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Obesity-associated metabolic illnesses are increasing at an alarming rate in Asian countries. A common feature observed in the Asian 
population is a higher incidence of abdominal obesity—the “skinny-fat” Asian syndrome. In this review, we critically evaluate the rel-
ative roles of genetics and environmental factors on fat distribution in Asian populations. While there is an upward trend in obesity 
among most Asian countries, it appears particularly conspicuous in Malaysia. We propose a novel theory, the Malaysian gene-environ-
ment multiplier hypothesis, which explains how ancestral variations in feast-and-famine cycles contribute to inherited genetic predis-
positions that, when acted on by modern-day stressors—most notably, urbanization, westernization, lifestyle changes, dietary transi-
tions, cultural pressures, and stress—contribute to increased visceral adiposity in Asian populations. At present, the major determinants 
contributing to visceral adiposity in Asians are far from conclusive, but we seek to highlight critical areas for further research.
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INTRODUCTION

Obesity results from an imbalance between energy intake and 
expenditure over an extended period. It is generally character-
ized as excessive fat storage and an increase in the ratio of fat to 
muscle. Obesity has become a global epidemic during the last 
decade and is considered a major causative factor for numerous 
illnesses and increased morbidity [1]. This gives rise to the 
question “why store fat at all”? All vertebrates store fat in their 
bodies. Fat is essential for the survival of an organism and can 
sustain life during starvation and famine. It is a major compo-
nent of the living cell structure, as most organelles are com-
posed of lipid membranes (nuclear, Golgi, and endoplasmic re-
ticulum membranes). Fat is a major energy substrate due to its 

high caloric content and it is essential for generation of adenos-
ine triphosphate. The body has evolved a mechanism to store 
fat; when intake of glucose and fat exceeds energy demand, it is 
consequently stored in different locations [2]. Presently, it is un-
clear whether there are any advantages to storing fat in particu-
lar locations in the body. It is, however, interesting that fat stor-
age and distribution varies between different ethnicities and to 
some extent between individuals. There is also scientific evi-
dence suggesting that subcutaneous fat is healthier than visceral 
fat, as increased visceral fat is associated with insulin resistance 
and lipotoxicity [3]. 

Fat distribution patterns vary among different racial and eth-
nic groups and reflect racial and ethnic differences in anthropo-
metrics. Generally, Hispanic and African-American women 
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tend to store fat around the hips, buttocks, and thighs, a physio-
logical phenomenon characteristic of the gynoid (“pear shape”) 
body, while Asian women tend to store fat around the abdomen, 
characteristic of the android or “apple shape” body [4]. Signifi-
cant differences in abdominal fat storage have been observed 
across racial and ethnic analyses, although the differences are 
less marked in men than women [5,6]. Increasingly, recent stud-
ies have indicated the prevalence of higher abdominal fat in 
Asian populations [7-13]. 

This finding emphasizes the relationship between not only 
excess fat storage in general, but the location of fat storage, as 
Asians demonstrate greater visceral fat storage despite lower 
body mass index (BMI) values. Consequently, higher levels of 
visceral fat have been consistently linked to higher risk of meta-
bolic diseases such as type 2 diabetes, hyperglycemia, and high-
er triglyceride levels, as well as cardiovascular diseases and hy-
pertension [14,15]. Given this discrepancy, recommendations 
have been made that incorporate waist circumference and other 
anthropomorphic measurements in addition to BMI in predict-
ing metabolic risk [16]. This is accompanied by race-specific 
modifications to BMI and associated benchmarks. 

Asia is home to nearly 4.7 billion people, which amounts to 
approximately 61% of the global population. It represents some 
of the largest economies in the 21st century and continues to 
grow at a fast pace, shifting people from rural to urban life-
styles. This rapid economic growth has created a rich middle 
class and affluent lifestyle among many Asians. With increased 
economic growth and affluence, there has been a shift from tra-
ditional to Western lifestyles, often accompanied by the replace-
ment of traditional cuisine for westernized diets. With an in-
crease in economic growth, Asia has also seen a steady increase 
in obesity and diabetes during the last three decades. China and 
India have 116 and 77 million people living with type 2 diabe-
tes, respectively, and India is expected to surpass China by 2050 
if this problem is not controlled [17].

The Asian biological propensity to store fat predominantly in 
the abdominal region poses an important question: Why do 
Asians have a genetic predisposition to store fat viscerally, and 
to what extent do genetics and the environment play a role in 
modifying fat distribution?

GENETIC FOUNDATION

An illustrative theory: the Yajnik-Yudkin hypothesis (Y-Y 
paradox)
The tendency toward visceral fat storage in Asians is illustrated 

by the Yudkin-Yajnik paradox. Yudkin, a British doctor, and his 
colleague Yajnik, a South Asian doctor, demonstrated signifi-
cant differences in fat composition despite having similar BMIs. 
Though Yajnik appeared physically slenderer, body scans 
showed a higher fat-content-to-body-weight ratio. This “thin-
fat” anomaly illustrates a trend in which Asians with compara-
ble (if not lesser) BMI measurements as Caucasians have higher 
body fat content, particularly visceral and abdominal fat, as well 
as lower skeletal muscle mass and higher rates of insulin resis-
tance [18].

Shared metabolic-related genes
Recent studies have identified genes involved in metabolic 
functioning that may influence fat distribution, body structure, 
and fat metabolism pathways integral to fat storage and utiliza-
tion. Genetic similarities and shared genomic lineages between 
individuals of the same ethnicity may be responsible for pat-
terns of metabolic syndromes and anthropomorphic features 
characteristic of certain ethnicities. 

