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Abstract

Background: South Asians are at high risk of metabolic syndrome, and dietary patterns may influence this risk.

Objective:We aimed to determine prevalent dietary patterns for South Asians in the United States and their associations

with risk factors for metabolic syndrome.

Methods: South Asians aged 40–84 y without known cardiovascular disease were enrolled in a community-based cohort

calledMediators of Atherosclerosis in South Asians Living in America. A validated food frequency questionnaire and serum

samples for fasting and 2-h glucose, insulin, glycated hemoglobin, triglycerides, and total and HDL cholesterol were

collected cross-sectionally.We used principal component analysis with varimax rotation to determine dietary patterns, and

sequential linear and logistic regression models for associations with metabolic factors.

Results: A total of 892 participants were included (47%women). We identified 3 major dietary patterns: animal protein; fried

snacks, sweets, and high-fat dairy; and fruits, vegetables, nuts, and legumes. These were analyzed by tertile of factor score.

The highest vs. the lowest tertile of the fried snacks, sweets, and high-fat dairy pattern was associated with higher

homeostasis model assessment of insulin resistance (HOMA-IR) (b: 1.88 mmol/L � uIU/L) and lower HDL cholesterol (b:

24.48 mg/dL) in a model adjusted for age, sex, study site, and caloric intake (P < 0.05). The animal protein pattern was

associated with higher body mass index (b: 0.73 m/kg2), waist circumference (b: 0.84 cm), total cholesterol (b: 8.16 mg/dL),

and LDL cholesterol (b: 5.69mg/dL) (allP< 0.05). The fruits, vegetables, nuts, and legumes patternwas associatedwith lower

odds of hypertension (OR: 0.63) andmetabolic syndrome (OR: 0.53), and lower HOMA-IR (b: 1.95 mmol/L � uIU/L) (P < 0.05).

Conclusions: The animal protein and the fried snacks, sweets, and high-fat dairy patterns were associated with adverse

metabolic risk factors in South Asians in the United States, whereas the fruits, vegetables, nuts, and legumes pattern was

linked with a decreased prevalence of hypertension and metabolic syndrome. J Nutr doi: 10.3945/jn.114.207753.

Keywords: dietary patterns, South Asian, metabolic syndrome, diabetes, atherosclerosis

Introduction

A dietary pattern provides a tangible, modifiable risk factor for
cardiovascular disease (CVD) and type 2 diabetes (1). Patterns

and trends in dietary consumption may provide more informa-
tive investigations into healthful or harmful dietary habits than
analyses of individual nutrients alone (2). Prior observational
research has shown that a Western dietary pattern, with strong
components of refined carbohydrates and red and processed
meats, is associated with increased rates of CVD and diabetes
(3–5). Conversely, patterns high inwhole grain, nut, and vegetable
intake such as the Mediterranean pattern appear to be protective
(6–8). To date, there is a paucity of information on dietary
patterns and health among different immigrant ethnic groups in
the United States.

Individuals of South Asian (Bangladeshi, Indian, Nepali,
Pakistani, and Sri Lankan) origins are at particular risk of severe
early onset CVD and type 2 diabetes, even before the develop-
ment of obesity (9–11). Metabolic risk factors such as waist
circumference, dyslipidemia, and deregulation of glucose and

1 This project was supported by grant no. R01HL093009 from the NIH, National

Heart, Lung, and Blood Institute. Data collection at University of California, San

Francisco was also supported by the National Center for Research Resources and

the National Center for Advancing Translational Sciences of the NIH, through

University of California, San Francisco-Clinical & Translational Science Institute

(CTSI) grant no. UL1 RR024131.
2 Author disclosures: MD Gadgil, CAM Anderson, NR Kandula, and AM Kanaya,

no conflicts of interest.
3 The content is solely the responsibility of the authors and does not necessarily

represent the official views of the National Heart, Lung, and Blood Institute or the NIH.
4 Supplemental Tables 1–3 are available from the ‘‘Online Supporting Material’’

link in the online posting of the article and from the same link in the online table of

contents at http://jn.nutrition.org.

* Towhomcorrespondence should be addressed. E-mail:meghana.gadgil@ucsf.edu.

ã 2015 American Society for Nutrition.

