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Abstract

Objective: The Mediterranean diet is associated with lower risks for type 2 diabetes

(T2D) and cardiovascular disease in certain populations, although data among diverse

groups are limited. This study evaluated cross-sectional and prospective associations

between a novel South Asian Mediterranean-style (SAM) diet and cardiometabolic

risk among US South Asian individuals.

Methods: The study included 891 participants at baseline in the Mediators of Ath-

erosclerosis in South Asians Living in America (MASALA) study. Culturally relevant

foods were grouped into nine categories to construct the SAM score. The study

examined associations of this score with cardiometabolic risk factors and inci-

dent T2D.

Results: At baseline, higher adherence to the SAM diet was associated with lower

glycated hemoglobin (�0.43% ± 0.15% per 1-unit increase in SAM score; p = 0.004)

and lower pericardial fat volume (�1.22 ± 0.55 cm3; p = 0.03), as well as a lower like-

lihood of obesity (odds ratio [OR]: 0.88, 95% CI: 0.79–0.98) and fatty liver (OR: 0.82,

95% CI: 0.68–0.98). Over the follow-up (�5 years), 45 participants developed T2D;

each 1-unit increase in SAM score was associated with a 25% lower odds of incident

T2D (OR: 0.75, 95% CI: 0.59–0.95).

Conclusions: A greater intake of a SAM diet is associated with favorable adiposity

measures and a lower likelihood of incident T2D.
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INTRODUCTION

South Asian individuals represent one-quarter of the global population

and include individuals with ancestry from Bangladesh, Bhutan, India, the

Maldives, Nepal, Pakistan, and Sri Lanka. They are one of the most rapidly

growing ethnic groups in the United States, with a population size of 5.4

million individuals as of 2017 [1]. Research has consistently shown that

South Asian individuals have disproportionally increased risks of type 2 dia-

betes (T2D) and cardiovascular disease (CVD) compared with other popu-

lations, includingWhite and other Asian American groups [2–5].

Various healthy dietary patterns are associated with lower risks

of CVD and T2D in the broader population, and therefore they may

be a compelling means to mitigate these consistently reported

adverse health conditions among South Asian individuals. One such

dietary pattern is the Mediterranean diet, a primarily plant-based die-

tary pattern that is characterized by higher intakes of vegetables,

whole grains, olive oil, nuts, and beans and other legumes and lower

intakes of animal proteins (with fish being the preferred source), as

well as moderate alcohol intake. It has been associated with marked

health benefits, including reduced risks of CVD [6], T2D [7], certain

cancers [8], and overall mortality [9]. However, most studies investi-

gating the health benefits of the Mediterranean diet have been con-

ducted among those living in Mediterranean or European countries or

among predominantly US-based White populations, whereas similar

data among more diverse groups are limited [10].

Therefore, in the current study, we aimed to (1) adapt an existing

Mediterranean diet score to be inclusive of foods consumed by the

US South Asian population using data from a validated, ethnic-specific

food frequency questionnaire (FFQ) and (2) examine the cross-

sectional and prospective associations of this score with a broad panel

of cardiometabolic markers among those enrolled in the Mediators of

Atherosclerosis in South Asians Living in America (MASALA) study.

METHODS

Study population

The MASALA study is a community-based prospective cohort of

South Asian men and women living in the San Francisco Bay area in

California and the greater Chicago area in Illinois. A description of the

MASALA study eligibility, methods, and measures has been published

in detail previously [11]. Briefly, eligible cohort participants had South

Asian ancestry, were ages 40 to 84 years at the time of enrollment,

and were able to communicate in English, Hindi, or Urdu. Those with

CVD at baseline were excluded. A total of 906 participants were

enrolled and underwent the baseline clinical examination between

October 2010 and March 2013. Participants returned for the second

clinical examination between September 2015 and March 2018

(N = 749). In the current analysis, we excluded participants who

reported implausible energy intakes (<800 kcal/d or >4000 kcal/d for

men and <500 kcal/d or >3500 kcal/d for women), for a total of 891

and 735 participants at baseline and follow-up, respectively.

Dietary assessment and Mediterranean-style diet
score

Usual dietary intake over the previous year was assessed using the

previously validated Study of Health Assessment and Risk in Ethnic

Groups FFQ [12]. This ethnic-specific FFQ contains 163 food items

(61 of which are unique to South Asian cuisine), and participants were

asked to indicate their consumption frequency (per day, per week, per

month, per year, or never) and serving size (either small or large rela-

tive to the specified average serving size) for each item.

