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Abstract In this review, we discuss the impact of migration on the incidence and prevalence of obesity and
type 2 diabetes mellitus (T2DM) in different ethnic groups and populations. We also analyze the
determinants of such phenomena in view of the global increase in the migration and escalating
prevalence of obesity and T2DM. The risk escalation of the obesity and T2DM followed a gradient,
as migrants (Blacks, Hispanics, Chinese, South Asians, etc.) became more affluent and urbanized,
indicating an important role of environmental factors. A stepwise increase in the prevalence of
obesity in Blacks along the path of migration (5% in Nigeria, 23% in Jamaica, and 39% in the United
States) is a classic example. Furthermore, South Asian migrants, who are particularly predisposed
to develop insulin resistance and T2DM, showed nearly four times prevalence rates of T2DM than
rural sedentee populations. Similar observations were also reported in intracountry migrants and
resettled indigenous populations. The determinants were found to include nutrition transition,
physical inactivity, gene-environment interaction, stress, and other factors such as ethnic suscepti-
bility. However, certain contradictory trends were also seen in some migrant communities and have
been explained by various phenomena such as healthy migrant effect, “salmon bias”, and adherence
to traditional diets.

A review of the evidence suggests a critical role of environmental factors in conferring an
increased risk of obesity and T2DM. The important contributory factors to this phenomenon were
urbanization, mechanization, and changes in nutrition and lifestyle behaviors, but the role of stress
and as yet unknown factors remain to be determined. © 2007 Elsevier Inc. All rights reserved.
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Introduction More recently, migration has become much more frequent
with increasing global opportunities in business and tech-
nology and frequent international travel. It provides a

unique opportunity to study the influence of various envi-

Migration of populations is an ancient phenomenon, hap-
pening from the time of our ancestors in Africa. A variety of

reasons may contribute to this phenomenon. Migration can
occur due to “push factors,” i.e., poverty, war, etc., in the
native country, or “pull factors,” i.e., toward better educa-
tional, financial, or career opportunities in the country of
migration. One of the largest migrations occurred to the
United States from Europe in the 18th and 19th centuries.

Anoop Misra, M.D., was supported in part by a financial grant from the
Department of Science and Technology, Ministry of Science and Technol-
ogy, Government of India. Om P. Ganda, M.D., was supported in part by
grants DK 60115-02 and HL73168-02 from the National Institutes of
Health.

* Corresponding author. Tel.: +91-11-4175-9672; fax: +91-11-4175-9672.

E-mail address: anoopmisra@metabolicresearchindia.com (A. Misra).

0899-9007/07/$ — see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.nut.2007.06.008

ronmental factors on secular trends and risk factors of var-
ious predominantly environmentally influenced diseases
such as obesity and type 2 diabetes mellitus (T2DM). The
purpose of this paper is to review the effect of migration on
the incidence and prevalence of T2DM and obesity in dif-
ferent ethnic groups and populations. We also discuss the
various determinants of such phenomena in different mi-
grant ethnic groups followed by a discussion on migration-
linked determinants of adiposity, T2DM, and cardiovascular
disease (CVD).

The search strategy for literature review was as follows.
An electronic literature search was carried out by using the
terms “immigrants or migrants and obesity and diabetes or
type 2 diabetes mellitus” in the databases of 1) PubMed
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(National Library of Medicine, Bethesda, MD, USA) from
1966 to March 2007 and 2) Current Contents (Institute for
Scientific Information, Thomson Scientific, Philadelphia,
PA, USA). The studies were selected based on their rele-
vance and importance in the context of the topic. Those
appearing in high-impact and internationally acknowledged
journals were given preference. A manual search of the
relevant articles from the published references was also
conducted. Databases, non-indexed publications, and web
sites of reputed medical research and public health institu-
tions of the United States, United Kingdom, Canada, India,
and other countries were also researched using general web-
based search engines.

Definition and patterns

The term “migrant populations” usually refers to migra-
tion from a native country to another country; however, in
a broader perspective, it may be applied to the migration
from one habitat to another within a country (e.g., rural-to-
urban migration). In the early 19th century, migrants rep-
resented mainly people who were laborers, farm workers,
refugees, etc., but lately, academically accomplished, and
economically well-off migrants have begun to settle in de-
veloped countries due to industrial globalization and avail-
ability of professional opportunities in open-market econo-
mies. With an increasing period of stay and successive
generations being born in the adopted countries, the original
language, ethnic, and lifestyle practices are gradually re-
placed by locally prevalent practices, a process termed “ac-
culturation.” Hence, for scientific research, comparisons are
made between morbidity and mortality data of the migrant
populations with similar data of people living in the original
country of residence (“sedentees”). In such a situation, the
essential and basic assumption is that the migrants are true
representatives of the population of the country of origin
and have a genetic make-up similar to those of sedentees.

Migration and diseases

It has been long observed that the processes of urbaniza-
tion or westernization associated with migration lead to the
availability and abundance of calorie-dense/low-fiber foods
and the adoption of sedentary lifestyles. This has conse-
quently led to increased risks of morbidity and mortality
from chronic diet and lifestyle-related diseases. The pattern
has been seen in cross-country and intracountry migration in
developed and developing countries.

