medical University (Rostov-on-Don, Russia), MC “Novomeditsina” (Rostov-
on-Don, Russia) [85]. It included 205 patients with T2DM and DN (stages 1-4). Patients cor-
responded to the criteria for the DN classification proposed by the Committee on Diabetic
Nephropathy [86]. The duration of DN was 10.5 years. Molecular phenotyping of biosamples
(urine) was processed with methods of proteomics: the prefractionation, the separation of
proteins with standard sets (MB-HIC C8 Kit, MB-IMAC Cu, MB-Wax Kit, «Bruker», USA)
and matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-
TOF-MS/MS, Ultraflex II, «Bruker», USA). The partially identified sequences were then sub-
mitted to “BLAST protein-protein” and screened against the Homo sapiens Swissprot database
to check if this identification matched the MASCOT-identification (Matrix Science). The data
of the molecular interactions and functional features of proteins were received with STRING
10.0 database.
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All changes in patients with DN are associated with a higher expression of urine proteins in
the progression of epithelial-to-mesenchymal transition (EMT) and changes in the extracel-
lular matrix (ECM) in kidneys in T2DM patients with DN (Table 1). Proteomic analysis helps
in the detection of differences in the component composition of the urine proteins in patients
with DN of varying stages compared with the control group. Molecules interact among them-
selves and with other molecules as participants in universal pathways in T2DM patients with
DN, which are the key elements for EMT formation and changes in ECM: Smad, p38 MAPK,
TLRs, Wnt, mTOR, Notch, small GTPase and Hedgehog and PI3K/AKT-signaling pathways.

Each protein molecule in the functional group interacts with other protein molecules. For
example, the molecular interactions of NGAL are presented in Figure 3. The concentra-
tion of NGAL increases in the urine of T2DM patients with DN. The study identified the
biomarkers of tubular damage that have a key role in the development and progression of
DN. The research into signaling pathways and molecules that are involved in ECM forma-
tion may help in developing strategies to prevent DN. Molecular pathways for the develop-
ment of DN constitute a model for the study of molecular pathways in the development of

aging of kidney tissue.
T @
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Figure 3. Molecular interactions of NGAL (STRING 10.0 database). LCN2, lipocalin-2; MMP-9, matrix metallopeptidase
9; LRP2, low density lipoprotein-related protein 2; ERBB2, erythroblastic leukemia viral oncogene homolog 2 (neuro/
glioblastoma derived oncogene homolog); IL3, interleukin 3 (colony-stimulating factor, multiple); HMOX1, heme
oxygenase (decycling) 1; IL-17A, interleukin 17A; LEP, leptin; INS, insulin; TLR?2, toll-like receptor 2 and CDHI, cadherin
1, type 1, E-cadherin (epithelial cadherin).
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Thus, the future progress in biomedical research of the aging stages of the human body and
DM is associated with the development of experimental genomics, transcriptomics, pro-
teomics and selomics and with the development of typical human development scenario,
starting from the postnatal period on the basis of modern technological platforms. The devel-
opment of methods for the systematic analysis of molecular interactions in cell and the sub-
sequent study of their functional activity makes it possible to discover new pathways for the
development of human pathology associated with aging.
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Abstract

Diabetes mellitus (DM) is a morbidity that presents a wide range of difficulties for the
patient to reach the control. This reality not only has impact on the clinical practice but
also has serious financial and social consequences for both the patient and the health
system. Health technologies that are capable of improving glycemic control have been
tested in cost-effectiveness analysis to assess the efficiency of DM care. According to the
Brazilian Society of Diabetes, patients with glycated hemoglobin (Alc) within the values
considered adequate, less than 6.5%, present a relative risk of developing complications
(neuropathy, retinopathy, diabetic foot, pressure ulcers, cardiovascular diseases and
renal disease) equal to that of a nondiabetic patient. In highlight, health technologies
health technologies have presented positive impact on reducing Alc and, consequently,
on reducing diabetes complications. Thus, new health technologies have been capable
saving of 72% of resources spent on DM care.

Keywords: diabetes mellitus, economics, pharmaceutical, technology assessment,
biomedical

1. Economic evaluation in health

Historically, evaluation processes are part of the development of humanity as a society.
After World War II, there was an increase in State activities in the control of services such
as health and education in many countries. An economic current gained strength in the
development of methodological processes to evaluate these State activities, assessing their
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costs and their advantages. These processes conformed themselves into economic health
assessments [1].

In the course of time, economic evaluation in the area of health has been gaining more rigorous
methodological contours, and nowadays, it is characterized as an important tool of public
services, in the health economy sector. Health assessment has specific bodies in some devel-
oped countries such as the United States, Canada and France [1, 2]. In Latin America, Brazil is
considered one of the pioneers in the implementation of economic health assessment method-
ologies, and countries such as Colombia, Mexico, Argentina and Chile have advanced a lot in
the area’s development [3].

The health area constantly goes through processes of technological innovation. Associated
with the epidemiological changes of recent years, the incorporation of new health technologies
has become a reality with which the management of health services has to deal constantly. This
scenario has contributed to the increasing cost of maintaining health services and corroborated
the increase in complexity in the administration and functioning of health services [2, 4]. It is
noteworthy that health has limited and finite resources, which makes health evaluation a
complex task, with criteria that go beyond the cost-related, ethical, safety and equity issues
[2]. Given the complexity of the health scenario, economic evaluation in health aims to subsi-
dize management in decision-making about the incorporation of new technologies, as well as
its monitoring, with the standardization of criteria and practices that may facilitate the man-
agement of public health services [5, 6].

The researches of economic evaluation in the health area are constituted by some basic struc-
tural elements. Initially, it is necessary to define the costs that will be assessed during the study,
which may be direct medical or nonmedical costs, which correspond to the costs directly
applied to the provision of patient care, for example, the cost of medication (medical) or the
cost of moving a patient to another municipality for care (nonmedical). There are also indirect
costs that are related to the social losses of the individual or of society itself or of the State with
the sick individual, such as, for example, days of work lost as a result of a disease. Another cost
category is intangibles, which are considered difficult to measure monetarily, for example,
pain. For any economic evaluation in health, it is necessary to define the perspective under
which the costs will be analyzed, which will guide which costs will be included in the
economic analysis, and how to carry out the costing. Costs can be assessed from the perspec-
tives of the health system, the hospital service, the government or of the society as a service
provider or buyer can be changed for payer [5, 7].

Another structural element of economic evaluation research is the identification of the outcome,
that is, of the result that will be evaluated by the research. This outcome can be expressed as a
monetary unit, a clinical outcome or quality of life. The use of primary outcomes (cure, eradica-
tion of infection, death) is preferable compared to intermediate outcomes (reduction of blood
pressure or glucose levels). However, the measurement of primary resources is usually more
difficult to perform and, consequently, little is used in research. According to the objective of the
economic evaluation in health and the context in question, the type of economic evaluation to be
performed must be defined [4, 7].
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As evaluative surveys are still considered recent in the world scenario, it is important to
highlight some concepts that may facilitate the understanding of terms that are given below,
according to the Thematic Glossary — Health Economy [8]:

*  Efficacy is the measurement of the results obtained from ideal or experimental situations.

e  Effectiveness is the measurement of the results obtained in real situations, that is, as
happens in the health service.

e  Efficiency is the economic concept that relates the results obtained with the necessary
financial resources to achieve these results.

In resume, economic evaluations in the health are structured through specifics scientific areas
that produce analyses with specifics methods, which are preponderant for the rational process
in decision-making; pharmacoeconomics is a science with multidisciplinary characteristics that
has been standing out into this process [4].

2. Pharmacoeconomics

Pharmacoepidemiology is able to provide much information for routine health services.
Pharmacoeconomics is one of the aspects of pharmacoepidemiology [9] and, following this
logic of providing information for management, seeks to subsidize decisions regarding the
economy and pharmaceutical services [10].

Currently, many medications are introduced into the market. The Ministry of Health and
Regulatory Agencies (ministério da saide e as agéncias reguladoras), the US Food and Drug
Administration (FDA), the European Medicines Agency (EMA), and in Brazil, the National
Agency of Sanitary Surveillance (Agéncia Nacional de Vigilancia Sanitdria — ANVISA), adopt
measures with the aim of regulating this market. Among the strategies, we can mention the
inclusion of medication in clinical protocols and the regulation of prices and public health
financing. However, it can be seen that these measures are no longer sufficient to guide
decision-making within public health services [11]. In this sense, pharmacoeconomic studies
contribute to the degree of evidence subsidizing the discussion about the need to incorporate
new pharmaceutical technologies [12].

