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Context: Prevalence of obesity and the metabolic syndrome is rapidly increasing in developing
countries, leading to increased morbidity and mortality due to type 2 diabetes mellitus (T2DM) and
cardiovascular disease.

Evidence Acquisition: Literature search was carried out using the terms obesity, insulin resistance,
the metabolic syndrome, diabetes, dyslipidemia, nutrition, physical activity, and developing coun-
tries, from PubMed from 1966 to June 2008 and from web sites and published documents of the
World Health Organization and Food and Agricultural Organization.

Evidence Synthesis: With improvement in economic situation in developing countries, increasing
prevalence of obesity and the metabolic syndrome is seen in adults and particularly in children. The
main causes are increasing urbanization, nutrition transition, and reduced physical activity. Fur-
thermore, aggressive community nutrition intervention programs for undernourished children
may increase obesity. Some evidence suggests that widely prevalent perinatal undernutrition and
childhood catch-up obesity may play a role in adult-onset metabolic syndrome and T2DM. The
economic cost of obesity and related diseases in developing countries, having meager health
budgets is enormous.

Conclusions: To prevent increasing morbidity and mortality due to obesity-related T2DM and
cardiovascular disease in developing countries, there is an urgent need to initiate large-scale
community intervention programs focusing on increased physical activity and healthier food op-
tions, particularly for children. International health agencies and respective government should
intensively focus on primordial and primary prevention programs for obesity and the metabolic
syndrome in developing countries. (J Clin Endocrinol Metab 93: S9–S30, 2008)

Nutritional, demographic, epidemiological, and socioeco-
nomic transitions are occurring in many developing coun-

tries. Continuing undernutrition and escalating over nutrition
has created double jeopardy of communicable and noncommu-
nicable diseases (NCDs) (1, 2). This double burden poses ap-
parently insurmountable health and economic challenges in re-
source-constrained populations.

Obesity is a natural consequence of over nutrition and sed-
entary lifestyle. Persistent obesity dysregulates metabolic pro-
cesses including action of insulin on glucose-lipid-free fatty acid
metabolism and severely affects processes controlling blood glu-

cose, blood pressure, and lipids. Thus begins a cluster of condi-
tions; dysglycemia, dyslipidemia, hypertension, and procoagu-
lant state, known as the metabolic syndrome (3). Data suggest
that the obesity and the metabolic syndrome are immediate pre-
cursors of type 2 diabetes mellitus (T2DM) and cardiovascular
disease (CVD) (4–7).

Increasing burden of obesity, the metabolic syndrome,
T2DM, and CVD in developing countries has created an urgent
need to strategize health policies and mass intervention programs
to tackle nutrition and continue efforts to manage undernutri-
tion. Clearly these efforts require a thorough understanding of
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factors influencing and driving obesity and the metabolic syn-
drome in developing countries. In this review, we shall discuss the
epidemiology of obesity and the metabolic syndrome, lifestyle
and nutritional transitions, determinants, social and economic
impacts, and possible solutions for prevention of obesity and the
metabolic syndrome in developing countries.

Developing countries have been categorized as per the Inter-
national Monetary Fund’s World Economic Outlook Report,
April 2008 (8). The literature search has been carried out using
the terms, obesity, insulin resistance, the metabolic syndrome,
diabetes, dyslipidemia, nutrition, physical activity, and develop-
ing countries, in the medical search database PubMed (National
Library of Medicine, Bethesda, MD) from 1966 to June 2008. A
manual search of the relevant quoted references was also carried
out from the retrieved articles. Data have also been taken from
nutritional surveys in different developing countries and web
sites and published documents of the World Health Organiza-
tion (WHO) and Food and Agricultural Organization (FAO). It
is important to note that, despite elaborate literature search, data
regarding obesity and the metabolic syndrome are not available
from many developing countries.

Shift towards NCDs in developing countries:
a growing burden

With a substantially high annual rate of increase of obesity and
rapid emergence of the metabolic syndrome in most developing
countries, the shift in the pattern of NCDs is occurring at a faster
rate than it did in the industrialized regions of the world half a
century ago (9). Global prevalence of chronic diseases is pro-
jected to increase substantially over the next 2 decades in devel-
oping countries. Indeed, 60% of the global burden of chronic
diseases is expected to occur in developing countries (10). CVD
is already the leading cause of mortality in many developing
countries (11).

In the World Health Report (1999), it was stated that in 1998,
78% of the burden of NCDs and 85% of the CVD arose from the
developing low- and middle-income countries (12). Further-
more, according to projected data, chronic diseases will account
for almost three quarters of all deaths worldwide by 2020 and
that 71% of deaths due to CVD and 70% of deaths due to di-
abetes will occur in developing countries (13). In fact, there are
more patients with CVD in India and China than in all the eco-
nomically developed countries (14). Globally, by 2000, 171 mil-
lion patients with diabetes are projected, which is expected to
increase to 366 million in 2030, of which 298 million will be in
developing countries (15). The number of people with diabetes
is projected to double (during 2000–2030), in three of the six
developing regions, including, the Middle East and North Africa,
South Asia, and sub-Saharan Africa (15). India has and will con-
tinue to have the highest number of patients with diabetes in the
world (16).

The resulting increase in morbidity and mortality due to obe-
sity and consequent chronic NCDs is a matter of great concern.
Between 1990 and 2020, mortality from CVD in developing
countries is expected to increase by 120% for women and 137%

for men (17), which is expected to be substantially greater than
from developed countries (29 and 48%, respectively) (18). A
near tripling of CVD mortality in Latin America, the Middle
East, and sub-Saharan Africa is expected to occur in next 2 de-
cades (19). In India, increase in CVD mortality is expected to
reach 2 million by 2010 (20).

Epidemiology of obesity and the metabolic
syndrome in developing countries

Obesity (Table 1)
According to the WHO estimates, the undernourished pop-

ulation in the world has declined and is roughly around 1.2
billion, whereas the overnourished population has increased to
1.2 billion (21). WHO data also show that, globally, there are
more than 1 billion adults overweight and 300 million obese
people. The problem of obesity is increasing in the developing
world with more than 115 million people suffering from obesity-
related problems (22). In 1998, Popkin and Doak (23) reported
an increase in prevalence of obesity from 2.3 to 19.6% over the
last 10-yr period in several developing countries. Obesity rates
have increased 3-fold or more since 1980 in Middle East, the
Pacific Islands, Australasia, and China (24).

Whereas the prevalence of obesity may not be high in many
areas in some developing countries, like China, Japan, and cer-
tain African nations, it is extremely high (�75%) in other coun-
tries like urban Samoa. Even in low-prevalence countries, the
prevalence is significantly high (�20%) in urban areas (23). Re-
cently application of lower cutoff of body mass index (BMI)
(Asian criteria of overweight: 23–25 kg/m2 and obesity: �25
kg/m2) (25) has led to increase in prevalence figures in several
Asian countries (26, 27).

Overall, it appears that overweight and obesity may already
be more than underweight and undernutrition in many devel-
oping nations. Rural-urban differences in obesity, the metabolic
syndrome, and T2DM is seen in most developing countries (28).
Furthermore, whereas overweight and obesity in underprivi-
leged people in developed countries is substantial, in developing
countries rural-based people are mostly lean and have low prev-
alence of T2DM and CVD. However, underprivileged people
residing in urban areas (mostly rural to urban migrants) show
increasing prevalence of overweight/obesity and other cardio-
vascular risk factors (29).

Abdominal obesity (Table 1)
Abdominal obesity is an important risk factor for T2DM, the

metabolic syndrome, and CVD (30–32) and is particularly prev-
alent in certain ethnic groups of developing countries (e.g. South
Asians, Hispanics, etc.). In the International Day for Evaluation
of Abdominal obesity study (33), waist circumference data from
63 countries showed highest prevalence of abdominal obesity in
South Asians compared with north Europeans and other Asian
ethnic groups. Of note, 30.9% of men and 32.8% of women in
industrial population in India were reported to have abdominal
obesity (34). Using Asian cutoffs of waist circumference, 25.7%
women and 33.1% men in urban South Korea had abdominal
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TABLE 1. Prevalence of obesity in developing countries

Author and year
Country/region and

urban/rural area Age (yr)

Sample (n)
Cutoffs of BMI (kg/m2)
or waist circumference

(cm)

Prevalence of
obesity (%)

Male Female Male Female

Shapo et al., 2003 (205) Albania (Urban)a �25 535 585 BMI � 30 22.8 35.6
Monteiro et al., 2001 (206) Brazila �20 1971 2588 BMI � 30 4.4 12.6
Zaman et al., 2001 (207) Bangladesh (rural) �18 238 272 WC � 94 (M), �80 (F) 2.9 16.8
Fezeu et al., 2006. (36) Cameroon (urban) �25 1301 1530 WC � 94 (M), �80 (F) 18.0 67.0
Du et al., 2002 (208) Chinaa 18–49 2796 2936 BMI � 25 15.3 17.1
Gu et al., 2005 (40) Chinaa 35–74 15540b BMI � 25 26.9 31.1
Jadue et al., 1999 (209) Chilea 24–64 1020 2100 BMI � 30 15.7 23.1
Fan et al., 2008 (210) Shanghai, China (urban) 20–88 1524 2379 WC � 90 (M), �80 (F)

BMI � 25
35.4b

43.3b

Shi et al., 2008 (211) Jiangsu, Chinaa �20 2849b WC � 90 (M), �80 (F) 19.5 38.2
Sabanayagam et al.,

