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Abstract

Background: Following a vegetarian diet is considered to be beneficial for overall health and is associated with a lower

risk of chronic disease.

Objective: This study examined whether South Asians in the United States who consume a vegetarian diet have a lower

prevalence of cardiometabolic risk factors.

Methods: Data from the Mediators of Atherosclerosis in South Asians Living in America study, which included 892

South Asians (47% women), age range 40–83 y with mean ± SD age 55 ± 9.4 y, were used. Participants were

classified as vegetarian if they reported no consumption of meat, poultry, or fish in the previous year on a validated

and culturally appropriate food-frequency questionnaire. Adjusted linear and logistic regression models were used to

examine associations of a vegetarian diet with cardiometabolic risk factors.

Results: Thirty-eight percent of the cohort participants were classified as vegetarian. Vegetarians reportedmore frequent

weekly eating occasions of whole grains (median frequency/wk: 10 compared with 9, P= 0.012) and beans and legumes

(median frequency/wk: 8.5 compared with 5.1, P < 0.001), and less frequent weekly eating occasions of sweets and

desserts (median frequency/wk: 1.9 compared with 2.3, P < 0.001). Consuming a vegetarian diet was associated

with lower body mass index (P = 0.023), fasting glucose (P = 0.015), insulin resistance (P = 0.003), total cholesterol

(P = 0.027), and LDL cholesterol (P = 0.004), and lower odds of fatty liver (OR: 0.43; 95% CI: 0.23, 0.78, P = 0.006). The

odds of having any coronary artery calcium were lower for vegetarian men (OR: 0.53; 95% CI: 0.32, 0.87, P = 0.013);

however, no significant associations were observed among women.

Conclusions: Among US South Asians, a vegetarian diet was associated with fewer cardiometabolic risk factors overall

and with less subclinical atherosclerosis among men. J Nutr 2018;148:1–7.
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Introduction

Dietary patterns and behaviors are important lifestyle factors
for overall health and in preventing chronic diseases. A vegetar-
ian diet has been found to be protective for cardiometabolic
health (1) and has been shown to be associated with a
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lower risk of obesity (2), diabetes (3), hypertension (4), lower
concentrations of total and LDL cholesterol (5, 6), and a lower
risk of subclinical atherosclerosis (6).

South Asians, individuals who originate from countries of
the Indian subcontinent including Bangladesh, Bhutan, India,
Maldives, Nepal, Pakistan, and Sri Lanka, are one of the fastest
growing ethnic groups in the United States (7). Studies have
found a higher prevalence of chronic diseases such as type
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2 diabetes and cardiovascular disease among South Asians
than among non-Hispanic whites (8, 9). A higher proportion
of South Asians also follow a vegetarian diet owing to
religious beliefs and cultural reasons (10). However, following
a vegetarian diet does not always indicate that healthful foods
are included as part of the dietary pattern. For example, a
recent study comparing vegetarian patterns among a nationally
representative sample from the 2003–2004 and 2005–2006
cycles of the NHANES in the United States and Asian Indians
living in India found that vegetarians in India consumed more
sweets and fried foods than did vegetarians living in the
United States (11). In addition, the protective association of a
vegetarian diet for cardiometabolic risk was stronger among US
vegetarians (3, 11). Associations between a vegetarian diet and
cardiometabolic risk factors among South Asians living in the
United States have not been extensively studied.

The overall goal of this study was to examine the dietary and
nutrient intakes of US South Asians who consume a vegetarian
diet, and to examine the cross-sectional associations of a
vegetarian diet with cardiometabolic risk factors, independent
of overall diet quality.

Methods
Baseline data from the Mediators of Atherosclerosis in South Asians
Living in America (MASALA) study were used for these analyses.
Detailed information on the MASALA study has been provided
elsewhere (12). Briefly, this community-based cohort of South Asians
from the San Francisco Bay area and the greater Chicago area
was recruited between 2010 and 2013 with the use of surname-
based recruitment methods. Study data were collected via interviews,
and a clinical examination included anthropometric assessments,
blood pressure measurement, blood tests, and procedures to ascertain
subclinical atherosclerosis (12). The MASALA study included 906
South Asians, and after excluding 14 participants because of missing
or unreliable information on dietary intakes a total of 892 participants
were included in these analyses. The study protocol was approved by the
institutional review boards of University of California, San Francisco
and Northwestern University. All participants signed informed consent
forms before undergoing study procedures.

