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Impact of Early Life or Intrauterine Factors and
Socio—Economic Interaction on Diabetes — An Evidence on
Thrifty Hypothesis

Khalid Siddiqui*, Salini Scaria Joy, Shaik Sarfaraz Nawaz
Strategic Center for Diabetes Research, College of Medicine, King Saud University, Riyadh, Kingdom of Saudi Arabia

Diabetes mellitus is one of the most concerning non-communicable diseases worldwide. The prevalence of diabetes in-
creased rapidly by the influence of socioeconomic interactions. The thrifty hypothesis postulates that certain genes that
are involved in positive selection promote efficient fat deposition and storage. This is beneficial for the survival of man-
kind in adverse conditions. However, in this modern society, these genes have become disadvantageous as people are
significantly less likely to experience famines and nutrition shortages. The socioeconomic development that has occurred
during the 20th century induced abundance of food supplies in almost all regions of the world. This has led to a rapid
rise in the prevalence of obesity, and type 2 diabetes as a consequence. Boom of diabetic pandemic in newly developed
countries compare with others those who developed gradually can be explain by thrifty hypothesis, as a result of the
difference in the exposure to environmental factors and famine by the ancestors leads. The globalization, urbanization,
lack of physical activity, intake of high calorie food and migration is major cause of pandemic emergence of diabetes
in high as well as middle and low-income countries.
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INTRODUCTION

Diabetes is a metabolic disorder characterized by hyper-
glycemia resulting from the interaction of genetic and envi-
ronmental factors. Type 2 Diabetes (T2D) is characterized

by insufficient secretion of insulin from the B-cells of the
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pancreatic islets, coupled with insulin resistance. Globally,
415 million people are affected by diabetes and by 2040;
this will rise to 642 million. The average prevalence of dia-
betes in the age profile (20-79 years) in high-, middle- and
low-income economies countries are 9.37%, 9.56% and 4.68%
respectively [1]. In past 3.5 decades, the prevalence of dia-
betes remarkably increased in middle income countries as
well as high income countries with rapid economic growth
(Table 1).

The human species underwent various changes during
evolutionary history from the hunting and gathering period,
the discovery of fire, to present times, mainly after the im-
plementation of agriculture [2]. Humans are thought to
have struggled to find food in sufficient amounts and qual-
ity to ensure survival for reproduction [3]. These changes

exerted a direct influence on feeding habits and which im-



Table 1. The age adjusted diabetes prevalence (%) in high-,
middle- and low-income countries in 1980 [30] and 2017 [1]

Prevalence Prevalence

Countries of diabetes of diabetes . Fold
(%),1980% (%), 2017 '"TE4€
High income countries
Steady economic growth
Austria 3.92 6.4 1.63
Netherlands 3.77 53 1.40
United Kingdom 4.37 4.3 0.98
Rapid economic growth
China 4.28 9.7 2.26
Qatar 11.19 16.5 1.47
Saudi Arabia 8.20 17.7 2.15
UAE 9.98 17.3 1.73
Kuwait 12.41 15.8 1.27
Middle income countries
Bangladesh 3.80 8.4 2.21
India 4.13 10.4 2.51
Pakistan 5.40 8.3 1.53
Ukraine 5.57 7.1 1.27
Low income countries
Afghanistan 4.92 9.6 1.95
Nepal 3.80 7.3 1.92
Madagascar 2.52 3.9 1.54
Guinea 2.4 2.4 1.00

*Diabetes prevalence (%) in 1980 were calculated by averaging
the prevalence of men and women.

pact on human health. Data on modern time hunt-
er-gatherers as well as hunter-gatherer agriculturalists who
consumed ancient diets indicate that such societies are
broadly free of diseases (eg. obesity, coronary heart disease,
and diabetes) during civilization [4].