Based on the previously developed Alternate Mediterranean Diet

Score [13], we constructed a South Asian Mediterranean-style (SAM)

diet score by grouping foods into nine predefined categories (vegeta-

bles, fruits, legumes, nuts, whole grains, red/processed meats, fish, alco-

hol, and monounsaturated to saturated fat ratio). Supporting

Information Table S1 details what foods were included in each category.

Participants consuming greater than the median intake received 1 point

per category; those consuming between 5 g/d and 25 g/d of alcohol

Study Importance

What is already known ?

• South Asian individuals have a disproportionately high

risk for cardiometabolic disease.

• The Mediterranean diet is associated with reduced risks

for type 2 diabetes (T2D) and cardiovascular disease in

certain populations, but data among diverse groups are

scarce.

What does this study add?

• Our findings provide the first prospective evidence that a

Mediterranean-style diet that incorporates traditional

South Asian foods is associated with a lower risk of inci-

dent diabetes.

• This dietary pattern is also associated with favorable

cross-sectional measures of body composition, glycated

hemoglobin, and fatty liver.

How might these results change the direction of

research or the focus of clinical practice?

• Prior research has underscored the importance of study-

ing and integrating culturally specific foods and dishes

into dietary recommendations and lifestyle interventions

to facilitate implementation among diverse communities.

• Accordingly, this Mediterranean-style dietary pattern that

incorporates traditional South Asian foods may serve as a

useful dietary strategy to prevent T2D in this high-risk

population.
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received 1 point; and red/processed meats were reversely scored. We

summed these points for a possible SAM score ranging from 0 to 9, with

higher scores reflecting greater adherence to the SAM diet.

Ascertainment of cardiometabolic risk factors

At baseline, we collected measures of subclinical atherosclerosis, gly-

cemia, dyslipidemia, blood pressure, uric acid, anthropometry, and

computed tomography (CT) derived ectopic and subcutaneous fat

depots. At the follow-up (approximately 5 years later), we collected

updated measures of body weight, fasting glucose, glycated hemoglo-

bin (HbA1c), and uric acid.

Subclinical atherosclerosis

Participants underwent high-resolution B-mode ultrasonography

(University of California, San Francisco: Vivid 7 ultrasound, GE Health-

care; Northwestern University: Acuson Sequoia C256, Siemens

Healthcare) to measure right and left internal and common carotid

artery intima-media thickness. The radiographic protocols for these

measures have been described in detail previously [11, 14]. Cardiac CT

scans were performed with gated-cardiac CT scanners (University of

California, San Francisco: 16D scanner, Philips Medical Systems, or the

MSD Aquilion 64 model, Toshiba Medical Systems; Northwestern Uni-

versity: Sensation Cardiac 64 scanner, Siemens Medical Solutions).

Coronary calcification in each of the four major coronary arteries was

quantified using the Agatston score, and the sum of the unadjusted

score was used in our analysis [15].

Glycemia measures

Fasting blood samples were collected by certified phlebotomists or

nurses. At baseline and follow-up, fasting plasma glucose was mea-

sured using the hexokinase method (Ortho Clinical Diagnostics, John-

son & Johnson). HbA1c was measured using the immunoturbidimetry

assay. Fasting serum insulin was measured using the sandwich immu-

noassay method (Roche Elecsys 2010, Roche Diagnostics).

At baseline, participants who were not taking diabetes medica-

tions underwent a 75-g oral glucose tolerance test. Blood samples of

glucose and insulin were collected after 2 hours. The homeostatic

model assessment for insulin resistance (a measure of insulin resis-

tance) was calculated as (glucose [mmol/L] � insulin [μIU/mL]/22.5).

β-cell function (a surrogate measure for insulin sensitivity) was esti-

mated using the oral disposition index, which was calculated as

([Δinsulin0-30/Δglucose0-30] � [1/fasting insulin]).

Participants were classified as having T2D if they were using a

glucose-lowering medication and/or had fasting plasma glucose

≥7.0 mmoL/L and/or had 2-hour post-challenge glucose ≥11.1 mmol/

L. Participants without T2D at baseline but who met the criteria at

follow-up were defined as incident T2D cases.

Dyslipidemia, inflammatory markers, and uric acid

Plasma concentrations of high-density lipoprotein (HDL), low-density

lipoprotein (LDL), and triglycerides were measured at baseline and

follow-up using enzymatic methods (Quest Diagnostics). Baseline

high-sensitivity C-reactive protein was measured using the BN II

nephelometer (Siemens Healthcare Diagnostics). Baseline serum total

adiponectin was measured using Millipore Luminex adipokine panel A

(EMD Millipore). Uric acid level was measured at baseline and follow-up

using spectrophotometry (Quest Diagnostics). We defined hyperurice-

mia as uric acid ≥7.0 mg/dL.