Assessment of dietary intakes, estimation of
nutrients, and defining “vegetarian”
The validated Study of Health Assessment and Risk in Ethnic groups
(SHARE) FFQ, specifically developed for assessing dietary intakes of
South Asians in North America, was used as the dietary assessment
instrument in the study (13). For these analyses, we considered
participants to be vegetarians if they reported on the FFQ that they
did not consume any meat, poultry, or fish regardless of egg and dairy
product consumption in the previous year.

The weekly eating occasions for 18 foods and food groups, including
alcohol, beans and legumes, whole grains, some whole grains, refined
grains, fats and oil, fruits, meat, poultry and seafood, egg, dairy, mixed
dishes, nuts and oilseeds, snacks, sweets, and desserts, sugar, candy, and
jams, sugar-sweetened beverages, starchy vegetables, and vegetables,
were derived from the 163-item FFQ. Detailed classification for these
has been provided in Supplemental Table 1. Dietary data obtained from
the SHARE FFQ were analyzed by the ESHA Food Processor nutrient
analysis software version 6.11 (1996), to generate estimates of macro-
and micronutrient intakes.

Assessment of cardiometabolic risk factors
Height, weight, and waist circumference were measured through the
use of standard methods. BMI was calculated as kg/m2. Hepatic fat
attenuation was assessed by noncontrast computed tomography (CT),
and fatty liver was defined as hepatic fat attenuation <40 Hounsfield

units (14). Visceral fat area (expressed as cm2) was assessed by a
single-slice abdomen CT at the level of L4-L5. Blood pressure was
measured in a seated position with an automated blood pressure
monitor (V100 Vital Signs Monitor; GE Healthcare). A total of 3
assessments of blood pressure were made and the averages of the
second and third readings were used for analyses. Agatston scores for
measurement of coronary artery calcium (CAC) were generated with
the use of noncontrast gated-cardiac CT scans. CAC was analyzed
dichotomously as present or absent (Agatson score >0 compared
with 0). High-resolution B-mode ultrasonography was used for
measuring common and internal carotid artery intima media thickness
(CIMT). Detailed information for all assessments has been provided
elsewhere (12).

Laboratory assessments were performed after a 12-h fast. Serum
lipids including total cholesterol, TGs, and HDL cholesterol were
measured with enzymatic methods (Quest), and LDL cholesterol was
calculated via the Friedewald formula (15). Plasma glucose was assessed
via the hexokinase method (Ortho Clinical Diagnostics, Johnson &
Johnson); insulin was measured by sandwich immunoassay (Roche
Elecsys 2010; Roche Diagnostics), and insulin resistance was assessed
by the HOMA-IR and calculated as fasting insulin (µIU/mL) multiplied
by fasting glucose (mmol/L)/22.5 (16).

Covariates
Selection of covariates was based on univariate analysis, our previous
studies with this cohort, and published literature and included age,
sex, study site, education, traditional cultural beliefs, smoking status,
intentional exercise, alcohol and energy intakes, diet quality, and
medication use as assessed by structured interview questions and
study questionnaires (12). Education was categorized as having a
Bachelor’s degree or higher compared with less than a Bachelor’s
degree. A traditional cultural beliefs scale was developed for this
cohort and individuals were categorized as having strong, moderate,
or weak traditional South Asian cultural beliefs (17). The Typical
Week’s Physical Activity Questionnaire was used to assess intentional
exercise including walking for exercise, dance, conditional activities,
and sports, and total metabolic equivalent minutes per week were
calculated and used for analysis (18). Alcohol intake and daily energy
intake were derived from the FFQ for analysis and used in the models on
a continuous scale as grams of ethanol per day and kilocalories per day,
respectively. The Alternative Healthy Eating Index (AHEI) was used as
a measure of diet quality, and includes 11 food components with scores
ranging from 0 to 10 for each component, based on intake as reported
on the SHARE FFQ. The possible range of the total AHEI score is from
0 to 110, with higher AHEI scores indicating a better quality of diet
(19). For these analyses, AHEI scores were modeled on a continuous
scale.