To consider this, the prevalence of diabetes increased rap-
idly in last 30-40 years period and shown an enormous dif-
ference in the diabetes prevalence among population living
in same economic status. This rapid increase in prevalence
of diabetes cannot be explained by genetics only. The stud-
ies on different countries reported that, the factors that
have been proposed as major reasons for rapid increase in
diabetes worldwide are environmental factors (early life
factors including intrauterine condition, low birth weight,
childhood growth, age and time of exposure to famine), un-
healthy diet (overconsumption of calorie rich diet), rapid
economic development of the countries in short period of
time (urbanization, globalization) and lack of physical ac-

tivity contribute to increasing prevalence of obesity and in
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turn T2D [5-11]. Hence, we assume that thrifty hypothesis
and its supporting factors have a major role in the increased
prevalence of diabetes in various populations. This review
explains the increased prevalence of diabetes in different
population based on recent thrifty hypothesis with support-
ing data. There are several proposed hypothesis for the in-
creased prevalence of diabetes in regards with thrifty con-
cept, these include thrifty gene hypothesis, thrifty pheneo-
type hypothesis, drifty gene hypothesis, thrifty epigenotypes
hypothesis.

HYPOTHESIS

1. Thrifty gene hypothesis

First time in 1962, James Neel, a professor of Human ge-
netics proposed the thrifty gene hypothesis (TGH), address-
ing the etiology of diabetes and obesity from the perspective
of evolutionary and genetic cause [12]. TGH explains that
ancestor’s genes undergo multiple natural selection proce-
dure and served energy stores can be used in the time of
famine or fall. In TGH, individuals predisposed to develop
diabetes might appear because of genetic variations. Human
genetic variation might be beneficial in certain environ-
mental conditions, or nonbeneficial in different environ-
ment and may cause disease. In recent times, when physical
activity has decreased, and calories are in constant supply
the “thrifty genotypes rendered by detrimental by progress”
and support the development of obesity and diabetes [13].
The TGH fails to identify major thrifty genes. According
to this hypothesis, population, are genetically adapted to an
environment during which calories are deficient. The TGH
explains that genes promote efficient fat deposition and the
storage of fat was beneficial for ancestors for survival. In
modern community, such genes are disadvantageous because

not everybody who lives a modernized life is obese.
2. Thrifty phenotype hypothesis

The thrifty phenotype hypothesis (TPH), introduce by
Hales and Barker in 1992. TPH propose etiological model
for T2D. In this model, undernutrition acts not as a selection
pressure acting over many generations to alter the genetic
makeup of the population, but rather as an early environ-

mental factor acting in early life. According to this hypoth-
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esis maladaptive responses occur as a result of environ-
mentally induced alteration of physiology in the early life
[14].

3. Drifty genotype hypothesis

Drifty genotype hypothesis (DGH) by John Speakman in
a year 2008 defines that there will be a genetic drift in the
genes rather than positive selection. The DGH state that the
prevalence of thrifty genes cannot be under natural positive
selection for energy storage genes. It is due to genetic drift
resulting from the removal of predative natural selection
pressures [15]. Even though drifty genotype hypotheses fail
to explain the emerging diabetes susceptibility and related
risk in modern developed world. But widely accepted thrifty
phenotype and thrifty epigenotype hypothesis win to ex-
plain the role of environmental factors over the genes, im-
pact of globalization and changes in lifestyle on diabetes

susceptibility over modern industrialized countries.
4. Thrifty epigenotypes

Thrifty epigenotype hypothesis (TEH) was proposed by
Reinhard Stoger in 2008. Thrifty epigenotypes hypothesis
addresses the limitations of thrifty genotype and thrifty
phenotype and unifies merits of both hypotheses [16]. A
growing body of evidences supports the idea that epigenetic
changes such as DNA methylation and histone protein mod-
ification, both involve chromatin remodeling and con-

tributing to epigenetic reprogramming of the fetus. Fetal

Table 2. Thrifty hypothesis and drawbacks

adaptation to impaired nutritional environment settings pre-
sumes profound changes in gene expression. This involves
regulation of tissue-specific motifs of methylated cytosine
residues, modulation of the histone acetylation and deacety-
lation alterations, cell differentiation, and stem cell pluripotency.
Intrauterine growth restriction is mostly associated with the
induction of continuous changes in tissue structure and its
functionality. Similarly, a maternal obesogenic environment
is most probably associated with epigenetic reprogramming
of glucose and lipid metabolism [17]. Epigenotype hypoth-
esis suggest that an individual acquire metabolic thrift estab-
lished during a time of nutrient oversupplied or malnutrition.
The phenotypes upon confronting different environmental
conditions from those existed during the programming peri-
od, established phenotype fails to adapt, which rises disease
risk. Moreover, epigenotypes can be inherited across gen-
erations and predisposed to obesity and T2D (Table 2)
[16-18].