Several studies during the past four decades have showed
an escalation of risk in CVD and other diseases as migrants
have become more affluent and urbanized. Haenszel and
Kurihara [1] studied first-generation (“Issei””) and second-
generation (“Nisei”) Japanese migrants to Hawaii and the
western United States and demonstrated that the mortality

rates of certain cancers (e.g., colonic carcinoma) in the
migrants had become nearly equal to those seen in U.S.
Caucasians. Standardized mortality ratios of intestinal can-
cer for Japanese Issei migrants and U.S. White men were
374 and 489, respectively. Conversely, breast cancer risks
were low and similar to those of the sedentee Japanese
population.

In other studies, Marmot et al. [2] and Robertson et al.
[3] used comparable examining methods in 11 900 men of
Japanese ancestry 45-69 y of age and reportedly found the
age-adjusted prevalence rates for coronary heart disease
(per 1000 individuals) as determined by electrocardiogram
to be 5.3 in Japan, 5.2 in Hawaii, and 10.8 in California.
This pattern was similar to the trends seen for the total
cholesterol concentrations in these populations. These ob-
servations, despite the widely prevalent smoking practices
observed in Japan, highlighted the effect of migration on
cardiovascular risk escalation because the results were un-
explainable by taking only the conventional risk factors into
account. The risk of myocardial infarction (MI) has been
found to be lower in southern than in northern European
countries, and the lower rate of MI in the Mediterranean
regions of Europe has been suggested to be due to a poten-
tial role of the traditional Mediterranean diets in the pre-
vention of MI. But, in the previous two decades, a tendency
to adopt “westernized” food habits, due to migratory fac-
tors, even in southern regions of Europe is reflected by an
increase in the prevalence of obesity [4].

However, the studies on migrant populations have not
yielded consistently converging scientific viewpoints. Inter-
estingly, contradictory reports of healthier or less healthy
migrant populations than the sedentees have been demon-
strated [5,6]. The “epidemiologic paradox” of low all-cause
mortality in migrant Hispanics living in the southwest
United States despite their poor socioeconomic stratum has
intrigued epidemiologists [5]. Other investigators have also
reported increased CVD mortality risk in U.S.-born Mexi-
can Americans than in Mexican immigrants despite low
socioeconomic status [7], which also showed a similar par-
adox. The argument in this case has been that such lower
mortality rates, particularly in recently migrated individuals,
are probably due to more favorable health behavior (e.g.,
continued laborious lifestyle and frugal diets of recently
migrated people) or selection of “healthy migrants.” The
“healthy-migrant effect” could also be due to strict health
stipulations and eligibility criteria required for migration to
that country (e.g., Australia) [8]. Findings of foreign-born
Latina women being less likely to have low—birth-weight
babies than U.S.-born Latina women were also attributed to
the fittest people being selected during the immigration
process [9]. Conversely, such data may be due to “salmon
bias.” This phenomenon is believed to be due to the desire
of elderly migrants to die in their birthplace. Such individ-
uals become “statistically immortal” because these deaths
are not included in the mortality data of the adopted country.
However, reliable data confirming the salmon-bias effect
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Fig. 1. Prevalence estimates of diabetes in select populations and regions. Reproduced with permission from International Diabetes Federation [11].

and its statistical significant contribution are still lacking. It
is also possible that prevalence rates of some diseases do not
increase after migration, probably suggestive of a genetic
interplay or a lack of environmental effects on its patho-
physiology, whereas escalation of others, particularly the
lifestyle-related diseases, largely bearing environmental in-
fluences do show an increase. Overall, the healthy-migrant
effect may be due to multiple factors, but why it is appli-
cable specifically to some migrant populations is not clear.

Obesity and T2DM in different ethnic migrant
populations

Since Taylor and Zimmet [10] reviewed the impact of
migrant studies in the epidemiology of T2DM two decades
ago, no review of this subject has been published. In view of
the global increase in migration and the escalating preva-
lence of T2DM and the variable increase in various regions
of the world (well documented by the World Health Orga-
nization [WHO] and the International Diabetes Federation
(Fig. 1 [11]), the issue assumes even greater importance in
terms of studying the recent trends. In the following sec-
tions, we present evidence regarding various migrant pop-
ulations, including Blacks, Hispanics, South Asians, Japa-
nese, Chinese, Turks, and others.

Blacks

During the four centuries after Columbus arrived in the
Caribbean, nearly 12 million Black people left sub-Saharan
Africa for the Western Hemisphere as involuntary migrants,
and the destinations included the Caribbean islands, the
Americas, and Europe. African migrants provided most of
the labor in the mines, plantations, and construction works
of the New World, and these African migrants and their
descendants constituted the African Diaspora. The people of
African origin in these countries, however, usually belong

to a low socioeconomic stratum and generally have unsat-
isfactory health indicators. Many investigations have high-
lighted the health and nutritional transitions of the African
Diaspora. Although populations in many countries in west-
ern Africa are undernourished or have started experiencing
a nutritional transition, African Americans and Blacks in the
United Kingdom are at the other end of the spectrum by
showing caloric excess and its consequences [12].