Genome-wide association studies (GWAS) have been con-
ducted on the heritability of fat distribution. A study by Lotta et 
al. [19] identified 202 independent genetic variants associated 
with higher BMI-adjusted waist-to-hip-ratio (WHR) and unad-
justed WHR that were also associated with higher blood pres-
sure, triglyceride levels, and risk of diabetes. Certain genetic 
variants are known to influence patterns of compartmental fat 
distribution. A meta-analysis by Heid et al. [20] indicated 13 
loci associated with WHR and revealed sexual dimorphism in 
the genetic basis of fat distribution. Accordingly, sets of genetic 
loci have been identified and linked with roles in body fat regu-
lation, insulin sensitivity, transcriptional regulation of metaboli-
cally active tissues, and enriched expression in adipocyte-relat-
ed tissues [21]. 

Various loci have been identified whose role in regulating 
specific metabolic functions is to collectively influence the phe-
notypic expression of fat distribution. For instance, neuropep-
tide Y (NPY) has been shown to have adipogenic effects on en-
ergy storage, food intake, and obesity, as well as cardiovascular 
regulation. A study of the single-nucleotide polymorphism in 
the rs16147 allele of the NPY gene revealed differences in waist 
circumference reduction and adiposity between the C and T al-
lele variants when participants were fed a caloric-deficient, but 
high-fat diet: those with the T allele showed smaller reduction in 
waist circumference compared to those with the C allele, along 
with more adverse changes in abdominal fat content compared 
to those fed a low-fat diet and a greater propensity to regain ab-
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dominal fat 24 months into the dietary intervention. Significant 
differences in waist circumference, total adipose tissue, visceral 
adipose tissue (VAT), and subcutaneous adipose tissue between 
those fed a high-fat and low-fat diet were also observed [22]. 

Interestingly, African-American men and women demonstrate 
the largest relative musculoskeletal mass, as well as the lowest 
mean trunk, visceral, and liver adiposity compared to Cauca-
sians, Asians, and Hispanics, further illustrating consistent pat-
terns of inheritance in body composition and metabolic function 
perpetuated by shared genomic histories [23,24]. 

THE ROLE OF SEX IN FAT DISTRIBUTION 

Sex differences in fat distribution are well established (sexual 
dimorphism), but ethnic differences in the location of fat storage 
between sexes requires further exploration [18]. Women typi-
cally store fat inferiorly (lower body) while men tend to store 
fat superiorly (upper body). Differences in hormone levels are 
predominantly responsible (physiological actions of estrogen 
vs. testosterone) for the marked difference in location of fat de-
position between males and females. 

Certain fat distribution-related traits appear significant in heri-
tability between males and females (WHR, WHR adjusted for 
BMI, waist circumference, hip circumference, etc.). Sexually 
dimorphic loci associated with anthropometric factors and fat 
distribution have been implicated by GWAS [25]. Genetic loci 
linked to hip circumference, for example, exhibit larger effects 
in women, while loci linked to waist circumference appear more 
active in men [21]. Men appear to store more fat viscerally, 
while women have higher levels of subcutaneous fat [5,25].

Female fat distribution patterns differ considerably from those 
in males—as to facilitate reproduction and fetal nourishment—
and as such, women demonstrate greater variability in fat distri-
bution across different ethnicities. Nevertheless, both Asian men 
and women demonstrate consistently higher levels of visceral 
adiposity compared to other ethnicities. 

Various studies have found a higher percentage of abdominal 
visceral fat in women of Asian heritage than in Caucasian wom-
en. Asian women appear to store more fat abdominally and vis-
cerally than Caucasian women of comparable adiposity. An ex-
amination of percent liver fat and fatty liver also showed higher 
levels in Japanese-American women than in Caucasian women 
[7]. Similar findings, on a less pronounced scale, are reflected in 
Asian men [24]. Japanese men, as with Japanese women, dem-
onstrated higher levels of VAT, particularly liver fat, compared 
to Caucasian men [26].

ETHNIC DIFFERENCES AMONG ASIANS 

It has been well established that Asians store a higher percent-
age of body fat abdominally compared other races. However, it 
is worth noting ethnic differences in fat composition and distri-
bution within the Asian population. Within the United States, 
Asian-Americans represent over 20 different national origins 
[27]; significant physiological, cultural, and socioeconomic dif-
ferences between Asian ethnicities should be noted when ana-
lyzing fat distribution for the Asian population as a whole.

Among Asian Indians, Malays, and Chinese, Asian Indians 
presented with the highest percent body fat and Chinese with 
the lowest (Fig. 1). Overall, East Asians exhibit lower percent 
body fat than South and Southeast Asians [13]. Among Asian-
Americans, ethnic groups with lower socioeconomic status 
(Vietnamese, Hmong, Cambodian) were associated with higher 
risk of being overweight [27].

FAT DISTRIBUTION IN ASIAN CHILDREN

Abdominal fat distribution is significantly greater in Asian chil-
dren than in children of different ethnicities. After controlling 
for BMI, both Asian children and adolescents exhibited higher 
waist circumference and greater visceral fat deposits than Cau-
casian children of the same age group, reflecting later patterns 
of increased visceral fat deposits in Asian men and women 
compared to Caucasian men and women [8,13]. However, it is 
difficult to separate significant ethnic differences in fat distribu-
tion from confounding variables such as normal hormonal and 
physiological changes during growth, development, and puberty 
when examining children and adolescents. 