2007 (212)
Chinese adults, Singapore

(urban)
40–81 402 540 BMI � 25 33.0 34.0

Pang et al., 2008 (213) China (rural) �35 45925b BMI � 25 17.6 27.3
Zhang et al., 2008 (214) China (rural) �35 29970b BMI � 25

BMI � 30
15.1
1.2

22.1
2.2

Galal, 2002 (215) Egypta 1974 2909 BMI � 30 20.0 45.2
Dhurandhar and Kulkarni,

1992 (216)
Western India (urban) �15 y 791 791 BMI � 30 4.8 7.8

Gupta et al., 2003 (217) North India (urban) �20 532 559 WC � 102 (M), �88 (F) 21.8 44.0
Misra et al., 2001 (176) North India (urban)c �18 170 362 BMI � 25 13.3 15.6
Gupta et al., 2004 (51) North India (urban)d Mean: 43.2 (M)

44.7 (F)
226 232 BMI � 30,

WC � 102 (M), �88 (F)
20.8
34.5

32.3
55.6

Prabhakaran et al., 2005 (218) North Indiaˆˆ(industrial
population)

20–59 2935b BMI � 25
WC � 90 (M), �80 (F)

35.0b

43.0b

Misra et al., 2005 (113) North India (urban) 38.9 640b WC � 90 (M), �80 (F) 10.1 25.9
Gupta et al., 2004 (219) North India (urban) �20 960 840 WC � 102 (M), �88 (F) 25.6 44.0
Deepa et al., 2007 (220) South India (urban) �20 2350 BMI � 25

WC � 90 (M), �80 (F)
43.2
56.2

47.4
35.1

Gupta et al., 2007 (221) North India (urban) �20 532 559 BMI � 25 37.8 50.3
Park et al., 2006 (222) Koreaa 20–80 6824b WC � 90 (M), �85 (F) 19.4 22.5
Oh et al., 2004 (35) Korea (urban) 30–80 269 505 WC � 90 (M), �80 (F) 33.1 25.7
Grabauskas et al., 2003 (223) Lithuaniaa 20–64 4337 5440 BMI � 30 16.2 16.0
Benjelloun, 2002 (224) Moroccoa �20 6875 7153 BMI � 25

BMI � 30
25.4
4.3

45.0
16.0

Hodge et al., 1996 (225) Mauritiusa

1987 5021b BMI � 25 26.1 37.9
1992 5111b BMI � 25 35.7 47.7

Al-Lawati et al., 2003 (38) Oman (urban) 20–99 1419b WC � 102 (M), �88 (F) 4.7 44.3
Dodani et al., 2004 (226) Pakistan (urban) Mean 41.07 1147b BMI � 25

BMI � 30
52.2b

18.5b

Jacoby et al., 2003 (227) Peru (urban) �18 1163 1159 BMI � 30 16.0 22.7
Jahns et al., 2003 (228) Russian Federationa 19–55 BMI � 30

1992 17150b BMI � 30 7.1 21.6
2000 9006b 10.3 19.1

Bovet et al., 2006 (229) Republic of Seychellesa 25–64 1255b BMI � 30
BMI � 25

15.0 35.2
68.3

South Africa Department of
Health, 1999 (230)

South Africaa �15 5671 8156 BMI � 30 9.1 29.3

Hodge et al., 1994 (231) Samoaa 25–74 797 989 BMI � 30 48.7 68.0
Bourne et al., 2002 (232) South Africaa �15 4006 5897 BMI � 25

BMI � 30
25.4
6.0

58.5
31.8

Wijewardene et al., 2005 (233) Sri Lankaa 30–65 2692 3355 BMI � 25 20.3 36.5
Kosulwat, 2002 (234) Thailanda Adults NS: 1991

NS: 1996
BMI � 25
BMI � 25

7.7
13.2

15.7
25.0

Florez et al., 2005 (37) Venezualaa �20 3108b WC � 102 (M), �88 (F) 42.9b

Data are given according to alphabetical order of countries. NS, National survey; M, male; F, female, WC, waist circumference.
a Representative of sample total population in the area.
b Overall including male and female.
c Data from urban slum population of New Delhi, north India.
d Data from Punjabi Bhatia community in north India.
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obesity (35). Data from countries in sub-Saharan Africa, South
America, and the Middle East also showed similar high preva-
lence of abdominal obesity: 67% of women and 18% of men in
urban Cameroon (36), 43% in Venezuela (37), and 24.6% in
Oman (38).

Obesity in women (Fig. 1)
Higher prevalence of obesity and abdominal obesity has been

seen in women compared with men in many developing coun-
tries, consistent with the sedentary lifestyle as discussed later. For
example, the prevalence of obesity (standardized for age) in
adults in Seychelles was 5-fold more in women compared with
men (20.9 vs. 4.2%, respectively) (39). Furthermore, in this pop-
ulation, the prevalence of obesity in women increased from 8.9%
at age 25–34 yr to 29.4% at age 35–44 yr and reached a plateau
thereafter, whereas the prevalence did not change with age in
men. Correspondingly, prevalence of T2DM (standardized for
age) was also higher in women (women, 4.6% vs. men, 3.4%)
(39). The age-standardized prevalence of overweight (BMI �

25.0 kg/m2) was higher in women (31.1%) than men (26.9%) in
China (40). Other developing countries show similar trends re-
garding higher prevalence of obesity in women: Iran (men, 24%
and women, 42%), (41) and Sri Lanka (men, 20.3% and women,
36.5%) (42).

Obesity in children (Table 2)
Similar to adults, the prevalence of overweight and obesity

and overweight in children in developing countries shows an
increasing trend. This is a serious challenge because malnutrition

and stunted growth are often seen to coexist in children, and
eliminating undernutrition without increase in obesity is re-
quired (43). Since 1986, several surveys in preschool children
show increasing obesity in most countries in Latin America and
the Caribbean, along with the Middle East and North Africa,
which is comparable with prevalence rates of childhood obesity
seen in the United States (43). Similar trends have also been
observed in India, Mexico, Nigeria, and Tunisia over the past 2
decades (44). The prevalence of obesity in 5- to 12-yr-old chil-
dren in Thailand increased from 12.2 to 15.6% over a period of
2 yr (24). Increase in the prevalence of overweight among older
children and adolescents has been seen as well; from 4.1 to
13.9% between 1975 and 1997 in Brazil, from 6.4 to 7.7%
between 1991 and 1997 in China, and from 16 to 24% between
2002 to 2007 in New Delhi, India (45, 46). Furthermore, over-
weight was more common in urban areas vs. rural areas, pri-
vately funded schools vs. government funded schools (46), girls
vs. boys (46), and children born to more educated mothers in
India (43).

Epidemiology of the metabolic syndrome
(Table 3)

Adults
In line with the rising prevalence of obesity, the metabolic

syndrome is also increasing in developing countries. High prev-
alence of the metabolic syndrome has been reported from sub-
Saharan Africa and Middle East countries; South Africa, Mo-

FIG. 1. Prevalence of overweight �BMI (in kilograms per square meters) �25� and underweight (BMI � 18.5) in women aged 20–49 yr in 36 developing countries
ranked (in brackets) by per capita gross national income (U.S. dollars). Source: Mendez et al. (204); originally printed elsewhere (28).
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rocco, Oman, Turkey, and Iran showed prevalence of 33.5, 16.3,
21, 33.4, and 33.7%, respectively. The prevalence rates are also
high in Venezuela (31.2%) and urban Brazil (25.4%) (37, 47).
The situation appears to be similar in South Asian countries. The
prevalence of insulin resistance as measured by surrogate mark-
ers in Asian Indians residing in India ranged from 20 to 55%; the
variation in the prevalence was due to heterogeneity of the pop-
ulation (higher in urban vs. rural) and socioeconomic strata
(SES) (higher in the people belonging to high SES vs. low SES)
(48, 49). The recent data show that one fourth to one third of
urban population of India has the metabolic syndrome (50). Fur-
thermore, the prevalence is 1.5–2 times higher in women com-

pared with men (34, 50). Interestingly, certain communities in
India (e.g. Punjabi Bhatia community in north India) have
inordinately high tendency to have obesity, T2DM, and the
metabolic syndrome (51). Prevalence of the metabolic syn-
drome in population of Sri Lanka is strikingly high as well;
35% in males and 51% in females (n � 16,729) (Wijesuriya
M., personal communication). In the Sindh province of Paki-
stan, overall prevalence of the metabolic syndrome was 34.8
and 49% according to International Diabetes Federation
(IDF) and modified National Cholesterol Education Program,
Adult Treatment Panel III (NCEP, ATP III) definitions, re-
spectively (n � 363) (Basit A., personal communication).

TABLE 2. Childhood obesity in developing countries

Author and year Country Sample (n)

Age
range
(yr)

Criteria for measuring
overweight/obesity Prevalence (%)

Hirschler et al., 2006
(235)

Argentina 321 4.39a Overweight: BMI � 85th percentile,
obesity: BMI � 95th percentile

At risk of overweight: 19.0
Overweight: 18.4

Silveira et al., 2006
(236)

Brazil 1420 14–19 Obesity/overweight: BMI � 85th
percentile

Overweight: 15.2

Liu et al., 2007 (237) China 262,738 3.5–6.4 Overweight/obesity: age- and
gender-specific BMI (IOTF)

Overweight & obesity: 7.4

Nunez-Rivas et al.,
2003 (238)

Costa Rica 1718 7–12 Overweight: BMI � 85th percentile
Obesity: 7–9 yr: triceps skinfold

�85th percentile for age
and sexb

10–12 yr: BMI � 85th percentile
and both triceps and subscapular
skinfold thickness �90th
percentile

Overweight: 34.5
Obesity: 26.2

Bhardwaj et al., 2008
(46)

New Delhi, India 3493 14–17 Overweight/obesity: age- and
gender-specific BMI cutoffs
�85th percentile.