In a series of studies, Luke et al. [12-14], Rotini et al.
[15], and Okosun et al. [12—16] compared body composition
and metabolic covariates in the people of African origin
residing in Nigeria, the Caribbean, and the United States
(countries nearly approximating the path of migration of
Blacks from Africa several centuries ago). The investigators
used a standardized protocol of anthropometric measure-
ments on 1054 Black men and women in a cross-sectional
study. They reported that, for both genders, indices of obe-
sity were lowest in people from Nigeria and highest in
people living in the United States, and values in people from
Jamaica were intermediate [13]. For example, the respective
average values of body mass index (BMI) were 23, 26, and
28 kg/m? in people from Nigeria, Jamaica, and the United
States, respectively [15]. A similar study of 4623 men and
women of the African Diaspora showed stepwise increases
in prevalences of obesity: 5% in Nigeria, 23% in Jamaica,
and 39% in the United States [14]. Others have reported
similar observations for insulin resistance and T2DM in
people of African origin [15,17].

The prevalence of hypertension (commonly seen as an
associated risk factor with obesity and T2DM) followed a
similar gradient as seen with metabolic variables, being
lowest in those residing in rural Africa in an age-stratified
sampling of 9102 men and women 25-74 y of age [18].
These observations point to the fact that the prevalence of
chronic diseases in the migrant population differed in three
different migrant regions, probably due to different envi-
ronmental influences, despite the similar genetic origin of
the sample.
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Hispanics

Hispanics migrated to the United States four centuries
ago, with further migration occurring between 1910 and
1930 and during the mid-19th century. By 2000, Hispanics
had become one of the largest minority groups in the United
States and their numbers are still growing rapidly. However,
Hispanics have remained an economically poor ethnic
group in the United States. It has been a matter of debate
that, despite language and cultural barriers and poor health
care access, Hispanics have low all-cause mortality. This
fact stands vindicated based on the national mortality sta-
tistics and a cohort study involving 700 000 respondents in
a 9-y follow up of the mortality data matched to the Na-
tional Death Index [19,20]. However, higher sex- and age-
adjusted mortality rates (per 1000 person-years) have been
reported in U.S.-born Mexican Americans (5.7) compared
with non-Hispanic Whites (3.8) and Mexican Americans
born elsewhere (3.6) [21]. This could be due to the fact that
the process of acculturation, with adoption of a “Western-
ized” dietary and lifestyle habits over a long span of time,
led to increased morbidity and, hence, mortality in U.S.-
born Mexican Americans compared with foreign-born Mex-
ican American migrants [21].

Recently, several reports have emphasized the adverse
profile of obesity-related diseases in Hispanic populations in
the United States. A low level of acculturation in Hispanics
has been associated with high rates of obesity, abdominal
obesity, and other cardiovascular risk factors. The data
analysis of the Third National Health and Nutrition Exam-
ination Survey (1988-94), involving 2781 men and women
(25-64 y of age) and a Hispanic survey of 5180 adult men
and women (1874 y of age) clearly demonstrated that the
average value of BMI in successive generations of Hispanic
migrants showed an increase when using linear regression
models of BMI covariates [22,23]. Mean values of BMI
were 25.9, 26.0, and 25.5 kg/m2 in men and 26.6, 25.9, and
26.2 kg/m? in women of Mexican American, Cuban Amer-
ican, and Puerto Rican origins, respectively. However, rel-
ative to the first generation, the increase in BMI units was
1.15 in men and 1.76 in women in the second generation
and 0.83 in men and 1.83 in women in the third generation
[23]. These investigators used multivariate logit techniques
to understand the ethnic, age, gender, and intergenerational
patterns of adolescent obesity [23,24]. The high rates of
obesity and T2DM in the migrant Hispanic populations
were also demonstrated in New Mexico in the United States
more than a decade ago in a study of 1175 Hispanic adults,
which suggested the importance of genetic factors [25]. An
increased occurrence of T2DM and obesity in Hispanics
despite a low level of acculturation is also explained by the
hypothesis that, because Hispanics are genetically admixed
with American Indians, this phenomenon may be genetic in
origin and result from genes derived from American Indians
[25]. The cross-sectional survey data from the Third Na-
tional Health and Nutrition Examination Survey (1988-—

1994) further showed a remarkably high prevalence of
T2DM, dyslipidemia, and the metabolic syndrome in Mex-
ican Americans [26]. The unadjusted and age-adjusted
prevalences of the metabolic syndrome were 21.8% and
23.7%, respectively, for men and women in the general U.S.
population, with Mexican Americans being reported to have
the highest age-adjusted prevalence of the metabolic syn-
drome (31.9%) [26]. These observations suggest that, for
development of obesity and T2DM, an interplay among
environmental, social, and genetic factors is important in
migrant populations.

South Asians

Under the British occupation, South Asians migrated to
various commonwealth countries as laborers to work at the
plantations or as industrial workers. Subsequently, Asian
Indians migrated to other countries also as traders, business-
men, and technologically accomplished engineers and doc-
tors.