Differences in fat distribution have been found in Asian pre-
pubertal children from different origins. For instance, Chinese 
and Thai children were found to have a higher waist circumfer-
ence as well as higher trunk fat deposits than their Lebanese and 
Malay counterparts [8]. Differences in fat composition exist 
within Asian regions of similar climate and environment, as well 
as between the sexes, a phenomenon that may illustrate the ge-
netic influence of fat distribution: Thai girls displayed higher per-
centage body fat than Malay and Filipino girls; Filipino boys dis-
played lower percentage body fat than Malay and Thai boys [13].

Differences in fat distribution present at birth may further rein-
force the role of genetics in the biological regulation of fat stor-
age as opposed to environmental factors. Asian, African-Ameri-
can, and Hispanic newborns exhibit greater central adipose de-
position and percentage fat mass than Caucasian newborns [28]. 
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In comparing United Kingdom-born South Asian infants and 
United Kingdom-born Caucasian infants, infants of South Asian 
descent presented with greater fat mass than Caucasian infants, 
as well as greater subscapular skin-fold thickness [28]. 

Ethnic differences in fat distribution follow a similar pattern 
into childhood and adulthood. In a study of British schoolchil-

dren aged 5 to 7, South Asian girls and boys exhibited a higher 
body fat percentage than white and African-Caribbean ethnic 
groups. Other studies have found less extremity fat in both 
Asian girls and boys, but higher levels of truncal fat in Asian 
girls compared to Caucasian girls [29]. Interestingly, a study by 
Freedman et al. [30] found that thin Asian children tended to 

2015

2005

1995

1985

1975

2015

2005

1995

1985

1975

2015

2005

1995

1985

1975

2015

2005

1995

1985

1975

2015

2005

1995

1985

1975

2015

2005

1995

1985

1975

18.7

31.7

17.5

32.9

29

40.6

15.9

29.5

14

28.1

26.9

35.3

13.5

27.2

11.3

24.1

24.4

30.7

11.4

24.7

9.2

20.5

22.2

26

9.7

21.9

7.6

17.1

20.7

21.4

8.2

18.7

6.4

14.7

19.4

17.7

6.9

15.6

5.6

12.1

18.1

14.6

5.8

13

5

10.4

16.7

12.2

4.9

10.8

4.6

9.1

14.9

10.3

Ye
ar

Ye
ar

Ye
ar

Ye
ar

Ye
ar

Ye
ar

Percentage of population overweight or obese

Percentage of population overweight or obese

Percentage of population overweight or obese

Percentage of population overweight or obese

Percentage of population overweight or obese

Percentage of population overweight or obese

Percentage of Indians overweight or obese, 1975–2015

Percentage of Koreans overweight or obese, 1975–2015

Percentage of Vietnamese overweight or obese, 1975–2015

Percentage of Chinese overweight or obese, 1975–2015

Percentage of Japanese overweight or obese, 1975–2015

Percentage of Malaysians overweight or obese, 1975–2015

	 0	 5	 10	 15	 20

	 0	 10	 20	 30	 40

	 0	 5	 10	 15	 20

	 0	 10	 20	 30	 40

	 0	 10	 20	 30	 40

	 0	 10	 20	 30	 40	 50

Fig. 1. Percentage of the overweight or obese population for select South and Southeast Asian countries: (A) Indians, (B) Chinese, (C) Kore-
ans, (D) Japanese, (E) Vietnamese, and (F) Malaysians. Overweight is defined as having a body mass index (BMI) greater than or equal to 
25 kg/m2. Obesity is defined as having a BMI greater than or equal to 30 kg/m2. BMI is an individual’s weight (in kilograms) divided by 
height (in meters) squared. Graphs were derived from data from Our World in Data “https://ourworldindata.org/obesity” obesity by “https://
ourworldindata.org/team” Hannah Ritchie and Max Roser, used under “https://creativecommons.org/licenses/by/4.0/” CC BY 4.0 [73].
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have higher percent body fat when compared to Caucasian chil-
dren of similar BMI, while overweight Asian children exhibited 
lower percent body fat compared to Caucasian children. Consis-
tent with previous studies, the study found that normal-weight 
Asian children displayed higher levels of body fat than Cauca-
sian children [30]. Continuing into adolescence, South Asian fe-
males and males demonstrated a higher body fat percentage 
than Caucasian and African-Caribbean adolescents [31].

Childhood and adolescent studies demonstrate consistent eth-
nic differences in waist circumference and abdominal fat depo-
sition. Differences are more pronounced in females than males, 
with females generally having a greater difference in fat mass 
than males. Differences in fat distribution present in adulthood 
appear to persist into old age. 

ENVIRONMENTAL IMPACT 

The environmental impact on fat distribution cannot be under-
stated, and it is one not specific to Asian populations, but appli-
cable worldwide. Increasingly, fast-paced technology environ-
ments, capitalistic ideals, and the globalization of Western cul-
ture have led to diets drastically different from that of Homo sa-
piens predecessors. There has been an increased homogeniza-
tion of diets around the world, such that meals in developed and 
developing countries tend toward being calorie-dense, nutrient-
rich, and highly processed regardless of the country. Humans 
have adopted more sedentary lifestyles in addition to altered di-
ets. Obesity on a global scale has nearly tripled from 1975 to 
2016, with an alarming increase in childhood obesity [2]. This 
breaks down to a simple metabolic consequence: excess, unused 
calories are stored in the body as fat, and regardless of where 
the excess fat is stored, it must be stored somewhere. An Asian 
individual may initially store more excess fat around their abdo-
men, while a Caucasian individual may initially store excess fat 
predominantly in their appendages, but if both individuals ex-
ceed the fat storage capacity for that portion of their body, the 
fat must be stored elsewhere, eventually leading to fat stored in 
all places, regardless of genetic heritage. Through this, we see 
an increasing global homogenization of body shape more 
strongly influenced by the environment than genetics. 