Manuscript received December 1, 2014. Initial review completed January 12, 2015. Revision accepted March 23, 2015. 1 of 7
doi: 10.3945/jn.114.207753.

 The Journal of Nutrition. First published ahead of print April 22, 2015 as doi: 10.3945/jn.114.207753.

Copyright (C) 2015 by the American Society for Nutrition 

 at U
N

IV
 O

F
 C

A
LIF

O
R

N
IA

 S
A

N
 F

R
A

N
C

IS
C

O
 K

A
LM

A
N

O
V

IT
Z

 LIB
R

A
R

Y
 on A

pril 26, 2015
jn.nutrition.org

D
ow

nloaded from
 

http://jn.nutrition.org/


insulin often underlie oxidative stress and atherosclerotic
changes in this population (12–14). In the United States, over
90% of South Asians are immigrants and may be undergoing
changes in dietary patterns that influence metabolic risk (15, 16).

This investigation aimed to identify prevalent dietary pat-
terns in South Asians in the United States and their associations
with metabolic risk factors with the use of data from partici-
pants enrolled in the Mediators of Atherosclerosis in South
Asians Living in America (MASALA) study. This is one of the
first studies to investigate the association between dietary
patterns and cardiometabolic risk in US South Asians, a group
with known disparities in CVD and diabetes.

Methods

We conducted a cross-sectional investigation of 906 South Asians who
participated in the MASALA community-based cohort study. The

detailed methods have been described elsewhere (17). Briefly, this was

a prospective cohort study in which we enrolled community-dwelling
individuals living in the San Francisco Bay and the greater Chicago

areas from 2010–2013. Participants self-identified as having South

Asian ancestry, were aged 40–84 y, and had no known CVD. Those on

nitroglycerin, with active cancer, impaired cognitive ability, or a life
expectancy <5 y, or who lived in a nursing home or had plans to relocate

were excluded. The University of California, San Francisco and

Northwestern University institutional review boards approved the study

protocol and all study participants provided written informed consent.
Over ;30 mo of recruitment, 906 participants were enrolled in the

MASALA study (17).

Each participant underwent in-person interviews to determine age,

sex, medical history, and smoking status. Food group intake was
collected with the Study of Health Assessment and Risk in Ethnic groups

South Asian FFQ, which was developed and validated in South Asians in

Canada (18). The FFQ included 163 items, with 61 items unique to the
South Asian diet, and assessed usual eating habits, frequency, and serving

sizes over the past 12 mo (18). Individual food items from the Study of

Health Assessment and Risk in Ethnic groups food FFQ were divided

into 29 predefined subgroups reflecting likeness, underlying nutrient
composition, and culinary usage in the South Asian diet. Several foods

(e.g., coffee) were kept as individual categories, given their high reported

intake (Supplemental Table 1). Participants recorded the serving size

(small, medium, or large) and the frequency of consumption from 4
options (average per day, week, month, or year, or never). Items reported

as serving size ‘‘small’’ were weighted by 0.5, and items reported as

serving size ‘‘large’’ were weighted by 1.5. We excluded one individual
with incomplete FFQ data and another 13 who did not meet a priori

criteria of daily caloric ranges for men (800–4200 kcal/24 h) and women

(500–3500 kcal/24 h). A total of 892 remaining participants were

included in our analysis.
All visits were conducted by trained bilingual study staff, and all

consent forms were translated into Hindi and Urdu. We gathered

information on participant demographic data, tobacco use, alcohol

consumption, and medication use. Intentional exercise in metabolic
equivalent task-minutes per week was assessed with the use of the

Typical Week�s Physical Activity Questionnaire (19). Weight was

determined with the use of a digital scale, height with a stadiometer,
and waist circumference with the use of a measuring tape halfway

between the lower ribs and the anterior superior iliac spine, at the site of

greatest circumference. Seated resting blood pressure was measured 3

times with the use of an automated blood pressure monitor (V100 Vital
Signs Monitor, GE Healthcare) taking the mean of the last 2 readings for

analysis. Hypertension was defined as self-reported treatment for

hypertension or a systolic blood pressure $140 mm Hg or diastolic

blood pressure $90 mm Hg. Blood samples were obtained after a
requested 12 h fast. Fasting plasma glucose was measured with the use

of a glucose oxidase method (Ortho Clinical Diagnostics, Johnson &

Johnson), and fasting serum insulin was measured by the sandwich

immunoassaymethod (Roche Elecsys 2010, RocheDiagnostics). Diabetes

was classified if a participant was using a glucose-lowering medication or

had a fasting plasma glucose of at least 126 mg/dL.