Pharmacoeconomics is a component of the economic evaluation of health services, which
assists decision-making and allocation of resources related to services, as well as products or
health programs/strategies [13]. The products evaluated by pharmacoeconomics can be both
tangibles such as medication and intangibles such as practices that promote the rational use of
medication [14], in the case of pharmacotherapeutic empowerment and medication manage-
ment treatment (MTM). Figure 1 presents the interface between health and economy and how
pharmacoeconomics fits into this scenario [15].

The analysis of the clinical-pharmacological viewpoint is usually limited to the binomial
efficacy-safety; however, a discussion that considers other variables, such as secondary and
final outcomes (death), adherence to treatment and social aspects, is necessary for the decisions
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to achieve broader aspects such as the social value attributed to a medicinal product. Social
value is understood as all the positive effects produced by medication such as welfare promo-
tion, satisfaction with treatment and social production capacity (family life, work) [11]. Figure 2
shows how the complexity of pharmacoeconomic works evolves starting from the binomial
efficacy-safety to more complex analyses that evaluate the quality of life of the patients [11].

Pharmacoeconomics uses specific methodologies for the construction of evaluation models
that produce comparisons that adjust all the variables involved in this complex process [15].
Figure 3 presents the scenario into which the pharmacoeconomic assessments are introduced.
For this purpose, it needs different sources of information such as clinical trials, systematic
reviews, meta-analyses and health service databases [15]. All these are important sources of
information in the construction of pharmacoeconomic studies [11, 15].

Health System | | Economics
Health
Technology Health .
E = Pharmacoeconomics

Figure 1. Pharmacoeconomics as one of the areas of evaluation of the technologies in health and its positioning within the
health system scenario and economy. Source: Adapted from Bristol [15].
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Figure 2. Evolution of pharmacoeconomic studies according to the complexity of the variables evaluated. Source:
Adapted from Puig-Junoy et al. [11].
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Figure 3. Scenario and variables involved in pharmacoeconomic studies. Source: Adapted from Bristol [15].

For a better understanding of the concepts worked in pharmacoeconomics, some definitions
become relevant:

Cost-minimization analysis: is performed by comparing two or more alternatives which
assume the same safety profile and effectiveness; the comparison is between the costs of
each alternative [7].

Cost-benefit analysis: shows evidence of which alternative is most cost-effective, with
benefits measured in monetary values [7].

Cost-effectiveness analysis: allows comparison between alternatives as to their cost and
their effect, measured in outcomes, and these outcomes are considered as a clinical
parameter [7, 12].

Cost-utility analysis: many authors defend this type of analysis as a variable of cost-
effectiveness analysis. The great difference is in the measure of the outcome, which must
measure quality of life and is usually a specific unit, quality-adjusted life year (QALY) or
disability-adjusted life year (DALY), always comparing costs with these specific outcomes [7].

Incremental cost-effectiveness ratio: predicts the cost increment for one more unit of out-
come, and guides decision-making in relation to the threshold to be invested in health [7, 12].

Markov modeling: a mathematical method that allows estimation of disease progression over
the years, allocating patients a health status according to the probabilities, and predicting
outcomes and costs [12].

Sensitivity analysis: tests the oscillations of the variables involved in the study, improving
the robustness of the study results [7].

3. Costs associated with the treatment of diabetes mellitus

Diabetes mellitus (DM) is a morbidity that is difficult for the patient to control, because it
involves changes of habits with severe restrictions and a high demand of time for care.
According to Stark et al. (2014), data between 2007 and 2010 from the National Health and
Nutrition Examination Survey (2010) presented that 40% of Americans with DM failed to
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achieve adequate glycemic control [16]. This high prevalence of uncontrolled patients increases
the occurrence of complications associated with diabetes [17, 18]. These complications can be
summarized as acute and chronic, which give rise to more complex clinical conditions for the
treatment of DM [19, 20]. This reality not only has impact on the clinical practice but also has
serious financial and social consequences for both the patient and the health system [21].

Acute complications include hyperglycemia (casual glycemia >250 mg/dL), with or without
ketoacidosis and hypoglycemia (casual glycemia <60 mg/dL). Acute complications require
immediate intervention, so it is very important that patients and caregivers know how to
identify the symptoms and manage care to prevent the situation from worsening. This stage
of care is directed mainly to the direct costs. The glycemic value can be considered an interme-
diate outcome, and thus, health technologies capable of reducing glycemia have been tested in
cost-effectiveness analysis to verify the efficiency of DM care [4, 5, 22].

Chronic complications can be divided into microvascular complications related to the natural
evolution of DM and macrovascular complications, which are not necessarily related to DM,
but are commonly more severe in patients with this clinical condition. Microvascular compli-
cations include retinopathy, nephropathy and neuropathy [6]. Retinopathy is the leading cause
of blindness in adults, and after having DM for 20 years, approximately 60% of patients will
already have some visual impairment. DM remains the leading cause of chronic kidney
disease (CKD). About one in five patients with DM have a decreased glomerular filtration rate
(GFR), that is, they have some degree of diabetic nephropathy. Neuropathy also has a high
prevalence among DM patients. In DM, some degree of neuropathy may normally be verified
at the time of diagnosis. Neuropathy stands out as a complication that directly impacts the
patient’s quality of life [23-24].

Macrovascular complications are represented by cardiovascular diseases; the major diseases
associated with DM are as follows: ischemic heart disease, cerebrovascular disease and periph-
eral vascular disease [6]. In these cases, prevention of risk factors and pharmacotherapy are the
main tools in the fight against the onset of these complications, which in patients with diabetes
tend to occur earlier and be more severe than in the rest of the population [23]. Chronic
complications can be considered in a cost-effectiveness analysis to measure costs against the
years of life saved (YLS), cost-utility in the cost measurement by QALY or DALY and also in a
cost-benefit analysis, when monetary values saved by reducing the chronic complications of
DM by some health technology are compared to the cost of this technology. The best way to
develop such an analysis would be to carry out Markov modeling for the projection of the
patient’s health status over time [7, 25].

Alfradique et al. [26] establishes DM as a condition sensitive to primary health care, that is, if
managed correctly in basic care, it is possible to obtain positive results in reducing the compli-
cations and hospitalizations resulting from this clinical condition. The DM management is a
complex process, which requires continuous clinical follow-up, preferably by a multidis-
ciplinary team, and considers education for self-care as one of the pillars in preventing the
occurrence of complications in both short- and long-term. In this sense, the primary care
system and new health technologies play an important role for the systematized monitoring
of diabetic [6, 19].
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During the routine of the DM patient in primary care, their choices are able to impact more on
their health condition, and consequently, on the results achieved, than the clinical decisions
made by a health professional [27]. The health professionals involved in patient care play an
important role in the search for glycemic control; however, this is only achieved with the active
participation of the patient in their daily care [28].

Empowerment is a concept that was introduced by Anderson et al. in 1991 [29]. Subsequently,
the WHO [30], defined empowerment as a strategy in which the patient gains control over
decisions that interfere with their health conditions. Later, Kleba and Wendausen [31] added to
this concept, the idea that empowerment drives people or groups of people to achieve a better
quality of life by changing their daily practices.

In this sense, patient empowerment proves to be an effective strategy for glycemic control. It
aims to promote a direct involvement of the patient in self-care, allowing them to know about
their real situation and thereby make the best decisions about the care of their health. The
health professional plays a supporting role in the process of empowerment, since the whole
educational process is developed in a patient-centered way and provides information and
contributes to the development of ability, so that the patient has control over their health [29].

Empowerment activities, when developed in an individual way, allow the patient’s habits and
routines to be understood, narrowing the patient-professional relationship and also allowing
the creation of individualized goals and objectives, which consider the patient’s psychosocial
needs [32].

Studies have shown that empowerment is an efficient strategy for improving glycemic control
as well as emotional control of the patient [32]. Kraemer et al., showed a 0.5% reduction in
glycated hemoglobin (Alc) through individual pharmaceutical counseling for the empower-
ment of DM patients. In this sense, such training of the DM patient for their care has shown
to be an important alternative in the search for the improvement of quality of life of the
diabetic patient, being able to become an economically and clinically viable tool for primary
health care [33].