Overall: 24.3 Overweight/
obesity: private schools,
29.0; government-funded
schools, 11.3

Moayeri et al., 2006
(239)

Tehran, Iran 2900 11–17 Overweight/obesity: age- and sex-
specific cutoff points for BMI

Overweight: 17.9
Obesity: 7.1

Lafta and Kadhim,
2005 (240)

Iraq 8300 7–13 Overweight/obesity: age- and
gender-specific cutoff points for
BMI (IOTF)

Overweight: 6.0
Obesity: 1.3

Jabre et al., 2005
(241)

Beirut, Lebanon 234 6–8 Obesity/overweight: age- and
gender-specific cut-off points for
BMI (IOTF)

Overweight: boys, 26.0; girls, 25.0
Obesity: boys, 7.0; girls, 6.0

Tee et al., 2002 (258) Kuala Lumpur,
Malaysia

5995 7–10 Overweight/obesity: �95th
percentile for age

Overall: 8.4
Overweight: boys, 9.7; girls, 7.1

Sumarni et al., 2006
(242)

Kuala Lumpur,
Malaysia

699, boys 11 Obesity/overweight: age- and
gender-specific cutoff points for
BMI (IOTF)

Overall: 7.2
Urban, 7.2; rural, 7.0

El-Hazmi and Warsy,
2002 (243)

Saudi Arabia 12071 1–18 Overweight/obesity: age- and sex-
specific cutoff points for BMI

Overweight: boys, 10.7; girls,
12.7

Obesity: boys, 6.0; girls,
6.74

Kruger et al., 2006
(244)

South Africa 1257 10–15 Obesity/overweight: BMI for
age (IOTF)

Overweight/obesity: 7.8

Wickramasinghe et al.,
2004 (245)

Sri Lanka 1224 8–12 Obesity/overweight: age- and sex-
specific cutoff points for BMI
(IOTF)

Obesity: boys, 4.3; girls, 3.1

Langendijk et al., 2003
(246)

Thailand
(northeast)

864 7–9 Obesity: weight-for-height Z-score
above 2.0 SD of the NCHS/WHO
reference population median

Obesity: 10.8

Data are given according to alphabetical order of countries. IOTF, International Obesity Task Force; NCHS, National Center for Health Statistics.
a Mean age.
b Using the percentiles by age for children in the United States.
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There is a paucity of data on prevalence of insulin resistance
and the metabolic syndrome from other south Asian coun-
tries: Bangladesh and Nepal.

Prevalence of the metabolic syndrome is rapidly increasing in
East Asia and China. Using modified NCEP, ATP III criteria,
prevalence was 29.0 and 16.8% in South Korean men and

women, respectively (35). A study done in Singapore not only
highlighted change in prevalence when criteria for abdominal
obesity were modified but also showed ethnic differences. Tan et
al. (52) showed that the prevalence was highest in Asian Indians
(28.8%), followed by the Malays (24.2%) and then the Chinese
(14.8%), and ethnic differences persisted in both genders (52).

TABLE 3. Prevalence of the metabolic syndrome in developing countries

Author and year
Country/region and

urban/rural area Age (yr)

Sample (n) Criterion for
diagnosis

Prevalence (%)

Men Women Male Female

Gu et al., 2005 (40) Chinaa 35–74 15540b NCEP, ATP III 9.8 17.8
Fan et al., 2005 (53) Shanghai, Chinaa Mean 52.4 1218 1957 Modified NCEP, ATP III 22.9 20.8
Yang et al., 2007 (247) Chinaa 35–74 15838b IDF 16.5b

Modified NCEP, ATP III 23.3b

Fan et al., 2008 (210) Shanghai, Chinaa 20–88 1524 2379 Modified NCEP ATP III 15.3b

Misra et al., 2001 (176) North Indiac �18 170 362 NCEP, ATP III 13.3 15.6
Deepa et al., 2002 (248) South India (urban) �20 1070b EGIR 11.2b

MIG, 18.7b

LIG, 6.5b

Gupta et al., 2003 (217) North India (urban) �20 532 559 NCEP, ATP III 9.8 20.4
Ramachandran et al., 2003

(249)
South India (urban) 20–75 475b Modified NCEP, ATP III 36.4 46.5

Deepa et al., 2007 (250) South India (urban) �20 23505 WHO
NCEP, ATP III IDF

23.2b

18.3b

25.8b

Gupta et al., 2004 (219) North India (urban) �20 532 559 NCEP, ATP III 22.9 39.9
Misra et al., 2005 (113) North India (urban) Mean; 38.9 640b Modifications of NCEP,

ATP III �BMI � 23
kg/m2, WC � 90
(M) � 80 (F) in
addition to other
criteria�

11.0 10.5

Gupta et al., 2007 (221) North India (urban) �20 532 559 NCEP, ATP III 22.9 31.6
Chow et al., 2008 (183) India (rural) �30 4535b Modified NCEP, ATPIII 32.5 23.9
Azizi et al., 2003 (41) Tehran, Iran (urban) �20 4397 5971 NCEP, ATP III 24.0 42.0
Oh et al., 2004 (35) Korea (urban) 30–80 269b Modified NCEP, ATP III 29.0 16.8
Park et al., 2004 (251) Koreaa 20–80 3937 4713 Modified NCEP, ATP III 14.2 17.7
Park et al., 2006 (222) Koreaa 20–80 6824b IDF 13.5. 15.5
Gustiene et al., 2005 (252) Kaunas, Lithunia Mean 38.8 192 241 IDF 28.1 16.6
Cameron et al., 2003 (253) Mauritiusa �24 1473 1698 Modified NCEP, ATPIII 10.6 14.7
Aguilar-Salinas et al., 2003

(254)
Mexicoa 20–69 2158b WHO

NCEP, ATP III
13.6b

26.6b

Al-Lawati et al., 2003 (38) Omana �20 695 724 NCEP, ATP III 19.5 23.0
Tan et al., 2004 (52) Singapore (Malays, Asian

Indians, and Chinese
ethnicity)a

18–69 4723b Modified NCEP, ATP III 20.9 15.5

Ozsahin et al., 2004 (255) Turkeya 20–79 1637b NCEP, ATP III 23.7 39.1
Onat et al., 2002 (256) Turkeya �31 1130 1166 NCEP, ATP III 27.0 38.6
Florez et al., 2005 (37) Venezualaa �20 3108b NCEP, ATP III 31.2b

Data are given according to alphabetical order of countries. Definitions/criteria for the metabolic syndrome used in the table: (1) NCEP, ATPIII: at least three of the
following criteria; waist circumference greater than 102 cm (M) and greater than 88 cm (F); triglycerides 150 mg/dl or greater; HDL-C less than 40 mg/dl (M) and less
than 50 mg/dl (F); blood pressure 130/85 mm Hg or greater; and fasting blood glucose 110 mg/dl or greater (2) Modified NCEP, ATP III: in addition to NCEP, ATP III
criteria, fasting blood glucose greater than 100 mg/dl and ethnic-specific cutoffs of waist circumference greater than 90 cm(M) and greater than 80 cm (F) for Asian
populations; (3) IDF, waist circumference is mandatory criterion and any two of the following; triglycerides greater than 150 mg/dl or treated for it; HDL-C less than 40
mg/dl (M) and less than 50 mg/dl (F) or treated for it; blood pressure 130/85 mm Hg or greater or treated for previously diagnosed hypertension, fasting blood glucose
100 mg/dl or greater, or previously diagnosed diabetes; ethnic-specific cutoffs of waist circumference in IDF definition, Europid 94 cm or greater (M) and 80 cm or
greater (F); U.S. NCEP, ATP III values applicable; South Asians, 90 cm or greater (M) and 80 cm or greater (F); Chinese, 90 cm or greater (M) and 80 cm or greater(F);
Japanese, 90 cm or greater (M) and 80 cm or greater (F); for ethnic South and Central Americans, use South Asian recommendations; sub-Saharan Africans, use
European recommendations; Eastern Mediterranean and Middle East (Arab) populations, use European recommendations; for latter three ethnic groups, the
recommendations are applicable until more specific data are available; and (4) EGIR, fasting hyperinsulinemia (highest 25%) and at least two of the following: fasting
blood glucose 110 mg/dl or greater (excluding diabetes); blood pressure 140/90 mm Hg or greater or treated for hypertension; triglycerides greater than 176 mg/dl (2.0
mmol/liter); or HDL-C less than 40 mg/dl or treated for dyslipidemia, waist circumference 94 cm or greater (M) and 80 cm or greater (F). EGIR, European Group for the
Study of Insulin Resistance; M, male; F, female; WC, waist circumference; MIG, middle income group; LIG, lower income group.
a Representative sample of total population.
b Overall (including both males and females).
c Data from urban slum population of New Delhi, north India.
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Age-standardized prevalence of the metabolic syndrome in
China was reported to be 9.8% in men and 17.8% in women and
was higher in urban than in rural populations (40). High prev-
alence of the metabolic syndrome (22.9%) among adults in city
of Shanghai, China has been reported, even after adjustment by
age and gender (15.3%) (53). Hong Kong Chinese showed high
prevalence of several cardiovascular risk factors comprising the
metabolic syndrome: 30%, central obesity; 34%, low levels of
high-density lipoprotein cholesterol (HDL-C); 20%, hypertri-
glyceridemia, and 47%, hypertension (54). In many of these
studies, higher prevalence rates of the metabolic syndrome in
women were reported, similar to the gender differences seen in
the prevalence of obesity.

