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ABSTRACT

Background: Diet quality is an important risk factor for type 2 diabetes (T2D) and cardiovascular disease (CVD). Little is
known about the diet quality of South Asians in the United States, a group with higher rates of T2D and CVD compared
with other racial/ethnic groups.

Objective: This study determined whether diet quality differs between South Asian adults in the Mediators of
Atherosclerosis in South Asians Living in America (MASALA) Study and whites, Chinese Americans, African Americans,
and Hispanics in the Multi-Ethnic Study of Atherosclerosis (MESA).

Methods: Cross-sectional data from 3926 participants free of CVD from MESA visit 5 (2010-2011) and 889 South Asian
participants from MASALA visit 1 (2010-2013) were pooled. Diet quality was assessed using the Alternative Healthy
Eating Index (AHEI-2010) derived using FFQs. Multivariable linear regression models adjusted for age, sex, and total
energy intake were used to compare mean differences in diet quality between the racial/ethnic groups.

Results: MESA participants were, on average, 14 y older than MASALA participants. The adjusted mean (95% Cl)
scores for the AHEI-2010 were 70.2 (69.5, 70.9) among South Asians, 66.2 (66.3, 68.2) among Chinese Americans, 61.1
(60.7, 61.6) among whites, 59.0 (58.4, 59.7) among Hispanics, and 575 (56.9, 58.1) among African Americans. The mean
AHEI scores among South Asians were 3.1 (1.8, 4.3), 9.2 (8.3, 10.1), 11.2 (10.2, 12.3), and 12.8 (11.8, 13.7) points higher
compared with Chinese Americans, whites, Hispanics, and African Americans, respectively.

Conclusions: South Asian adults in the United States have a higher diet quality compared with other racial/ethnic
groups. This paradoxical finding is not consistent with the observed higher rates of T2D and CVD compared with other
groups. This is further evidence of the importance of studying the South Asian population to better understand the
causes of chronic disease not explained by diet quality. J Nutr2020;150:1509-1515.

Keywords: diet quality, Alternative Healthy Eating Index 2010, South Asians, race, ethnicity

Introduction

Diet quality plays an important role in the risk of chronic
diseases, such as type 2 diabetes (T2D) and cardiovascular
disease (CVD) (1-10). Measuring diet quality involves assessing
both the quality and variety of the entire diet, rather than just
individual nutrients (9). A high-quality diet is made up primarily
of healthy foods (e.g., fruits, vegetables, whole grains) and is
limited in unhealthy foods and nutrients (e.g., trans fat, sugar,
salt) (11). A meta-analysis of cohort studies found that adults

Copyright © The Author(s) on behalf of the American Society for Nutrition 2020.

who consume high-quality diets have a 22% lower risk of
T2D and CVD compared with those who consume low-quality
diets (8). Diet quality for the US population, and changes over
time, have been evaluated for whites, African Americans, and
Hispanics (4, 12-15), and most recently, also among some East
Asian and Pacific Islander subgroups (4, 16-18). However, little
is known about diet quality among South Asians in the United
States and how it compares with other racial/ethnic groups. The
few studies that have examined diet quality among South Asians
have been small in size and used self-reported perceived diet
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quality (19) or only included a low-income population (20),
which is not representative of the South Asian population in
the United States (21).

The objective was to assess the diet quality of South Asian
adults participating in the Mediators of Atherosclerosis in
South Asians Living in America (MASALA) Study, as measured
by the Alternative Healthy Eating Index (AHEI-2010), and
examine if it differs compared with that of whites, Chinese
Americans, African Americans, and Hispanics participating
in the Multi-Ethnic Study of Atherosclerosis (MESA). The
secondary objective was to evaluate the association of diet
quality with number of years in the United States among
immigrants. Given that South Asians have a higher risk of T2D
compared with other racial/ethnic groups (22), understanding
if and how diet quality may vary from other groups may have
important clinical and public health implications.