It is worth noting that Alc is the clinical parameter, considered a gold standard for the clinical
follow-up of DM, since it allows estimating the patient’s glycemic profile for a period of
approximately 90-120 days. In a clinical trial that considered diabetic patients on treatment
or not, it showed mean values for Alc of 10.2% (3.9-19.1%) [34]. When only diabetic patients
under treatment were considered, the mean Alc decreased to 7.7% [35]. According to
the Brazilian Society of Diabetes, patients with Alc within the values considered adequate,
that is, less than 6.5%, present a relative risk of developing complications (neuropathy, reti-
nopathy, diabetic foot, pressure ulcers, cardiovascular diseases and renal disease) equal to that
of a nondiabetic patient [23]. Whereas, values close to 8% for Alc presents a relative risk
aproximately equal three. With an Alc value between 11 and 12%, type 2 diabetes mellitus
(T2DM) patients are 20 times more likely to present these complications when compared to
patients without diabetes. A reduction of 1% in Alc values reduces the risk of amputation by
43%, the risk of acute myocardial infarction by 14% and microvascular complications by 37%
[23, 35].
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The direct medical and nonmedical costs and indirect costs related to the diabetes patient
increase over time, especially due to the consequences of the relative risk associated with Alc
values, and consequently, to the presence of late complications [7, 36]. Thus, health services
need to cope with rising costs in contrast to scarce resources [37]. This scenario becomes a
challenge for the health system, considering the increase in the life expectancy of DM patients.
Several studies are able to show that preventive measures have a positive benefit/cost ratio
when considering the care of the diabetic individual [36, 38]. In addition, it is possible to have a
33% increase in expenses related to DM care in 2 years when glycemic levels are not at
satisfactory levels and complications of the disease occur [39].

Expenditures on DM treatment consume up to 12% of the annual health expenditure in
the world [40]. It is noteworthy that medications are responsible for 48.2% of the direct costs
of a diabetic patient [41]. In a study performed by Marinho et al., in a medium-complexity
institution for DM patients, direct costs related to type 2 diabetes mellitus (T2DM) totaled US
$ 2,066,081 and 250,000 procedures were performed in the same period. Of this total, 36.3%
was consumed by medication, 20.5% was third-party services (administrative, courses, rent,
etc.) and 20.1% was spent by paying highly educated professionals in health care
and management, high school educated supporting professionals and trainees involved in
health care [42].

In Brazil, for example, the prevalence of T2DM patients is approximately 15% and annual
expenditures are approximately 3.9 billion dollars. The Public Health System (PHS) spends an
average of US$ 2108.00 per year for outpatient treatment with each diabetic patient. Of this,
US$ 1335.00 is considered a cost directly related to diabetes [41]. In a Pharmaceutical Care
program for diabetic patients, Obreli-Neto et al. showed a mean reduction of 0.7% in Alc
values for patients who had empowerment, along with medication treatment management
(MTM) in the program. In addition, US$ 660.80 of the total of US$ 916.30 spent per patient on
DM care was saved [23, 35].

It is noteworthy that many patients become incapacitated as a result of the severity of DM
complications, which leads to an increase in indirect costs for the health system [21, 43]. The
WHO estimates that the costs of loss of productivity of DM patients can exceed up to five
times the direct costs of this disease [20, 36]. It is seen that empowerment of the diabetic
patient improves glycemic control and, consequently, reduces the incidence of DM compli-
cations over time, which is the main aspect to reduce costs with the treatment of the disease;
empowerment of the diabetic patient can be considered an efficient health technology for
health systems.

Many studies have presented the theme of economic evaluation focused on the care provided
by the pharmacist, such as pharmaceutical care, which uses methods such as MTM and patient
empowerment [22, 44]. Pharmaceutical care in a program for the elderly with T2DM and
systemic arterial hypertension followed in primary health care in a municipality in the interior
of the state of Sao Paulo, showed that the implementation of pharmaceutical care does not add
significant costs to the health service when compared to the results of the best outcomes
achieved in patient care [35]. In other words, care strategies such as pharmaceutical care may
be more effective and efficient alternatives for health systems.
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Abstract

Apart from stopping smoking, controlling hypertension and using statin, losing pos-
sible excess bodyweight and regular physical activity and exercise are the cornerstones
in diabetes management. There is often need of controlling blood glucose immediately.
Approach of ‘dynamic dose management of medications likely to cause hypoglycemia’ helps
to control high blood glucose immediately as and when required with sulfonylurea
or insulin and to taper off their dose later. Anti-hyperglycemic medications which are
unlikely to cause hypoglycemia are continued to control hyperglycemia. The diagnosis
of gestational diabetes usually made at 24-28 weeks is applicable for clinical management
of mother and child and for possible prevention of diabetes later in the mother. From
the public health perspectives, however, protection of the susceptible in utero popula-
tion from maternal malnutrition or clinical or subclinical hyperglycemia right from the
time of conception itself also needs to be considered to control the diabetes epidemic at
the population level. Campaigns and programmes for maintenance of optimal pre-preg-
nancy body weight as per the recommended body mass index of the respective popula-
tions along with regular physical activity and exercise during pregnancy are the essential
measures available at hand to prevent the possibility of maternal hyperglycemia right
from the early pregnancy.

Keywords: diabetes, CVD, hypertension, high blood pressure, physical activity,
exercise, smoking, body mass index, ethnicity, hypoglycemia, acarbose, diabetes
epidemiology, diabetes control, maternal health, pre-pregnancy weight

1. Introduction

There are now estimated 415 million adults aged 20-79 with diabetes worldwide and a fur-
ther 318 million adults are estimated to have impaired glucose tolerance [1]. About half of the
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3.7 million deaths due to diabetes and its complications occur before the age of 70 years [2].
Up to 80% of deaths in type 2 diabetes are cardiovascular diseases (CVDs) related. Persons
with impaired glucose tolerance are also almost three times more likely to develop coronary
heart disease and other major cardiovascular events than people with normal glucose toler-
ance. In fact, CVDs alone account for nearly 30% of all deaths worldwide and 27% in low-
income and middle-income countries [3, 4]. Thus, in one hand, there is a need to prevent and
treat diabetes, and on the other hand, considering various possible risk factors, the impaired
glucose tolerance itself and CVDs have to be prevented both at individual and population
levels.

This chapter will focus on the principles of management of type 2 diabetes at individual
and population levels to consider while following the guidelines and managing diabetes
and its epidemic. Management is defined as the act or skill of dealing with people or situa-
tions in a successful way [5]. The term management in the chapter covers clinical manage-
ment, research and public health perspectives. Public health is the practice of preventing
disease and promoting good health within groups of people, from small communities to
entire countries [6]. Primary prevention requires a focus on individuals known to be at
risk for disease, i.e. the high-risk strategy with interventions focused on high-risk group,
for example on people with glucose intolerance. A large proportion of the reductions in
coronary heart disease mortality experienced in many high-income nations since the 1960s
have been ascribed to the interventions in people at elevated risk [7]. However, individu-
als with markedly elevated levels of risk factors are relatively uncommon in the popula-
tion. The majority of CVD events occur in individuals with average or only mildly adverse
levels of risk factors [7, 8]. Therefore, population-wide strategies are also essential. Health
promotion and disease prevention strategies must embrace both high-risk and population
strategies [7-10].

2. Prevention of CVDs and control of blood pressure (BP)

Seven modifiable well-known risk factors of atherosclerotic CVDs are high BP, glucose intol-
erance, physical inactivity, tobacco use, dyslipidemia, unhealthy diet and overweight/obesity
(Figure 1).

2.1. High blood pressure (BP)

Hypertension is the most prevalent risk factor for development of cardiovascular and kidney
disease. In 2008, worldwide, approximately 40% of adults aged 25 had been diagnosed with
hypertension and its prevalence is predicted to increase by almost 60% in the next 2 decades
[11, 12]. Hypertension is responsible for at least 45% of deaths due to heart disease and 51%
of deaths due to stroke [11, 12]. High BP is the leading risk factor in the world especially in
the non-industrialized countries [13]. In fact there is some increase in cardiovascular risk in
patients with BP 120-140/80-90 (i.e. pre-hypertension) than in those with BP less than 120/80
(i.e. normal BP) even in the general population [14]. Untreated BP <120/<80 mmHg (i.e. normal
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Figure 1. The seven modifiable risk factors of atherosclerotic cardiovascular disease.

BP) is considered as one of the ideal health factors for cardiovascular health [7, 8]. Programmes
for controlling high BP in the industrialized countries achieved significant reduction in CVD
mortality [7], and tobacco smoking including the second-hand smoke became the leading risk
factor [13]. In many non-industrialized countries, such programmes have mostly not been
accomplished. As a matter of fact in many such countries due to the inadequate network of
the State supported rural and urban health centers/clinics, people often have limited access to
blood pressure monitoring and management [15]. It is difficult for the people to regularly visit
private clinics or to wait at the long queue in the free medical clinics of public hospitals. In
such situations, the patients are more likely to visit hospitals late for crisis management only
when the complications (like stroke, coronary heart diseases, kidney failure or pneumonia)
develop [15].