Children
Data pertaining to the metabolic syndrome in children and

adolescents are scarce. This is partly because of lack of consensus
on the definition of the metabolic syndrome in children, which is
presently defined using different criteria and cutoff points. The
recent IDF definition of the metabolic syndrome in children in-
cludes waist circumference as mandatory criterion and 2 or more
other risk variables (55). The new IDF definition is age specific,
taking into account developmental challenges in growing chil-
dren and adolescents. (Table 4) (56). The prevalence rates vary
depending on diverse criteria used. The prevalence of the meta-
bolic syndrome was 5.6% in boys and 6.4% in girls aged 6–12
yr in Taiwan (57, 58). Overall prevalence of the metabolic syn-
drome in Chinese adolescents was shown to be 3.7%; however,
the prevalence was 35.2, 23.4, and 2.3% among adolescents who
were overweight (BMI � 95th percentile), at risk of overweight
(BMI between 85th and 95th percentile), and normal weight
(BMI below the 85th percentile), respectively (59). Furthermore,
strikingly high prevalence rates of dyslipidemia (61.9%) and low
levels of HDL-C (56.1%) and hypertension (16.0%) were seen in

Chinese adolescents 15–18 yr of age (60). In a study in Asian
Indian adolescents, we showed that by application of NCEP,
ATP III criteria with appropriate percentile cutoff points, the
metabolic syndrome was identified in only 0.8% of subjects (61).
However, inclusion of BMI and fasting insulin as additional cri-
teria increased prevalence of the metabolic syndrome to
10%.These data indicate that early markers of metabolic de-
rangements, such as fasting insulin, should be included for the
definition of the metabolic syndrome in children.

Phenotype of obesity in developing countries:
ethnic specific cutoffs of obesity and
abdominal obesity

Phenotype of obesity in several ethnic groups in developing coun-
tries appears to be different from that seen in white Caucasians
in developed countries. Several investigators have shown that
body fat is higher in Asians, particularly south Asians, compared
with white Caucasians for the similar level of BMI (27, 62–72).
This body composition feature has been documented in Indo-
nesians, Singaporean Chinese, and Malays. For example, at any
given percentage of body fat, BMI value of Chinese, Malays, and
Asian Indians in Singapore was 3 kg/m2 lower than that in white
Caucasians (73). Furthermore, Indonesians had about a 2 kg/m2

lower BMI but 3% higher body fat than Dutch Caucasians, sug-
gesting cutoff points for obesity in Indonesians should be 27
kg/m2 instead of 30 kg/m2 (74). High percentage of body fat with
low BMI value could be partly explained by body build (trunk to
leg length ratio and slender body frame), muscularity, adaptation
to chronic calorie deprivation, and ethnicity (75). Importantly,
obesity-related morbidities (diabetes, hypertension, dyslipide-
mia) occur more frequently at lower BMI levels in Asians than
white Caucasians. In Hong Kong Chinese men, the optimal BMI

TABLE 4. The IDF consensus definition of the metabolic syndrome in children and adolescents (56)

Age groups
(yr)

Obesity
(waist circumference)a Triglycerides HDL-C Blood pressure

Glucose (mmol/liter) or
known T2DM

6 to �10 �90th percentile Metabolic syndrome cannot be diagnosed, but further measurements should be made if there is
a family history of metabolic syndrome, T2DM, dyslipidemia, CVD, hypertension, and/or
obesity

10 to �16 �90th percentile or adult
cutoff if lower

�1.7 mmol/liter
(�150 mg/dl)

�1.03 mmol/liter
(�40 mg/dl)

Systolic �130/diastolic
�85 mm Hg

�5.6 mmol/liter (100 mg/dl)
�if �5.6 mmol/liter
(or known T2DM)
recommend an OGTT�

16� Use existing IDF criteria for adults, i.e.
Central obesity (defined as waist circumference �94 cm for Europid men and �80 cm for Europid women, with ethnicity

specific values for other groupsa)
plus any two of the following four factors:
● Raised triglycerides: �1.7 mmol/liter
● Reduced HDL-C �1.03 mmol/liter (�40 mg/dl) in males and �1.29 mmol/liter (�50 mg/dl) in females or specific

treatment for these lipid abnormalities
● Raised blood pressure: systolic blood pressure �130 or diastolic blood pressure �85 mm Hg or treatment of previously

diagnosed hypertension
● IFG: fasting plasma glucose �5.6 mmol/liter
(�100 mg/dl) or previously diagnosed T2DM

OGTT, Oral glucose tolerance test.
a The IDF consensus group recognizes that there are ethnic, gender, and age differences, but research is still needed on outcomes to establish risk.
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cutoff to predict diabetes, hypertension, and dyslipidemia was
lower than currently recommended (76). Our data on Asian In-
dians residing in New Delhi, India, showed that about 66% of
men and 88% of women, classified as nonobese based on inter-
national cutoff of BMI, had one or more cardiovascular risk
factor(s). Furthermore, significantly higher odds ratios for hy-
pertension, T2DM, and hypertriglyceridemia were observed in
nonobese subjects having upper quartile of percentage body fat
compared with the lowermost quartile (77). Based on these data
and those by other investigators, it has been suggested that BMI
limits for overweight should be lower for Asian Indians (78–80).
Finally, a metaanalysis of data of 13 population-based studies
including 239,972 adults in China and Taiwan showed that BMI
of 24 kg/m2 had the best sensitivity and specificity for identification
of cardiovascular risk factors, and this new limit would prevent
about 50% clustering of risk factors (81). Overall, the results of the
studies suggest lowering the BMI limits by about 1–3 kg/m2 for the
diagnosis of overweight for the Asian populations (82).

Although the average value of waist circumference in South
Asians is lower than other ethnic groups, abdominal adiposity is
significantly more than white Caucasians (65, 83–88). Raji et al.
(89) showed that at similar value of BMI, migrant Asian Indians
had significantly greater total abdominal fat and intraabdominal
fat than white Caucasians in the United States. In addition, de-
spite lower BMI and waist circumference, Asian Indians had
significantly lower glucose disposal rates during the hyperinsu-
linemic euglycemic clamp, higher procoagulant tendency, and
dyslipidemia compared with white Caucasians (85, 89). Further-
more, we reported significantly high odds ratios for hypertri-
glyceridemia and hypertension in the normal range of waist cir-
cumference (70–80 cm) in Asian Indians residing in India (90).
The cutoff points of waist circumference in urban Asian Indians
living in India based on receiver operating characteristics curve
analysis (using T2DM as a reference) for various morbidities
were 90 and 80 cm for men and women, respectively (91, 92).
Similarly, lower waist circumference cutoff points than presently
accepted have been reported based on the morbidity data for
several non-Asian populations of developing countries, includ-
ing Nigeria, Cameroon, Jamaica, St. Lucia, Barbados (93), Brazil
(94), Mexico (95), and Iran (96). It is important to note that
South Asians have thick sc adipose tissue as highlighted by the
investigators who used skinfold measurements in their investi-
gations (65, 84–88). Higher magnitude of insulin resistance in a
BMI- and body fat-matched Asian Indian men than white Cau-
casians in the United States could be explained by thicker truncal
skinfolds in the former (85, 97). A significant association of
truncal skinfold thickness (signifying high truncal sc adipose tis-
sue) with fasting hyperinsulinemia in Asian Indian children and
adolescents has been reported by us (98). Interestingly, thicker
subscapular sc fat in Asian Indians has been recorded at birth and
is associated with higher insulin levels when compared with Brit-
ish neonates (68). Finally, histological studies of sc adipose tissue
showed that Asian Indians have larger adipocytes (reported to be
more resistant to the action of insulin) compared with white
Caucasians in the United States (3491 vs. 1648 �m2; P � 0.0001)
(97). The clinical implication of the latter finding remains to be
investigated.

Fat accumulation in other tissues in which it is not usually
deposited (ectopic fat) has the potential to affect insulin sensi-
tivity. Deposition of fat in liver (nonalcoholic fatty liver disease)
and muscle �intramyocellular triglycerides (IMCL)� has been
shown to correlate with insulin resistance in white Caucasians
(99). It is important to note that Asian Indians have higher he-
patic triglycerides levels, which are associated with higher insulin
and lower adiponectin levels than white Caucasians (100). We
recently reported early abnormalities in hepatic gluconeogenesis
pathway in nondiabetic obese and nonobese Asian Indians with
nonalcoholic fatty liver disease using in vivo (31) phosphorus
magnetic resonance spectroscopy of liver, signifying that glucose
metabolism is dysregulated early in Asian Indians with fatty
liver, even when they are nonobese (101). We have also shown
excess IMCL deposition in soleus muscle in Asian Indians with
abdominal obesity; however, unlike white Caucasians, IMCL
did not correlate with fasting insulin levels (102, 103). Finally,
presence of excess dorsocervical fat (mild buffalo hump) and
excess fat deposition under the chin (double chin) may also sig-
nify heightened risk for the metabolic syndrome in urban Asian
Indians and may be used as phenotypic markers (104).

Overall, Asians and South Asians could be classified as ‘met-
abolically obese’ (105), i.e. they have several metabolic derange-
ments but are nonobese by conventional BMI standards. These
nonobese people usually have high body fat; abdominal adipos-
ity; ectopic fat deposition; and, specifically in South Asians, thick
truncal sc fat. These body composition characteristics, individ-
ually or in combination, contribute to insulin resistance, dyslip-
idemia, hyperglycemia, and excess procoagulant factors seen
commonly in South Asians (1, 30, 65, 71, 85, 86, 89, 106).