Lifestyle changes and increasing affluence have caused a
high prevalence of obesity, insulin resistance, and T2DM in
migrant South Asians [27-29]. The prevalence of the met-
abolic syndrome and CVD was found to be highest in South
Asians in the United Kingdom in a cross-sectional study
[30] (Fig. 2). The average values of BMI, blood pressure,
lipids, blood glucose, and insulin resistance of the migrant
Asian Indians tended to be higher than those of urban- or
rural-based sedentees in India [28,31-33]. For example,
migrant Asian Indians living in the United Kingdom were
more obese, had higher levels of blood pressure, total cho-
lesterol, and blood glucose, and were more insulin resistant
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Fig. 2. Age-standardized prevalence of the metabolic syndrome as defined
by the World Health Organization criteria (a) or the National Cholesterol
Education Program, Adult Treatment Panel III criteria (b) in men (black
bars) and women (white bars) divided according to ethnicity. Reproduced
from Tillin et al. [30] (with permission).
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than their siblings living in Punjab, India [32]. Similarly, in
a comparison of Gujaratis (originating from the state of
Gujarat, India) in Britain with non-migrant Gujaratis in
India, the former had higher mean values of BMI, blood
pressure, lipids, non-esterified fatty acids, and C-reactive
protein and a higher dietary intake of calorie and fat; how-
ever, the prevalence of T2DM was similarly high in both
samples [33].

Importantly, the prevalence rate of T2DM in migrant
Asian Indians has been found to be consistently higher than
in other ethnic groups [34,35]. For example, Asian Indian
communities in South Africa showed 11-13% prevalence of
T2DM, higher than the native Cape colored and Bantu
ethnic groups [10]. Interestingly, these investigators also
showed that highly inbred and culture-preserving Tamil
Hindus had the highest prevalence of T2DM, 37% in those
older than 25 y of age [10]. Important observations from the
Diabetes Epidemiology Collaborative analysis of Diagnos-
tic Criteria in Europe (DECODA) study (including 11 co-
hort studies and comprising 24 335 subjects) on the age- and
sex-specific prevalence of T2DM and impaired glucose reg-
ulation in four Asian countries, i.e., India, China, Singapore,
and Japan, showed that Asian Indians have the highest
prevalence of T2DM [36]. Interestingly, a retrospective
analysis showed that, during 1993-2001, the greatest in-
crease in the prevalence of T2DM (68%) in the elderly in
the United States was seen in Asian populations [37]. Fur-
thermore, a recent multisite study showed stepwise in-
creases in prevalence of T2DM from rural India (8.4%),
urban India (13.6%), and in Asian Indians settled in the
United States (17.4%) (A. Misra, unpublished data).

Various investigators have stressed adverse attributes of
body composition in the pathophysiology of insulin resis-
tance, the metabolic syndrome, and T2DM in Asian Indians
and South Asians. Specific features include excesses in
body fat, truncal subcutaneous fat, and abdominal adiposity
and low muscle mass [29,38—41]. Migration leads to a
further increase in adiposity in these regional adipose tissue
depots. Importantly, ethnic differences in insulin sensitivity
between South Asian and White Caucasian adolescents
(14—17 y of age) could be explained by ethnic differences in
body fat. Ehtisham et al. [42], in their community-based
cross-sectional cohort study, conclusively showed that
South Asian adolescents were more insulin resistant, with
more body fat than White European Caucasian adolescents,
and this may contribute to their increased risk of developing
T2DM [42] (Fig. 3).

Over the previous two decades, India and other South
Asian countries have been undergoing rapid demographic
nutritional transition and urbanization. The changing dietary
profile currently includes non-traditional “Westernized”
foods, particularly consumed by younger and economically
well-off people [43]. Obesity and the metabolic syndrome
are also becoming increasingly noticeable in urban areas,
particularly in children [28,39,44—48]. The prevalence of
T2DM has approximately doubled over the previous two
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Fig. 3. Scatter plot of HOMA analysis of insulin sensitivity against percent
body fat by ethnicity, with linear regression lines for each ethnic group.
Reproduced from Ehtisham et al. [42] (with permission). HOMA, Homeo-
static Model of Assessment.

decades in the rural and urban populations in India
[40,49,50]. Apart from adults, T2DM has been known to
increase in children and adolescents [51,52], which reflects
substantial and continuous changes in nutrition-related be-
haviors and lifestyle in the younger population [43]. The
environmental influences appear to play an important role in
the prevalence of chronic disease in migrant Asian Indian
populations besides ethnic susceptibility.

Other migrant populations

Chinese

The Chinese migration to the United States and Canada
started in the 1850s, first to California (gum shan, gold
mountain) in search of gold and later as railway workers.
The migrant Chinese living in North America reportedly had
higher rates of obesity than the sedentees in a study involving
2488 subjects [53]. Similarly, in a random clustered sample
study of 5080 adults 25-74 y old, Chinese migrants to Mau-
ritius were shown to have a higher age-standardized preva-
lence of impaired glucose tolerance and T2DM based on
WHO criteria. The age- and sex-standardized prevalences
(percentages) of impaired glucose tolerance and T2DM in
Chinese immigrants were 16.6 and 11.9, respectively [54].
The prevalence of CVD was six times greater (24%) among
Chinese migrants to Mauritius than among Chinese in Bei-
jing, China (4%), with higher average cholesterol levels
among Mauritius-based Chinese (5.4 mmol/L) than in those
living in Beijing (4.3 mmol/L) [55]. Similar to other Asian
populations, obesity and the metabolic syndrome are cur-
rently increasing in urban China (Table 1) [56]. A cross-
sectional survey of a nationally representative sample of
15 540 Chinese adults 35-74 y of age substantiated these
data [56]. The increased prevalence of these morbid factors
also is currently being seen in the urban Chinese population,
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Table 1

Crude and age-standardized prevalences of at least one component of
the metabolic syndrome* in China. Adapted from Gu et al. [56] (with
permission).

