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ABSTRACT

An increase in noncommunicable disease (NCD) in India has been
attributed to an epidemiologic transition whereby, due to urbaniza-
tion, there is an increase in traditional cardiovascular disease risk
factors such as obesity. Accumulated biomarker data on the “Asian
Indian phenotype” identify central obesity, which occurs at a lower
body mass index (BMI), as a particularly potent risk factor in Asian
Indians. A revised WHO case definition for obesity in India [BMI
(in kg/m?) >25] has identified an obesity epidemic that exceeds
30% in some cities and rivals that in Western nations. This review
summarizes 2 key lines of evidence: /) the emergence of an obesity
epidemic in urban and rural India and its contribution to the NCD
burden and 2) the role of a “nutrition transition” in decreasing the
whole plant food content of diets in India and increasing risk of
obesity and NCDs. We then present new epidemiologic evidence
from Asian Indians enrolled in the Adventist Health Study 2 that
raises the possibility of how specific whole plant foods (eg, nuts)
in a vegetarian dietary pattern could potentially prevent obesity
and NCDs in a target population of >1 billion persons.  Am J
Clin Nutr 2014;100(suppl):359S-64S.

INTRODUCTION

The substantial increase in the prevalence of diabetes, coro-
nary heart disease (CHD)’, and stroke in India points to the
occurrence of an epidemiologic transition whereby, because of
urbanization (1, 2), there is a higher prevalence of traditional
cardiovascular disease risk factors such as obesity, physical in-
activity, tobacco use, and high intake of saturated fat (3, 4). When
considering the role of a “nutrition transition” in this trend, it is
important to note that the Indian population has a long tradition
of faith-based vegetarianism and remains ~40% vegetarian (5),
a rate that ranks India as the nation with the largest population
of vegetarians (estimated at 300—400 million) in the world.
Moreover, data from the FAO indicate that during the past 25 y,
the annual per capita consumption of meats in India has only
slightly increased (by ~1 kg) to 5 kg (5, 6), primarily attrib-
utable to poultry consumption. Thus, of the known dietary risk
factors for noncommunicable diseases (NCDs), meat intake does
not appear to explain the major increase in NCD rates in India.

In this review, our purpose is to summarize accumulating evidence
that a key component of the NCD risk attributable to a “nutrition
transition” in India may be a decrease in the whole plant food content
of the Indian vegetarian dietary pattern due to replacement with
foods with known dietary risk factors (ie, processed foods, fried
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foods, unrefined carbohydrates). These data may explain why
NCD rates are on the rise in a nation in which vegetarianism
remains common despite urbanization. For the purpose of this
review, we will define the practice of a “vegetarian” diet as being
the avoidance of meat, poultry, and fish.

Specifically, the review summarizes the following lines of evidence
from the recent literature on diet among Asian Indians: 7) the
emergence of an obesity epidemic in the Indian subcontinent and
its contribution to the NCD burden and 2) the role of a “nutrition
transition” in decreasing the “whole plant food” content of di-
etary patterns of India, a trend that may be causal in increasing
risk of obesity and NCDs. We then present new epidemiologic
evidence from Asian Indians enrolled in the Adventist Health
Study (AHS) 2 (7) that raises the possibility of how specific whole
plant foods and preparation methods in a vegetarian dietary pattern
could potentially prevent obesity and NCDs in a target population
of >1 billion persons.

EPIDEMIC OF OBESITY IN ASIAN INDIANS

Asian Indian phenotype and the rationale for a new case
definition for obesity

Studies of NCD biomarkers in Asian Indians have long raised
the possibility of an “Asian Indian phenotype” that produces a
high-risk metabolic profile consisting of high serum triglycerides,
decreased HDL cholesterol and particle size (relative to whites),
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glucose intolerance, and metabolic syndrome. Other putative markers
of NCD risk [lipoprotein(a), C-reactive protein, and homocysteine]
are also elevated in Asian Indians (8-10). Other features of an
Asian Indian phenotype include the following: /) a younger age
at first coronary event (mean age of 53 y) in Asian Indian mi-
grants, which has been cited as evidence of this phenotype (9),
and 2) a greater tendency toward depositing fat at sites pro-
moting insulin resistance (ie, abdominal/intraabdominal, truncal
subcutaneous, liver, skeletal muscle) (11, 12), an effect that
promotes risk at a lower BMI.