Statistical analysis
Sociodemographic characteristics were reported as mean ± SD, median
(IQR), or percentage by vegetarian status. Student’s t test, Mann-
Whitney U tests, and chi-square tests were used for univariate analyses
comparing sociodemographic characteristics and cardiometabolic risk
factors between vegetarian and nonvegetarian participants. The Mann-
Whitney U test was also used for comparing the number of eating
occasions per week for food groups across vegetarian and nonvegetarian
participants. Comparisons by vegetarian status for energy, macro-, and
micronutrient intakes were made with the use of linear regression
models after adjusting for age, sex, and total energy intake, except
for those that were a proportion of energy intake. Multivariable linear
regression models were created to determine the associations between
vegetarian status and cardiometabolic risk factors including BMI; waist
circumference; systolic and diastolic blood pressure; fasting glucose;
HOMA-IR; TG; total, HDL, and LDL cholesterol; and common
and internal CIMT after adjusting for age, sex, study site, alcohol
and energy intake, smoking status, BMI (for outcomes other than
BMI and waist circumference), education, traditional cultural beliefs,
intentional exercise, and AHEI score. Models for fasting glucose, blood
pressure, and total and LDL cholesterol were also adjusted for glucose,
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TABLE 1 Sociodemographic and health characteristics by vegetarian status in the MASALA
cohort1

Vegetarian Nonvegetarian
Total (n= 892) (n= 335) (n= 557) P

Age, y 55.3 ± 9.4 55.6 ± 9.2 55.2 ± 9.5 0.558
Women, % 47.1 57.6 40.8 <0.001
Current smoker, % 3.1 1.5 4.1 0.029
Education ≥ Bachelor’s degree, % 87.8 88.1 87.6 0.843
Income ≥ $75K,2 % 73.6 70.8 75.2 0.158
Traditional cultural beliefs, % <0.001
Strong 33.4 44.7 26.4
Intermediate 29.9 29.0 30.4
Weak 36.7 23.1 43.2

Intentional exercise, MET min/wk 945 (315–1860) 945 (420–1760) 960 (315–1890) 0.99
Alternative Healthy Eating Index score 70.1 ± 6.8 68.2 ± 5.1 71.3 ± 7.4 <0.001
Alcohol, g/d 0.2 (0–2.6) 0 (0–0.3) 1.0 (0.01–5.3) <0.001
Energy intake, kcal/d 1630 (1300–1970) 1540 (1280–1860) 1690 (1350–2010) <0.001
BMI, kg/m2 26.0 ± 4.1 25.6 ± 4.1 26.2 ± 4.1 0.027
Waist circumference, cm 92.7 ± 10.4 91.1 ± 10.1 93.7 ± 10.5 <0.001
Serum total cholesterol,2 mg/dL 188 ± 36.9 186 ± 35.5 189 ± 37.6 0.154
Serum TGs,2 mg/dL 118 (88–157) 118 (89–156) 118 (88–158) 0.99
Serum LDL cholesterol,2 mg/dL 111 ± 32.0 109 ± 30.2 113 ± 32.9 0.036
Serum HDL cholesterol,2 mg/dL 50.1 ± 13.3 51.2 ± 13.4 49.4 ± 13.3 0.055
Statin use, % 26.6 24.2 27.7 0.255
Fasting plasma glucose,2 mg/dL 94 (87–106) 96 (89–105) 98 (90–109) 0.054
HOMA-IR2 2.5 (1.6–3.9) 2.2 (1.5–3.3) 2.6 (1.7–4.3) <0.001
Diabetes medication use, % 16.0 17.0 15.4 0.535
Systolic blood pressure, mm Hg 125 ± 15.8 124 ± 15.7 125 ± 15.8 0.210
Diastolic blood pressure, mm Hg 73.4 ± 9.8 72.0 ± 9.2 74.2 ± 10.0 <0.001
Antihypertensive medication use, % 30.4 28.1 31.8 0.242
Fatty liver (HU < 40),2 % 9.1 5.1 11.5 0.001
CAC Agatston score2

Men 12 (0–139) 6.5 (0–62) 18 (0–162) 0.025
Women 88 (83–96) 0 (0–3.7) 0 (0–0) 0.167