Body composition

Body weight, height, and waist circumference were measured by cen-

trally trained study staff using a standard protocol [11]. Body mass

index (BMI) was defined as the participant’s weight in kilograms

divided by height in meters squared. We defined overweight as

BMI ≥ 23.0 and obesity as BMI ≥ 27.5 in accordance with the current

World Health Organization recommendation for Asian populations

[16], as has been done previously in this cohort [17]. Subcutaneous

and visceral fat area was measured with abdominal CT using standard

protocols [11]. Pericardial fat volume and hepatic fat attenuation were

both obtained using noncontrast cardiac CT imaging. We defined fatty

liver as <40 Hounsfield units [18].

Other cardiometabolic risk factors

Seated resting blood pressure was evaluated three times using an

automated blood pressure monitor (V100 Vital Signs Monitor, GE

Healthcare). An average of the final two readings was used for analy-

sis. We defined hypertension as either the self-reported use of an

antihypertensive medication or blood pressure ≥ 140/90 mm Hg.

Covariate assessment

All participants provided information on personal history, demographics,

socioeconomic status, medical history, medication use, and family his-

tory of relevant diseases at the baseline visit. Physical activity was mea-

sured as total metabolic equivalent minutes per week using the Typical

Week’s Physical Activity Survey, which was adapted from the Cross-

Cultural Activity Participation Study [19]. Cultural beliefs and behaviors

were assessed using a multidimensional measure of acculturation devel-

oped specifically for this cohort [20]. This seven-item traditional cultural

beliefs scale is scored from 7 to 35, with higher values indicating weaker

traditional South Asian beliefs, and it has previously shown good reliabil-

ity and validity [20]. Routine experiences of interpersonal discrimination

and unfair treatment were measured using the Everyday Discrimination

Scale, a valid and reliable nine-item scale scored from 9 to 54, with

higher values indicating more discrimination [21]. Total energy intake
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was assessed from the FFQ as kilocalories per day. All questionnaires

were translated into Hindi and Urdu.

Statistical analysis

We compared baseline characteristics of study participants across

quartiles of SAM score using general linear regression adjusted for age,

sex, and total energy intake for continuous variables and χ2 tests for

categorical variables. We tested for linear trends by assigning the

median value to each quartile and treating this as a continuous variable

in the regression model.

We evaluated the associations between SAM score and cardio-

metabolic risk factors using multivariable general linear regression for

continuous outcomes and logistic regression for binary outcomes. We

tested the assumptions of linear regression by examining the normal

T AB L E 1 Baseline characteristics of participants enrolled in the MASALA cohort according to quartile of SAM score, 2010 to 2013

SAM diet score

p value

Quartile 1 Quartile 2 Quartile 3 Quartile 4
n 153 355 172 211

Mean score 1.7 3.5 5.0 6.5

Age (y) 52.4 (0.8) 55.1 (0.5) 55.9 (0.7) 56.9 (0.7) <0.0001

Female (%) 45.8 50.4 44.2 44.6 0.38

Duration lived in United States (y) 27.2 (0.8) 26.3 (0.5) 27.3 (0.7) 27.7 (0.7) 0.48

Bachelor’s degree or more (%) 83.7 86.5 90.1 91.0 0.02

Family income of at least $75,000 (%) 78.0 67.5 73.2 80.6 0.11

Sum of cultural tradition measures 14.4 (0.5) 13.6 (0.3) 13.6 (0.5) 14.8 (0.5) 0.67

Everyday discrimination scale 16.1 (0.5) 15.0 (0.3) 14.8 (0.5) 14.5 (0.4) 0.03

Dine out at least once per week (%) 46.4 43.9 44.2 42.2 0.47

Current smokers (%) 5.9 3.1 2.3 1.9 0.04

Physical activity (MET-min/wk) 10,091 (347) 10,098 (213) 9751 (306) 10,585 (293) 0.47