In a study of cardiometabolic risk factors in a multiethnic
sample, Razak et al (13) found that fasting glucose concentra-
tions, LDL cholesterol, and blood pressure found in Europeans at
a BMI (in kg/m2) of 30 could be found in Asian Indians at a
much lower BMI. Taken together, these data on the global ep-
idemiology of Asian Indians have been used to argue for lower
cutoffs for overweight and obesity (13—15). Since 2000, the
International Obesity Task Force of the WHO (IOTF-WHO) has
proposed a modification of National Heart, Lung, and Blood Institute
guidelines on overweight/obesity as follows (16): overweight,
23 to <25; class I obesity, 25 to <30; and class II obesity, =30.
Redefining the obesity cutoff (BMI >25) creates an “obesity
burden” in urban India that rivals Western nations and a “double
burden” of obesity plus malnutrition in rural India.

Urban India

By using the IOTF-WHO obesity cutoff of >25 for Asian
adults, prevalence surveys of urban India have identified an
“obesity epidemic” that rivals that in Western nations. For ex-
ample, in the Chennai Urban Rural Epidemiology study (n =
26,000) in the urban south (Chennai), 31.2% of women and
24.6% of men were found to meet the IOTF-WHO definition of
obesity, an obesity burden similar to many states in the United
States (17). In the New Delhi Birth Cohort Study, Huffman et al
(10) reported findings from a birth cohort of 36-y-old adults,
indicating a prevalence of IOTF-WHO obesity prevalence of
54% in men and 66% in women. By using a more sensitive waist
circumference cutoff for abdominal obesity (=80 cm in women,
=90 cm in men) for Asian adults (18), 70% of the cohort was
classified with central obesity (10).

In the Chennai Urban Population Study, 10 y of follow-up of
the middle- and lower-income strata of adults during 19961998
(19) indicated that during the follow-up I) the rates of obesity,
hypertension, and dyslipidemia in low-income adults increased
to the point of being similar to those in high-income adults and 2)
50.9% of men and 49.8% of women in the lower-income group
experienced central obesity (19). Some of these temporal trends
may be indicative of further urbanization occurring during the
follow-up. In North India, Yadav et al (20) found a gradient of
increasing BMI from rural to urban-slum to urban samples.

Rural India

The emergence of overweight/obesity and the accompanying
NCD burden is quite evident in epidemiologic studies of rural
India. In a sample of 105,000 adult subjects (ages 25-64 y) in
rural Tamil Nadu, 32.8% of men and 38.2% of women had a
BMI of =23 (21). Misra et al (22, 23) identified an immediate
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consequence of this epidemiologic transition as being higher
rates of hypertension.

Most troubling is that the simultaneous occurrence of under-
and overnutrition in rural households adds NCDs to what be-
comes a “double burden” of disease outcomes (24) and disability
and the ensuing economic hardship. For maternal and child
health, the effect can have the devastating consequences of both
low- and high-BMI mothers giving birth to children with higher
NCD rates through mechanisms of fetal hypoxia and fetal pro-
gramming attributable to the stresses on the fetus from the ex-
tremes of the maternal BMI distribution (25-28).

WHAT IS THE EFFECT OF THE CURRENT
PREVALENCE AND PRACTICE OF VEGETARIANISM
IN INDIA ON OBESITY AND NCDs?