CAC Agatston score > 0,2 %
Men 58.7 52.5 61.4 0.074
Women 23.7 26.9 20.9 0.147

Common CIMT,2 mm 0.84 (0.73–0.96) 0.83 (0.71–0.95) 0.84 (0.73–0.99) 0.047
Internal CIMT,2 mm 1.11 (0.95–1.34) 1.09 (0.91–1.23) 1.13 (0.97–1.39) 0.006

1Values are percentages, mean ± SD, or median (IQR). CAC, coronary artery calcium; CIMT, carotid artery intima media
thickness; HU, Hounsfield units; MASALA, Mediators of Atherosclerosis in South Asians Living in America; MET, metabolic
equivalent.
2Missing data for some characteristics: income: total n = 866, n (vegetarian) = 322, n (nonvegetarian) = 544; total cholesterol
and fasting glucose: total n = 888, n (vegetarian) = 333, n (nonvegetarian) = 555; TGs and HDL cholesterol: total n = 889,
n (vegetarian) = 334, n (nonvegetarian) = 555; LDL cholesterol: total n = 882, n (vegetarian) = 331, n (nonvegetarian) = 551;
HOMA-IR: total n = 828, n (vegetarian) = 314, n (nonvegetarian) = 514; liver fat: total n = 879, n (vegetarian) = 332,
n (nonvegetarian) = 547; CAC: total n = 885, n (vegetarian) = 334, n (nonvegetarian) = 551; common CIMT: total n = 891,
n (vegetarian) = 334, n (nonvegetarian) = 557; internal CIMT: total n = 890, n (vegetarian) = 334, n (nonvegetarian) = 556.

blood pressure, and lipid-lowering medication use, respectively. TG,
fasting glucose, and HOMA-IR were natural log transformed in the
multivariable linear regression models owing to skewed distribution.
And lastly, multivariable logistic regression was used to assess the
association between vegetarian status and presence of fatty liver and
CAC. We checked to see if the association between vegetarian status
and the cardiometabolic risk factors varied by sex by adding an
interaction term into the model. Because the AHEI score does not
include sweets and desserts, we also performed sensitivity analyses,
adding this category to the final model (data not presented). Because
the Friedewald formula for estimation of LDL cholesterol may be
inaccurate for individuals with high TGs, we also performed sensitivity
analysis for LDL cholesterol by excluding those with serum TGs >150
mg/dL. All analyses were performed with SAS version 9.4 (SAS Institute,

2013), and a 2-sided P value of <0.05 was considered to be statistically
significant.

Results

Sociodemographic characteristics by vegetarian status are
reported in Table 1. The mean ± SD age of the MASALA
cohort was 55 ± 9.4 y with 47% women. Approximately 38%
of the participants reported consuming a vegetarian diet, and
58% of vegetarians were women (P < 0.001). Individuals with
strong traditional cultural beliefs were more likely to follow
a vegetarian diet (P < 0.001). Vegetarians also had slightly
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TABLE 2 Eating occasions of foods and food groups by
vegetarian status in the MASALA cohort1

Times/wk

Vegetarian
(n= 335)

Nonvegetarian
(n= 557) P

Alcohol 0.00 (0–0.23) 0.60 (0–3.0) <0.001
Beans and legumes 8.50 (6.00–10.5) 5.12 (3.00–8.25) <0.001
Whole grains 10.0 (7.00–14.0) 9.00 (6.00–14.0) 0.012
Some whole grains 0.79 (0.29–2.00) 0.87 (0.29–2.12) 0.691
Refined grains 7.3 (3.4–10.0) 7.0 (3.3–10.2) 0.813
Fats and oils 1.00 (0.00–7.00) 0.500 (0.00–5.00) 0.018
Fruit 13.6 (9.00–20.0) 14.4 (8.89–21.5) 0.248
Meat, poultry, seafood 0 4.00 (1.46–6.81) <0.001
Egg 0 (0.00–0.25) 1.08 (0.500–3.00) <0.001
Dairy 22.3 (15.0–29.3) 22.0 (15.3–30.1) 0.773
Mixed dishes 1.12 (0.50–2.00) 1.25 (0.56–2.12) 0.185
Nuts and oilseeds 6.00 (2.02–7.25) 6.00 (2.25–7.50) 0.587
Snacks 2.25 (1.10–4.60) 2.12 (1.00–4.37) 0.664
Sweets and desserts 1.87 (0.77–3.56) 2.29 (1.06–4.25) <0.001
Sugar, candy, and jam 7.25 (1.00–14.3) 7.25 (1.12–14.5) 0.751
SSB 0.04 (0.00–0.500) 0.10 (0.00–0.500) 0.075
Starchy vegetables 2.50 (1.25–4.00) 2.37 (1.25–4.00) 0.576
Vegetables 26.3 (19.8–36.9) 27.1 (21.0–38.0) 0.186