Several studies have directly cited environmental factors as a 
key influence in body fat distribution. A comparison between 
groups of identical race, but different environments (for in-
stance, Japanese in Japan vs. Japanese in America) showed sig-
nificant difference in percentage of VAT (VAT%); a comparison 
between two different races, but identical environments (Cauca-

sians vs. Japanese-Americans) showed no significant difference 
in VAT%. VAT% remained larger in Chinese, Japanese, and Fili-
pino men than in Caucasian men of the same level of obesity [9].

DIET

Diet is perhaps one of the most immediate factors influencing 
fat distribution. In general, diets worldwide have become more 
processed and less plant-based, resulting in increased obesogen-
ic nutritional content such as higher levels of sugar and fat [32]. 
This is especially apparent in the diets of developing Asian 
countries, where globalization trends, internal modernization, 
and the growing appeal of Western-style fast food have led to 
increasingly westernized diets [32,33]. Dietary shifts from 
coarse grains to refined rice and wheat often accompany rapid 
economic development [34]. Moreover, second-generation 
Asian immigrants are more likely to diverge from their native 
country’s diet. These diets, as in the illustrative case of Japa-
nese-Brazilian ‘Nissei’ (the children of first-generation Japanese 
immigrants) tend to follow Western trends and include a higher 
percentage of sugar and fat compared to traditional Japanese di-
ets [35]. 

More specific to the Asian population is white rice consump-
tion. White rice contains a higher glycemic index than brown 
rice and other carbohydrates (bread, pasta, etc.) and is metabo-
lized more quickly than brown rice [36]. Compared to brown 
rice, white rice exhibits higher postprandial levels of glucose 
and insulin; long-term consumption may stimulate insulin resis-
tance and risk of type 2 diabetes, along with increased risk of 
associated metabolic syndromes [36,37]. Metabolic responses 
following white rice consumption may be responsible for in-
creased abdominal adiposity, although the specific mechanism 
is not yet known. White rice is deeply embedded in Asian cul-
ture, history, and heritage and remains a staple food crop today. 
The rice consumption of Asians is markedly greater than that of 
Caucasians: three to four servings a day compared with one to 
two servings a week [35]. Thus, the centrality of white rice to 
Asian cuisine presents another potential contributing factor to 
increased abdominal fat deposits.

CHANGING LIFESTYLE AND STRESS

There has been an enduring shift from predominantly rural liv-
ing to an urban lifestyle, especially in countries like India and 
China, where better-paying jobs have motivated increased ur-
banization (Fig. 2). This has created an exodus of rural workers 
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into the urban climate and crowded living in poor sanitary con-
ditions. Industrial jobs are often associated with long hours, 
night shifts, and sleep deprivation. In developed Asian countries 
such as Korea, upward trends in abdominal obesity may be ex-
plained by an increasingly strong exposure to and adoption of 

Western lifestyle and cuisine [38]. An increasing preference for 
Western diets may result in the substitution of healthier tradi-
tional cuisine with Western food options that are particularly 
high in added sugar, saturated fats, and preservatives [39].

In addition, Asians tend to live in clusters, often with extend-

Fig. 2. The complex interplay between genetic and environmental factors contributing to increased visceral adiposity in Asian populations. 
Many factors contribute to the Asian propensity to store fat viscerally. Of these, we propose the Malaysian gene-environment multiplier hy-
pothesis in which a population’s genetic foundation—developed over thousands of years and varying according to regional feast-and-famine 
cycles—is increasingly modified when an individual is exposed to modern-day conditions such as altered diets, urbanization, and reduced 
physical activity. 
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ed family in the same household. Such conditions may also in-
crease stress in terms of dealing with family members (in-laws, 
the difficulties of being in the “sandwich generation” where one 
is essentially “sandwiched” between responsibilities in taking 
care of one’s elderly parents while also raising one’s own chil-
dren, etc.) and contribute to stress-mediated abnormal fat me-
tabolism. Cortisol, a hormone released during times of stress, 
has been shown to increase visceral fat deposition [40]. Pro-
longed, chronic stress may lead to hyperactivity of the hypotha-
lamic-pituitary-adrenal axis, which is invoked in cortisol-medi-
ated visceral fat accumulation [41]. Visceral adiposity itself ap-
pears more responsive to provoking and sustaining adverse hor-
monal cascades (cortisol, leptin resistance, catecholamines) and 
proinflammatory factors (interleukin-6), promoting a vicious 
cycle of continued visceral adipose accumulation [42]. One 
should then ask whether the pressures imposed by Asian collec-
tivistic cultures and cultural standards are contributing to in-
creased, prolonged stress and consequent morphological and 
metabolic changes in the Asian population.

Increased visceral adiposity may function as an evolutionary 
souvenir exacerbated by present-day stressors. In times where 
Homo sapiens faced short-term stresses governed by fight-or-
flight, cortisol activity and altered metabolic function may have 
facilitated greater reproductive and survivorship advantage. 
However, chronic stress in technologically advanced societies 
presents modern-day metabolic disadvantages, primarily in the 
form of increased visceral adipose deposits, altered fat metabo-
lism, and associated risks of cardiovascular disease, diabetes, 
and metabolic syndrome. 