At the Third International Congress of Vegetarian Nutrition
(29), Ganguli described a tradition of vegetarianism in India that
dates back at least 3000 y (NK Ganguli, unpublished data, 2007).
The tradition is deeply rooted in religion (ie, Hinduism, Vedic
teachings) and continued in rural India out of economic necessity.
Early vegetarian diets emphasized cereals, brown rice (“parboiled”
with the husk), pulses, roots, and tubers and also included fer-
mented milk (ie, curd) as a protein source. Age-old Vedic practices
also promoted the use of fresh sprouting seeds such as mung bean
and green gram, with minimal cooking of plant foods and the use
of ground green bioingredients (“cooking without fire”). For rural
cooking, Ganguli also described the tendency to use unsaturated
cooking oils and, as a supplement for some foods, “ghee” (clarified
butter). Such age-old, faith-based vegetarian traditions from rural
India continue to result in a present-day Indian population that is
40% vegetarian (5), a rate that ranks India as the nation with the
largest population of vegetarians (estimated to be 300-400
million) in the world.

How do we reconcile the seemingly contradictory epidemi-
ologic trends of a nation that has the largest number of vege-
tarians in the world and yet ranks second globally in the number
of patients with diabetes and has increasing rates of cardiovas-
cular disease, stroke, and cancer? There is emerging evidence that
the “nutrition transition” induced by urbanization has not only
increased meat intake in India but also, among the sizable pro-
portion of the population who remain vegetarian, has decreased
the diet quality and whole plant food content of their diet. Four
key features of a “nutrition transition” in vegetarians living in present-
day India are described in the following sections.

Substitution of white rice for brown rice

Rice is a central component of the South Indian diet, and the
type of rice used in a given household is often an indicator of
socioeconomic status (highly polished, dehusked white rice
compared with unmilled, parboiled brown rice that is cooked
in the husk). Kumar et al (30) recently reported findings from
qualitative studies in southern India indicating that brown rice is
perceived as the food of poor and those in rural areas. In key
informant interviews in Chennai, a subject states, “if we buy this
kind of rice [referring to parboiled brown rice], it is a prestige
issue. People will think poorly of us, it is a question of status.”

Thus, with economic improvement and urbanization, there is
a strong sociocultural influence for families of India to purchase
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the most refined, “polished,” long-grain white rice accessible to
their food budget. In the Chennai Urban Rural Epidemiology
study, nutrition surveys identified that approximately half of the
daily energy intake came from white rice (31).

This single element of the nutrition transition is postulated to
have a major impact on NCDs. The brown rice once consumed by
vast numbers of low-income households was hand-pounded and
retained bran and germ constituents (32). These whole-food
constituents of brown rice can improve insulin sensitivity and
reduce the risk of type 2 diabetes (33-36). In contrast, the white
rice consumed as half the diet in many urban areas of India is
associated with insulin resistance, metabolic syndrome, and type
2 diabetes (31, 37). Some recent reports have attributed the steep
increase in the number of patients with diabetes (38) to the
simple transition from daily consumption of brown rice to daily
consumption of white rice in large portion sizes (31, 39-41).
Also, in contrast to ancient India, the variety of grains used in
modern Asian Indian diets is greatly reduced, with whole grains
such as barley, amaranth, and millet, which are high in protein
and fiber, no longer contributing significantly to the diets (42).
This transition from whole grains to the more-refined grains
results in energy-dense but nutrient-poor diets that increase the
risk of NCDs.

When considering the NCD impact, note that the heightened
sensitivity to glucose intolerance under an “Asian Indian phe-
notype” (43) only further potentiates the risk created by a tran-
sition from brown to white rice in a large portion of the Indian
population. Another potentiating factor of the Asian Indian
phenotype is genetic predisposition to elevated homocysteine
concentrations, which is a possible risk factor for cardiovascular
disease found in some (44) but not all (45) studies.