1Values are medians (IQRs). MASALA, Mediators of Atherosclerosis in South Asians
Living in America; SSB, sugar-sweetened beverage.

lower scores on the AHEI than did nonvegetarians (P < 0.001).
In univariate analysis, vegetarians tended to have a lower
BMI, lower waist circumference, lower LDL cholesterol, lower
HOMA-IR, lower diastolic blood pressure, lower subclinical
atherosclerosis as measured by CAC (men only) and CIMT, and
a lower proportion of them had fatty liver (P < 0.05 for all)
compared with nonvegetarians. The sex-specific distributions
of sociodemographic characteristics are shown in Supplemental
Tables 2–4. Number of eating occasions per week of foods
and food groups showed that vegetarians had less frequent
consumption of alcohol, eggs, and sweets and desserts, and
higher frequencies of beans and legumes, whole grains, and fats
and oil consumption compared with nonvegetarians (P < 0.05
for all) (Table 2).

Table 3 describes the nutrient intake estimates by vegetarian
status. Compared with nonvegetarians, vegetarians had lower
intakes of energy, protein, fat, percentage energy from fat SFAs,
trans fat, and MUFAs, niacin and vitamin B-12, chromium,
selenium, and n–3 and n–6 fatty acids, and higher intakes
of carbohydrate, glycemic index and load, fiber, thiamin,
vitamin C, folate, calcium, iron, potassium, and zinc (P < 0.05
for all).

The adjusted associations between a vegetarian diet and
cardiometabolic risk factors are shown in Table 4 and
Figure 1. Consuming a vegetarian diet was associated with
lower BMI, visceral fat, waist circumference, fasting glucose,
HOMA-IR, total and LDL cholesterol, and lower odds of fatty
liver (P < 0.05 for all). The association between vegetarian diet
and LDL cholesterol remained significant after excluding those
with high TGs. Only for waist circumference were associations
attenuated and they became statistically nonsignificant when
further adjusted for eating occasions of sweets and desserts
(P = 0.07). The association between vegetarian diet and CAC
varied by sex (P-interaction = 0.006). The odds of any CAC
were lower for vegetarians than for nonvegetarians among men

TABLE 3 Daily macro- and micronutrient adjusted mean
intakes by vegetarian status in the MASALA cohort1

Nutrient
Vegetarian
(n= 335)