Plasma concentrations of total cholesterol, HDL cholesterol, and
TGs were measured with the use of enzymatic methods (Quest), and

LDL cholesterol was calculated with the use of the Friedewald formula

(20). An oral glucose tolerance test was performed in which participants

consumed a 75 g oral glucose solution, and blood samples for plasma
glucose and insulin were taken after 120 min. HOMA-IR, an assessment

of insulin resistance, was calculated as [Glucose (mmol/L) 3 Insulin

(uIU/mL)/22.5] (21). Values are presented in the text and tables as means

and ORs (95% CIs).
Principal components analysis with varimax rotation was used to

determine factor loadings for the 29 investigator-categorized food

groups. Solutions containing 2–5 factors were considered. After evalu-
ation of factor solutions with eigenvalues >1, a 3-factor solution was

chosen based on evaluation of the scree plot (1). After identifying 3

patterns that explained 23.2% of the variance, we named these patterns

according to the food groupings loading highest for each pattern
(Supplemental Table 2). Each participant was assigned a factor score for

each dietary pattern based on the correlation of his or her FFQ data with

the food groupings in the 3 prevalent patterns. We separately derived

factor solutions for men and women, and ultimately combined the
outcomes given their similarities.

Baseline characteristics of the MASALA participants were compared

by dietary pattern with the use of the chi-square test and ANOVA, where
appropriate. Logistic and linear regression analyses were used to

determine associations of tertiles of dietary pattern with prespecified

metabolic outcomes for each dietary pattern separately. Age, BMI, units

of alcoholic drinks per week, and metabolic equivalent task-minutes of
exercise per week were modeled as continuous covariates; sex, educa-

tion, income, and smoking were categoric variables. Model 1 was

adjusted for age, sex, study site, and total caloric intake. Model 2

additionally was adjusted for income, education, metabolic equivalent
tasks of exercise per week, alcoholic drinks per week, and smoking.

Model 3 was adjusted for BMI and waist circumference in those models

with outcomes that did not include BMI or waist circumference. Linear

trends were determined with the use of factor scores as continuous
covariates. Outcomes were normally distributed. Testing for sex-specific

interaction was completed by adding an interaction term to the

regression analyses for each dietary pattern. Two-sided P values < 0.05
were considered statistically significant.

The analysis was completed with the use of STATA version 11.2,

2012.

Results

Data from 892 discrete participants with full dietary informa-
tion participating in the MASALA study were included in our
cross-sectional analysis. Approximately 47% of the participants
were women, and the vast majority (84%) were of Indian origin.
Principal component analysis identified the following 3 pre-
dominant dietary patterns: 1) animal protein; 2) fried snacks,
sweets, and high-fat dairy; and 3) fruits, vegetables, nuts, and
legumes (Table 1). Women were less likely to consume the
animal protein and fried snacks, sweets, and high-fat dairy
patterns. Those who ate outside of the home 2–3 times/wk, were
younger, had a higher BMI, and were current smokers were more
likely to have higher adherence to the animal protein pattern
(Table 1). The animal protein pattern alone contained major
nonvegetarian components.