BMI (kg/m2) 26.6 (0.3) 26.2 (0.2) 25.7 (0.3) 25.3 (0.3) 0.005

Hyperlipidemia (%) 81.1 79.5 82.7 76.1 0.36

Hypertension (%) 36.0 41.7 41.9 38.4 0.85

Dietary factors

Energy (kcal/d) 1278 (35) 1600 (23) 1781 (33) 2007 (30) <0.0001

Carbohydrates (g/d) 240.0 (2.2) 245.2 (1.3) 248.0 (1.9) 251.5 (1.8) <0.0001

Protein (g/d) 63.8 (0.8) 61.6 (0.5) 61.9 (0.7) 60.7 (0.7) 0.007

Monounsaturated fat (g/d) 20.7 (0.4) 21.6 (0.2) 22.7 (0.4) 22.9 (0.3) <0.0001

Polyunsaturated fat (g/d) 10.7 (0.2) 11.8 (0.1) 12.7 (0.2) 13.2 (0.2) <0.0001

Saturated fat (g/d) 18.0 (0.3) 15.6 (0.2) 13.8 (0.3) 12.4 (0.3) <0.0001

Dietary fiber (g/d) 16.8 (0.3) 19.7 (0.2) 22.1 (0.3) 23.9 (0.3) <0.0001

Alcohol (g/d) 2.5 (0.5) 3.2 (0.3) 1.8 (0.4) 2.6 (0.4) 0.58

Food groups (servings/d)

Fish and seafood 0.16 (0.02) 0.12 (0.01) 0.12 (0.02) 0.13 (0.02) 0.34

Red/processed meat 0.27 (0.03) 0.19 (0.02) 0.10 (0.02) 0.04 (0.02) <0.0001

Whole grains 1.6 (0.1) 1.9 (0.1) 2.1 (0.1) 2.3 (0.1) <0.0001

Legumes 1.0 (0.1) 1.3 (0.0) 1.6 (0.1) 1.8 (0.1) <0.0001

Fruits 2.0 (0.1) 2.4 (0.1) 2.8 (0.1) 3.3 (0.1) <0.0001

Vegetables 5.7 (0.2) 6.7 (0.1) 7.9 (0.2) 8.5 (0.2) <0.0001

Nuts 0.37 (0.05) 0.65 (0.03) 1.01 (0.04) 1.24 (0.04) <0.0001

Dairy products 4.3 (0.2) 3.8 (0.1) 3.7 (0.1) 3.4 (0.1) <0.0001

Sweets 0.74 (0.05) 0.63 (0.03) 0.46 (0.04) 0.48 (0.04) <0.0001

Note: Values are reported as either age, sex, and calorie adjusted mean (SE) or percentage using ANOVA for continuous variables and χ2 tests for
categorical variables.

Abbreviations: MASALA, Mediators of Atherosclerosis in South Asians Living in America; MET, metabolic equivalent; SAM, South Asian Mediterranean-

style.
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probability plots of the residuals and the residual versus predicted

plots. Where necessary, we log-transformed the outcome variables

and reexamined each diagnostic plot.

In the first multivariable model, we adjusted for age, sex, and total

energy intake (model 1). We further adjusted for education level, fam-

ily income, number of years lived in the United States, physical activ-

ity, perception of discrimination, the traditional cultural beliefs scale,

tobacco pack years of smoking, family history of diabetes (parents and

siblings), use of diabetes medication, cholesterol-lowering medication,

and hypertension medication in model 2. Based on prior literature, we

hypothesized a priori that measures of discrimination and cultural

beliefs could confound our associations of interest [20, 22–24].

Finally, because these associations could potentially be mediated by

BMI, we adjusted for it separately in model 3. For all linear models,

results are presented as the unit change (or percentage change for

log-transformed variables) in outcome per 1-unit increase in SAM

T AB L E 2 Cross-sectional associations (β [SE]) between SAM diet score and measures of cardiometabolic risk among MASALA study
participants at baseline

Model 1: age, sex,

and energy adjustment

Model 2: multivariable

adjustmenta
Model 3: multivariable

adjustmenta + BMI

Subclinical measures of atherosclerosis

Coronary artery calcium scorec �2.59 (4.57) �2.78 (4.63) �2.17 (4.63)

Common carotid IMT (mm)c �0.47 (0.48) �0.43 (0.51) �0.29 (0.51)

Internal carotid IMT (mm)c �0.56 (0.66) �0.50 (0.68) �0.33 (0.68)

Glycemia measuresb

Fasting glucose (mg/dL)c 0.01 (0.31) 0.13 (0.33) 0.16 (0.33)

HbA1c (%)c �0.43 (0.15)f �0.45 (0.15)f �0.43 (0.15)f

β-cell functionc,d 0.00 (0.12) 0.01 (0.12) 0.01 (0.12)

HOMA-IRc �2.23 (1.70) �1.05 (1.76) �0.84 (1.53)

Plasma lipids

Triglycerides (mg/dL)c �0.54 (1.02) 0.16 (1.07) 0.52 (1.05)

HDL-C (mg/dL) 0.06 (0.28) �0.14 (0.28) �0.23 (0.28)