Methods

Study population

Data were pooled from the MESA and MASALA cohorts. MESA
objectives have been published (23). Briefly, MESA enrolled 6814
participants free of known CVD, aged 45-85 vy, recruited from
Columbia University, New York; Johns Hopkins University, Baltimore;
Northwestern University, Chicago; University of California, Los Ange-
les; University of Minnesota, Twin Cities; and Wake Forest University,
Winston Salem. Approximately 38% of the cohort was white, 28%
African American, 22% Hispanic, and 12% Chinese American. At the
baseline examination (2000-2002), self-reported data were collected
on sex, race/ethnicity, years in the United States, country of birth,
family income, education, smoking history, diet, and anthropometric
measures. Subsequent exam visits were conducted approximately
every 2-4 y.

MASALA recruitment methods, eligibility criteria, questionnaire,
and clinical measures were based on the MESA study to allow for
efficient cross-ethnic comparisons (23, 24). Briefly, 906 South Asian—
origin adults aged 40-83 y from the San Francisco Bay and the greater
Chicago area were recruited between 2010 and 2013. In both cohorts,
sampling was done to obtain balanced recruitment by gender and age
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strata, and in MESA also by ethnicity. The studies do not represent the
demographic distribution of the source communities.

To account for temporal trends in diet quality, our analyses
compared diet quality of MASALA exam 1, between 2010 and 2013,
with MESA exam § from 2010 to 2011. In addition, to account for
possible diet changes that may follow after CVD events, we excluded
MESA participants who developed CVD by exam 5 (n = 785), as well
as MASALA participants with prevalent coronary artery disease (7 = 3)
at baseline. Last, because of differences in the age distribution between
MASALA participants at exam 1 and MESA participants at exam 3, in
sensitivity analysis we first restricted our analyses to participants who
were in the same age range (53-83 y) and then conducted age-stratified
analysis by age category to investigate if diet quality variability was due
to age differences. Our final analytic sample included 889 participants
from MASALA and 3926 between the ages of 40 and 94 y (n = 4815).

The MESA protocol was approved by the Institutional Review
Board (IRB) of the 6 field centers and the National Heart, Lung, and
Blood Institute. The IRBs of the University of California, San Francisco,
and Northwestern University approved the MASALA study protocol.

Measures

Diet quality.

We operationalized diet quality using the AHEI-2010. Details on the
development and rationale for the AHEI-2010 are described in detail
elsewhere (1-3). Briefly, the AHEI-2010 awards more points for greater
intakes of vegetables, whole fruit, whole grains, nuts and legumes, long-
chain omega-3 and PUFAs, a modest intake of alcohol, and lower
intakes of sugar-sweetened beverages and juice, red and processed
meat, trans fats, and sodium. Each food component is scored from 0
(worst) to 10 (best), for a maximum score of 110 (perfect adherence)
(Supplemental Table 1) (1).

Food-frequency questionnaires.

In MASALA, usual diet intakes over the past year were queried using a
previously evaluated FFQ adapted from the Study of Health and Risk in
Ethnic Groups Study (SHARE) that included 163 food items of which
48 were South Asian-specific foods (25-27). The FFQ was developed
to characterize the diets of South Asian immigrants in Canada and
was evaluated against 7- to 14-d diet records. Most energy-adjusted
deattenuated r values were between 0.5 and 0.7 for all groups (27).
In MESA, usual diet intake over the past year was calculated using an
FFQ modified from the Insulin Resistance Atherosclerosis Study (IRAS)
evaluated for white, African American, and Hispanic populations, and
modified to include traditional Chinese foods. It included 120 food
items, of which 10 were Chinese items and 14 were Hispanic items
(28, 29). Evaluation in the IRAS FFQ was assessed by comparing
dietary values with the average intake estimated from eight 24-h diet
recalls administered over the phone in the same period captured by the
FFQ (29). Correlation coefficients for the evaluation were significant
for most nutrients, with mean r = 0.62 for whites, 0.5 for African
Americans, and 0.41 for Hispanics (29). Criterion validity of the
MESA FFQ was evaluated against fasting plasma HDL cholesterol and
triglycerides within the MESA cohort (30). Participants with unreliable
diet assessment (e.g., incomplete FFQ, or those with energy intakes
<600 or >6000 kcal/d) were excluded (MESA, n = 257; MASALA,
n=14). To be consistent with a previous diet quality study using MESA
data (4), sex- and age-specific (40-69 or >70 y) serving sizes for both
cohorts were derived from NHANES to reflect current serving sizes in
the US population.