These data have prompted a debate that BMI cutoffs for di-
agnosis of overweight and obesity should be lower for Asian
populations as opposed to currently prevalent international
guidelines (70, 107, 108). In a consultation on obesity in Asia and
Pacific regions, lower cutoffs for diagnosis of overweight and
obesity were suggested; 23 kg/m2 or greater and 25 kg/m2 or
greater, respectively (25). More recently a WHO expert consul-
tation agreed that Asian populations have different associations
between BMI, percentage of body fat, and health risks than do
European populations. The experts also opined that the propor-
tion of Asian people with a high risk of T2DM and CVD is
considerable at BMI values lower than the existing WHO cutoff
point for overweight (�25 kg/m2). However, consultation did
not suggest a clear BMI cutoff point for all Asians for overweight
or obesity. Potential public health action points of BMI (23.0,
27.5, 32.5, and 37.5 kg/m2), above which an individual should
be targeted for various and health interventions stepwise, were
proposed for Asian populations (26). Overall, despite consider-
able evidence to lower BMI cutoff points for the Asian popula-
tions, failure of the WHO and other international agencies to
suggest a new BMI cutoff for Asian populations is intriguing.
Compared with the data on BMI, the picture is clearer for lower
cutoffs for waist circumference for Asian populations for which
considerable evidence is also available. These ethnic-specific cut-
off points for waist circumference have been taken into consid-
eration by IDF and NCEP, ATP III in recent definitions of the
metabolic syndrome (4, 81, 90, 91, 107, 109–112).
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Ethnic groups in developing countries and
criteria of the metabolic syndrome

Some ethnic-specific guidelines are available for the definitions
of the metabolic syndrome. With new data on cutoffs of waist
circumference from Asian populations, the IDF and NCEP, ATP
III have introduced modified definitions, which specify ethnic-
specific criteria for waist circumference. However, whether pre-
dictive value of these definitions for T2DM and CVD is better
than previous definitions of the metabolic syndrome for ethnic
groups in developing countries has been debated (82). Further-
more, taking in cognizence of distinctive body composition of
Asians, and in particular South Asians, new definitions of the
metabolic syndrome, including specific body composition char-
acteristics (e.g. truncal sc fat measured by subscapular skinfold
thickness), have also been proposed (113). Given some recent
evidence that the metabolic syndrome and its components are
associated with T2DM but have weak or no association with
vascular risk in elderly populations (21), predictive value of any
definition of the metabolic syndrome for CVD needs to be in-
vestigated further in different ethnic groups in the developing
countries. The varying relationships of the components of the
metabolic syndrome with CVD risk in different ethnic groups
mostly in developing countries necessitates further studies, as
discussed below. Detailed discussion on ethnicity and the met-
abolic syndrome is beyond the scope of this review and can be
referred to in our major published review (114).

The first concern with the applicability of the metabolic syn-
drome criteria to different ethnic groups in developing countries
is that the risk imparted by the cutoffs for the criteria (other than
waist circumference, discussed above) that comprise it varies
according to ethnicity. Data suggest that the hypertension cri-
terion does not accurately indicate CVD risk across populations
due to differences in the way hypertension imparts CVD risk
across ethnic groups. It is generally accepted that hypertension
has the weakest association with insulin resistance among all
factors that comprise the metabolic syndrome (115). Interest-
ingly, the Chinese population has a lower prevalence of hyper-
tension than North American Caucasian cohort, but the CVD
risk associated with increases in blood pressure is proportionally
greater in the Chinese (116). Similarly, Filipino females with a
higher prevalence of both hypertension and the metabolic syn-
drome than white Caucasians did not show excess subclinical
atherosclerosis (117). Several studies in the United Kingdom
have shown higher prevalence rates of hypertension in popula-
tions of African ancestry but lower rates of mortality due to CVD
when compared with white Caucasians and South Asians with
hypertension (118, 119). Clearly, mismatches between hyper-
tension and CVD risk is evident in several ethnic groups, indi-
cating that the hypertension criteria of the metabolic syndrome
should be altered by either changing the cutoffs for different
populations or weighting the individual criteria based on their
risk contribution to CVD in each population. One could also de-
bate on deletion of hypertension from the criteria of the metabolic
syndrome in ethnic groups in which the relationship between hy-
pertension and CVD risk is weak.

Other criteria of metabolic syndrome �serum triglycerides

and HDL-C� should be considered on the similar mode. It has
been shown that the NCEP, ATP III criterion, which is most
likely to identify insulin resistance in individuals, is the triglyc-
erides to HDL-C ratio (120). It is also known that these factors
capture much of the cardiovascular risk associated with the met-
abolic syndrome. Yet Sone et al. (121) noted that in a Japanese
population, HDL-C levels were not a significant risk factor for
CVD, in contrast to the United Kingdom Prospective Diabetes
Study in which HDL-C levels were significantly associated with
CVD risk in a British white Caucasian population. Hispanics are
known to exhibit higher serum triglyceride and lower HDL-C
levels thannon-HispanicCaucasians, (122)yethave similar ratesof
CVD to non-Hispanic Caucasians (123, 124).

An oft-repeated question is whether blood glucose charac-
terizes cardiovascular risk adequately in different populations.
In multiracial population in Singapore, Ma et al. (125) noted that
mortality risk for T2DM in Asian Indians was higher when com-
pared with Chinese and Malays, yet Chinese and Malays had a
higher prevalence of impaired glucose tolerance and impaired
fasting glucose (IFG) compared with Asian Indians, suggesting
that the progression to T2DM is faster in Asian Indians com-
pared with other Asian ethnic groups. These observations have
implications for the relative importance of IFG for CVD risk in
different ethnic groups, implying that IFG carries a greater risk
for CVD mortality in Asian Indians than other ethnic groups.
More accurate standards are needed to weight the risk for ele-
vated blood glucose levels for T2DM and CVD in different ethnic
groups in developing countries and alter the cutoffs accordingly,
as has been done based on the data from white Caucasian pop-
ulations (114).

Similarly, differences in the clustering of metabolic parame-
ters have been shown in different ethnic groups in developing
countries. The variable clustering of the different components in
the metabolic syndrome in different populations suggest varying
risk clusters associated with the metabolic syndrome. For exam-
ple, obesity in African-Americans is more commonly associated
with hypertension, whereas obesity-related T2DM is more com-
mon in Hispanics (126). Malay females in Mauritius exhibited a
relatively high prevalence of hypertension associated with insu-
lin resistance than other ethnic cohorts (127). Thus, there may be
combinations of the criteria of the metabolic syndrome that are
more appropriate for one ethnic group than another in predicting
risk of T2DM and CVD. The evidence we currently have suggests
that not only should the cutoffs and weights of the criteria for the
metabolic syndrome be altered for different ethnic group in de-
veloping countries, but the combinations of the metabolic syn-
drome criteria for each ethnic group should also be varied. Cu-
mulatively, these data suggest that we need receiver operating
characteristics curve analysis-based cutoffs and/or a weighting
system for combination of the various criteria of the metabolic
syndrome in certain ethnic populations to more accurately cap-
ture the risk of T2DM and CVD. Some suggestions for ethnic-
specific alterations to define the criteria of the metabolic syn-
drome are given in Table 5.

Finally, in view of the high and increasing prevalence of obe-
sity and T2DM in children and adolescents, there is an urgent
need to establish internationally acceptable criteria for the met-
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abolic syndrome. It needs to be researched further whether any
ethnic-specific cutoffs of anthropometry or other parameters
need to be included while proposing a universal definition of the
metabolic syndrome in children, similar to the recent IDF defi-
nition of the metabolic syndrome in adults (81). In the recently
proposed IDF definition of the metabolic syndrome in children
(10–16 y), no ethnic differences in various criteria has been prop-
erly accounted for and adequately researched. Furthermore, be-
cause many criteria of the metabolic syndrome in adults may not

be dysregulated (e.g. blood glucose), additional criteria that oc-
cur early in phenotype (e.g. acanthosis nigricans, truncal skin-
folds, buffalo hump, and fasting insulin levels) (46, 61, 98, 104)
should be considered in the definition of the metabolic syndrome
in children. Clinical utility and advantages over any proposed
definition of the metabolic syndrome, whether in adults or chil-
dren, remains to be researched (55). The resolution of this di-
lemma would greatly impact the preventive and management
strategies in tackling the metabolic syndrome and will have im-
portant therapeutic implications.

Determinants of obesity and the metabolic
syndrome in developing countries

Transitions
Emergence of obesity and the metabolic syndrome in de-

veloping countries is due to a number of factors; the most
important are discussed below. Demographic transition (shift
to low fertility, low mortality, and higher life expectancy) and
epidemiologic transition (from widely prevalent infectious
diseases to a pattern of high prevalence of chronic lifestyle-
related NCDs) have occurred in developing countries as they
become economically more resourceful (socioeconomic tran-
sition, shift of people from low SES to high SES), causing
significant shifts in dietary and physical activity patterns (nu-
trition and lifestyle transitions, and stress) (Fig. 2). These
changes cause significant effects on body composition and
metabolism, often resulting in increase in BMI, excess gener-
alized and abdominal adiposity, deposition of ectopic fat, and
increase in dyslipidemia and diabetes.