LDL-C (mg/dL) �1.12 (0.72) �0.51 (0.70) �0.42 (0.70)

Inflammation and adipokines

C-reactive protein (μg/mL)c �6.09 (2.42)f �3.95 (2.53) �2.46 (2.30)

Adiponectin (mg/dL)c 0.76 (1.42) 0.80 (1.46) 0.53 (1.45)

Other metabolic measures

Uric acid (mg/dL) 0.00 (0.04) 0.04 (0.04) 0.06 (0.03)

Body composition measures

BMI (kg/m2) �0.24 (0.09)f �0.16 (0.09) –

Weight (kg) �0.47 (0.26) �0.22 (0.27) –

Waist circumference (cm) �0.49 (0.22)e �0.29 (0.23) 0.02 (0.13)

Subcutaneous fat area (cm2) �1.98 (2.22) �1.05 (2.28) 1.39 (1.72)

Visceral fat area (cm2) �3.07 (1.20)e �2.83 (1.25)e �1.35 (1.01)

Pericardial fat volume (cm3) �2.37 (0.63)g �1.81 (0.64)f �1.22 (0.55)e

Hepatic fat attenuation (HU) 0.72 (0.23)f 0.60 (0.24)e 0.45 (0.22)e

Note: All values are presented as β (SE) per 1-unit increase in SAM score.

Abbreviations: HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment for insulin resistance;

HU, Hounsfield unit; IMT, intima-media thickness; LDL-C, low-density lipoprotein cholesterol; MASALA, Mediators of Atherosclerosis in South Asians

Living in America; SAM, South Asian Mediterranean-style.
aAdjusted for age, sex, total energy intake, years lived in the United States, education level, family income, physical activity, perception of discrimination,

the traditional cultural beliefs scale, tobacco pack years of smoking, family history of diabetes, use of diabetes medication (except for glycemia measures),

cholesterol-lowering medication, and hypertension medication.
bParticipants with diabetes were excluded from these four measures.
cValues were log-transformed to obtain a normal distribution of the residuals. For outcomes that were log-transformed, values represent percentage

increase in outcome variable for every 1-unit increase in SAM score.
dMeasured using the oral disposition index.
ep < 0.05.
fp < 0.01.
gp < 0.001.
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score. To minimize potential confounding by prevalent disease, we

excluded participants with T2D in analyses in which glycemia mea-

sures were the outcome. For all prospective associations, we adjusted

for the baseline value of the covariates and of the corresponding out-

come measure. Finally, for the association between SAM score and

incident T2D, we tested for potential effect modification by age, sex,

diabetes family history, obesity status, and physical activity level by

including cross-product terms between these variables and the SAM

score variable. All statistical tests were two-sided and were conducted

using SAS version 9.4 (SAS Institute Inc.).

Ethics

The MASALA study protocol was approved by the Institutional

Review Boards of the University of California, San Francisco and

Northwestern University, Chicago. The current analysis protocol was

approved by the Institutional Review Board of Brigham and Women’s

Hospital, Boston, Massachusetts. All participants provided written

informed consent.

RESULTS

Baseline characteristics

Participant characteristics at baseline are shown in Table 1. Compared

with participants in the lowest quintile of SAM score, those in the

uppermost quintile were older (56.9 vs. 52.4 years in Q4 and Q1,

respectively; p for trend < 0.0001), more often held a bachelor’s

degree (91.0% vs. 83.7%; p for trend = 0.02), reported fewer experi-

ences of discrimination (score of 14.5 vs. 16.1; p for trend = 0.03),

were less likely to be smokers (1.9% vs. 5.9%; p for trend = 0.04), and

had a lower BMI (25.3 vs. 26.6 kg/m2; p for trend = 0.005). Those in

the highest quintile of SAM score also reported greater intakes of car-

bohydrates, dietary fiber, and total energy but lower intakes of protein

and saturated fat.

Cross-sectional analysis

All cross-sectional associations between SAM score and measures of

cardiometabolic risk at baseline are shown in Table 2. At baseline,

each 1-unit increase in SAM score was associated with lower HbA1c

in the fully adjusted model (�0.43% ± 0.15%; p = 0.004). No other

measures of glycemia were significantly associated with SAM score at

baseline. A higher SAM score was significantly and inversely associ-

ated with lower high-sensitivity C-reactive protein concentration after

adjusting for age, sex, and total energy intake, but this association was

attenuated after multivariable adjustment.