CULTURAL DIFFERENCES AND THE ROLE 
OF EXERCISE IN FAT DISTRIBUTION

Exercise is known to decrease visceral fat deposits, with high-
intensity exercise training demonstrating greater and faster ab-
dominal and subcutaneous fat loss [29,43,44]. Regular aerobic 
and resistance exercise prevents visceral fat gain and discourag-
es fat regain following weight loss [45]. Even low-to-moderate 
amounts of exercise exert preventative effects on visceral fat 
gain [14]. Accordingly, increases in visceral abdominal fat have 
been observed in sedentary individuals [14].

Regular exercise provides significant reduction in stress. Fol-
lowing exposure to laboratory stressors, physically trained men 
demonstrated lower cortisol and heart rate stress responses, as 
well as increased calmness, better mood, and lower anxiety lev-
els than physically untrained men [46]. Reduced mortality was 

observed in patients with coronary artery disease who engaged 
in exercise training, a potential mechanism being exercise-me-
diated reduction in psychosocial stress [47].

The benefits of exercise extend to improved mood, stress, and 
anxiety, as well as reduced inflammation, improved cognitive 
function, and alteration of physiological mechanisms to facili-
tate better overall health [48,49]. As stress has been shown to 
influence abdominal adipose deposition patterns, exercise may 
both directly and indirectly help to prevent and decrease poten-
tial and existing visceral fat. 

As such, lifestyle choices play a major role in body composi-
tion and anthropometry. Compared to Caucasians and African-
Americans, Asians generally display lower levels of physical 
activity and are less likely to meet daily-recommended require-
ments for physical exercise [50-59]. Reduced physical activity 
in the Asian population may contribute to greater abdominal fat 
deposition. Among a study of children in the United Kingdom, 
South Asian children were found to have lower mean activity 
levels and higher periods of sedentary activity than Caucasians 
and African-Caribbeans, both factors associated with increased 
risk of cardiovascular disease and type 2 diabetes later in life 
[51]. Asian girls participated in less physical exercise than Asian 
boys [51,55]. Cultural differences may be responsible for dis-
parities in mean exercise levels. Asian families are more likely 
to prioritize academics over athletic pursuits, especially in Con-
fucian-based cultures where success is associated with educa-
tional attainment and economic standing. This is further magni-
fied by Western capitalistic ideals that associate success with 
monetary measurements [59,60]. As such, Asian children show 
increased participation in sedentary activities compared to other 
ethnicities: studying, computer use, homework, after-school 
academies, etc. [59].

Second-generation Asian-Americans were more likely to en-
gage in low-to-moderate forms of physical activity than foreign-
born and first-generation Asian-Americans, although levels of 
physical activity remained lower than in other ethnicities [52,55]. 
Possible reasons for increased physical activity in the younger, 
American-born Asian generation as compared to Asian immi-
grants include a more positive outlook toward physical activity, 
as well as increased exposure to Western norms and practices 
[55]. Engagement in regular physical activity appears to be pos-
itively correlated with residence time in the United States: im-
migrants with longer residence times reported higher physical 
activity levels compared to immigrants with less residence time 
[52,55,61]. This may be due to increased exposure to Western 
ideals and acculturation to Western habits [61]. For instance, the 
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common collectivistic culture of Asian populations prioritizes 
the group over the individual, thereby putting less priority on 
recreational or personal pursuits (such as leisure-time physical 
activity) in lieu of occupation, domestic work, and family mat-
ters. Common reported barriers to physical activity for more re-
cently immigrated Asian families include cost, family commit-
ments, lack of free time, language barriers, and safety concerns 
[58]. Migration to the United States and the resultant accultura-
tion of Western individualistic practices (with more emphasis 
on personal health and wellbeing) may be responsible for in-
creased physical activity level in longer-staying immigrants and 
their children.

Among female immigrants, exercise appeared to hold a nega-
tive stigma, often labeled as a “selfish act” and one lesser priori-
tized compared to domestic duties and caretaking [54]. Mothers 
in Hong Kong were more likely to obtain incidental physical 
activity from household chores than leisure-time exercise; how-
ever, recent increases in hiring domestic help and consequent 
redistribution of housework leaves less opportunity for daily 
physical activity [60].

Returning to the earlier Yudkin-Yajnik hypothesis, it is worth 
noting that though Yudkin and Yajnik were of comparable 
BMIs, Yudkin participated in regular physical activity, while 
Yajnik maintained a relatively sedentary lifestyle [18]. Given 
the extensive benefits of exercise, the tendency toward lower 
physical activity levels and increased sedentary activity in Asian 
populations may help to explain existing abdominal visceral fat 
distribution patterns. 