We examined within-pattern trends (Table 2). Comparing the
highest to the lowest tertiles of each dietary pattern, an increase
in factor score of the animal protein dietary pattern was
associated with a higher BMI (b: 0.73 kg/m2; 95% CI: 0.01,
1.45), waist circumference (b: 1.15 cm; 95% CI: 20.49, 2.79),
and total cholesterol (b: 8.16mg/dL; 95%CI: 2.15, 14.17) and LDL
cholesterol (b: 5.69 mg/dL; 95% CI: 0.41, 10.96) concentrations
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(P-trend < 0.05) in a model adjusted for age, sex, study site, and
caloric intake (Model 1). When additionally adjusted for
income, education, metabolic equivalent tasks of exercise per
week, alcoholic drinks per week, and smoking, we found a
higher total cholesterol (b: 8.81 mg/dL; 95% CI: 1.60, 16.01)
and LDL cholesterol (b: 7.11 mg/dL; 95% CI: 0.80, 13.42)
concentration (Model 2, P = 0.05). The addition of BMI and
waist circumference to the covariates (Model 3) did not change
the significance of total and LDL cholesterol concentration
outcomes (P < 0.05) (Table 2). An increase in factor score of the
fried snacks, sweets, and high-fat dairy pattern was associated
with a significantly higher HOMA-IR (b: 1.88 mmol/L � uIU/L;
95% CI: 0.67, 3.08; P-trend = 0.001) and lower HDL
cholesterol (b: 24.48 mg/dL; 95% CI: 26.77, 22.19; P <
0.001) in Model 1. Greater consumption of the fruits, vegeta-
bles, nuts, and legumes pattern was associated with lower odds
of hypertension (OR: 0.63; 95% CI: 0.41, 0.97) and metabolic
syndrome (OR: 0.53; 95% CI: 0.35, 0.82) (P < 0.05) in Model
1 and a lower HOMA-IR (b: 21.95; 95% CI: 23.18, 20.72;
P = 0.001) (b: 21.75; 95% CI: 23.08, 20.41; P = 0.03) in
Models 1 and 2, respectively.

Testing for interaction between sex and dietary pattern
yielded a significant (P = 0.03) result for the fried snacks, sweets,
and high-fat dairy pattern for the HDL cholesterol outcome. In
Model 1 and Model 2, only women had a significantly lower
HDL cholesterol with an increasing tertile for the fried snacks,
sweets, and high-fat dairy factor score (P-trend 0.001 and 0.008,
respectively) (Supplemental Table 3).

Discussion

Our investigation identified 3 prevalent dietary patterns in South
Asians living in the United States that we termed animal protein;
fried snacks, sweets, and high-fat dairy; and fruits, vegetables,
nuts, and legumes. The animal protein dietary pattern was
associated with higher BMI and waist-to-hip ratio measure-
ments. The fried snacks, sweets, and high-fat dairy pattern, a
vegetarian pattern, was similarly associated with greater insulin
resistance, as measured by HOMA-IR, and lower HDL choles-
terol. Both the animal protein and fried snacks, sweets, and high-
fat dairy dietary patterns showed evidence of association with
adverse metabolic outcomes, suggesting that modification of
major components of these dietary patterns may ameliorate
metabolic risk factors.

Diet is a major modifiable risk factor for diabetes and heart
disease. Long-term programs that impose intensive diet and
lifestyle changes have been shown to reduce progression to
diabetes from a prediabetes state (22, 23). Certain food patterns
high in refined carbohydrates, such as the fried snacks, sweets,
and high-fat dairy pattern, and red and processed meats, such as
the animal protein pattern in this study, have been identified as
particular contributors to adiposity, b cell dysfunction and
overall weight gain (5, 6, 24, 25). Alterations in dietary patterns
toward the fruit, vegetables, nuts, and legumes pattern is one
potential public health tactic to elicit population-based de-
creases in diabetes and CVD risk.

South Asians are at markedly elevated risk of the develop-
ment of diabetes and CVD compared with many other racial or
ethnic groups. It is estimated that India alone will have over 100
million diabetic individuals by the year 2030 (26), the vast
majority suffering from type 2 diabetes. This epidemic has
occurred side by side with the greater availability of calorie-
dense and nutritionally-poor foods, sedentary lives, and a rise inT
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obesity and tobacco use (15, 27). In the United States, there are
no comprehensive programs to combat these disparities in
health risk for the rapidly growing South Asian population. In
our findings, the attenuation of associations between Models
1 and 3 suggests that BMI, physical exercise, and social
determinants may lie on the causal pathway between diet and
the development of diabetes. Changing dietary habits, in concert
with lifestyle factors, is an area of major public health relevance
and concern for this population, because it represents a potential
avenue for future risk mitigation.