2.2, Interaction of high blood pressure and glucose intolerance

Death rate due to CVD, even in the industrialized countries, seems to be on increase again par-
ticularly in the relatively younger population [8]. The emerging epidemic of glucose intoler-
ance, another CVD risk factor, seems to be adding up and interplaying with high BP. Among
more than 3000 Euro Heart Survey patients with acute and elective coronary heart diseases,
only about one-fourth had normal plasma glucose by the WHO criteria [16]. If the American
Diabetes Association classification with fasting plasma glucose >5.6 mmol/L (>100 mg/DI)
had also been considered, the proportion of patients with glucose intolerance would perhaps
have been more, as reported in another study in patients with acute coronary insufficiency
[17]. There are two pertinent points to note in the interaction between high BP and glucose
intolerance.

Firstly, hypertension is relatively more common in people with diabetes, about two times
more in one study [18], than in those with normal plasma glucose. More than 75% of adults
with diabetes have blood pressure (BP) levels 213080 mmHg or are using antihypertensive
medication [12]. Secondly, the adverse effects of higher blood pressure are more in people
with glucose intolerance than in those with normal blood glucose. Even among people with
systolic BP between 120 and 139 mmHg (i.e. at pre-hypertension level), CV mortality rate is
about three times more in those with diabetes than in those without diabetes. And the risk
is similarly high in different systolic BP ranges from normal to high levels [19]. Mortality
is indeed increased 7.2-fold when hypertension is present in patients with diabetes [12].
Lowering 4 mmHg of systolic BP is more effective in reducing cardiovascular events than
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reducing 1 mmol/L of LDL cholesterol and is about four times more effective than lowering
0.9% of glycated hemoglobin (HbAlc), and thus, in diabetes, BP control is more efficacious
and more easy than lowering glucose [20].

Clinical management perspective: The current guidelines recommend to treat hypertension in type 2 diabetes to an
systolic BP target of 130-140 mmHg and a diastolic BP target of 80 mmHg and to consider the lower targets if the
patients are younger or when additional CV risk factors or microvascular diseases are present [21]. In the studies, the
number of antihypertensive drugs required to achieve the systolic blood pressure around 130-140 mmHg are often
more than two and even more than three in many patients. Treatment of hypertension in patients with diabetes is
lucidly reviewed in the position paper of American Society of Hypertension [12].

Public health perspective: In non-industrialized countries, there is urgent need of establishing the network of
the State supported rural and particularly urban health centers/clinics with general practitioners (preferably well
trained with residential training in General Practice after medical graduation). It is required (i) for the comprehen-
sive longitudinal health care of the people with diabetes, hypertension, CVD and other conditions, (ii) for supervi-
sion of healthcare workers to implement various public health programs including that for hypertension and CVDs
and (iii) to provide the State supported diagnostic facilities and antidiabetic, antihypertensive and other CVD drugs
and antibiotics (then only it may be possible to restrict the over-the-counter sale of antibiotics and other drugs as the
people otherwise would not have any access to such life-saving drugs) [15].

Research perspective: Study of the occurrence of CVD complications in the people with pre-hypertension level of BP
and impaired glucose intolerance may indicate the different levels of HbAlc and BP to start antihypertensive treat-
ment. The combined presence of the subclinical or borderline hypertension and glucose intolerance (as ‘subclinical
or borderline syndrome’) may be another CVD risk factor, as a residual risk factor of CVDs, at the population level.

3. Promoting cessation of smoking and tobacco use

The health effects of tobacco use, including on CVD, and various public health measures to
control it are well known [2, 10]. Harmful tobacco products also include smokeless tobacco
like snuff, gutkha, gul, chimo, mawa, nass, pan masala, tambaku and others [22].

Clinical management perspective: The five A’s framework (Ask, Advise, Assess, Assist, Arrange) has been devel-
oped to allow physicians to incorporate smoking cessation counseling into busy clinical practices [23]. Others have
further added ‘Assess again’. There are various pharmacological agents available to help patients quit smoking
and tobacco use. However, before such products were available and even now hundreds of thousands of people
including health professionals have had stopped tobacco use once they realized the possible complications to them.
Physicians’ priority, repeated advice and time spent on explaining its importance and its process of quitting play a
crucial role for the motivation of the patients to quit tobacco use. Smokers who quit smoking abruptly (‘Cold Turkey’
method) have been reported to be successful than those who quit gradually [24]. However, the most important well-
known point, to emphasize to the patients repeatedly, is that after stopping tobacco use whether abruptly or slowly,
it should not be used even once; otherwise the habit is likely to be resumed.

4. Regular physical activity and exercise

Exercise is often classified as aerobic, strength (resistance) and flexibility exercise and each of
them has their own utility and limitations. The common recommendation (e.g. 150 minutes



Principle of Management of Type 2 Diabetes: From Clinical, Public Health...
http://dx.doi.org/10.5772/intechopen.71193

or more of moderate-to-vigorous intensity physical activity per week, spread over at least
3 days/week, with no more than 2 consecutive days without activity) is applicable to most
adults and help to achieve cardiovascular fitness and other benefits. Brisk walking can be
regularly included into the daily life. Two to three sessions/week of resistance exercise on
non-consecutive days are also recommended [25]. Increased physical activity is effective in
preventing diabetes, and the protective benefit is especially pronounced in persons at the
highest risk for the disease [26]. At higher BMI, exercise is protective against diabetes and
is dose-dependent. The prevention of diabetes and reduction of hyperglycemia in diabetes
occur even without significant weight reduction [27]. American Diabetes Association rec-
ommends that prolonged sitting should be interrupted every 30 minutes for blood glucose
benefits, particularly in adults with type 2 diabetes [25]. Possible physical activity even while
seated (e.g. by leg exercise with or without sit down leg exercise machines) may also help.
A more intensive physical activity program including at least 275 minutes per week may be
needed to assist weight loss and avoid regain [21]. Higher levels of physical activity before
pregnancy or in early pregnancy are associated with a significantly lower risk of developing
gestational diabetes mellitus [28]. NICE guideline recommends women with gestational dia-
betes to take regular exercise (such as walking for 30 minutes after a meal) to improve blood
glucose control [29]. Figure 2 summarizes the potential benefits of regular physical activity
and exercise in relation to diabetes.

Cardiovascular Nilness PGlucose utilization Weight reduction or maintenance
& reduction

Regular physical

activity & exercise

Prevention of Prevention of
type 2 diabetes gestational diabetes mellitus

Figure 2. Potential benefits of regular physical activity and exercise in relation to diabetes.

Research perspective: Although type 2 diabetic subjects are insulin resistant, they are not resistant to the stimula-
tory effects of exercise on glucose utilization [30]. The local cellular and other metabolic adaptations could explain
the increase in glucose utilization and improvement in the glucose tolerance in exercise and trained muscles. A
major challenge has been to elucidate the molecules or cascade of molecules that act through insulin-independent,
exercise-stimulated signaling pathway [30]. If such molecules produced during exercise are secreted in the blood
and act like hormones in other tissues, organs, muscles and fat, study of the effect in the resting state by the reuse of
serum of blood collected during exercise in the same person may give insight into such actions and the difference in
the contents of resting and post-exercise sera may help to elucidate the molecules.

Research perspective: Many overweight older people with diabetes have knee osteoarthritis which may prevent
them to walk freely. Exercises to strengthen the quadriceps—for example, quadriceps-setting exercise and straight-
leg raises—are effective in reducing pain and improving function in patients with knee osteoarthritis. However,
people often may not adhere to the recommended methods of quadriceps strengthening exercises. Regular exercise
with a bicycle ergometer in such patients can have beneficial effects not only for knee osteoarthritis but also for
diabetes and CVD [31].
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5. Use of statin and antiplatelet therapy

The use of statin is the other core element to prevent the premature death and disability in
diabetes. The mechanisms of beneficial effects of statins in CVD are not completely under-
stood. Some beneficial effects appear to occur independently of lowering of LDL cholesterol.
Thus, most trials of statins and CVD outcomes tested specific doses of statins against placebo
or other statins rather than aiming for specific LDL cholesterol goals, suggesting that the
initiation and intensification of statin therapy should be based on risk profile [25, 32]. Before
starting statin, lipid profile should be required at least once; a fasting sample is not routinely
needed [32]. Antiplatelet therapy in diabetes is generally recommended for those with history
of CVD and dual antiplatelet therapy is reasonable for up to 1 year after an acute coronary
syndrome [25, 32].

Research perspectives: Studies indicate that lower statin doses achieve lipid improvements in Chinese, Japanese
and Koreans patients comparable with those observed with higher doses in Caucasians [33]. However as the mecha-
nism of action of statins may not be just related to the lowering of LDL cholesterol, the relation of such observation
with cardiovascular events need to be studied.