THE COMPLEX INTERPLAY BETWEEN 
GENETICS AND THE ENVIRONMENT

Much of Asian anthropometry and fat distribution cannot be 
isolated to a single factor, but a complex interplay between ge-
netics and the environment (Fig. 2). First proposed in 1962, the 
thrifty gene hypothesis demonstrates how selective pressures 
during periods of famine and scarcity favor “thrifty genes” with 
circumstantially advantageous features—more efficient fat stor-
age, slower fat metabolism, etc.—that increase chances of sur-
vival when faced with nutritional insufficiencies. This, however, 
becomes counterproductive and metabolically disadvantageous 
in times of overabundance, such as when transitioning from 
poverty to affluence, from labor-intensive work to sedentary 
lifestyles, or from traditional diets to westernized, processed 
meals [62]. More recent reevaluations of the hypothesis have 
led to modified versions such as the thrifty phenotype hypothe-

sis (fetal and infant metabolic adjustments considered “nutri-
tionally thrifty” are made in response to adverse early environ-
ments, such as famine and nutritional shortage), the thrifty gen-
otype hypothesis (genes such as those that increase fat storage 
are not, in fact, selected for, but persist in the population due to 
genetic drift), and the thrifty epigenetic hypothesis (the acquisi-
tion of metabolic thrift occurs in the early developmental period 
when exposed to nutritionally disadvantageous environments; 
exposure alters expression of genetic factors and can be passed 
down and subsequently altered according to environmental con-
ditions) [34,63-65]. 

Evidence for epigenetic changes in metabolism as a potential 
contributor to altered fat distribution are especially evident 
when considering the drastic shift in diet and lifestyle patterns 
over the past century. Indeed, the sudden rise in obesity and type 
2 diabetes can most likely be attributed to environmental factors 
and possible epigenetic changes, as the span of even a couple 
centuries would be too short for an adaptive evolutionary mech-
anism to develop within the population. The direct transcription 
and translation of DNA and subsequent expression of the gene 
product has been well established as a non-linear process; post-
translational modifications such as DNA methylation, histone 
modification, and phosphorylation provide additional avenues 
for regulation of gene expression [66]. Notable environmental 
features supporting epigenetic changes in fat distribution in-
clude early developmental exposure to adverse environments 
(poor nutritional intrauterine environment, famine exposure in 
early-life, poor childhood nutrition) which later present detri-
mental effects when exposed to nutrient-rich, sedentary envi-
ronments, rapid modernization and economic development, sig-
nificant lifestyle changes due to urbanization, and migration 
from underdeveloped to developed countries [34].

The role of epigenetics in influencing fat distribution has been 
emphasized in studies analyzing fetal and infant exposure to nu-
tritionally adverse intrauterine and early-life conditions. In a 
study following fetuses, infants, and young children during the 
Chinese famine of 1961, fetuses and infants born to relatively 
malnourished mothers were later shown to have higher rates of 
hyperglycemia later in adulthood [67]. Similar results were re-
ported in the 1944 to 1945 Dutch famine studies, where famine-
exposed infants and children exhibited decreased glucose toler-
ance as a potential consequence of dysfunctional insulin secre-
tion [68]. Periods of nutritional scarcity may trigger an altered 
metabolic response to enable the fetus to survive using less food 
with less energy expenditure—essentially “holding on” to the 
scarce nutrients it is supplied with. Epigenetic changes for genes 
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suspected to regulate growth and metabolism have been ob-
served in famine-exposed children [69]. Overall, these results 
suggest that early-life exposure to nutritionally adverse environ-
ments stimulate metabolic changes (more efficient fat storage, 
altered insulin secretion, etc.) that negatively manifest when 
children of famine transition to affluent lifestyles later in life. 
Such metabolic and epigenetic changes may be responsible for 
ethnic differences in fat distribution patterns as a result of cu-
mulative transgenerational inheritance of specific famine-in-
duced epigenetic changes from parents to offspring in famine-
exposed populations [70].

Contemporary fat distribution patterns can be attributed to 
variations in ancestral environmental adaptations, namely feast-
and-famine cycles. In reference to the above famine exposure 
studies, cycles of feast-and-famine throughout history have been 
more frequent in the Asian continent than in the European conti-
nent. Frequent feast-and-famine cycles may have altered meta-
bolic profiles in Asian populations such that fat distribution is 
more concentrated in the abdominal region. Historically, the Eu-
ropean region appears to undergo fewer famine cycles than 
Asian regions of the world. This can be attributed to historical 
patterns of development: efficient trading and distribution sys-
tems, centrality in both land and sea commerce, and agricultural 
diversification through importation of New World crops via the 
Columbian Exchange [34]. Conversely, the Indian subcontinent 
endures frequent monsoon seasons where agricultural yield and 
food availability depend on seasonal fluctuations. Repeating 
seasonal changes and resultant periods of starvation may be ac-
companied by metabolic alterations in which the body attempts 
to compensate by altering its metabolic functioning—and possi-
bly anthropomorphic fat distribution—in order to maximize 
scarce resources and promote survival [71]. The feast-and-fam-
ine phenomenon may explain why the increase in diabetes with-
in the population in the past decades has been lower for Europe-
ans and higher for regions undergoing rapid economic change 
and modernization [34]. Though the initial proposition analyzed 
an increased incidence of diabetes within the population, we in-
clude it in light of the common relationship between increased 
incidence of diabetes and visceral fat deposition within the 
Asian population. Being traditionally less exposed to famine 
conditions, increased caloric, sugar, and fat consumption (ac-
companying trends in globalization) results in a less marked in-
crease in diabetes in European populations than in historically 
famine-exposed Asian populations in which once advantageous 
phenotypes are unable to adapt to sudden, dramatic dietary 
changes (accompanying trends in rapid economic development). 

Therefore, we see how in both the short-term (thrifty phenotype 
and epigenotype changes) and long-term (inherited metabolic 
changes endemic to historically famine-exposed regions) envi-
ronmental influences may contribute to modified metabolic 
function, with one significant result being altered abdominal and 
visceral fat distribution patterns in Asian population. 