For body composition measures, each 1-unit higher SAM score was

associated with lower BMI (�0.24 ± 0.09 kg/m2; p = 0.008) after

adjusting for age, sex, and energy intake, although this association was

attenuated after multivariable adjustment. When we examined the likeli-

hood of overweight and obesity, after multivariable adjustment, each

1-unit increase in SAM score was associated with 12% lower odds of

obesity (odds ratio [OR]: 0.88, 95% confidence interval [CI]: 0.79–0.98)

but not overweight (OR: 0.96, 95% CI: 0.86–1.08; Figure 1). A higher

SAM score was not significantly associated with subcutaneous fat area

but was initially associated with lower visceral fat area (�2.83

± 1.25 cm2; p = 0.02). However, this did not remain significant after fur-

ther adjustment for BMI. Finally, in our fully adjusted models, each

1-unit increase in SAM score was significantly associated with lower

pericardial fat volume (�1.22 ± 0.55 cm3; p = 0.03), higher hepatic fat

attenuation (0.45 ± 0.22 Hounsfield units; p = 0.045), and lower odds

of fatty liver disease (OR: 0.82, 95% CI: 0.68–0.98; Figure 1). We found

no evidence of an association between SAM score and measures of sub-

clinical atherosclerosis, blood lipids, adiponectin, hyperuricemia, or

hypertension in any of the models.

Prospective analysis

In prospective analyses (�5 years after baseline), we identified

45 cases of incident diabetes. After multivariable adjustment, for each

1-unit higher SAM score the odds of incident T2D were 25% lower

F I G U R E 1 Likelihood (OR [95% CI]) of cardiometabolic risk and
incident type 2 diabetes per 1-unit increase in South Asian
Mediterranean-style diet score among MASALA study participants.
Fatty liver is defined as liver-spleen attenuation < 40 Hounsfield units.
Hypertension is defined using the National Cholesterol Education
Program criteria as blood pressure ≥ 140/90 mm Hg or use of
medication. Obesity is defined as BMI ≥ 27.5 kg/m2. Overweight is
defined as BMI ≥ 23. Hyperuricemia is defined as serum uric
acid ≥ 7 mg/dL. All models were adjusted for age, sex, total energy
intake, years lived in the United States, education level, family income,
physical activity, perception of discrimination, the traditional cultural
beliefs scale, tobacco pack years of smoking, family history of diabetes,
use of diabetes medication (except for incident diabetes outcome),
cholesterol-lowering medication, hypertension medication (except for
hypertension outcome), and BMI (except for overweight and obesity
outcomes). OR, odds ratio; MASALA, Mediators of Atherosclerosis in
South Asians Living in America [Color figure can be viewed at
wileyonlinelibrary.com]
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(OR: 0.75, 95% CI: 0.59–0.95; Figure 1). We found no evidence of

effect modification of this association according to age, sex, family

history of diabetes, obesity status, or physical activity (all p for

interaction > 0.05). Finally, we found no evidence of an association

between baseline diet scores and follow-up measures of fasting glu-

cose, HbA1c, triglycerides, HDL cholesterol, and LDL cholesterol or

measures of anthropometry (Table 3).

DISCUSSION

In this community-based prospective cohort study of South Asians,

we found that a greater intake of a Mediterranean-style diet inclusive

of foods commonly consumed by this population was associated with

more favorable baseline measures of body composition (including

pericardial fat volume and fatty liver) and HbA1c. Moreover, we found

that this dietary pattern was associated with a lower risk of incident

T2D after approximately 5 years of follow-up. These associations

were independent of known confounders such as age, sex, years lived

in the United States, measures of socioeconomic status, lifestyle fac-

tors, comorbidities, medication use, and BMI. These data suggest that

a Mediterranean-style diet may be a useful dietary strategy to help

prevent T2D in this high-risk population.

The inverse associations between a higher SAM score and mea-

sures of ectopic fat observed in our study deserve comment. Ectopic

fat is a major independent risk factor for cardiometabolic disease

including T2D [25–29]. Compared with other ethnic groups, South

Asians tend to have a less favorable body composition profile that is

characterized by greater levels of ectopic fat depots, including inter-

muscular and hepatic fat [30], which may partly explain the disparities

in CVD and T2D risk among this population [31–34]. Given the rising

cardiometabolic public health concerns, adherence to a healthy die-

tary pattern such as a Mediterranean-style diet is a readily implemen-

table strategy to mitigate these disparities. Further experimental

studies are warranted to confirm these observational findings.