Nonvegetarian
(n= 557) P

Energy, kcal 1620 ± 27.1 1720 ± 20.9 0.003
Carbohydrate, g 256 ± 1.3 240 ± 1.0 <0.001
% Energy from carbohydrates 58.8 ± 0.3 54.8 ± 0.2 <0.001
Glycemic index 41.1 ± 0.3 39.5 ± 0.3 <0.001
Glycemic load 95.2 ± 1.0 85.1 ± 0.8 <0.001
Protein, g 59.7 ± 0.5 63.0 ± 0.4 <0.001
% Energy from protein 14.1 ± 0.1 15.0 ± 0.1 <0.001
Fat, g 52.5 ± 0.5 56.2 ± 0.4 <0.001
% Energy from fat 27.9 ± 0.3 30.0 ± 0.2 <0.001
% Energy from SFAs 7.4 ± 0.1 8.2 ± 0.1 <0.001
% Energy from MUFAs 11.1 ± 0.1 12.1 ± 0.1 <0.001
% Energy from PUFAs 6.4 ± 0.08 6.5 ± 0.06 0.570
% Energy from trans fat 0.06 ± 0.004 0.07 ± 0.003 0.031
Fiber, g 21.3 ± 0.2 20.1 ± 0.2 <0.001
Vitamin A, IU 16,300 ± 424 15,800 ± 327 0.367
Thiamin, mg 1.5 ± 0.02 1.4 ± 0.01 <0.001
Riboflavin, mg 1.6 ± 0.02 1.6 ± 0.02 0.367
Niacin, NE 1.5 ± 0.08 3.0 ± 0.06 <0.001
Vitamin B-6, mg 1.9 ± 0.02 1.9 ± 0.01 0.595
Vitamin B-12, µg 2.1 ± 0.07 2.7 ± 0.05 <0.001
Vitamin C, mg 220 ± 3.5 210 ± 2.7 0.029
Vitamin D, IU 85.5 ± 4.4 84.3 ± 3.4 0.828
Vitamin E, IU 1.8 ± 0.04 1.9 ± 0.03 0.353
Folate, µg 440 ± 4.3 382 ± 3.3 <0.001
Calcium, mg 972 ± 17.8 883 ± 13.7 <0.001
Chromium, µg 10.6 ± 0.3 12.1 ± 0.2 <0.001
Iron, mg 15.3 ± 0.1 14.4 ± 0.1 <0.001
Potassium, mg 3710 ± 32.1 3580 ± 24.8 <0.001
Selenium, mg 8.3 ± 0.4 11.3 ± 0.3 <0.001
Sodium, mg 2770 ± 29.7 2700 ± 22.9 0.071
Zinc, mg 8.7 ± 0.06 8.5 ± 0.05 0.018
n–3 fatty acid, g 0.09 ± 0.01 0.16 ± 0.005 <0.001
n–6 fatty acid, g 0.34 ± 0.01 0.38 ± 0.01 0.004

1Values are adjusted means ± SEMs. Adjusted for age, sex, and energy intake. IU,
International Unit; MASALA, Mediators of Atherosclerosis in South Asians Living in
America; NE, niacin equivalent.

only in both models. A vegetarian diet was not associated with
blood pressure and CIMT.

Discussion

We found that 38% of participants in a middle-older aged
South Asian cohort in the United States were vegetarian,
with a higher prevalence of vegetarianism among women,
nonsmokers, and those with strong traditional South Asian
cultural beliefs. A vegetarian diet was associated with lower
BMI, visceral fat, total and LDL cholesterol, fasting glucose, and
insulin resistance, and lower odds of fatty liver and any CAC
independent of sociodemographic characteristics and overall
diet quality, indicating a protective effect on cardiometabolic
health. Following a vegetarian diet was also associated with
lower odds of any CAC among South Asian men only.

The prevalence of consuming a vegetarian diet among South
Asians in the United States was similar to what has been recently
reported from India. Among participants from the India site of
the Centre for Cardiometabolic Risk Reduction in South-Asia
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TABLE 4 Cardiometabolic risk factors by vegetarian status in
the MASALA cohort1

Vegetarian Nonvegetarian P

BMI, kg/m2 25.5 ± 0.2 26.2 ± 0.2 0.023
Waist circumference, cm 91.8 ± 0.6 93.2 ± 0.4 0.044
Fasting plasma glucose,2 mg/dL 99.0 ± 1.3 103 ± 1.0 0.015
HOMA-IR2 3.1 ± 0.4 3.8 ± 0.3 0.003
Serum total cholesterol, mg/dL 184 ± 1.9 190 ± 1.5 0.027
Serum TGs,2 mg/dL 131 ± 4.0 131 ± 3.1 0.601
Serum HDL cholesterol, mg/dL 50.5 ± 0.7 49.8 ± 0.5 0.399
Serum LDL cholesterol, mg/dL 108 ± 1.7 114 ± 1.3 0.004
Visceral fat area, cm2 130 ± 2.4 137 ± 1.9 0.047
Systolic blood pressure, mm Hg 125 ± 0.8 125 ± 0.6 0.910
Diastolic blood pressure, mm Hg 73.0 ± 0.5 73.6 ± 0.4 0.363
Common CIMT 0.88 ± 0.01 0.87 ± 0.01 0.931
Internal CIMT 1.18 ± 0.02 1.23 ± 0.02 0.146