Pattern 3* 
Decreasing food scarcity and 
famine, labor intensive workEconomic Changes: 

Urbanisation, open market 
economy, increasing affluence

Demographic Changes: 
Rural-urban migration, 

increasing elderly population, 
Mechanization

Improved food supply, 
Increased food availability (longer shelf 

life, 24-hour supermarkets), 
Competitive prices of energy-dense foods     

Increased intake of fat, salt and sugar 
Dietary liberalization and ‘westernization’

Pattern 4¶:
Rise of Obesity, the metabolic syndrome and 

Non-communicable diseases  

Pattern 5§: Behavioral change: 
Increase intake of improved quality of fat, green 

leafy vegetables, and fibre; decreased intake of 
refined carbohydrates, energy-dense foods

FIG. 2. Relationship between nutrition transition, urbanization, and the rise in obesity and the metabolic syndrome in developing countries. See text for definitions of
five patterns of nutrition transition. *, Pattern 3 may be seen at different rates of progression in different developing countries; ¶, likely to affect all SES; §, most likely
to occur in upper SES.

TABLE 5. Summary of suggested ethnic-specific alterations to
criteria of the metabolic syndrome

Alterations to criteria

1. Alteration of the cutoffs for metabolic syndrome criteria based on
risk thresholds specific for each ethnic population

2. Where no threshold exists, consideration should be given to
weighting each criterion differently in terms of its incremental
contribution to cardiovascular risk in different ethnic populations

3. Further research to ascertain which combinations of the metabolic
syndrome criteria best predict cardiovascular risk in each ethnic
group (additional criteria such as age, etc. could be included)

4. A practical risk score similar to the Framingham score should be
constructed based on the revised criteria for the metabolic
syndrome with the goal of predicting CVD

5. The inclusion and evaluation of easily measurable and cost-effective
criteriaa (i.e. acanthosis nigricans, subscapular skinfold thickness,
buffalo hump, double chin,b etc.) in the rubric of the metabolic
syndrome to more accurately capture cardiovascular risk should be
considered

Adapted from Banerjee and Misra (114).
a Suitable for wide application in the developing countries.
b Data from Misra et al. (104).
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Each type of transition has an important bearing on occurrence
of obesity and metabolic risk factors; however, urbanization, nu-
trition transition, and increasing affluence remain the most impor-
tant determinants of such dysmetabolic phenotype (Fig. 3).

Rapid urbanization (Table 6)
Urbanization is the prime driver for nutrition transition and

emergence of obesity, the metabolic syndrome and other NCDs
in developing countries. Remarkably, in 1999, when the world
population was nearly 6 billion, a minimal increase in the pop-
ulations of developed countries (1.9 to 1.21 billion) was seen
compared with those of developing countries (4.87 to 6.9 bil-
lion), (128), which were increasingly becoming urbanized. Ur-
banization is variable within developing regions: almost three
fourths of the population in Latin America and the Caribbean,
whereas 38% in Africa and Asia are urbanized (129). The latter
two regions are projected to have almost 50% urbanization by
2020. Specifically, marked increase in urbanization is projected
to occur in India, China, Bangladesh, Nigeria, and Tanzania over
the next 2 decades (7, 17, 13, 14, and 17%, respectively) (129).
The rural-to-urban migration in many of the developing coun-
tries exposes migrants to urbanized diets and lifestyle. Studies

done in Brazil and India have clearly shown that many of these
migrants, now living in urban slums and city shantytowns, have
become obese and also manifest a number of other cardiovas-
cular risk factors (29, 130).

Nutrition transition
Five patterns of nutrition transition, derived from historical

references of human development, are present and evolve from
one category to another in many ethnic groups and disparate
geographical locations in developing countries. Pattern 1 nutri-
tion transition is characteristic of hunter-gatherer populations
and comprises diets rich in carbohydrates and fiber and low in
fat, especially saturated fat, with a high-activity profile and lean
body phenotype. In pattern 2, individuals exist in famine-like
situation (low calorie, low protein and fat diets) and have growth
retardation and low body fat and fat-free mass. In pattern 3,
famine vanes, and nutrition improves, with increase in the con-
sumption of fruits, vegetables, and animal proteins, and this pat-
tern is associated with increasing inactivity. Pattern 4 is now
most prevalent in developing countries, conducive to develop-
ment of obesity, the metabolic syndrome, T2DM, and CVD.
With improvement in economy, people become affluent and con-
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FIG. 3. Relationship between GDP and underweight and overweight children younger than 5 yr of age. Source: Statistics from FAO, 2004 (129).

TABLE 6. Urbanization in developing countries

Region/country

Level of urbanization
(% of total population
in urban settlements) Urban population (millions) Rural population (millions)

1975 2000 2025 1975 2000 2025 1975 2000 2025

World 37.8 47.4 58.9 1,543 2,890 4,736 2,538 3,201 3,303
Developing regions 26.7 40.5 54.7 809 1,986 3,729 2,223 2,918 3,090
Africa 25.2 37.8 51.7 104 310 752 310 510 702
Asia 24.6 37.6 52.4 593 1,387 2,508 1,813 2,302 2,277
Latin America and Caribbean 61.2 75.4 82.1 196 388 566 124 127 123

Source: Ref. (257). Changes in urban and rural populations by region, 1975–2025.
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sume diets high in saturated fats, cholesterol, and refined car-
bohydrates and low in polyunsaturated fatty acids and fiber,
associated with markedly sedentary lifestyle and increased stress.
In the last (pattern 5), as people suffering from T2DM and CVD
increase in the population, awareness of benefits of balanced
diets and regular physical activity increases. Consequently, peo-
ple attempt to change dietary and physical activity profiles to
prevent or delay diseases. This pattern, unlike previous patterns,
is driven by an individual’s desire to seek healthy behavior, hence
may not be evident in large segments of populations, and is likely
to be adapted initially by affluent people. Furthermore, impetus
to such lifestyle changes may be provided by government’s pol-
icies, legal actions, and peer practices and hence may vary widely
within each country. A rather rapid shift from pattern 3 to 4 in
the developing countries is clearly responsible for steep increase
in obesity and the metabolic syndrome. As gross domestic prod-
uct (GDP) of the country increases with improved economy,
underweight children decrease, whereas overweight increases
predominantly due to nutrition transition (Fig. 3).

Most developing countries in Asia, Latin America, Northern
Africa, the Middle East, and the urban areas of sub-Saharan
Africa have been experiencing a shift in the dietary patterns over
the last few decades. Major dietary changes include a large in-
crease in the consumption of fats, particularly animal fat and
added sugar and decrease in cereal and fiber intake. Marked
increase in the consumption of egg, poultry, pork, mutton, beef,
and milk amounting to 1300 kcal/d has been reported in Chinese
adults, proportional to increase in the income in China (131). In
India and South Asia, high intake of dairy products, sugar, and
hydrogenated vegetable oils (e.g. Vanaspati) is widely prevalent
(132). Availability of edible vegetable oils for consumption has
nearly tripled throughout the developing world (Fig. 4) (129),
For example, in China, availability of edible oils has risen 6-fold,
whereas intake in the rest of Asia and Oceania tripled over the
period from 1961 to 2000, much more than developed nations
(129). Increased consumption of edible oils can be explained in

part by rising demand but also import policies, as is evident in the
three largest emerging economies, Brazil, China, and India (133).

Importantly, consumption of nontraditional fast foods is oc-
curring at a rapid pace in urban areas of several large cities in
South Asia (49). In 1998 U.S.-based transnational food compa-
nies (TFCs) invested $5.7 billion (US) in establishing outlets
overseas, including many in developing countries (134). Rapid
rise in fast food chains in developing countries is exemplified by
the spread of McDonalds outlets globally and in Asia (from 951
outlets in 1987 to 7135 in 2002). Foreign direct investment from
U.S.-based supermarket chains is increasing in developing and
transition markets, notably in Latin America, Asia, and central
and eastern Europe (135). In China, fast food chains increased
from three in 1987 to 184 in 1997 and 546 in 2002 (136). In this
context, Mexico makes an interesting case study. Between 1995
and 2003, sales of processed foods expanded by 5–10% per year.
Recent sales has been particularly rapid for snacks (12% rise
from January to June 2004), baked goods (55.4% rise from 2000
to 2003), and dairy products (48.1% rise from 2000 to 2003)
(137, 138). Furthermore, calories from carbonated beverages
increased from 44 to 61 kcal per capita per day between 1992 and
2000 (139). Lastly, locally made fast foods sold by street vendors
in several developing countries, particularly in India and China,
are equally unhealthy (140). These food items contain high
amounts of trans-fatty acids due to deep frying in cheap and
widely available hydrogenated vegetable oils.

Nutritional intervention programs for undernourished
children in developing countries and obesity
A particularly interesting issue related to increase in childhood
obesity is free meal or feeding programs to control undernutri-
tion in developing countries, which may actually lead to increase
in adiposity among those with marginal undernutrition (141). In
school feeding programs in Chile, nutritional excess was seen
with rapid growth and high prevalence of obesity, with 56% of
children under the age of 6 yr and 11.1–14.3% of children in first
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FIG. 4. Regional trends in availability for consumption of edible oils, 1961–2000. Source: Statistics from FAO, 2004 (129).
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grade reported to be obese (142). FAO data from 19 Latin Amer-
ican countries show that more than 20% of the population in
developing countries received some level of food assistance from
nutrition-related programs, whereas prevalence of malnourish-
ment was only 12% (141). It is likely that the scenario is similar
in India where free midday meals are provided to schoolchildren
who belong to low SES and are studying in government-funded
schools.

Thus, nutrition programs have evolved beyond the immediate
needs of the malnourished and have the potential to increase
obesity epidemic in developing countries. Hence, careful selec-
tion of beneficiaries of food assistance programs and determi-
nation of the right combination of nutrients/foods, education,
and lifestyle intervention is required to optimize nutrition and
prevent obesity. Such ongoing programs in other countries to
overcome malnutrition should be constantly monitored, re-
viewed, and revised if needed (141).