Number of metabolic abnormalities

1 2 3 4 5

Crude  352(0.5 19.6(0.4) 9.6(0.3) 3.5(0.2) 0.7(0.1)
Men 37.8(0.8)" 18.0(0.6)" 7.7(0.4H" 1.9(02)" 0.2(0.1)"
Women 32.6(0.7) 21.1(0.6) 11.6(0.5) 5.1(0.3) 1.2(0.2)
Urban 324 (0.9)% 23.1(0.8) 123(0.6)% 3.3(0.3)% 0.5(0.1)*
Rural 39.1(0.9) 17.0(0.7) 6.6(05) 1.6(0.3) 0.1(0.1)
Women

Urban  28.1(0.8)% 19.0(0.7)* 13.1(0.6)* 6.4(0.4)* 1.8(0.3)*
Rural 33.8(0.9) 21.7(0.8) 11.4(0.6) 49(0.4) 1.0(0.2)

Data are percentage (SE).

* Based on ATPIII criteria.

¥ p < 0.05 for men versus women.
* p < 0.05 urban versus rural.

apart from migrant Chinese in various parts of the world,
and is probably due to rapid nutritional and lifestyle transi-
tions [56]. He et al. [57] studied a nationally representative
cohort of 169 871 men and women =40 y of age and
showed that CVD is currently the leading cause of death in
China and that T2DM was among the top five causes of
death in urban Chinese residents. Overall, a clear shift in the
prevalence of chronic diseases has seemed to occur in the
Chinese population within the intercountry and intracountry
migrants.

Japanese

A high prevalence of T2DM in Japanese Nisei men and
women was reported in the United States [58] and Brazil
[59,60] in cross-sectional, population-based studies. The
results seem to be significantly influenced by an accumula-
tion of excess intra-abdominal fat [61]. An important life-
style factor considered in the development of T2DM in
Japanese Americans appears to be dietary saturated (animal
origin) fat and physical inactivity, and the development of
insulin resistance also seems to be probably related to ex-
cess abdominal adiposity [58].

Similar to the high prevalence of T2DM seen in Japanese
Americans, a cross-sectional study comparing first (Issei)
and second (Nisei) generations of Japanese Brazilians
40-79 y of age showed that the prevalence of T2DM in
migrant Japanese Brazilians was higher than the rates re-
ported for Japan at comparable age groups [59]. A higher
incidence of T2DM, an increased insulin resistance, and a
higher total cholesterol and serum triacylglycerol levels
were seen in Japanese Americans than in native Japanese
[62]. The prevalence of diabetes was seen to be two to three
times higher among Japanese migrants living in Hawaii,
who also showed higher fasting and post-postprandial insu-
lin concentrations than the Japanese living in Hiroshima
[63]. The proportion of deaths attributed to ischemic heart
disease was found to be higher in diabetic and non-diabetic

Japanese Hawaiians than in diabetic sedentees in Japan.
Even the offspring of Japanese migrants living in Hawaii
showed a higher proportion of deaths than did sedentees in
Japan [64]. Although the proportional death rate from dia-
betes in the 1950s was about half in Japanese Hawaiians
compared with Caucasian Hawaiians, it increased sharply to
1.6 times compared with Caucasian in the 1970s [64].

Greeks, Turks, and other European populations

An interesting “morbidity-mortality paradox” has been
reported in Greek migrants to Australia [65]. The data in the
1980s suggested that first-generation Greeks in Australia
were the second longest-lived population among all popu-
lations including the sedentees in Greece [66]. Intriguingly,
such a low mortality rate was seen despite high prevalences
of obesity, hyperlipidemia, hypertension, and physical in-
activity [67—69], and this paradox has been explained on the
basis of adherence to their traditional “healthy” Mediterra-
nean diets [65]. These Mediterranean diets generally con-
tain larger amounts of antioxidant carotenoids (especially
lutein), which may decrease cardiovascular risk, although
this issue needs further investigation. However, interest-
ingly, at the same time, Australia-born Greeks demonstrated
considerably higher standardized mortality ratios suggestive
of strong dietary and other lifestyle influences [65,70]. De-
spite belonging to low socioeconomic strata and indulging
in heavy smoking, migrants from southern Europe and
North Africa to France have lower mortality and better
health in comparison with local French subjects, probably
explained by adherence to a Mediterranean diet [71].

Since the 1960s, numerous healthy Turkish people have
migrated to Germany, and those who had lived in Germany
for at least 10 y showed higher total cholesterol concentra-
tions than sedentees in Turkey. The Geissen study involving
480 male and female Turkish immigrants in Germany
showed that dyslipidemia was the highest among all cardio-
vascular risk factors in both genders [72]. Total cholesterol
levels were comparable to those of other Western countries
and were remarkably higher than those reported for the
population in Turkey. However, high-density lipoprotein
cholesterol concentrations were low and found to be similar
to those in the sedentees in Turkey [72]. Based on these
factors, it was concluded that Turkish immigrants in Ger-
many have developed a lipid profile similar to that of West-
ern populations. Based on these observations, it has been
speculated that the incidence of CVD is likely to increase in
Turkish migrants in future.