1Values are adjusted means ± SEMs. Model adjusted for age, sex, study site,
alcohol and energy intakes, smoking status, BMI (for outcomes other than BMI
and waist circumference), education, traditional cultural beliefs, intentional exercise,
and Alternative Healthy Eating Index score; statin use was also adjusted for total
cholesterol and LDL cholesterol; diabetesmedication use was also adjusted for fasting
glucose and HOMA-IR; antihypertensive medication use was also adjusted for systolic
and diastolic blood pressure. CIMT, carotid artery intima media thickness; MASALA,
Mediators of Atherosclerosis in South Asians Living in America.
2P values of fasting glucose, HOMA-IR, and TGs were from the models with natural
log-transformed fasting glucose, HOMA-IR, and TGs.

cohort, 37% followed a vegetarian diet (11). In contrast, in the
United States, according to nationally representative data from
the NHANES 2003–2004 and 2005–2006 survey cycles, the
prevalence of consuming a vegetarian diet among the general US
population was only 2.4%, with 1.8% for non-Hispanic whites
and 3.7% for other races, much lower than that found in the
MASALA study (11).

Dietary acculturation, defined as adopting the dietary habits
of the country that people move to, is commonly seen among
immigrants (20). Similar to what has been reported for other
immigrant populations, after moving to and living in the
United States, South Asians have been reported to transition
to a Western-style diet that is higher in sugar and fat from
the traditional South Asian diet, which includes a higher
consumption of legumes and cereals (21). In addition, South
Asian vegetarian diets contain a higher intake of fats and
appear to be less healthful, whereas vegetarians in the general
US population were less likely to eat refined cereals, desserts,
and fried foods (11). This could be a result of the nutrition
transition that is underway in several low- and middle-income
countries, replacing whole grains with refined grains and
increasing intake of processed and energy-dense foods (10). In
the MASALA study, vegetarians reported more weekly eating
occasions of beans and legumes as well as whole grains than
did nonvegetarians, which is consistent with a traditional South
Asian diet. Nonvegetarians reported more weekly consumption
occasions of sweets and desserts, which may partly explain their
higher waist circumference. Visceral fat remained significantly
higher in nonvegetarians after adjusting for eating occasions
of sweets and desserts (while attenuating the differences for
waist circumference). This suggests a differential association
in the type of fat affected by higher consumption of sweets
and desserts (i.e., subcutaneous fat in the waist region). Also,
the weekly consumption occasions of fats and oil were higher
among vegetarians, which may be attributed to a dietary
transition, whereas the weekly consumption occasions of fruits,

vegetables, and nut intakes did not differ between the 2 groups.
This may partly explain the high prevalence of type 2 diabetes
and cardiometabolic risk among South Asians, despite a higher
proportion of South Asians being vegetarian. South Asians may
follow a vegetarian diet for faith-based, cultural, or familial
reasons (22) in contrast to the general US population in
which vegetarianism may be a choice made for health and
environmental benefits (11). These underlying differences in
adoption of a vegetarian diet may explain the food choices made
by South Asian vegetarians to some extent.

Our findings, that US-based South Asians following a
vegetarian diet have lower BMI and serum lipids, are consistent
with the previous literature. In the Adventist Health Study-
2 consisting of middle-aged and older non-Hispanic white
and black individuals in the United States and Canada, being
vegetarian was associated with a 50% lower risk of type 2
diabetes and lower systolic and diastolic blood pressure as
well as lower BMI than among nonvegetarians; in addition,
the risks of hypertension, high blood total cholesterol, and
high blood LDL cholesterol were also lower among vegetarians
(4, 5, 23). In a study of South Asians in India comparing
urban migrants and their rural siblings, about one-third of
participants were vegetarian, and vegetarians were found to
have lower concentrations of total and LDL cholesterol, TGs,
fasting plasma glucose, and lower levels of systolic and diastolic
blood pressure (24). Among the MASALA study participants,
those following a vegetarian diet consumed a lower proportion
of energy from saturated and trans fats than did nonvegetarians,
which may have contributed to the significantly lower LDL
cholesterol concentrations in vegetarians than nonvegetarians
(25). Although we did observe significant differences for total
and LDL cholesterol, there were no differences for plasma
TGs across the 2 groups despite a significantly lower BMI for
vegetarians and the reasons for these could be several, including
a higher intake of carbohydrates by vegetarians,which is known
to raise TG concentrations, as well as a lower intake of n–3 fatty
acids, which may also increase TG concentrations (26, 27).