Thrifty genotype/phenotype and maternal-fetal factors
It is postulated that thrifty genotype is propagated by survival

during famines and lends heightened tendency to develop obesity
and T2DM seen in certain ethnic groups in developing countries
with abundant food availability. This concept, although inter-
esting, remains hypothetical and lacks firm evidence in the ab-
sence of definite identification of such thrifty genes (143). Fur-
thermore, natural selection by famine and tendency of
individuals to gain weight with availability of abundant food
should apply to the entire human population and should not be
restricted to some subpopulations of developing countries (143,
144). Moreover, different prevalence in obesity rates between
genders and even between rural and urban-based populations
belonging to low SES indicate significant role of environmental
and behavioral factors. Interestingly, in rural Gambia, children
born low birth weight remained lean and largely free of meta-
bolic diseases when they grew up as adults if they stayed in a rural
setting and followed a frugal and traditional lifestyle (145, 146).
These data show relative roles of genetic and environmental/
behavioral factors, suggesting that behavioral choices appear to
be key mediators of development of obesity (147).

A thrifty phenotype hypothesis that emphasizes fetal under-
nutrition leading to altered metabolic programing is perhaps a
better explanation in resource-poor developing countries be-
cause abundant food supply later in life leads to maladaptive
increase in weight and increases the risk of NCDs (146, 148,
149). The evidence is available from many developing countries.
Asian Indian babies born small and with low birth weight had
higher systolic blood pressure and adiposity at 8 yr of age (150).
Chinese infants with low birth weight showed several cardio-
vascular risk factors at age 41–47 yr; hypertension, hyperglyce-
mia, hyperinsulinemia, hypertriglyceridemia, and low levels of
HDL-C (151). Furthermore, velocity of weight gain during child-
hood and catch-up obesity in low-birth-weight Asian Indian ba-
bies has been reported to be important for adult-onset hyper-
glycemia and cardiovascular risk factors (152). Whether low
birth weight, childhood catch-up obesity, or increased velocity of
weight gain within the normal weight range in childhood are

independent factors or additive in causation of insulin resistance
and the metabolic syndrome has not been investigated.

These data have prompted the concept that the metabolic
syndrome originates in utero and that at this time key metabolic
activities may get modulated, even though the exact role of nu-
tritional and genetic factors has not been clearly elucidated.
There is preliminary evidence that programming of hormonal
systems in response to an adverse fetal environment may play
an important role. It is speculated that alterations in neuroen-
docrine responses to stress, in particular adrenocortical and
sympathoadrenal responses, are associated with small size at
birth, which may have influence on plasma glucose, lipid con-
centrations, and blood pressure. These concepts and prelim-
inary data appear interesting but lack confirmatory evidence.
Furthermore, the role of micronutrient deficiency(ies) during
the perinatal period in development of chronic diseases later
in life, although suggested, remains to be conclusively defined
(153). Finally, preventive feeding of prepregnant and preg-
nant women may actually exacerbate the risk of obesity in
Asian Indian neonates who have low muscle mass and excess
sc adipose (68, 154).

Physical inactivity
Changes of occupations, advent of newer technologies, and

rapid pace of urban life have increasingly resulted in more sed-
entary work and less energy expenditure. Leisure time activities
have also shifted from outdoor play to indoor entertainment;
television viewing and computer games (132). In the Philippines
and China, shift to more passive commuting modes (i.e. in-
creased motorized transportation) has increased physical inac-
tivity (155). The household chores have become more mecha-
nized with the use of multiple domestic automatic devices;
microwave, improved food storage, washing machines, vacuum
cleaners, etc., especially in India and China. Moreover, increas-
ing mechanization even in rural areas (e.g. use of tractors than
manual plowing of fields, use of motorized two-wheelers instead
of bicycles) has contributed to physical inactivity in developing
countries.

Data from 212,021 adults from 51 countries, most of which
were developing countries, in the World Health Survey (2002–
2003) showed that about 15% of men and 20% of women were
at risk for chronic diseases due to physical inactivity (156). The
prevalence of physical inactivity at less than the levels recom-
mended for enhancing health was high in developing countries,
ranging from17 to91%(157).Remarkably,data fromBrazil show
that 70–80% of the population are inactive (158). In Colombia, an
estimated 7.6% of all-cause mortality and 20.1% of mortality due
to chronic diseases were attributed to physical inactivity, and an
estimated 5% of the mortality due to chronic diseases were pre-
ventable if physical inactivity was reduced by 30% (159). Physical
inactivity contributed to 9.6% population-attributable risk and
was an important risk factor for CVD in Costa Rica (160). Finally,
increase in obesity has been directly linked to physical inactivity in
Chinese adults (161, 162).

In most of the surveys, women are generally reported to be
physically inactive than men, and this may also pertain to ethnic
and cultural influences on outdoor activities. Physical inactivity
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was more prevalent in women than men in urban east India (85.4
vs. 75.4%) (163) and in Saudi Arabia (98.1 vs. 93.9%) (164).
Immigrant women from the Middle East, including Iran and
Turkey, had higher prevalence of abdominal obesity than Swed-
ish-born women, with a high degree of physical inactivity during
leisure time (165).

Of major concern is that children and adolescents are rapidly
showing a decrease in physical activity levels, which is fueling
obesity and T2DM at a young age. Urban Asian Indian adoles-
cents who participated regularly in outdoor games had lower
prevalence of overweight, with the risk being 3 times higher in
those not participating in outdoor games (166). Only 22.4% of
Saudi preschool children walked 10,000 steps or more per day
(167). Nearly two thirds of Iranian adolescents aged 11–18 yr
were physically inactive (168). On account of cultural and
weather barriers, adolescent girls had very low levels of physical
activity in United Arab Emirates (169). Furthermore, nonobese
Iranian children were reported to be more active in sports and
went to school by foot compared with obese children who did not
participate so much in sports and used mechanized transport
(170).

Socioeconomic factors
The previously held view that people belonging to high SES

are more predisposed to develop obesity in developing world is
no longer tenable (171). The burden of obesity in developing
countries shifts toward the people belonging to lower SES as the
country’s GDP increases, probably because scarcity of food
and/or physically demanding lifestyle become less common, even
in people belonging to low SES after the economy improves.
Pattern 5 of nutrition transition, in which nutrition and physical
activity become more balanced than pattern 4, is mostly appli-
cable to people belonging to high SES. This segment of popula-
tion can afford relatively more expensive healthy foods and
costly but healthy oils and avail of facilities and equipment for
physical exercise and thus have far more flexibility in their
choices of foods and activity patterns than those belonging to low
SES. The latter class of people, although improving in economic
status, continue to have low awareness of benefits of diet and
physical activity and cannot afford healthier food choices (172).
In Brazil, a steep increase in the prevalence of obesity has been
seen in people belonging to low SES along with a decline in
obesity among the higher-income groups (173–175).

It is important to note that most people belonging to low SES
and living in rural areas of the developing countries are lean.
However, when these people migrate from rural areas to large
metropolitan cities, they quickly acquire risk factors associated
with urbanization despite remaining in the same SES as the pre-
vious habitat. Specifically they start smoking and consume al-
cohol, and their diets become imbalanced. Whereas some may
still engage in physically intensive jobs, most of them are involved
in sedentary jobs (e.g. stationary street hawkers). High preva-
lence rates of T2DM, obesity, insulin resistance, hypertension,
atherogenic dyslipidemia, hyperhomocysteinemia and endothe-
lial dysfunction have been reported by us in this intracountry
rural-to-urban migrant population settled in urban slums (29,
90, 176–180). In particular, significant clustering of cardiovas-

cular risk factors was seen in postmenopausal women living in
urban slums in India (48, 49, 176, 181). Similar findings have
been noted in the urban slum population in Thailand (130, 182).

Recently, increase in obesity and cardiovascular risk factors
have been seen even in rural areas of some developing countries
(183). It is important to note that many of so-called rural areas
are no longer truly rural, and people are increasingly becoming
urbanized and mechanized even in locations far from cities. In-
terestingly, this phenomenon to some extent, also appears to be
driven by the so-called ‘remittance economy’ (money sent home
from family members who have become affluent after migration,
which leads to relative affluence, even in rural farm-based com-
munities) (147).

Sociocultural factors
Social stigma against obesity and obsession in some devel-

oped countries to remain lean has probably helped limit obesity
to some extent. However, this psychosocial attitude toward obe-
sity is not seen in many developing countries. Studies in African-
Americans show a lack of social pressure to be thin and reduced
stigma toward obesity, leading to higher levels of body satisfac-
tion and acceptance of obesity by the individual and community
(184–186). For example, Gambian populations were reported to
be more obesity tolerant (acceptance of obese body size as nor-
mal) than African-Americans and much more tolerant than
white Americans (187). Polynesians, who have one of the highest
prevalence rates of obesity in the world, equate large body size
with power, beauty, and affluence (188). Similarly, there is a
general misconception in parents in India and other developing
countries that an obese child is a healthy child, and hence, feel
that it is important to feed him/her in excess (46). Furthermore,
mothers in India often have traditional belief that feeding oils,
ghee (clarified butter), and butter to child would be beneficial to
growth and impart strength.