Samoans and Tokelauans

American Samoans, inhabitants of an unincorporated ter-
ritory of the United States located in the South Pacific, have
undergone demographic and nutritional transitions. High
prevalence rates of obesity, hypertension, and dyslipidemia
were observed in urbanized and migrant Samoan popula-
tions in Hawaii and western United States [73-75]. It is
emphasized that parental ties were linked to substantially
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lower blood pressures, and a practice of Samoan traditions
favored lower blood pressure among migrant men, whereas
Westernized dietary practices favored higher blood pres-
sures [73]. A study of 2657 Samoan adults showed an
increase in the frequency of obesity in Samoan men with
increasing modernity of residence or occupation, with
women also demonstrating a pattern of higher adiposity in
more modern jobs [74]. Moreover, Samoans living in the
San Francisco Bay area, interestingly, had an average height
between the 25th and 50th percentiles, whereas approxi-
mately 50% of them exceeded the 95th percentile for body
weight in the U.S. population [75]. Such obesity was ac-
companied by elevated blood pressure and, in females, by
elevated fasting plasma glucose [75]. Prevalences of T2DM
in American Samoans were 25% and 15% versus 3.3% and
5.4% in sedentee Samoan men and women, respectively.
Moreover, 4-y incidences of T2DM (measured from 1990—
1991 to 1994-1995) were 12.4% and 8.5% in American
Samoans compared with 2% and 2.6% in men and women,
respectively, from Samoa [76]. The pattern emphasized that
the modernization of health trends and lifestyle habits in the
migrant community led to an increase in morbidity status.
Similar observations have been reported for Tokelauans [77].

Other ethnic groups and populations

Italian and Greek migrants to Australia have a three
times higher cumulative incidence of T2DM (2.4% and
2.6%, respectively) than do Australia-born (0.7%) individ-
uals [69]. Italian migrants to Belgium also showed higher
insulin requirements (in diabetics) and higher glycosylated
hemoglobin concentration than Belgian subjects [78]. The
prevalence of T2DM was found to be high in Arab Amer-
icans in a randomized study of 20- to 75-y-old adults
(15.5% in women and 20.1% in men) but was similar to the
prevalence rates reported in urban Arab populations living
in native countries [79].

Intracountry migration and resettlements

The migration within a country may occur from a rural to an
urban habitat or from the traditional habitat to government-
selected reservations or missions. The following descrip-
tions of such migrant populations provide a reflection of
how nutritional and lifestyle transitions have affected the
health status of people living within the same country.

The Aboriginal and Torres Strait Islanders, traditionally
being hunters and gatherers, were resettled in government-
made reservations. However, they remain Australia’s most
disadvantaged population, with poor health and living
conditions. Remarkably, nearly 75% of women and 50%
of men and an increasing number of children of such
“urbanized” aboriginals are obese and show high preva-
lences of the metabolic syndrome and T2DM, as demon-
strated by age-stratified data analysis and cross-sectional
studies [80,81].

In India and other South Asian countries, a rural-to-urban
area migration is occurring rapidly. In their previous rural
habitat, these people worked in the fields and plantations,
consumed frugal diets, and showed a low prevalence of
obesity, T2DM, or CVD [82]. Such populations, upon mi-
gration to urban resettlement colonies, became inactive,
obese, insulin resistant, and dyslipidemic and acquired sev-
eral other cardiovascular risk factors [40,45,83—-85]. Con-
siderable adverse changes in their dietary pattern were also
observed despite continued poverty and low resources [40].

An adverse coronary risk profile was reported among
rural-to-urban migrant populations living in urban slums
undergoing a stressful socioeconomic transition [85]. A
Brazilian survey of 535 poor families comprising 2411
individuals living in city shantytowns showed a high prev-
alence of malnutrition commonly associated with obesity
[86]. The coexistence of disease associated with urbaniza-
tion along with malnutrition in the economically disadvan-
taged population represents the “twin burden” of diseases
and has been also reported from many other developing
countries [86,87].

The migration of Native American Indians through the
“ice-free” corridor or through glaciers in North America
exposed them to cold harsh climates, intense physical ex-
ertion, and diets low in fat and carbohydrates; after reset-
tlement, they were exposed to high energy, sugar, and fatty
diets and an urbanized lifestyle. These influences led to high
insulin resistance, obesity, and T2DM [88,89].

International adoptees

The international adoptees comprise an interesting sam-
ple of migrants who are born in developing countries but are
settled in developed countries from an early age, mostly
during childhood. In a population-based study, Johansson-
Kark et al. [90] investigated the prevalence of overweight in
275 026 young international adoptees, born in 1973-1977
and living in Sweden at 17 y of age, and compared the data
with those of non-adopted subjects. Interestingly, heteroge-
neity in overweight according to country of origin was seen,
with the highest being in those from South America [90].
The data did not sufficiently point toward the environmental
influences on the risk factor, and differences in prevalence
of overweight between various groups of adoptees and be-
tween adopted and non-adopted subjects were probably
thought to be due to diversity in genetic susceptibility to
overweight. More epidemiologic and metabolic studies are
required to demonstrate the influence of a “foreign” lifestyle
in young adoptees, particularly in those originally belonging
to developing countries.