In our analyses of MASALA, no significant associations
were seen between a vegetarian diet and blood pressure. One
reason for this could be the relatively low intake of red and
processed meat, which has been associated with higher levels
of blood pressure and greater risk of coronary heart disease,
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FIGURE 1 ORs and 95% CIs for health outcomes comparing
vegetarians with nonvegetarians in the Mediators of Atherosclerosis
in South Asians Living in America cohort. Models were adjusted for
age, sex, study site, energy intake, smoking status, BMI, education,
traditional cultural beliefs, intentional exercise, alcohol intake, and
Alternative Healthy Eating Index score. n = 877 for fatty liver, n = 465
for CAC (men), n = 418 for CAC (women). CAC, coronary artery
calcium.
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among the cohort participants (28). Approximately 25% of the
nonvegetarians in the MASALA cohort did not eat any red or
processed meat whereas only 13% of participants consumed
more than half of their meat intake from red or processed
meat. Other reasons why there may have been no difference
in blood pressure between vegetarians and nonvegetarians in
MASALA include fat, sodium, and potassium intake. Evidence
from randomized controlled trials suggests that higher intakes
of n–3 fatty acids (≥2 g/d of EPA and DHA) are associated
with lower systolic and diastolic blood pressure (29). However,
in the MASALA study, although the differences in n–3 fatty
acid intakes were statistically significant, intakes in general were
relatively low and may have contributed to the nonsignificant
association with blood pressure. In contrast to the Indian
Migration Study that reported a lower intake of salt among
vegetarians, sodium intake did not differ between the 2 groups
in MASALA (30). Although potassium intakes were higher
among vegetarians, and high potassium intakes have been found
to be associated with lower blood pressure (31), our study
did not show any protective associations with respect to blood
pressure.

Higher consumption of beans and legumes among vege-
tarians may be the beneficial factor resulting in prevention
of cardiometabolic diseases because of the high contents of
nutrients such as fiber, folate, and magnesium, and their low
glycemic index (32). Epidemiologic investigations have indi-
cated that higher intakes of beans and legumes are associated
with a lower incidence of cardiovascular disease (33), and all-
cause and cardiovascular disease death (34). In the MASALA
cohort, vegetarians reported more frequent eating occasions of
beans and legumes, which could explain some of the beneficial
associations with health outcomes that were observed.

Our study examined the associations between vegetarian diet
and subclinical atherosclerosis, finding a significant association
with CAC but not CIMT. Sex was found to be an effect modifier
for the association between vegetarian diet and CAC wherein
only men who were vegetarian had a lower CAC prevalence but
no significant difference was observed for women. There was
no association between vegetarianism and CIMT. Our results
were consistent with 1 prior study in 88 Brazilian men, which
indicated no significant association between vegetarian diet and
CIMT after adjusting for covariates (6).

The strengths of our study are that the MASALA cohort is
a large community-based sample of South Asians in the United
States, and the assessment of diet and derivation of vegetarian
status were conducted with the use of a culturally appropriate
FFQ, which was previously validated in South Asians in
Canada. The MASALA study had several validated measures
of cardiometabolic risk factors and subclinical atherosclerosis.
In addition, important covariates and confounders were
collected and adjusted for in analyses, including information
on traditional cultural beliefs because traditional beliefs play
an important role in choosing to follow a vegetarian diet. Our
study also has limitations. First, no causal relations can be
concluded because we lack temporality. Second, the dietary
intake was limited only to the past year, which limits our
ability to draw conclusions on the long-term effects of diet
on cardiometabolic health. And third, the MASALA cohort
includes only middle- to older-aged individuals who are mostly
highly educated, therefore our results may not be generalizable
to younger South Asians or those with lower levels of education.

In conclusion, a vegetarian-style diet was inversely associated
with some, but not all, cardiometabolic risk factors among
South Asians in the United States. Prospective studies should

assess the long-term associations of South Asian vegetarian diet
and incident chronic disease in this population.
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