THRIFTY HYPOTHESIS AND
SUPPORTING EVIDENCE

At different times, different hypothesis was given to sud-
den rise in prevalence of diabetes and obesity. As we all
know that the genetic selection takes many decades to show
any effect in gene changes. Therefore, evidence-based fac-
tors supporting thrifty hypothesis mainly includes environ-

mental factors such as early life factors including intra-

Hypothesis

Explanation

Draw backs

Thrifty gene hypothesis

Thrifty phenotype

Drifty gene hypothesis

The early environmental factors acting in early life acts as
a selection pressure over many generations to alter the
genetic makeup of the population.

The prevalence of thrifty genes or fat storage gene is due to
genetic drift in the genes rather than positive selection.

Genes undergo multiple natural selection procedure and serve Unable to explain the heterogeneity
energy stores can be used in the time of famine or fall.

of diabetes and obesity between and
within populations

Fails to explain the role of current living
environmental conditions

Fails to explain the emerging diabetes
susceptibility and related risk in
modern developed world.

Epigenotype

An individual acquires metabolic thrift established during a time
of nutrient oversupplied or malnutrition. The phenotypes upon
confronting different environmental conditions from those
existed during the programming period, established phenotype
fails to adapt, which rises disease risk.
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uterine condition, low birth weight, childhood growth, age
and time exposure to famine, unhealthy diet by over-
consumption of calorie rich diet, sudden economic develop-
ment of the countries, lack of physical activity, migration

and epigenetic mechanisms.
1. Environmental factors

According to Hales and Barker, poor nutrition during the
fetal period or infancy, followed by good or over nutrition
is major cause of T2D [14]. In support of this hypothesis,
altered glucose-insulin metabolism was found in the find-
ings from experiments in rodents and other animals having
maternal energy deficit during pregnancy, especially when
combined with overfeeding in the postnatal period [19].
Lumey et al. assess the risk of T2D in Ukrainian adults
whose mothers were pregnant during Ukraine famine
(Holodomar) of 1932-1933 [20]. This study reported that
the T2D increases 1.5 times in individuals who were born
in 1934 and 1.3 times increased T2D prevalence in the
adults who born in the region affected severe famine [20].
These findings extent to other studies reporting diabetes re-
lated outcomes after prenatal famine in the high-income
countries such as Netherlands, China and Austria [21]. The
evidence from the brief duration Dutch famine provides in-
formation about the effects of fetal undernutrition at dif-
ferent stages of gestation confirmed that famine exposure
in early gestation led to disturbance of lipid metabolism
while in mid and late gestation it led to disturbance of glu-
cose-insulin metabolism [8].

Birth weight is an indicator of intrauterine nutrition. A
study with four-year-old Indian migrant children supports
that children with reduced intra-uterine growth or low birth
weight (< 2.4 kg) have reduced glucose homeostasis after
a glucose challenge [22]. Another study, low-birth-weight
Pimas are thinner at ages 5-29 years, yet they are more in-
sulin resistant relative to their body size than those of nor-
mal birth weight and leads to increased risk for T2D [23].
However, an evidence from a low-income country Gambia,
reveals that small babies, including those born during a nu-
tritionally-debilitating hungry season, maintain excellent
cardiovascular health into adulthood, with a complete ab-
sence of the metabolic syndrome, as long as they retain their

‘lean, fit and frugal’ lifestyle in the rural areas [24]. These
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findings confirmed TPH that maternal and childhood un-
dernutrition and later exposure to western diet and life
styles through migration to urban area or improved econom-
ic conditions may promote increase prevalence of obesity
and in turn T2D. The Great Leap Forward Famine (GLFF)
in China (1959-1961) explains the adverse effect and se-
lection effect vary among famine exposure at different age.
Prenatal/infant exposure to GLFF leads to reduced risk of
having chronic disease in later lives and puberty exposure
to the GLFF results in increased risk of having chronic dis-
eases [10].

2. Unhealthy diet

The Pacific Island of Nauru gives an insight into how im-
proving nutrition may be associated with a rise in T2D fol-
lowed by a famine period [9]. The traditional lifestyle of
Nauruan was based on agriculture and fishing and involved
frequent episodes of scarcity of food because of droughts
and poor quality of soil. The Nauruan were chronically mal-
nourished until the end of the Second World War. After
the Second World War, new wealth from phosphate mines
leads increased sugar consumption (average of a pound per
day) and increased use of store-bought food by Nauruan.
The Nauruan people had “irregular eating habits” consisting
of three high-caloric meals per day, supplemented with fre-
quent in-between meal snacking. Few vegetables were eaten.
The average caloric intake for males 20-39 exceeded 8,700
calories [25]. The immediate consequence of this was a
great increase in obesity and the emergence of an ‘epidemic’
of T2D [9].