Pitfalls of the migrant studies

Studies relating to migrant populations are difficult to
perform because of numerous and continuously changing
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Fig. 4. Interplay of multiple factors after migration. The end result may be early-onset metabolic syndrome and T2DM. SES, socioeconomic stratum; T2DM,

type 2 diabetes mellitus.

variables. First, the migrant population may not typically
represent the general characteristics of the sedentee popu-
lation, and they may be healthier or less healthy than sed-
entees due to various factors outlined previously. Second,
the increasing global reach of the Western food industry,
spurred on by the barrage of advertisements in audiovisual
media, is radically influencing the dietary patterns of chil-
dren and young individuals in many developing countries.
Hence, the nutritional habits, body composition, and meta-
bolic attributes commonly seen in first-generation migrants
may have been acquired by similarly aged sedentees in
developing countries. Third, some studies of migrant pop-
ulations have required long periods to complete, and during
this time the prevalence of obesity and T2DM in sedentees
may have increased, making the initial comparisons errone-
ous [91]. Moreover, the apparent increase in metabolic risk
may take several years to occur after being exposed to
changed lifestyle factors after migration. In addition, the
morbidity and mortality data depend on the awareness of the
population to the disease, primary prevention strategies, and
the level of medical care available in the respective coun-
tries.

Determinants of obesity and T2DM in migrant
populations

Although the following section lists individual factors,
usually there is a complex interplay of several factors,
which may determine the adverse metabolic changes and
the prevalence of T2DM on migration (Fig. 4).

Nutritional transition

A major factor responsible for many of the above-
mentioned disorders is the nutritional transition of migrants.
Recent studies have shown that most developed countries
have a converging dietary pattern: high calories, saturated

fat, simple sugars, and low intakes of dietary fiber, fruits,
and vegetables. This “pattern four” of nutritional transition
is commonly associated with obesity and T2DM [92]. And
in a population probably genetically programmed (but mod-
ifiable) in utero to abdominal obesity, diabetes (T2DM and
gestational), and CVD, these conditions may be rapidly
acquired on a migration-induced nutritional transition. Sev-
eral studies on migrants have identified nutritional transition
confirming to the “pattern four”; however, the extent varies
with each ethnic group [53,93,94].

The migrant Japanese Americans show a conversion to
diets higher in animal fat and simple carbohydrates and take
less complex carbohydrates [95]. Consumption of animal
fat and simple carbohydrates (sucrose and fructose) were at
least twice as high in Japanese living in Hawaii as in
sedentee Japanese in Hiroshima. Conversely, Japanese in
Hiroshima consumed about twice the amount of complex
carbohydrate as the Hawaiian Japanese [64]. Similarly, two
cross-sectional surveys in a randomly chosen population
found that the energy intakes from dietary fats (percentage)
among Japan-born subjects were 27.2 for men and 26.2 for
women, whereas the respective figures for Brazil-born Jap-
anese were 30.1 and 29.5 [96]. The Chinese living in China
consumed more carbohydrate but less fat and were leaner
than Chinese settled in North America [53]. The transition
in the habitual diet with increasing (saturated) fat and de-
creasing fruit and vegetable intakes was thought to be the
reason for increasing chronic diseases in Caribbean mi-
grants to Britain [97].

Interestingly, a common West African ancestry but dif-
ferent body composition has been largely accounted for by
the vastly different food intakes and physical activity pat-
terns in the country of migration. For example, 20-25%
energy of rural and urban diets in West Africa is supplied by
fat from palm, peanut, and corn oils [98], whereas it was
27-39% in those living in Jamaica [12] and 32-35% in
African Caribbeans living in Manchester, United Kingdom
[99]. Changes have been identified in the specific dietary
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nutrients in the selected populations. For example, fish in-
take was reduced as Japanese moved from Japan to Brazil,
which correlated with cardiovascular risk [60]. The increase
in salt intake correlating to high blood pressure was reported
in Tokelauan migrants to New Zealand [91].

Interestingly, Anderson et al. [100] reported that the
nutritional transition in Italian migrants to Scotland was
seen only in the subsequent generation, whereas South
Asian migrants to Scotland developed an adverse dietary
profile in the first generation. Mostly, however, the dietary
change in migrant South Asians has been gradual, depend-
ing on the length of residence in the adapted country, age
group, and whether the subject was a first- or a subsequent-
generation migrant. The “dietary acculturation” included
decreased vegetarian status and use of South Asian ethnic
foods, inclusion of Westernized food items, and alteration in
the meal pattern. The changes in the dietary profile con-
forming to urban diets and increased salt intake have also
been seen in intracountry rural-to-urban migrants in India
and other countries [45,101]. The dietary “acculturation,”
however, may be highly variable within the same ethnic
group [102]. The age and economic status of the migrants
also influence their dietary choices. Cross-sectional studies
of randomly sampled younger migrants found that they
changed their food habits more readily to more energy-
dense foods [103,104]. Other perceived barriers to main-
taining customary eating habits in migrants were the high
cost of fruits and vegetables, greater availability of conve-
nience foods, and the limited variety of foods of choice
available in the migrant country [103]. Interestingly, in-
creasing migration may result in discernible changes in the
food habits of the non-migrant people in the adapted coun-
try, making migration-associated food changes “bidirec-
tional” [105]. This bidirectional food acculturation, as seen
in the Australian eating patterns, became “Asianized” [105].
However, the impact of such Asianized diets as prevalent in
some of the developed countries (e.g., United Kingdom) on
metabolic and cardiovascular risk factors in White Cauca-
sians has not been investigated.