Overconsumption of other refined carbohydrates

In addition to rice, the Asian Indian diet is high in other sources
of carbohydrates, and the trend of the nutrition transition is to-
ward overconsumption of refined carbohydrates. Secular trends
and migration studies in Asian Indians indicated substitution of
refined carbohydrates for lentils, fruit, vegetables, unrefined
whole grains, nuts, and seeds (22, 23, 46, 47). A major source of
refined carbohydrates in this “transition diet” is potatoes, which
are included in fried foods and more recently in fast foods and
snack foods (chips) (48-50). Interestingly, in a case-control
study of CHD in urban India, Rastogi et al (51) found whole
plant foods to be a protective factor only after exclusion of
potatoes. Overall, when considering NCD impact, it is important
to consider that total carbohydrate and glycemic load are also
associated with increased risk of type 2 diabetes among Asian
Indians (37).

Change in the amount and type of cooking oils

Another prominent feature of the nutrition transition attrib-
utable to urbanization is an increase in the use of ghee (clarified
butter) in cooking (52, 53)—a practice that in low-resource rural
areas was usually reserved for special occasions. Also, currently,
palm oil is the most common cooking oil, followed by sunflower
oil and the more traditional groundnut oil (21, 54). These trends
of increased use of hydrogenated vegetable oil-based ghee (Va-
naspati), palm oil, and safflower oil have decreased the content
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of n-3 PUFAs (47) and increased the content of n—6 poly-
unsaturated, trans, and saturated fats in the Indian diet. In a
study in urban and rural North Indians, women and men who
consumed frans fatty acids and ghee had a significantly higher
prevalence of coronary artery disease than did those who substituted
trans fats with vegetable oils (55). Mustard oil has been shown
to have a protective effect when compared with sunflower oil for
cooking after adjustment for age, sex, and smoking (51). In
study of diet and hypertension in West Bengal, Das et al (56)
found that diets high in fish and mustard oil were protective
relative to vegetarian diets with no animal products. The authors
attributed the effect to higher amounts of monounsaturated fats
(cis-13-docosenoic acid) in mustard oil and n-3 fatty acids in
fish oil (56).

Increased consumption of fast foods/processed foods

A key feature of the nutrition transition among Asian Indians
also includes the increased consumption of low-cost fried foods
and processed foods sold as packaged snacks or fast-food products
similar to those found in Western nations (57-59). The higher
content of trans fatty acids in these types of processed and snack
foods is of note because of the association of this fatty acid with
cardiovascular disease (55). Gulati et al (60) recently described
in qualitative work how home-cooked meals are regarded as
“old fashioned” and that in mother-child pairs there is a lack of
understanding of the hazards of childhood obesity and its causal
link to NCDs. Influences of marketing by transnational corpo-
rations, social media, globalization, and the economic shift re-
sulting from rapid urbanization are notable in these trends (61).

INSIGHTS FROM STUDYING ASIAN INDIANS IN THE
AHS-2

For the past 55 y, the NIH has funded a prospective in-
vestigation of the health effects of the vegetarian diet among US
Seventh-day Adventists [1960 Adventist Mortality Study (62),
1976 AHS-1 (63), 2002 AHS-2 (7)], a group who provides a
unique insight into the preventive effects of plant-based diets. On
the basis of faith-based recommendations, ~50% of Adventists
are vegetarian (no weekly meat intake) and virtually all avoid
smoking and alcohol (64). Faith-based counsels on diet also
encourage /) the consumption of specific plant foods (eg, nuts,
legumes, grains, olives, whole-wheat bread) in place of animal
products (64) and 2) the preparation of these foods in a simple
manner, “free from grease” (65). The preventive effects of the
vegetarian dietary pattern practiced by Adventists have been
described in numerous reports that indicate an association with
lower risk of CHD, diabetes, colon cancer, and all-cause

Vegetarian 17_y’ Non- 2y ‘Life expectancy
in 1960 vegetarian (-3.6y)
in 1976

¥

Weight gain(1231%)
Diabetes(1166%)
Stroke(M152%)
CHD (1M 146%)