The rise in chronic diseases is link to dietary pattern of
high income Middle Eastern gulf countries. The per capita
cereal consumption in Saudi Arabia is decreased by 0.1%
and meat consumption is increased on average by 2.2% per
year between 1993 and 2003. The over consumption of
western diet also has an impact on increased diabetes preva-
lence in above Middle Eastern countries [26]. Other studies
with high income countries reported that individuals ex-
posed to marked food shortage during gestation prefer
high-fat diet and have higher energy intake in late middle
age, increasing the risk for obesity and diabetes over time
[27-29]. This also confirmed the thrifty epigenotype hy-

pothesis that phenotypes upon confronting different envi-
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ronmental conditions from those existed during the pro-
gramming period, established phenotype fails to adapt,

which rises disease risk.

3. Rapid economic development of the countries
in short period of time

The high-income countries in Middle Eastern region are
Saudi Arabia, UAE, Kuwait and Qatar. The Arabians whose
traditional way of life was mostly dependent on oasis-dwell-
ing farming and herding, fishing, crafts work and long-dis-
tance trading. The oil and gas exploitation has led to a sud-
den and exceptional economic growth of the above countries
and lead to the richest economies in the world. The sudden
changes in lifestyle along with the economic growth they
have experienced contributes to a marked rise in obesity and
chronic disease prevalence [26]. Data collected during the
last 35 years reveals that there is a three-fold increase in
diabetes prevalence from 4% to 11% reported in Middle
Eastern countries. Similarly, the traditional lifestyle of
Nauruan was based on agriculture and fishing and involved
frequent episodes of scarcity of food because of droughts
and poor quality of soil. The Nauruan were chronically mal-
nourished until the end of the Second World War. The
flourishing phosphate mines built up after the war drasti-
cally changed the economic and nutritional welfare of the
population leading to a great increase in T2D [9].

Even though Europeans have a high economic status, the
increase of diabetes prevalence during the last 3 decades is
from 5.45% to 6.2% only [30]. The Europeans are the peo-
ple who were less exposed to famine traditionally. Europe’s
famines were ended by following factors, by efficient dis-
tribution of surplus grain to famine areas; increasingly effi-
cient food transport by land and sea; emergence of diversi-
fied agriculture after AD 1492 by broadening the agri-
culture of crops such as potatoes and corn (maize) which
were imported from outside and thereby reducing the risk
of starvation from failure of a single crop; and finally the
‘irrigation agriculture’ which reduced the risk of a crop fail-
ure as well as expense of food transport within Europe. This
confirmed that those stayed in same environmental con-
dition would have undergone little selection of thrifty geno-
type hence less prevalence of diabetes [25]. The above evi-

dence confirms the thrifty epigenotype hypothesis that an
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individual acquires metabolic thrift established during a
time of nutrient oversupply or malnutrition.

Globalization and economic development has made food
products, such as edible oil and sugar, more accessible and
relatively cheaper than in the past which leads to spurred
nutrition transitions in many developing nations [31]. This
nutritional transition typically involves more frequent in-
take of fast foods, increased consumption of energy dense
foods, intake of animal fat and decreased fiber. Notable
changes that have occurred in Asia in the last several deca-
des include a large shift from consumption of coarse grains
to polished rice and refined wheat. The high/middle income
or urban population among India and China starts reduced
intake of cereals and consumption of low nutrition food and
higher energy intake among the poor. In both groups in-
creased consumption of fat and high intake of meat, edible
oil in China and increased consumption of dairy products,
especially highly saturated ghee (clarified butter), and add-
ed sugar in India [32]. The popularity of fast food in China,
exemplifies the influence of food marketing, fueled by
globalization in the urban areas and also nutrition transition
leads to a rapid increase of overweight/obese people in last
few decades [33]. So, before the globalization period there
developed a metabolic thrift on individuals and sudden es-
tablishment of globalization leads phenotype fails to adapt,
which rises the diabetes prevalence.