Insulin resistance is an underlying deregulation of the
physiologic mechanisms required to process sugars and starches,
and precedes the development of diabetes (28). We measured
insulin resistance by the surrogate marker, HOMA-IR (21), and
observed a strong association between elevated HOMA-IR and
increased consumption of the fried snacks, sweets, and high-fat
dairy pattern. Added sugars, refined carbohydrates, and white
rice (29) are all major components of the fried snacks, sweets,
and high-fat dairy dietary pattern, and have been associated with
an increased risk of insulin resistance and diabetes. The dairy
products and sweets abundant in this dietary pattern contain
high amounts of added sugars and saturated fat, which, in a
recent study of high saturated fat intake in South Asians and
Caucasians, was shown to impair insulin regulation specifically
in the South Asian individuals (14, 30). In this investigation,
young, lean, and healthy South Asian and Caucasian men were
given a high saturated fat diet for 5 d, and their insulin resistance
was measured dynamically with a hyperinsulinemic-euglycemic
clamp before and after the intervention. The mechanism of
the difference is as yet unclear, but may involve derailment of
mitochondrial FA oxidation by a high saturated fat diet.
Elucidation of this mechanism may hold clues to why the
adoption by South Asians of a fried snacks, sweets, and high-fat
dairy dietary pattern such as that described in our study may be a
major factor in the development of metabolic syndrome in this
population.

The animal protein pattern was associated with higher
fasting glucose. These findings are supported by similar results
in established longitudinal cohorts that show a higher inci-
dence of diabetes with greater long-term consumption of
animal protein in several populations (3, 5, 25). In comparison,
the risk of metabolic syndrome was lower with increasing
intake of the fruits, vegetables, nuts, and legumes pattern,
suggesting that a plant-based pattern may successfully reduce
risk of this disease.

A second major metabolic risk factor is lowHDL cholesterol,
which has previously been associated with poor cardiovascular
outcomes and is part of the South Asian dyslipidemia pattern (9,
31). The fried snacks, sweets, and high-fat dairy pattern includes
white flour–based snacks, typically fried in vegetable oil, and
high-fat dairy products that are often sweetened, such as ice
cream and dairy-based South Asian desserts. The consumption
of these foods over time has been associated with lower HDL
cholesterol, and, in turn, with the development of atherosclero-
sis (32, 33). Anchored by fried foods and high amounts of
saturated fat intake, the fried snacks, sweets, and high-fat dairy
pattern is a major example of an unhealthful predominantly
vegetarian style of eating. In our pilot study, a dietary pattern we
termed the ‘‘vegetarian’’ diet, containing major components of
sugar-sweetened beverages and refined grains, was also associ-
ated with significantly lower HDL cholesterol (34). Taken
together, these findings strongly imply that a dietary pattern with
added sugars and refined grains may negatively affect HDL
cholesterol concentrations.

A third major metabolic risk factor is abdominal obesity,
reflected in our investigation through waist circumference. We
found both a higher BMI and waist circumference associated
with increased consumption of the animal protein pattern, a
result supported by several long-term observational studies (15,
35). Participants who have higher adherence to this pattern are
most likely to eat outside of the home at least 2–3 times/wk,
which suggests that they may consume more processed or
externally prepared foods that contain fewer plant-based ingre-
dients. A body of observational and controlled trial-based
evidence has also developed showing that increased consump-
tion of red and processed meats may also increase the risk of
insulin resistance and diabetes (5, 25, 33, 36). Because obesity in
both native South Asians and South Asian diaspora is increasing,
and is closely associated with diabetes and CVD risk factors
(37–39), shifting of dietary patterns to control this trend is
paramount.

The limitations of our investigation include the cross-
sectional nature of our analysis of dietary patterns andmetabolic
risk. In the future, we plan to investigate longitudinal effects of
these dietary patterns with the use of the ongoing MASALA
cohort. Dietary data were self-reported and may lend some
biases to the evaluation of individual food groups; however, we
used an FFQ validated in and tailored to South Asians, and
overall patterns should still reflect trends in consumption. The
major strength remains that this is the first multicenter evalu-
ation of dietary patterns and metabolic disease in a cohort of
South Asians in the United States.

Dietary patterns are collective habits of nutrient intake that
have associations with metabolic disease. South Asians in the
United States have particular constellations of dietary prefer-
ences associated with components of metabolic syndrome,
including an animal protein pattern, here associated with higher
waist circumference, and a fried snacks, sweets, and high-fat
dairy dietary pattern, associated with lower HDL cholesterol.
Culturally appropriate interventions to alter deleterious dietary
patterns can be cornerstones to improving metabolic risk factors
in the rapidly growing and high-risk US South Asian population.
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