6. Body weight as per the recommended body mass index (BMI)
for the respective populations

The WHO 1998 Consultation on Obesity, based on classifications used in a number of past
studies on Europids, indicated BMI of 18.5-24.9 kg/m? as normal [34, 35]. A WHO expert con-
sultation on BMI for Asian populations concluded that Asians generally have a higher per-
centage of body fat than white people of the same age, sex and BMI and that the proportion of
Asian people with a high risk of diabetes and CVD is substantial at BMIs lower than the exist-
ing WHO 1998 cut-off point for overweight (>24.9 kg/m?) [36]. The WHO [35], International
Diabetes Federation and American Diabetes Association have recommended the upper limit
of cut-off point of normal BMI for Asian people as 22.9 kg/m? [25, 35, 37]. Similar and variables
recommendations for different non-Caucasian populations have been made in various other
studies, including those conducted in the Westernized ones.

These recommendations are in agreement with the actual body mass index of the popula-
tion. The adult mean BMI levels of 20-23 kg/m? are found among the general population
in Africa and Asia, whereas levels of 25-27 kg/m? across North America and Europe in
2002 [10]. The WHO consultation on BMI for Asian populations identified further potential
public health action points along the continuum of BMI and indicated that the earlier opti-
mum population range (21-23 kg/m?) gives some intuitive consistency for policy makers
[36]. The risk of insulin resistance and diabetes in adult increases progressively upwards
of a BMI of 20-22 kg/m? [10]. More than 80% of the people with diabetes live in low- and
middle-income countries and nearly two thirds of diabetes globally are attributable to
BMI above 21 kg/m? [10]. In general, the risk of insulin resistance and glucose intolerance
appears to increase once BMI starts rising above the middle of the recommended BMI for
the population.
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Research perspectives: Compared with the BMI cut point of 30.0 kg/m? among Europeans, a similar glucose factor distri-
bution is observed at corresponding BMI cut points of 21.0 kg/m? in South Asians, 20.6 kg/m?in Chinese and 21.8 kg/m*in
Aboriginals in Canada [38]. The BMI cut points are, however, higher, for the lipid and blood pressure factors than for the
glucose factor in South Asians, Chinese, and Aboriginals in the study [38] pointing out the need to study BMI cut points

in different populations similarly considering the glucose, lipid and blood pressure factors separately.

7. Antihyperglycemic medications

Type 2 diabetes is a chronic metabolic condition characterized by insulin resistance and insuf-
ficient pancreatic insulin production from beta-cell, resulting in high blood glucose levels
[39]. Difficulty in utilizing the available insulin increases the workload of beta-cell. While
using antihyperglycemic medications, the issues that need to be considered are shown in
Figure 3. A few pertinent points are further discussed below.

7.1. Reduction of insulin resistance and beta-cell workload

Beta-cell failure is central to the ultimate development and progression of type 2 diabetes and
it antedates and predicts diabetes onset and progression [40]. Subjects with normal glucose
tolerance with 2-hour plasma glucose 120-139 mg/dL may have already lost 50% of beta-cell
function, whereas subjects with impaired glucose tolerance with 2-hour plasma glucose 180-
199 mg/dL have lost up to 80% of beta-cell function. Thus, when the diagnosis of diabetes is
made, the patient may have already lost 80% of their beta-cell function [41, 42]. The available
clinical studies with appropriate protocols, however, indicate that existing therapy may not
reverse or arrest progression of beta-cell dysfunction in type 2 diabetes [40]. Weight loss reduces
insulin resistance and beta-cell workload and physical activity increases insulin utilization and
also helps to reduce beta-cell workload and bodyweight. Both help to normalize the blood glu-
cose and are also useful for cardiovascular health. Promotion of physical activity and exercise
and loss of excess bodyweight for as long as possible are the cornerstones of management in
type 2 diabetes. Medications favoring these two aspects are preferred for as long as possible.

7.2. Risk of hypoglycemia

Hypoglycemia can manifest in different ways (Figure 4). Insulin is a known cause of hypoglyce-
mia. The risk of hypoglycemia associated with the use of other antihyperglycemic medications
is given below [21]:

Efficacy Cost Convenience of
administration

g Hypoglycemia

\i sk

r
Long-term safety profile Cardiovascular benefits Effect on weight
& possible side effects

Effect on befa-cell e {_Anti-hyperglycemic medicatio

workload

Figure 3. Factors to consider while prescribing antihyperglycemic medications in type 2 diabetes.
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Neurogenic (mostly sympathetic
neural): Hunger, dizziness,
sweating, tremor, palpitation, fear,
anger, tingling, weakness and
others

Neuroglycopenic: Difficulty in
maintaining attention and thinking,
irrelevant talk, change in behavior,
decreased reaction time while using
machinery or driving, hemiparesis,
seizure, and coma

Manifestations
of

hypoglycemia

Subtle symptoms: Difficult to
wait for the scheduled timing of
meal, Prequency of eating,
unable to W frequency of eating,

Accidents and falls: Occurrence or
increased frequency of falls or

accidents while driving or using other
machines

weight gain

Figure 4. Manifestations of hypoglycemia. Note: The patient may not volunteer the information; the healthcare
professionals have to ask the leading questions so that the dose of the medications likely to cause hypoglycemia, viz.
insulin, sulfonylurea and repaglinides, can be appropriately reduced.

* Metformin, acarbose and other alpha-glucosidase inhibitors, dipeptidyl peptidase-4 inhibi-
tor, glucagon-like peptide-1 receptor agonist and sodium-glucose cotransporter 2 inhibi-
tors are associated with neutral risk of hypoglycemia.

¢ Sulfonylurea is associated with moderate-to-severe risk and repaglinide moderate risk of
hypoglycemia [21].

The patients only on antihyperglycemic treatment unlikely to cause hypoglycemia can check
their glycemic control with blood glucose fasting, 2-hour postprandial glucose and HbAlc
estimation. If the patients are also on medications, like sulfonylurea, repaglinide and insulin,
which can cause hypoglycemia, they need to check their blood glucose also at other time
(e.g. before meals and exercise or later in the day or at night) considering the hypoglyce-
mic symptoms and the maximum onset and duration of action of the drugs likely to cause
hypoglycemia.

The popular guidelines cover detail aspects of different medications including the monitoring
of glucose [21, 25, 39]. As acarbose, an alpha-glucosidase inhibitor, is increasingly used and
has relatively longer safety profile, efficacy and other benefits, it can also be considered in
the early phase of therapy in glucose intolerance. Four alpha-glucosidase inhibitors currently
exist: acarbose, miglitol, voglibose and emiglitate [43]. Acarbose inhibits both alpha-amylase
(which breaks down starch to disaccharides) and other alpha-glucosidase (which digests
disaccharides), where as voglibose and miglitol inhibit the disaccharide-digesting enzymes
well, but have no effect on the starch digesting enzyme alpha-amylase [44]. Acarbose and
voglibose are minimally absorbed from the intestine and have very low bioavailability [44]
with acarbose having less than 2% systemic availability [45]. Miglitol is almost completely
absorbed from the upper part of the intestine [44]. Acarbose was first developed. Among the
alpha-glucosidase inhibitors, acarbose is the most prescribed drug and most data and best-
outcomes are obtained for it [43].
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7.3. Acarbose

Acarbose is an effective drug with relatively long safety profile having various cardiovascu-
lar and metabolic beneficial effects, it is not associated with hypoglycemia and it promotes
weight loss [43—48]. Different meta-analysis, review articles and more than 350 studies have
reported its efficacy (when used alone or in combination with other antihyperglycemic medi-
cations, including metformin), safety profile, cardiovascular, weight reduction, metabolic
and other benefits [43—48]. Metformin or acarbose is recommended by International Diabetes
Federation and American Association of Clinical Endocrinologist when the lifestyle modifi-
cation strategy is not enough for prevention of type 2 diabetes [21, 49]. Acarbose can also be
considered to be used as a first-line antihyperglycemic agent [46, 48].

Gastrointestinal side effects have been an issue with acarbose. The predominant gastrointesti-
nal symptom associated with acarbose is flatulence; however, loose stools and/or abdominal
discomfort have also been reported. The side effects occur maximally during the first 2 weeks
of therapy and start decreasing. By 12 weeks, 13.7% report flatulence and 2.2% diarrhea, and a
5-year surveillance study of about 2000 patients with diabetes found that gastrointestinal side
effects associated with acarbose were reported by only 3.9% of patients [45]. For administra-
tion and dose adjustment and for understanding its metabolic benefits, its unique mode of
action, not just alpha-glucosidase inhibition, need to be considered.