Another important factor is increasing pressure on children to
perform in academics often forced by parents and teachers,
which leads to reluctance of child to take part in sports or any
other form of physical activity. Specifically, the majority of chil-
dren in India are physically inactive when they are studying in
classes when major examinations are held (46). Lack of play-
fields at school and open spaces around home, and decreased
stress on games and physical training in schools has further led
to decline in physical activity in children. In some developing
countries, due to increasing crimes, parents do not allow children
to play outside alone. Lastly, but significantly, a steep increase in
sendentary activities like television viewing and computer usage
has substantially contributed to a rise in obesity in children (46).

Economic cost of obesity and T2DM in
developing countries

Disability, decreased quality of life, greater use of health care
facilities, and increased absenteeism have been reported with
obesity (189). A strong relationship between BMI and decreased
physical functioning with a reduction in overall productivity has
been seen (190, 191). A 6-yr study demonstrated that an obese
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person experiences a 50% increase in lost productivity and visits
a doctor 88% more than a healthy person (192). All these factors
increase health care expenditure, leading to slowing of economic
growth and development and reduction of GDP; 3.5–7% of di-
rect health care costs in the United States are due to obesity (193).
When obesity causes T2DM or CVD, along with attendant com-
plications, the direct and indirect costs rise exponentially and are
unlikely to be balanced by meager health budgets and differently
aligned health initiatives (more toward communicable diseases)
in developing countries.

In developed countries, physical inactivity and consequent
diseases, including obesity, are associated with considerable eco-
nomic burden and account for 1.5–3.0% of total direct health
care costs (157). In a review of costs pertaining to diet-related
NCDs (CVD, T2DM, and hypertension), Popkin et al. (194)
placed India in a less advantageous position compared with
China. According to these authors, mortality due to diet-related
NCDs is expected to increase to 43.3% of all deaths by 2020 in
India. The cost will rise substantially as in 1995, total cost of
diet-related-NCDs (health and productivity) was $3.4 billion,
costing 1.1% of the GDP in India (194). In Latin America and the
Caribbean, the WHO estimated the combined annual direct and
indirect costs of obesity-induced diabetes at $65.2 billion in 2000
(195). In the Pacific islands, the economic consequences of obe-
sity and T2DM have been devastating, costing $1.95 million in

Tonga and $13.6 million in Fiji, consuming nearly 60 and 39%
of the health budgets, respectively (196). In mainland China, the
total medical costs attributable to overweight and obesity in
2003 were estimated at 21.1 billion Yuans (approximately $2.74
billion), accounting for 25.5% of the total medical costs for
chronic diseases and 3.7% of national total medical costs (197).
For obesity alone, the health expenses in China were nearly $50
billion in 2000 and are projected to rise to $112 billion by 2025
(198).

Health interventions to reduce obesity in
developing countries (Table 7)

Prevention of weight gain by selective interventions directed
at population above average risk of developing obesity and
targeted prevention directed at high risk individuals is
strongly recommended. It is important to emphasize that
strategies should be cost effective, culturally sensitive, and
adapted to local practices, and messages imparted should be
simple and in line with meager health budgets, widespread
illiteracy, and unawareness in developing countries. The strat-
egies should incorporate multiple stake holders and include
government, physicians, nutritionists, schools, and nongov-
ernmental organizations. Furthermore, intersectoral cooper-

TABLE 7. Public health interventions for obesity in developing countries

Item Public health interventions

Monitoring and surveillance Periodic monitoring of nutritional and obesity status of children and adults
Maintain a nationwide database on secular trends in obesity and diabetes

Education Nutrition and physical advice though audiovisual media and culturally conducive methods
Endorsement of healthy lifestyle by prominent people and local champions

Community Community fitness programs
Organization and participation in health walks and health food festivals
Information about nutrition to parents (particularly mothers)
Children-specific nutrition information workshops for newly married women

Perinatal and neonatal period Balanced nutrition to pregnant mothers
Encourage breast-feeding
Avoidance of catch-up obesity in children
Maintenance of correct growth velocity under guidance of physicians
Avoid excess nutrition to stunted children

School-based programs High importance to physical activity
Healthy foods in cafeteria, ban on sweetened beverages and energy-dense junk food
Training of teachers regarding health education
Incorporation of more knowledge about nutrition and physical activity and nutrition-related diseases in
school curriculum

Workplace Establishment of fitness rooms and gyms
Healthy food in cafeteria
Fitness as incentive to promotions

National Health Authority Creation of national task force for obesity
Decrease in taxes and prices of fruits and vegetables
More playgrounds, parks, walking and bicycle tracks
Ban on food items containing high amount of trans-fatty acids
Restriction of advertisement for commercial foods in television (television prime time and children’s
programs)
Encouragement to transnational food companies to manufacture healthy snacks
Banning of unfair nutrition claims for commercial products
Disincentive for obese unfit persons in government services

Legislative Food standards
Food labeling
Food policy: country-specific guidelines for healthy nutrition for adults and children
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ation of multiple governmental departments including health,
nutrition, education, agriculture, and legal is required.
Clearly the potential of primary care-based programs is un-
derused in developing countries. Contact with health profes-
sionals from an early age has been identified as one of the
important strategies by the WHO for effective management of
overweight and obese children. It is important to impart
health education targeting mothers, who traditionally decide
about dietary choices and oil purchases for the whole family
in developing countries.

Strategies for children
General strategies for obesity prevention in infants and

young children should include promotion of breast-feeding
and avoidance of use of added sugars and starches in feeding
formula. Overfeeding should be avoided in stunted children.
In older children, family-based and school-based health edu-
cation programs (see below) incorporating healthy food
choices and increased physical activity are required. Specific
emphasis should be placed on limiting television viewing, pro-
motion of fruits and vegetable intake, and restriction of en-
ergy-dense packaged snacks and sweetened carbonated bev-
erages. Firm political will is required from the government and
policy makers to carry out the following; ban on sales of junk
food and sweetened beverages in and near school premises,
mandatory requirement of physical fitness in schools, limiting
advertisements of commercial foods on television during
prime time, strict regulations regarding trans-fatty acids con-
taining cooking oils for preparation of foods and snacks fre-
quently consumed by children, and encouragement of re-
search into preparation of healthy snacks by the TFCs.
Greater emphasis should be placed on teaching about diet and
physical exercise in school curriculum. Specifically, teenagers
and young adults in urban areas (especially those studying in
privately funded schools) and girls should be targeted because
high prevalence of obesity has been reported in them (46).

Several interventional programs have been initiated to
combat obesity and the metabolic syndrome in children in
developed countries. Project SPARK, Planet Health, and
PATHWAYS are a few such school-based interventional pro-
grams aimed at improving several aspects of obesity-related
knowledge, attitudes, and practices and have shown promis-
ing results in developed countries (199 –201). There is an ur-
gent need of such programs in developing countries as well. Of
20 interventional Chinese studies focusing on the effect of
physical activity, dietary intervention, and health education in
obesity in children, 17 studies were reported to be effective in
reducing obesity (202). On similar grounds, in India, we have
initiated comprehensive intervention programs aiming at cre-
ating awareness of childhood obesity, the metabolic syn-
drome, healthy nutrition, and physical activity, namely
CHETNA (Children Health Education Through Nutrition
and Health Awareness program) and MARG (Medical Edu-
cation for Children/Adolescents for Realistic Prevention of
Obesity and Diabetes and for Healthy AGing) (203). The lat-
ter is a large-scale program initiated for the first time in South
Asia (aiming to cover more than 500,000 children in 15 cities

in north India). In these programs, education regarding the
beneficial effects of a healthy diet and increased physical ac-
tivity is emphasized to children and also parents and teachers.
Messages of healthy diets and lifestyle are given through at-
tractive audiovisual programs and involvement of students in
debates, skits, and drama related to health topics.

Strategies for adults
Both individuals and the state in the developing countries

need to make serious efforts to limit the growing morbidity due
to obesity and related diseases. Awareness about healthy nutri-
tion and lifestyle should be imparted by physicians and nongov-
ernmental organizations through their networks along with en-
dorsed messages by famous personalities (e.g. film celebrities,
sportsmen, etc.). Governmental strategies should include laws to
encourage healthy oil production, discourage trans-fatty acid-
based food products, and initiate food labeling with nutritive
values of contents. Import duties on unhealthy oils should be
increased. The TFCs should be encouraged to produce products
free from trans-fatty acids. The government should improve ur-
ban planning to create more parks and tracks for jogging and
cycling and sport complexes to encourage locally popular sports
like football, cricket, etc. Audiovisual media can play an impor-
tant role by televising healthy messages emphasizing the impor-
tance of healthy diets and physical activity and awareness about
the complications of obesity and diabetes.

Conclusions

Prevalence of obesity and the metabolic syndrome has shown a
rapid rise in developing countries in the past few decades and has
led to increased risk of CVD and consequent morbidity and mor-
tality. Because both undernutrition and overnutrition are seen
simultaneously in developing countries, the double burden of
diseases makes the situation more difficult. The various factors
responsible for increasing NCDs are rapid nutrition transition,
rural-to-urban migration, increasingly sedentary occupations
and lifestyle, and maternal-fetal factors. Both genetic and envi-
ronmental factors seem to contribute to it; however, the role of
environment seems to be predominant. Health interventions re-
quired to prevent or reduce the morbidity/mortality need to be
addressed in both children and adults. Interventions should be
aimed at increasing the physical activity along with healthier
food patterns and health education. Successful community-
based intervention programs have been reported in developed
countries, and a similar approach is required in developing coun-
tries. Reports of interventional programs in China and India,
especially directed toward children, have shown encouraging
results, but large-scale programs involving adults/children are
required. Various other health strategies consisting of individual
and community initiatives, backed up by governmental and leg-
islative efforts, would also help in minimizing the increasing
prevalence of obesity and the metabolic syndrome in developing
countries.
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