There is a paucity of data on the dietary intervention
studies in migrant populations. In Australian Aboriginals,
Rowley et al. [106] conducted sequential, periodic, cross-
sectional risk factor surveys to evaluate the effectiveness
of a community-directed intervention program to reduce
cardiovascular risk through dietary modifications. The
study showed that a dietary intervention program con-
sisting of decreased saturated fat and sugar intake and
increased fruit and vegetable intake significantly de-
creased hypercholesterolemia and other cardiovascular
risk factors [106]. Clearly, such studies are needed for
other migrant populations.

Physical inactivity

Usually there is a marked decrease in the physical activ-
ity of migrants. For example, a more sedentary lifestyle was

typically seen in Australian Aboriginals and Tokelauans
after migration [107]. Similar observations were also seen in
Myanmar youth migrating to Thailand [108] and Chinese
migrating to North America [53]. However, such a change
may be less striking in those who were already urbanized
and sedentary before migration, as may be recently seen in
technologically skilled migrants. Intracountry migrants of-
ten take sedentary jobs that are markedly different from
their previous labor-intensive work [45]. These adverse
lifestyle habits could be improved if interventions for
healthy lifestyle could be effectively delivered and sus-
tained. The sustainable improvements observed for dietary
intake and level of physical activity were justified convinc-
ingly in a study of a remote Australian Aboriginal commu-
nity [109]. The study evaluated the health outcomes of a
cohort of high-risk individuals followed over 4 y [109].
These investigators reported that involvement of high-risk
subjects in preventive diet and/or exercise strategies was
associated with protection from increases in blood glucose
and serum triacylglycerols, with significant reductions in
fasting insulin concentrations [109].

Gene-environment interactions

Most chronic diseases (including obesity, T2DM, and
CVD) result from the interaction between genetic suscepti-
bility and environmental factors, including diet, smoking,
and exercise [110]. Evidence shows that genes are involved
in determining enzymes, receptors, cofactors, and structural
components involved in the metabolism of lipids, lipopro-
teins, and proteins involved in inflammation and coagula-
tion, and genetic risk modulates relations between dietary
factors and adiposity [111]. The migrant data are suggestive
of the possible interaction between genes and environment
in the development of T2DM [112]. Rapid transitions in diet
and lifestyle environmental factors seen in migrant popula-
tions and during transition from poverty to affluence may
influence heritability of the variant phenotypes that are
dependent on the nutrient environment for their expression.
However, with the majority of these genes being polymor-
phic, some genes may respond to nutritional modulation,
whereas others may not indicate any response [113]. The
discernibility of gene-environmental interaction and the role
of either component in a particular setting are often difficult
to judge and interpret. In contrast to environmental “mod-
ernization” or “Westernization” with acculturation, a “post-
modernization” process has been also seen. The prevalence
of T2DM was seen to decline in Mexican Americans in San
Antonio, with acculturation to the healthier attitudes and
behaviors of “postmodernized” American society [114]. A
similar trend also seen in the upper socioeconomic stratum
in developing countries probably indicates the predominant
influence of acquired lifestyle factors often overriding ge-
netic influences. The subtle effects of gene-environment
interactions are undoubtedly important and merit a detailed
discussion, which is beyond the scope of the present review.
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Stress

Many scientists consider migration a “risk factor,”
because people undergo significant stress due to a new
environment, social, economic, and language disparities,
and the job challenges faced during this period. The migrant
populations often lack social support and often are socially
isolated. These factors may play a significant part in stress-
induced hormonal and metabolic derangements. Interest-
ingly, in this context, migrant Tokelauans in New Zealand
had higher 24-h urinary catecholamine levels compared
with natives living in Tokelau, consistent with the increased
number of stressors [115]. Males may undergo more stress
in the migrant populations such as Polynesians who follow
a male-dominated family structure, which may contribute to
hypertension [77]. Importantly, psychological stress and
low self-esteem in migrants are also responsible for an
increased frequency of smoking [101], alcohol consumption
[116], unhealthy dietary practices, and physical inactivity,
which may lead to metabolic disturbances.

Other factors

Epidemiologists have described ethnic susceptibility of
some populations to develop a specific disease, given the
right environmental stimulus. For example, Samoans are
highly susceptible to develop obesity [74,75], whereas
South Asians are susceptible to develop insulin resistance
and T2DM [31]. An excess nutrient supply in those with
“early-life adverse events” such as low birth weight and
fetal growth retardation has often been cited as a factor
responsible for increased rates of obesity, hypertension, and
T2DM in migrants from developing countries having a
frequent prevalence of malnutrition [117-119].

Summary

Environmental factors seem to play a critical role in
conferring an increased risk of obesity, insulin resistance,
T2DM, and CVD. Although the remnant genetic effect has
been dominant in certain situations, influences of environ-
mental and acquired factors on cardiovascular and meta-
bolic risks often override genetic influences. Most environ-
mental factors are due to technologic and social progress:
urbanization, mechanization, changes in nutrition, physical
activity, smoking, and alcohol intake. The role of stress and
ethnicity in the pathogenesis of adiposity and related met-
abolic diseases needs to be systematically studied.
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