MALAYSIA: AN ILLUSTRATIVE EXAMPLE 
OF THE INTRICATE RELATIONSHIP 
BETWEEN GENETICS AND THE 
ENVIRONMENT 

Among East and Southeast Asian countries, Malaysia has the 
highest rate of overweight and obese individuals (Fig. 1) 
[72,73]. Inspection of Fig. 1 reinforces this statement: from 
1975 to 2015, the prevalence of overweight or obesity in Ma-
laysia increased by an astonishing 30.3%. As of 2019, 64% of 
males and 65% of females were classified as overweight [72]. 
This stands in stark contrast to India, China, and Vietnam, 
where the prevalence of overweight or obesity increased by 
13.8%, 23.8%, and 12.9%, respectively. This alarming trend has 
been accompanied by increases in diabetes, hypercholesterol-
emia, hypertension, and cardiovascular diseases [72,74]. Here, 
we highlight how the increased incidence of overweight and 
obesity in Malaysia can be analyzed from both a genetic and 
environmental standpoint. 

Environment
Like other developing countries, industrialization brings in-
creased exposure to Western norms, most significantly Western 
diets, which include highly processed meats, fast food, sugars 
(notably sweetened carbonated beverages), and fats [72,75]. 
However, compared to other Asian countries who have experi-
enced comparable rates of industrialization and urbanization 
(China, Thailand, etc.), Malaysia demonstrates the highest lev-
els of overweight and obesity in the population, as well as the 
most rapid increase in overweight and obese individuals. Com-
pared to Vietnam, which has one of the lowest rates of over-
weight and obesity in Asia, Malaysia has exhibited a greater in-
crease in gross domestic product (GDP) per capita from 1950 
to 2016 [76]. The percentage of the population living in urban 
areas has increased by 54.48%, from 20.36% in 1950 to 74.84% 
in 2016. This stands in stark contrast to Vietnam’s increase of 
22.87%, from 11.64% in 1950 to 34.51% in 2016 [77]. While 
the majority of Vietnam’s population remains largely rural, most 
of the Malaysian population resides in urban areas, which pro-
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vides increased chance for exposure to Western cuisine and cul-
ture and a movement away from traditional foodstuffs. Poor ur-
ban living conditions and industrial-sector employment may be 
accompanied by decreased access to traditionally farm-grown 
food options and increased accessibility to fast food, work-relat-
ed stress, and stress caused by adjustment to city life and sub-
standard living conditions (pollution, crowded housing, etc.). 
Socioeconomic status has been shown to be a noteworthy indi-
cator of obesity risk, as economically disadvantaged persons of-
ten suffer food insecurity and lack access to healthier, albeit 
more expensive, food options [74].

A study by Koo et al. [78] of young adult university students 
in Malaysia provides insight into the need for educational food 
diversification programs among the younger generation. Stu-
dents often resort to the most available and affordable food op-
tions, namely fast food and prepackaged snacks, which is ac-
companied by lower consumption of fruits and vegetables. 
Though caloric intake is met—and many times exceeded—diets 
are oftentimes lacking in micronutrients and fiber and abundant 
in processed carbohydrates, sugars, and fats. These dietary hab-
its come at a time of increased stress in transitioning from child-
hood to adulthood and adjusting to university life; such unmod-
erated diet patterns accrued early in life often persist into adult-
hood [78]. In addition to the ongoing nutritional transition tak-
ing place in Malaysia, the country exhibits an increasingly aging 
population, as with many other countries undergoing rapid in-
dustrialization. Elderly individuals tend to be less active and 
therefore more susceptible to increased fat accumulation and 
obesity [79].

Genetics
Specific genes involved in sugar and fat metabolism may pre-
dispose some individuals to metabolic syndrome and obesity. A 
study of the ADRB2 rs1042713 allele demonstrated an increased 
risk of insulin resistance and higher cholesterol levels in Malay-
sian carriers of the G allele [80]. These effects were observed 
only in obese individuals, which may suggest possible gene-diet 
interaction. Preliminary data indicated potential metabolic and 
glycemic benefits of incorporating polyunsaturated fats into the 
diets of individuals carrying the G allele, suggesting dietary 
modifications and educational awareness may help in stemming 
the current health crisis despite possible genetic predispositions. 

A deeper exploration into Malaysian genetic ancestry may 
provide insight into current epidemiological trends, specifically 
shared ancestry between ancestral Malaysian and Polynesian 
people. An analysis of Polynesian DNA indicated possible 

Southeast Asian origins, suggesting that ancestral Polynesian 
persons migrated via boat from the Asian continent to the is-
lands of Oceania [81]. 

As of 2016, the top 10 countries ranked by obesity prevalence 
are all located in Oceania. Nauru ranks the highest in the world, 
with 61.00% of the population classified as obese, followed by 
the Cook Islands, Palau, Marshall Islands, and Tuvalu at 
55.90%, 55.30%, 52.90%, and 51.60%, respectively [82]. In 
combination with its high obesity rate, Nauru has the world’s 
highest rate of type 2 diabetes at 40% of the population [83]. A 
history of colonialization, industrialization, and the country’s 
subsequent nutritional transition (phosphate mining and the de-
struction of arable land, followed by a decline in consumption 
of fresh fruits and root vegetables and increased importation of 
processed foodstuffs, especially fatty meats) contributed to the 
country’s rapid rise in obesity and related metabolic syndromes. 
However, considering equally rapid and exhaustive industrial-
ization trends in other nations, one must ask whether there is a 
genetic component that predisposes inhabitants of the islands of 
Oceania to patterns of increased fat accumulation so much so 
that the region contains the countries with the world’s highest 
rates of obesity. 