Evidence from the urbanization plays a critical role in
rapid rise of diabetes prevalence among the population of
same ethnic background. The Africans lived in Cape Town,
faced a rapid development of new townships in 1983. The
studies held after a decade clearly established the role of
urbanization in South Africa, an increased prevalence of
diabetes from 3.6% to 8% in two decades [34]. The studies
held in India with two populations having considerable soci-
oeconomic differences but belonging to the same ethnic
background, having high literacy and same food habits con-
firmed that the high prevalence of T2D in the urban south-
ern Indian population when compare with rural areas [35].
As a result of urbanization diabetes increased in rural
Bangladesh and Pakistan and suburban and rural areas in
Nepal [36-38]. In high income country like Saudi Arabia
the rapid economic development leads to increased
urbanization. An article published in 2004 reported that the



overall prevalence of Diabetes mellitus (DM) in adults in
Saudi Arabia was 23.7% and also DM was more prevalent
among Saudis living in urban areas of 25.5% compared to
rural Saudis of 19.5% [39].

4. Lack of physical activity

The lack of physical activity and increased prevalence of
diabetes can be explained by the evidence from high income
population U.S Pima Indians, and middle-income population
Mexican Pimas, who have similar genetic background but
adapted to contrasting lifestyles. But the situations in high
income middle eastern countries like Saudi Arabia, Kuwait
and UAE who have a diabetes prevalence of more than 20%
is quite different. Here the decreased physical activity not
only due to the greater availability of cars and mechanic
appliances, cheap migrant workers and influence of com-
puters and electronic devices but also may have been re-
inforced by cultural impediments to physical exercise and
sports. According to the National Oceanic Atmospheric
Administration (NOAA) heat index in these countries are
at dangerous level [26]. So, thrift established during the
time of low economic conditions fails to adapt the pro-
grammed phenotype during sudden changes in lifestyle in-
cluding sedentary life style leads to the sudden increase in
prevalence of diabetes in a very short period. So here con-

firmed thrifty epigenotype hypothesis.
5. Migration

Another supporting factor for TPH is migration from low
income countries to high income countries. The people who
migrate from their country of origin to a new host country
are commonly found to have a higher diabetes prevalence
compared to the population in the new host country. The
relation between migration status and disease pattern is
complex and it may depend on the conditions of their coun-
try of origin, their new host country, and also conditions
during migration process itself [40-43]. In a 20 year longi-
tudinal follow-up study with first generation migrants of
Indian Asian (n = 839) and African Caribbean (n = 335)
residing in the UK compared with Europeans (n = 1354).
The results from the above study shows that Indian Asian
population had an almost 3 fold excess incidence of T2D

and African Caribbeans had more than 2 fold excess in-
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cidences than native Europeans [44].

In Middle Eastern countries whose overall prevalence of
diabetes in 2014 was reported as 11.4% and age standardized
prevalence is 13.6% and is considered the third largest prev-
alence among region specific prevalence. In 2003 studies on
high and middle-income Arab- community who immigrated
to Michigan reported that 41% of the population 20-75
years of age and > 70% of those over 60 years of age are
affected by abnormal glucose tolerance [45]. But age stand-
ardized prevalence of diabetes in Middle Eastern countries
in 2003 reported as 9.9% only [30].

Among high income groups the European immigrants of
United States and Australia who have British and German
ancestry has much higher prevalence of T2D than the peo-
ple who are living in Europe under similar conditions. From
the evidence of history-based study. Zimmet et al. claiming
that the Europeans who stayed at home country tended to
be richer than those who emigrated [46]. The predisposed
gene for T2D in native group may already go to multiple
selection procedure in time of availability of abundant food,
whereas those who emigrated may have been the starva-
tion-prone poor who still carried the thrifty genotype [46].
So, this may cause of higher prevalence of diabetes in mi-
gratory group of Europeans. To clarify the above state-
ments, they compare the Europeans still living in Europe
with migrated group and found that overseas descendants
of Irish emigrants in the 1840s are more susceptible to dia-
betes than Ireland’s natives [25]. These examples give a
clear idea that the factors affecting the difference in dia-
betes prevalence in a population is not only by the pop-
ulation of origin, but also factors related to migration itself,
to social and lifestyle factors in the new host countries.
From the above evidences it proved the thrifty phenotype
hypothesis that undernutrition acts not as a selection pres-
sure acting over many generations to alter the genetic make-
up of the population, but rather as an early environmental
factor acting in early life and also the maladaptive responses
occur as a result of environmentally induced alteration of