FIGURE 1. Nutrition transition from a vegetarian to nonvegetarian diet
over 17 y among cohort members of the Adventist Health Study 1: effects on
weight gain, noncommunicable diseases, and longevity (67, 68, 70). CHD,
coronary heart disease.
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mortality (64, 66). Protective NCD associations for nuts, le-
gumes, green salads, tomatoes, and soy products have been re-
ported and continue to be investigated in ongoing work (64, 66).
The most recent cohort (AHS-2) represents a multiethnic sample
from the United States and Canada (7). Two particular lines of
evidence from the AHSs that provide insight into the global
epidemiology of vegetarianism, obesity, and NCDs in Asian
Indians are described.

Nutrition transition away from faith-based vegetarianism

Of particular relevance to assessing the effect of secular trends
away from what is typically faith-based vegetarianism in India are
the AHS findings shown in Figure 1, which summarizes outcomes
among those Adventists who, over a 17-y interval, experienced
a “nutrition transition” away from faith-based vegetarianism. During
17-29 y of follow-up of Adventist Mortality Study and AHS-1
cohort members, Singh et al (67, 68) and Vang et al (69) studied
how this nutrition transition away from vegetarianism affected
weight gain, NCD outcomes, and longevity. Change from a veg-
etarian (no meat intake) to a nonvegetarian (weekly meat intake)
dietary pattern over a 17-y interval was associated with signif-
icant increases in the likelihood of weight gain (OR: 3.31; 95%
CI: 2.26, 4.86) (67), diabetes (OR: 2.66; 95% CI: 1.79, 3.95) (67),
stroke (OR: 2.52; 95% CI: 1.30, 4.90; PN Singh, unpublished
data, 2014), and CHD (OR: 2.46; 95% CI: 1.62, 3.73; previously
unpublished). During the 12 y after the transition, the exposure
was associated with a 3.6 'y (95% CI: 1.4, 5.8 y) decrease in life
expectancy (68).

Asian Indian cohort members of the AHS-2

Among US-based Asian Indian cohort members of the AHS-2
(n = 239), we examined the association between vegetarian dietary
patterns and overweight/obesity under the IOTF-WHO definition

TABLE 1
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FIGURE 2. Prevalence of overweight/obesity [BMI (in kg/mZ] >23] with
the use of the International Obesity Task Force-WHO definition (16) among
Asian Indians from the Adventist Health Study 2 according to dietary pattern
(nonvegetarian, n = 119; semivegetarian, n = 14; lactoovovegetarian, n = 44;
pescovegetarian, n = 35; vegan, n = 9). Lacto-ovo, lactoovovegetarian;
Pesco, pescovegetarian.

(Figure 2). Similar to reports on the parent cohort, we found that
lactoovovegetarian and vegan dietary patterns were associated
with a lower prevalence of overweight/obesity (BMI >23) by
using the IOTF-WHO definition. The higher consumption of
nuts and seeds in vegans and lactoovovegetarians shown among
Asian Indian AHS-2 cohort members in Table 1 is noteworthy.
Further study of the dietary pattern of Asian Indian vegetarian
Adventists is needed to characterize whole plant food intake.
Current smoking and alcohol use were very rare in this sample
(<5%).

In Figure 2, the extremely high rate (>80%) of overweight/
obesity in non- and semivegetarian Asian Indian AHS-2 cohort
members is notable relative to the ~50% rate in vegans and
lactoovovegetarians. Prospective studies of the plant foods un-
derlying these trends in Asian Indian Adventists could yield
insights into a preventive diet for Asian Indians.

We note that the AHS-2 baseline measures were designed and
validated primarily for black and white subjects who account for

Unadjusted weight of major food categories according to dietary pattern among Asian Indian cohort members of the Adventist Health Study 2!