* The effect of acarbose is to delay the digestion of starch and oligosaccharides in the small
intestine so that the release and absorption of glucose takes place over a longer time across
the length of the small intestine. In many individuals, alpha-glucosidases are most active
in the upper small intestine, and as acarbose treatment continues, there is a compensatory
increase in enzyme activity in the lower small intestine and gastrointestinal side effects
decrease over time [45].

¢ Furthermore, exposure of the lower small intestine to undigested carbohydrate leads to an
increased quantity and duration of glucagon-like peptide-1 (GLP-1) release [45]. Acarbose
also potentiates the reduction of ghrelin [46], thus may help to increase satiety.

* Low glycemic foods are preferred in type 2 diabetes. Low glycemic index foods are created
by different processing methods; alpha-glucosidase inhibitors mimic these compounds in that
they decrease the glycemic index (as well as the glycemic load) of carbohydrate-rich foods [46].

* Acarbose acts by competitive inhibition of alpha-glucosidase, so it is given at the same time
as the ingested carbohydrate [45]. When taken as a tablet, the usual available form, it is less
effective than when consumed in powdered form; so it is better to chew the tablet with food
than to swallow at the beginning of a meal [47].

® Acarbose blocks and slows the digestion of complex carbohydrate, like starch, and sucrose
(table sugar) without affecting the absorption of monosaccharides like glucose and fructose
(present in fruits) and disaccharide lactose (present in milk products), which is digested by
beta-glucosidase [44-47]. Trials in some countries report a higher incidence of gastrointestinal
symptoms when initiating the dose of acarbose [46]. It may be due to the dietary habit of the
population using sugar-rich food or soft drinks with or after meals. In any case, while initiating
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therapy with acarbose, starting with low dose (e.g. 25 mg or in a few cases still lower, once a
day after dinner) and with slow stepwise-increasing dose over weeks avoiding the sugar-rich
food or soft drinks with or after meals may help the patient to tolerate acarbose. Cochrane
review reports that acarbose dosages higher than 50 mg three times daily offer no additional
effect on HbAlc but more adverse effects instead. However, the fasting and post-load glucose
may benefit from higher dosages [43].

Thus considering the benefits and safety of acarbose, it can be used in the treatment of dia-
betes next after metformin even if HbAlc is well controlled. With judicious initiation of the
drug, most patients may be able to tolerate the drug. As in the case of metformin, those who
tolerate the drug will be benefitted.

8. Principles of planning of antihyperglycemic therapy

Apart from various factors (Figure 3) to consider while prescribing antihyperglycemic medi-
cations, there are other principles to guide planning of antihyperglycemic therapy in type 2
diabetes.

8.1. Possible loss of excess bodyweight for as long as possible and regular physical
activity and exercise: The cornerstones of therapy of diabetes

Loss of excess body weight and maintaining regular physical activity and exercise reduce
insulin resistance and beta-cell workload and also benefit cardiovascular health and are thus
the cornerstones of therapy of diabetes. The medications which support such aspects are
preferred.

8.2. Requirement of combination therapy

Combination therapy, even in many newly diagnosed diabetic patients, is often required and
it may also allow the use of submaximal doses of each antihyperglycemic medication result-
ing in fewer side effects [41, 42].

8.3. Need of gradual building up of the doses of metformin and acarbose

The doses of antihyperglycemic medications, particularly of metformin and acarbose hav-
ing longer history of safety profile and other benefits, have to be built up slowly so that
the patients tolerate the drugs; their maximum effect may take some time to be clinically
evident.

8.4. ‘Dynamic dose management of medications likely to cause hypoglycemia’

There is often need of controlling blood glucose immediately to prevent or treat acute com-
plications [50]. Sulfonylurea and insulin act relatively fast. Insulin remains effective in all
situations and it also helps to prevent ketosis. During the infection, other complications or
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immobility of the patients or the initial stage of diagnosis, rapid control of high blood glucose
may thus be required to be done as rescue therapy. However, sulfonylurea, repaglinide and
insulin not only cause hypoglycemia but also prevent the patients to lose weight and may
even cause weight gain. Normalizing blood glucose is important, but there are other factors to
consider as well (Figure 3 ). Moreover, even if sulfonylurea is continued to control the blood
glucose, the glucose-lowering effect of sulfonylurea by beta-cell stimulation is not durable
and wane over some years [41, 42]. DeFronzo has pointed out that such focus on simply
HbA1lc reduction with continuous use of sulfonylurea may lead to ‘treat to fail’ approach and
thus underlying pathophysiology also needs to be considered [41, 42]. The aim in the man-
agement of hyperglycemia in type 2 diabetes is to normalize it for as long as possible with
the help of antihyperglycemic medications avoiding hypoglycemia and helping the patient to
continue regular physical activity and exercise and to reduce excess bodyweight for as long

Phases of therapy Diet, physical + Regular use of + Temporary use of other
activity and exercise antihyperglycemic antihyperglycemic
and weight plan medicines drugs likely to cause

hypoglycemia’

1. Initiation of therapy =~ Recommended diet, + Gradually building up of + Short-term temporary use
reduction of excess metformin dose to the optimum of sulfonylurea or insulin
body weight and level to control hyperglycemia
regular physical immediately as rescue
activity and exercise therapy

2. Once the dose of Continue above + Addition of acarbose, + Short-term temporary use

metformin is optimum &  diet, physical pioglitazone, dipeptidyl of sulfonylurea or insulin

tolerable, next phase of activity and exercise peptidase-4 inhibitor, glucagon- to control hyperglycemia
therapy with other 2nd and weight plan like peptide-1 receptor agonist, immediately as rescue

to 4th drugs unlikely to sodium—glucose cotransporter therapy

cause hypoglycemia®™ 2 inhibitors

3. Regular hypoglycemic Continue dietand  + Repaglinide, sulfonylurea or + Short-term temporary

therapy physical activity basal insulin with other drugs use insulin to control
and exercise plan hyperglycemia immediately

as rescue therapy

4. Long-term Continue dietand  + Combination insulin therapy with or without other drugs

combination insulin physical activity

therapy phase and exercise plan

Note: The medications are used if not contraindicated and as per their effectiveness, tolerance by patients and local guidelines.
*Dynamic dose adjustment of medications likely to cause hypoglycemia’ aims to taper off the dosage of the drugs like
sulfonylurea to continue normalization of HbAlc for long time with diet, regular physical activity and exercise and
possible loss of excess bodyweight for as long as possible and with other drugs not likely to cause hypoglycemia.
tEven if HbAlc is well controlled, considering the long-term safety profile, mechanisms of action and negligible
systemic absorption, acarbose can be added once the optimum dose of metformin is tolerated. Acarbose is started
with low and slow stepwise-increasing dose over weeks or months to the optimum tolerable level. In patients only on
antihyperglycemic drugs unlikely to cause hypoglycemia, they may have their major meals two times a day as per their
convenience and custom. In such patients, the dose of acarbose can be gradually increased to the optimum tolerable
level, e.g. 50-100 mg two times daily with the meals. Whatever the dose the patients tolerate, it is likely to be beneficial
considering its unique mode of action and long-term safety profile.

tWhether to add other new drug even if blood glucose is well controlled and which one to add as 3rd or 4th drug will
depend on various factors as discussed in the text and on the guidelines of the local regulatory bodies.

Table 1. A suggested algorithm of antihyperglycemic therapy in type 2 diabetes.
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as possible. Physical activity and exercise increases glucose utilization and reduces blood
glucose. Thus, there is need of continuous effort to reduce the dose of sulfonylurea, repa-
glinide and insulin to the lowest possible level as the ‘Dynamic dose management of medications
likely to cause hypoglycemia’ letting the healthy lifestyle and other non-hypoglycemic antihy-
perglycemic drugs to maintain the blood glucose [50]. Patient education and guidance from
family physicians, diabetes educators and other health care workers will help to achieve such
dynamic dose management.

8.5. Long-term safety profile

Geoffrey Rose rightly highlighted ‘Safety is paramount with long-term interventions’ [9].
There is relatively longer history of safety profile with metformin and acarbose. They are
preferred in the prevention and in the early phase of treatment of diabetes so that they can be
safely continued for long time.

Based on such principles, a suggested approach of antihyperglycemic therapy is outlined in
algorithm in Table 1.

Compared to the two agents prescribed separately, combination tablets reduce pill bur-
den and help adherence of patients [49]. However due to the contrasting effect as well as
the need of “‘dynamic dose adjustment of medications likely to cause hypoglycemia’ to the
lowest possible dose and of gradual building of the dose of metformin for its continued
maintenance at the optimum level, the formulation of fixed dose of combination of such
drugs in a single tablet is irrational (Table 2) [50]. Availability of such fixed dose combina-
tion formulation in the market is likely to lead to the continued usage of sulfonylurea and
suboptimal dosage of metformin even right from the time of diabetes diagnosis with all its
effects in the patients.