The Mediterranean diet has been previously shown to be associ-

ated with health benefits, including lower risks of T2D and CVD [6, 7],

although data among South Asians are very limited. Nevertheless, our

findings are consistent with previous studies that examined the asso-

ciation between a Mediterranean-style diet (or components of this

diet) and cardiometabolic risk among members of this population. An

India-based randomized trial evaluated the potential cardioprotective

effect of an Indo-Mediterranean diet (which encouraged high intakes

of fruits, vegetables, nuts, whole grains, legumes, and mustard seed or

soybean oil) among individuals considered to be at high risk for coro-

nary artery disease [35]. Participants consuming the Indo-

Mediterranean diet had significant decreases in LDL cholesterol, tri-

glycerides, fasting blood glucose, blood pressure, and BMI, as well as

fewer nonfatal myocardial infarctions and sudden cardiac deaths [35].

Nigam and colleagues conducted a randomized trial among Asian

T AB L E 3 Prospective associations (β [SE]) between SAM diet score and measures of cardiometabolic risk among MASALA study participants
at the follow-up visit

Model 1: age, sex,

and energy adjustment

Model 2: multivariable

adjustmenta
Model 3: multivariable

adjustmenta + BMI

Glycemia measuresb

Fasting glucose (mg/dL)c �0.18 (0.29) �0.21 (0.30) �0.19 (0.30)

HbA1c (%)c 0.14 (0.15) 0.05 (0.16) 0.05 (0.16)

Plasma lipids

Triglycerides (mg/dL)c �0.10 (0.87) �0.51 (0.90) �0.39 (0.90)

HDL-C (mg/dL) �0.04 (0.21) �0.06 (0.21) �0.06 (0.21)

LDL-C (mg/dL) �0.86 (0.72) �0.72 (0.74) �0.78 (0.74)

Other metabolic measures

Uric acid (mg/dL) 0.02 (0.03) 0.02 (0.03) 0.03 (0.03)

Body composition measures

BMI (kg/m2) �0.02 (0.04) �0.01 (0.05) –

Weight (kg) �0.12 (0.10) �0.12 (0.11) –

Waist circumference (cm) �0.29 (0.17) �0.26 (0.16) �0.20 (0.15)

Note: All values are presented as β (SE) per 1-unit increase in SAM score. All p values > 0.05.

Abbreviations: HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; MASALA, Mediators of Atherosclerosis in

South Asians Living in America; SAM, South Asian Mediterranean-style.
aAdjusted for age, sex, total energy intake, years lived in the United States, education level, family income, physical activity, perception of discrimination,

the traditional cultural beliefs scale, tobacco pack years of smoking, family history of diabetes, use of diabetes medication (except for glycemia measures),

cholesterol-lowering medication, hypertension medication, and baseline value of the corresponding cardiometabolic risk marker.
bParticipants with diabetes were excluded from these two measures.
cValues were log-transformed to obtain a normal distribution of the residuals. For outcomes that were log-transformed, values represent percentage

increase in outcome variable for every 1-unit increase in SAM score.
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Indian men with nonalcoholic fatty liver disease to examine the effect

of consuming olive or canola oil (both high in monounsaturated fatty

acids, the cornerstone and main source of fat in the Mediterranean

diet) and reported improvements in BMI, insulin resistance, blood

lipids, and fatty liver grading after 6 months [36]. To our knowledge,

our study is the first to document an inverse association between a

Mediterranean-style diet and selected cardiometabolic factors among

a broader cohort of South Asian immigrants in the United States and

the first to document an inverse association between this dietary pat-

tern and incident T2D among South Asian individuals.

Prior research suggests that a Mediterranean-style diet is enjoyable

and sustainable in the long term. For example, participants in the Dietary

Intervention Randomized Controlled Trial (DIRECT) who were random-

ized to consume a Mediterranean diet lost �50% more weight at the

end of the 2-year follow-up than those consuming a low-fat diet [37].

When these participants were followed for an additional 4 years, those

in the Mediterranean diet group regained the least amount of weight

lost in the original trial (1.4 kg vs. 2.7 and 4.1 kg in the low-fat and low-

carbohydrate groups, respectively; p = 0.004 for all comparisons) [38].

A post-experimental qualitative study of middle-aged UK adults found

that participants considered the Mediterranean diet to be “enjoyable”
and a “better quality of food” [39]. However, these individuals also felt

that it was initially challenging to adapt to this eating pattern and that it

resulted in greater food costs [39]. Similar studies would be useful to

help inform potential barriers and to further guide implementation

among South Asian individuals in the United States.