Malaysia and Polynesia’s industrial and nutritional transition 
occurred relatively recently compared to the timescale required 
for evolutionary change. We suggest that gene-diet interactions 
facilitated these astonishing increases in obesity (Fig. 2). Poly-
nesian settlers may have common ancestry with ancestral Malay 
people, bringing with them their shared genetic lineage, which 
may include “nutritionally thrifty” genes brought about by feast-
and-famine cycles endemic to the region. Genetic material pro-
grammed for “nutritional thrift” during ancestral feast-and-fam-
ine cycles perform disadvantageously when exposed to environ-
ments of nutritional abundance high in processed sugars and 
fats. If such a shared genomic ancestry and its accompanying 
metabolic predispositions do exist, this may partially explain 
Malaysia’s anomalous increased rates of obesity compared to its 
neighboring Asian countries. 

As such, the epidemiological situation in Malaysia demon-
strates the intricate interplay between shared ancestral lineage, 
genetic predisposition, and environmental influences (urbaniza-
tion, physical activity, diet, etc.) on fat storage and its conse-
quential health hazards. 

CONCLUSIONS

This review discussed potential ethnic differences in fat storage/
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metabolism and how such differences may contribute to higher 
incidences of metabolic disease such as type 2 diabetes among 
Asians. Currently available data suggest that there are clear dif-
ferences in fat distribution along ethnic lines. In general, Asians 
tend to accumulate higher visceral fat over subcutaneous fat 
when compared to Africans, Hispanics, and Caucasians. The 
current literature suggests that these variations are largely due to 
intrinsic genetic differences and physical features restricting fat 
accumulation in certain areas. However, biological genetic dif-
ferences are increasingly modified and influenced by the sur-
rounding environment (diet, physical activity, lifestyle, stress, 
etc.) over thousands of years. 

It is well established that East Asian females tend to accumu-
late less fat in their hips than their Hispanic and African coun-
terparts. There is also regional and ethnic heterogeneity in fat 
storage within the Asian population, such as different fat distri-
bution patterns among South Asians and East Asians. It is un-
clear whether genetic differences in fat accumulation between 
ethnic groups evolved over an extended period, or if metabolic 
and adipose storage differences had any selective advantage. 
Further, one may wonder whether consumption of certain types 
of food (regional staples such as rice) and/or its abundance/scar-
city may have contributed to epigenetic changes and altered fat 
storage in the human population. Culture (individualistic vs. 
collectivistic) and its influence on day-to-day behaviors (dietary 
staples, exercise frequency, sedentary tendencies, familial over 
individual prioritizations, etc.) may play a key role in Asian fat 
storage patterns. Understanding and targeting cultural propensi-
ties may prove valuable in providing ways to encourage healthy 
exercise habits within the Asian population, especially in the 
older generation. Hence, future research may focus on ways in 
which collectivistic cultural values can be applied to develop 
healthier diets and exercise practices (group and family exercise 
and educational programs, for instance). 

We propose a collective theory on fat storage in Asian popu-
lations through analyzing current obesity and overweight trends 
in Malaysia, which we call the Malaysian gene-environment 
multiplier hypothesis. Ancestral feast-and-famine cycles en-
demic to certain Asian regions favored genes with selective ad-
vantages (“nutritional thrift”) that are then passed down in 
members of shared genomic heritage. These gene-diet interac-
tions are negatively exploited when inheritors of nutritionally 
thrifty genes are exposed to modern-day environmental pres-
sures (highly processed diets, sedentary lifestyles, urbanization, 
work-related and cultural stressors, etc.). The action of nutri-
tionally thrifty genes upon encountering modern-day environ-

mental pressures may predispose or contribute to metabolic 
syndromes that are characteristic of certain ethnic groups. This 
gene-diet interaction is one built up over thousands of years, but 
effectively “multiplied” over a short period of time, as in the 
case of Malaysia and Polynesia’s rapid increase in obesity and 
overweight following accelerated development and exposure to 
modern-day environmental pressures. Key aspects of the Ma-
laysian gene-environment multiplier hypothesis may be similar-
ly applied to other Asian countries; however, further research is 
needed to determine the degree to which other Asian countries 
exhibit these trends, as well as whether such trends are observ-
able on the same scale as seen in Malaysia. 

It appears that genetics sets a foundational baseline for fat 
storage, distribution, and metabolism, but environmental factors 
and lifestyle changes are becoming increasingly influential and 
critical in the modern-day world. Future research should focus 
on fat metabolism and storage in different ethnic backgrounds 
and the genetic, environmental, cultural, and behavioral compo-
nents that influence such patterns. Identifying key ethnic differ-
ences in fat metabolism may provide future advantages in per-
sonalized treatments of metabolic syndromes in Asian popula-
tions. 

The information presented in this review is limited to current 
published knowledge obtained from database searches; no origi-
nal research project was undertaken. The discussion of Asian 
abdominal adiposity predominantly focused on the adult age 
group. There is also a paucity of data with regard to genetic de-
terminants influencing obesity. While some Asian countries 
such as Japan and Korea are highly homogenous, others such as 
India and Malaysia exhibit significant diversity in their ethnic 
composition. Although ethnic differences among Asians were 
considered, variations in ethnic composition, as well as regional 
variations in abdominal adiposity, within the Asian countries 
mentioned were not considered. Other socioeconomic factors 
were not considered, but the prevalence of abdominal obesity 
appeared higher in urban populations than in rural populations. 
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