physiology in the early life.
6. Epigenotypes

The “thrifty genes” favors fat storage during a period of

famine and leads to obesity and diabetes during a time of
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plenty. Here thrifty gene can better be explained by the loss
of uricase which leads to increased uric acid and later obe-
sity and diabetes. The evolution based genetic studies re-
ported that reduced availability of fruits and climatic
changes results in the loss of uricase in human ancestors in
mid-Miocene period leads to the consequence of increasing
susceptibility to become obese [47-51]. The increasing sus-
ceptibility of fat in liver cells is mediated by the action of
fructose and thus it seems that uricase act as a ‘thrifty gene’
which increases the chance to get diabetes [52].

Among the three major ancestral groups of Pacific people
(Polynesians, Micronesians, and Melanesians), Micronesians
(such as those living in Nauru) and the Polynesians

(including the New Zealand M3ori) are the population who

- Lack of physical activity

S

were more susceptible to obesity and having high prevalence
of diabetes [53]. Genetic studies suggest the Micronesians
and Polynesians were originated from aborigines in Taiwan.
Interestingly, the serum uric acid levels in Taiwanese abo-
rigines, Micronesians and Polynesians appear to be higher
than the other ethnic group [54,55]. The Taiwanese aborigi-
nal population also suffers from higher rates of obesity and
diabetes than the Han Chinese living in Taiwan [56].
Johnson et al. propose that the epigenetic modifications to-
gether with polymorphism in Polynesian and Micronesian
peoples may have an effect on higher endogenous uric acid
level [57].

The evidence of the epigenetics for obesity and T2D al-

ways points towards somatic tissues in the fetus and intra-

Increased
susceptibility

to diabetes

- | Nutrient rich environment |
+

———
———————————

| Nutrient poor environment |

Time period | 1930-1960 | E —E—p
Intrauterine » . - . " ® .
St Low and middle income countries those met with famine in a period
=
4 Y

———

Time period

S PP

-W

High income countries those never met with famine in a period

Nutrient rich environment | -

Slightly increased
prevalence of diabetes

Lack of physical activity

Fig. 1. Different supporting factors of thrifty hypothesis on the increased prevalence of diabetes mellitus in low and middle-income
countries those that experienced a famine period. Low- and middle-income countries those met with famine, undergoing undernutrition
in fetal stage resulting in low birth weight children. These children undergo epigenetic programming and those who met a nutrient
rich environment and went through some certain conditions such as lack of physical activity, intake of high calorie diet, frequent
eating habits, sudden economic growth, sudden changes in lifestyle, urbanization, globalization, and immigration to high income country
in their later life were more susceptible to diabetes. While, those who stayed in poor nutrient environment in their later life were
less susceptible to diabetes. Unlike low income countries, high-income countries that never experienced (or managed their famine
period), were born with a normal weight, and then were also subjected to nutrient rich environment with lack of physical activity,
intake of high calorie diet, frequent eating habits in their later life, will either not develop diabetes or will have a lower risk.
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uterine environment conditions which appear to be a consid-
erable determinant of the body fat mass of an individual
later in life. It was reported that the future function of hy-
pothalamic centers regulating food intake is influenced by
the number of calories available at crucial times of develop-
ment [58]. The effect of all above supporting factors of
thrifty hypothesis over a period of time on low, middle and

high-income countries were briefly illustrated in Fig. 1.

CONCLUSION

Now a day there are a lot of studies that support thrifty
hypothesis to explain sudden increment of diabetes in dif-
ferent populations. These evidence-based studies can give a
better understanding on thrifty hypothesis. The increased
prevalence of diabetes is not only affecting the high-income
countries but also low and middle-income countries. The
current thrifty hypotheses added that the selection pressures
faced by the ancestors of all inhabitants of developed coun-
tries today were different which leads to the difference in
the prevalence of diabetes. Studies on effect of change in
environmental condition and inherited traits has gone stron-
ger and opens the door to acceptable hypothesis such as
thrifty phenotype and epigenotype. Apart from this the evi-
dence from changes in eating habits, intake of high calorie
foods, globalization, and urbanization, lack of physical ac-
tivity, migration and interaction of environment on genes
supports the pandemic increase of diabetes in developed

world.
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