A 2019 consensus report highlighted the importance of integrat-

ing cultural factors and preferences to individualize nutrition therapy

for adults with diabetes or prediabetes [40]. To date, the majority of

research on the Mediterranean diet has been conducted among pre-

dominantly White populations living in Europe or the United States

without taking into account food items and dishes that may be con-

sumed by different ethnic groups [10]. To our knowledge, our study is

the first to develop a comprehensive Mediterranean-style diet score

that incorporates culturally relevant foods consumed by South Asian

individuals, which may facilitate the uptake of this healthful dietary

pattern among this population. Indeed, prior research found that a

sample of British Pakistani and Indian individuals reduced the overall

amount of South Asian foods they consumed after receiving a T2D

diagnosis [41]. Many of these participants were advised by health care

providers to stop eating their traditional diets, which drove their belief

that these foods were collectively “damaging” [41]. Similarly, partici-

pants in a UK qualitative study conducted among ethnically diverse

older adults also described receiving negative educational messages

about their traditional foods [42]. Participants noted that they were

often advised to stop consuming these foods altogether, which was

viewed as unrealistic, as food is tied to cultural identity [42]. A Cana-

dian qualitative study among African Nova Scotians and Punjabi Brit-

ish Columbians also described a close relationship between eating

patterns and identity, and these participants reported that they were

unlikely to avoid eating the foods that they were used to [43]. Taken

together, these data underscore the importance of studying and inte-

grating culturally specific foods and dishes into dietary

recommendations and lifestyle interventions. Indeed, a community-

based and culturally salient lifestyle intervention among South Asian

individuals was found to be effective and to maintain full participant

retention, and continued research in this area is warranted [44].

The 2020-2025 Dietary Guidelines for Americans described three

dietary patterns (healthy US-style eating pattern, vegetarian pattern,

and Mediterranean-style pattern) that offer greater flexibility in food

choices across a set of shared core elements (vegetables, fruits, grains,

low-fat dairy, protein foods, and oils) [45]. Accordingly, our findings

add to the growing literature of dietary patterns that are associated

with a favorable metabolic risk profile among South Asians. An earlier

study conducted among MASALA cohort participants found that a

dietary pattern rich in fruits, vegetables, nuts, and legumes

(a “prudent” pattern) was associated with lower odds of hypertension

and metabolic syndrome as well as lower insulin resistance [46]. A

vegetarian diet pattern was associated with lower BMI, fasting glu-

cose, and insulin resistance, as well as lower odds of fatty liver [47].

Those in the vegetarian group did not consume seafood or alcohol

[47], which differentiates the diet from the SAM score constructed in

the current study (which positively scored both seafood and moderate

alcohol intake). Finally, a plant-based eating pattern that specifically

emphasized greater intakes of healthy plant foods was found to be

associated with lower odds of both T2D and fatty liver [48]. These

findings are consistent with our study of a Mediterranean-style diet

that also emphasizes healthy plant foods. Taken together, these stud-

ies among a US South Asian population provide several options for

tailored risk reduction to suit comorbidity profiles among this

population.

The strengths of our study deserve comment. First, we used a

previously validated ethnic-specific FFQ to construct a

Mediterranean-style diet score that is inclusive of foods commonly

consumed among the South Asian community. This allowed us to bet-

ter capture the usual diet of study participants and also has practical

implications for supporting the adoption of this dietary pattern in the

community. Next, the MASALA study is, to our knowledge, the only

prospective cohort of US South Asian individuals with detailed data

on cardiometabolic risk factors (including subclinical atherosclerosis

and body composition obtained using imaging methods) and other

potential confounders such as a measure of cultural traditions and

experiences of discrimination, which allowed us to adjust for a com-

prehensive list of confounders. However, our study is not without its

limitations. As in any observational study, residual confounding is a

possibility, although we adjusted for a large number of known and

potential confounders. We did not collect data on food preparation

methods for all items on the FFQ, which may lead to some misclassifi-

cation of diet. Furthermore, the FFQ did not collect detailed data on

specific oil intake, which is of interest to a Mediterranean-style diet;

however, both monounsaturated fatty acid and polyunsaturated fatty

acid intake tended to increase with increasing SAM score. Next, we

did not have data on all cardiometabolic risk factors at the follow-up

visit. Moreover, we used a baseline assessment of diet in our prospec-

tive analysis; therefore, future studies of longer-term habitual intake

in this population would be valuable. Finally, our findings can be
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extrapolated most directly to Asian Indian adults who are living in the

United States because MASALA included only small proportions of

immigrants from Pakistan, Bangladesh, and other countries.

In conclusion, our findings provide the first prospective evidence

that a SAM diet is associated with a lower risk of incident diabetes, as

well as favorable cross-sectional measures of body composition,

HbA1c, and fatty liver. This dietary pattern may serve as a useful die-

tary strategy to prevent T2D in this high-risk population.O
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