Metformin Sulfonylurea or repaglinide
Hypoglycemia risk Neutral Moderate to severe
Effect on bodyweight Slight loss Gain
Major cardiovascular events ~ Beneficial Generally neutral’
Principle of use To maintain optimum dose To keep the dose as minimum as possible to

minimize hypoglycemia

Administration Usually after meal Usually before meal®

Dose adjustment with Difficult and the dose is likely to Difficult and likely to cause hypoglycemia if

combination tablet be suboptimal due to the fear of the optimal dose of metformin is targeted or
inducing hypoglycemia maintained

*Apart from the risk of effect of severe hypoglycemia on heart, it is also advised that use of the sulfonylurea types
(glibenclamide, glipizide, glimepiride and others) that bind the sulfonylurea receptor-2 A and B should be avoided in
high-risk patients suspected of having significant coronary artery disease [51].

*Sulfonylureas are often advised to be taken at least 15-20 minutes before a meal [51].

Table 2. The contrasting effect and uses of metformin and sulfonylurea and repaglinide making their fixed dose
combination formulation irrational.
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9. Avoiding unnecessary medicines and products

There is no clear evidence that dietary supplementation with vitamins, minerals, herbs or
spices can improve outcomes in people with diabetes who do not have underlying defi-
ciencies, and there may be safety concerns regarding their long-term use [25]. Unnecessary
medication or local herbal, traditional or plant products may increase the cost and/or num-
ber of tablets to be taken which can affect the adherence to the essential medicines. Any
medications or various products are also some form of chemicals and can also cause side
effects, affect different organ systems or interact with other medications [52]. It is a famous
saying ‘Everything under the sun, including the sun, can cause allergy or side-effects’. For
example, peripheral edema may occur in up to 16% with pregabalin [53]; however, amlo-
dipine, a useful and essential medicine for hypertension, may instead be inadvertently
stopped due to its well-known association with peripheral edema. Symptoms like tingling,
numbness or others may need to be investigated. However, if treatment does not change
the course of the condition and if symptoms do not affect sleep or daily life of the patients,
explanation and reassurance with the required follow-up may be preferred than using
unnecessary medications.

Research perspectives: State may develop some support system (e.g. by making available research funds or by
involving pharmaceutical companies or other donor agencies) to study the local herbal, traditional or plant products
and to identify and isolate the active the pharmacological ingredient of such possible crude products [52].

10. Education to the patient and training of educators

Structured education is an integral part of diabetes care [39]. Lifestyle management is a fun-
damental aspect of diabetes care and includes diabetes self-management education, diabetes
self-management support, nutrition therapy, physical activity, smoking cessation counsel-
ing and psychosocial care [25]. Nurses and other healthcare professionals requires adequate
training and certification to work in the health system to fill the gap between medical profes-
sionals and patients and thus between the available scientific knowledge and effective appli-
cation by the patients [50].

Public health perspectives: For the training in the management and education of people with diabetes, the nurses
and other healthcare professionals (with minimum of 2 years of professional practice experience) should have at
least 1000 hours of practice experience in diabetes self-management education along with various educational activi-
ties [54]. In the non-industrialized countries, it may thus entail 1 year of working under the supervision of physicians
(as a sort of residential training) in the daily diabetes and other outdoor and indoor services providing care and edu-
cation to the patients fulfilling the other training requirements (like logbook recordings of case history records, pro-
cedure and academic activities, assignments and assessments) [50, 55]. To incorporate such trained personnel in the
local health system, the terminology of certification of such training should match with the nomenclatures of other
existing healthcare workers and with the various intervention programs being planned and/or implemented [55].
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11. Programmes to control diabetes epidemic

There are extensive work done and literature available regarding the diabetes epidemiol-
ogy, healthy lifestyle, primary prevention of diabetes and effects of gestational diabetes
and in utero malnutrition and hyperglycemia. Many of them have been cited in the vari-
ous publications referred in this chapter [1-3, 7, 10, 25, 27, 29, 32, 39, 49, 56, 57, 67, 68].
In this section, the focus is on briefly highlighting the urgent priority public health pro-
grammes required to control the diabetes epidemic. The perspectives on controlling the
diabetes epidemic in the population as a whole, not just primary prevention of diabetes
in individuals, and the implementations of the required programmes are the dire needs
today.

11.1. Factors fueling the diabetes epidemic

The epidemic of glucose intolerance in the world is relatively a new phenomenon starting
since the latter half of twentieth century and the initial rise in diabetes prevalence has occurred
differently in various populations in the world [56, 57]. For example, gradual rise in diabetes
prevalence has occurred in Europids in Europe, Canada and the USA since around 1940s
with increasing sedentary life, obesity and aging with about a third of their population over
50 years of age. On the top of similar gradual rise, the migrant or urbanized Asian-Indian,
Arab, African, Chinese and Hispanic people faced the rapid rise of diabetes prevalence since
around 1970s mostly due to the rapid transition in the nutritional status of population lead-
ing to dissociation in metabolic states of fetal life (associated with nutritional want) and adult
life (with nutritional surfeit) of people. The indigenous people of the USA, Canada, Australia
and Pacific region also faced the rapid rise in diabetes prevalence (due to the rapid transition
in their nutritional status) since around 1940s and subsequently further faced the accelerated
rise mostly due to the addition of the factor of maternal hyperglycemia during pregnancy
affecting the in utero life of the offspring [56].

Such variations in the rise in diabetes prevalence in different populations can just be
ascribed to the effect of ethnic variations leading to a sense of fatalism. The concept of
ethnicity does provide self-identification with cultural traditions and social identity and
boundaries between groups, but it has dynamic nature [58]. Ethnicity is a sort of surrogate
marker for multiple environmental and genetic factors (though genetics playing a rela-
tively small part), in disease causation and for public health policy [56, 59, 60]. In terms
of the scientific approach and public health policy, ethnic variations in the prevalence of
any disease or condition should lead the humankind to search for such environmental or
genetic factors [59]. The different pattern of initial rise in diabetes prevalence in various
populations in the world, thus, appears to be related to the various proportions of three
groups of risk factors present in different populations. Thus, the three groups of such pos-
sible factors to consider are [56]:

* obesity, sedentary life and aging;
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¢ the rapid transition in the nutritional status of population leading to dissociation in meta-
bolic states of fetal life (associated with nutritional want) and adult life (with nutritional
surfeit) of people (this factor of in utero undernutrition appears to limit the range of normal
body mass index in adult life in such population and even in the individual person of any
population group) and

* maternal hyperglycemia during pregnancy affecting the in utero life of the offspring.

Whatever may be the differences of the initial rise in diabetes prevalence in the world and
its pathogenesis, the fact remains that diabetes epidemic is now increasingly affecting the
younger and younger population. There is, thus, the need to consider all possible factors to
control the epidemic of diabetes in all the populations.

11.2. Healthy diet and weight and regular physical activity and exercise
at the population level

Healthy diet with proportionate intake of nutrients, body weight as per the recommended
body mass index for the population and regular physical activity and exercise are appli-
cable to general population and people with impaired glucose intolerance, diabetes and
CVDs [3, 10, 21, 25, 32, 39, 56].

Public health perspectives: Campaigns and programmes are required to make the people, housewives and
children well aware of the recommended bodyweight (as required for the respective population) and the rec-
ommendations regarding the daily intake of plain water, fruit, vegetables, salt, sugar, fat (with adequate propor-
tion of mono- and poly-unsaturated and saturated fatty acid) and other nutrient avoiding the trans-fatty acid.
Multisectoral population-based approaches, including trade and agricultural policies and the workplace-, school-
and other setting-based interventions, for healthy diet and physical activity and exercise need to be considered
[2,3, 10, 56].

Public health perspectives: Pedestrians, cyclists and public transport passengers are the top three hierarchy
groups recommended while developing transport and traffic strategies [61]. It is also essential to have campaigns
and support system to develop various physical activity and exercise programmes at the community, school and
various workplace levels like regular walking, games and sports, marathon running, aerobic dance and others
[2, 3, 10, 56].