Dietary pattern

Vegan Lactoovovegetarian Pescovegetarian Semivegetarian Nonvegetarian
(n=9 (n = 44) (n =35) (n=14) (n=119) P’
8
Fruit 409.9 * 303.1 4255 + 269.8 558.7 = 473.3 276.0 = 258.4 339.8 = 2414 0.043
Vegetables 331.7 = 253.7 390.2 = 211.1 429.7 = 2595 319.8 = 206.9 358.6 = 247.5 0.655
Avocados 83 £ 11.7 38+ 64 4.1 * 6.0 3794 3.6 £ 8.0 0.825
Potatoes 1443 = 722 97.7 = 98.0 57.9 = 68.7 44.4 = 403 78.7 = 84.9 0.004
Legumes 1204 = 64.9 120.2 £ 104.2 127.6 = 100.7 92.7 = 46.3 94.5 + 96.7 0.216
Soy foods and meat 215.6 = 170.8 168.8 = 176.3 181.4 = 163.3 1442 = 1294 144.1 = 188.3 0.532
analogs

Added fats 204 = 11.5 31.9 = 20.6 31.1 £278 29.2 = 13.7 405 = 324 <0.001
Nuts and seeds 355 =358 33.6 = 30.4 26.1 = 18.2 14.1 =103 21.6 =214 0.015
Meats 0.0 = 0.0 2.1*99 108 = 7.3 6.2 = 4.1 46.5 + 46.2 <0.001
Dairy products 2.6 = 3.1 151.8 = 2229 299.8 = 809.8 154.5 = 199.1 252.2 = 250.1 <0.001
Eggs 1.9 =24 8.1+7.0 95 £6.7 8.6 =53 109 £9.3 <0.001
Grains 150.5 = 82.3 221.6 = 1104 200.6 = 1164 204.2 = 84.3 221.8 = 126.5 0.157
Sweets 13.2 = 31.8 13.6 = 19.9 19.6 = 32.1 30.6 = 739 23.8 £ 36.6 0.236
Beverages (not water) 45.7 = 40.0 155.1 = 210.0 164.1 = 200.1 2344 * 3338 2442 + 264.5 <0.001
Water 1465.1 = 660.1 1485.4 = 473.3 1634.1 = 641.9 15442 = 518.2 1381.6 = 602.5 0.192

" All values are means * SDs.
2 ANOVA comparing all other dietary pattern categories with nonvegetarians.
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>90% of the cohort. Further studies in Asian Indian Adventists
to identify preventive vegetarian diet practices will require design
of dietary exposures to measure the intersection of culture, faith,
and diet in this unique subgroup of a long-lived cohort with low
NCD rates. Also, further prospective studies of larger samples are
needed to control for a range of possible confounder variables.

CONCLUSIONS

Current evidence indicates that obesity and overweight can be
a particularly potent risk factor for Asian Indians and, under
a revised case definition for obesity of a BMI >25, an epidemic
of obesity is underway in urban India and is emerging in rural
India. Underlying this epidemic is a complex nutrition transition
in vegetarians in which whole plant foods (fruit, vegetables, nuts,
seeds, unrefined whole grains) are being replaced by refined
carbohydrates, fast foods/snack foods/processed foods, and fried
foods. A transition to cooking oils with more atherogenic effects
is also evident. We have presented evidence that such a nutrition
transition is increasing the rate of NCDs despite the continued
high prevalence of vegetarianism. We posit that one strategy to
inform the design of dietary interventions to control obesity and
NCDs in India is to include a “global epidemiology* approach
of studying Asian Indians who live beyond the nutrition tran-
sition in regions and contexts where preventive dietary habits are
more common.
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and analyzed AHS-1 data; PNS and KNA: wrote the manuscript; MJO:
analyzed AHS-2 data on Asian Indians and edited the manuscript; JS, JSJ,
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secular trends in Asian Indian diets and editing of the manuscript. The
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