11.3. Prevention of maternal and childhood malnutrition

Taking a life-course perspective is essential for preventing type 2 diabetes, as it is for many
health conditions [2]. Firstborn offspring in the resource poor settings may be at increased
risk of glucose intolerance due to the likelihood of possible maternal malnutrition during the
first pregnancy as compared to that in later pregnancy [56, 62]. Adequate nutrition and micro-
and macronutrient supply before and during pregnancy are the steps to reduce the risk of in
utero malnutrition and its ill effects [27]. Good nutrition during infancy and childhood and
adequate physical activity among children are important for the development of a healthy
child and an adult [27].
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11.4. Maintenance of optimal pre-pregnancy bodyweight: the key programme required

The diagnosis of gestational diabetes mellitus (GDM) usually made at 24-28 weeks is
applicable for the clinical management of the women and their children during and after
pregnancy and it may also be useful for the mothers for primary prevention of later devel-
opment of diabetes. From further public health perspectives to avoid any possible long-
term in utero effect, prevention of subclinical maternal hyperglycemia right from the time of
conception needs to be considered [56]. The sedentary lifestyle, obesity and glucose intoler-
ance affecting relatively younger population are increasing in the community. The risk of
maternal hyperglycemia during pregnancy has thus increased (Figure 5) [56]. The relative
risk of developing overt GDM over the age of 35 years is 2.57 [63]. However, significant
increase in the risk of overt GDM is reported even at age >25 years as compared to that in
lower age [64].

The exact ‘safe’ normal level of maternal plasma glucose to prevent relative hyperglycemia
in utero for fetus appears difficult to define. To find out such level, long period of follow-up
is required after birth of offspring with exposure to different levels of maternal plasma glu-
cose correlating with other risk factors [56, 57]. The normal value of neonatal plasma glucose
may give some insight. However, the limits of normal plasma glucose defining neonatal
hypoglycemia in infants are arbitrary. Neonatal glucose concentrations may decrease after
birth, to as low as 30 mg/dL during the first 1-2 hours after birth, and then increase to higher
and relatively more stable concentrations, generally above 45 mg/dL by 12 hours after birth
[65, 66]. Later, it will gradually rise to adult levels.

Considering the risks of the macrosomia development, the safe normal level of fasting
plasma glucose during pregnancy appears to be below 80 mg/dL (4.4 mmol/L), perhaps

A Age of women with & Physical activity during A Weight of women before
pregnancy pregnancy* pregnancy*

A Insulin resistance 4 P Risk of matemal hyperglycemia o P Glucose intolerance

during pregnancy during pregnancy in the population
A Glucose intolerance / 4 Fetal exposure to maternal
in younger population hyperglycemia

A Glucose intolerance and obesity
in the offspring

Figure 5. A vicious circle of glucose intolerance in younger population and maternal hyperglycemia during pregnancy.
"The two preventable factors from the public health and clinical management perspectives. (Figure published with minor
modification with kind permission from J]NMA2009;48;173 [56]).
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even below 75 mg/dL (4.2 mmol/L) [67, 68]. Macrosomia is to a great extent measurable but
the fetal programming due to relative maternal hyperglycemia is difficult to assess and is
obviously likely to be affected earlier than the overt macrosomia. Weeks 3-8 encompass
organogenesis and major malformations in infants of diabetic mother occur during these
periods [69]. So to protect the fetus from any possible effect of maternal hyperglycemia,
blood glucose during the whole duration, including the early stage, of pregnancy has to
be within the safe normal level [56, 57]. As discussed earlier that even in non-pregnant
state, the risk of insulin resistance and diabetes in adult increases progressively upwards
of a BMI of 20-22 kg/m? and more than 80% of the people with diabetes live in low- and
middle-income countries and nearly two thirds of diabetes globally are attributable to
BMI above 21 kg/m? [10]. Considering the inherent insulin resistance during pregnancy
and increasing age of mother, the pre-pregnancy bodyweight should preferably around
or below the middle of the recommended BMI for the population [56]. In Finland with
predominant Europid population, the mean pre-pregnancy BMI of women were 21.9 and
23.7 kg/m? in 1960s and 2000, respectively [70]. If it increases to higher level, as in many
other populations, the risk of glucose intolerance during pregnancy may also increase.
Women who had a child gains extra weight than women who remained nulliparous [71]
and the second and subsequent offspring were anticipated about a decade earlier to have
increased risk of in utero exposure to the maternal clinical or sub-clinical hyperglycemia
due to the increased weight of mothers [56]. A recent study indeed reported increased risk
of GDM with increasing weight gain from first to second pregnancy [72]. In summary,
campaign and programmes for maintenance of optimal pre-pregnancy body weight as
per the recommended body mass index of the respective populations along with regular
physical activity and exercise during pregnancy are the essential measures available at
hand to prevent the possibility of maternal hyperglycemia right from the early pregnancy
and are the urgent priority to control diabetes epidemic.

Research perspective: Long-term follow-up study of offspring with exposure to different levels of maternal
plasma glucose correlating with other risk factors can be conducted. Possible risk of obesity and early glucose
intolerance in both female and male offspring due to the in utero hyperglycemia could also be due to the involve-
ment of mitochondrial DNA. Exposure of mitochondrial DNA to reactive oxygen species (ROS) can lead to
mitochondrial mutation [73]. Glucose excursions can lead to the formation of ROS, such as superoxide, which
leads to oxidative stress in the body [74] and acute hyperglycemia can lead to oxidative stress with increase in
the markers of oxidative damage [75-77]. Such oxidative stress due to high glucose level for the fetus during
pregnancy can thus be postulated to lead to oxidative damage to fetal mitochondrial DNA and the offspring in
this way may later be at increased risk of obesity and glucose intolerance. Superoxide anions, markers of oxida-
tive damage and mediators of subclinical inflammation can be analyzed in the fetal, amniotic and/or maternal
samples. If it is such mitochondrial inheritance as postulated, the affected female offspring would transmit the
disease to all their children, and affected male offspring, however, would not transmit the disease to their chil-
dren. The possibility of such pattern can be studied in the populations with high prevalence of type 2 diabetes
in young age.

Public health perspectives: Examples of prevention and control programmes in the communicable diseases as a
model for similar strategies required at individual and population levels for diabetes epidemic are summarized
[78] in Table 3. Control programme to protect the other susceptible populations (Table 3) is the dire need today to
control diabetes epidemic.
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Examples in the communicable disease

Examples in diabetes®

Prevention programmes
for individuals

Control programmes
to protect the other
susceptible populations’

* Immunization
® Personal protective measures
¢ Chemoprophylaxis

¢ Isolation

e Quarantine

* Vector control (e.g. mosquito control
for various diseases, cyclops control for
guinea worm, chicken and poultry culling
for avian influenza)

¢ Treatment of case (e.g. tuberculosis)
and carrier

* Population-wide and primary
prevention programs with healthy food,
physical activity and exercise and weight
reduction interventions to prevent impaired
glucose tolerance and diabetes

* Campaign and programmes to
help achieve the body mass index by the
people as recommended to the respective
populations

Campaign and programmes for

* Maintenance of optimal
pre-pregnancy body weight, as per the
recommended body mass index of the
respective populations

* Nutritional support for the girls and
women of childbearing age in rural and
poorer sections of the societies

*The vulnerable populations to be protected by the control programme of diabetes include the offspring of malnourished
or overweight mothers during their in utero life.

*National and international health and diabetes agencies should clearly spell out the control programmes, with
appropriate budget allocation, for the control of diabetes epidemic.

Table 3. Examples of prevention and control programmes in the communicable diseases as a model for similar strategies
for individuals and susceptible populations in diabetes epidemic (table published with minor modification) [78].

12. Conclusion

Adequate control of blood pressure, use of statin, cessation of tobacco use, regular physical
activity and exercise and possible loss of excess bodyweight for as long as possible are the core
management aspects in diabetes. Judicious use of antihyperglycemic drugs requires consid-
eration of various factors, especially hypoglycemia and effect on bodyweight and cardiovas-
cular events. The aim should also be to achieve normalization of HbA1c for long time by loss
of excess bodyweight for as long as possible, regular physical activity and exercise and using
regularly the antihyperglycemic medications not having the risk of hypoglycemia. ‘Dynamic
dose adjustment of medications likely to cause hypoglycemia’ helps to apply such principles
by temporary use of sulfonylurea or insulin as rescue therapy. Apart from such clinical man-
agement and various research aspects, there are public health approaches to be considered
as the top priority for the control of diabetes epidemic in the population. The diagnosis of
gestational diabetes usually made at 24-28 weeks is applicable for the clinical management of
mother and child and for possible primary prevention of diabetes later in the mother. From
the public health perspectives, however, protection of the susceptible in utero population from
maternal malnutrition or clinical or subclinical hyperglycemia right from the time of concep-
tion itself is particularly required to control diabetes epidemic at the population level. There is
urgent need of campaigns and programmes for maintenance of optimal pre-pregnancy body
weight, as per the recommended body mass index for the respective populations.
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