Since MESA and MASALA used different FFQs, we examined
similarities and differences between them. A total of 73 food items
were included in both FFQs. Within items included in the AHEI-2010,
MESA also included 24 food items that were not in MASALA, primarily
ethnic-specific foods such as tortillas, salsa, refried beans, burritos,
Chinese dumplings, chow mein, as well as hot cocoa, ham hocks, pea
soup, sunflower seeds, avocado, and brown rice. These foods are not
typically consumed in high quantities by South Asians (27). Conversely,
MASALA included 17 food items not ascertained in MESA. These were
also primarily ethnic foods such as stir-fried and curry dishes, paratha,


http://www.mesa-nhlbi.org
https://academic.oup.com/jn/
mailto:alka.kanaya@ucsf.edu

TABLE 1 Sociodemographic characteristics of adults without cardiovascular disease by racial/ethnic background: MASALA exam 1

(2010-2013) and MESA exam 5 (2010-2011)"

MESA (n = 3926)
Combined MASALA (South Chinese American White Hispanic African American

Characteristic (n = 4815) Asian) (n = 889) (n=430) (n = 1647) (n=831) (n=1018)
Age,y 67 + 1 55 4+ 9 69 4+ 9 69 + 9 69 + 9 69 +9
Female, % 52 47 50 51 53 59
Family income >$75,000, % 37 74 23 43 1 24
Education (Bachelor's degree or higher), % 50 88 46 55 12 39
BMI, kg/m? 281 £ 55 26 £+ 4.1 241 + 33 28 £ 54 298 + 57 302 £ 58
Current smoker, % 7 3 3 7 7 "
Energy, kcal/d 1729 + 789 1682 + 502 1341 + 676 1789 + 758 1815 + 907 1774 £+ 925
Foreign-born, % 43 98 96 6 66 9

"Values are means + SDs or %. MASALA, Mediators of Atherosclerosis in South Asians Living in America; MESA, Multi-Ethnic Study of Atherosclerosis.

naan, and other items like fruit drinks, vegetable juice, lunch meat,
and bran/granola cereals. Similarly, South Asian ethnic foods are not
frequently consumed among non-South Asians (28, 29).

Covariates.

Information on covariates were from exam 5 in MESA and exam
1 in MASALA and included age, sex, total energy intake estimated
from FFQs, family income, highest level of education attained, smoking
history, BMI, and years lived in the United States.

Statistical analyses

All statistical analyses were conducted using Stata 15.0 (StataCorp).
Analyses were conducted using pooled data from both cohorts. Diet
quality was normally distributed in aggregate and by race/ethnicity and
modeled as a continuous variable. We examined the association between
race/ethnicity and diet quality using multivariate linear regressions,
adjusting for age, sex, and total energy intake. In the fully adjusted
model, we included family income, education, BMI category, and
smoking history. Since adjustment for these factors did not materially
modify the estimates, we did not include them in our final models.
Interactions between race/ethnicity and categorical covariates were
tested using nested likelihood ratio tests and considered significant if
P < 0.05.

In race/ethnicity-stratified models, we adjusted for the same
variables as for the aggregate model and applied the Bonferroni
correction given that multiple pairwise differences were explored
between ethnic groups by region of origin. Last, we examined the
association between number of years in the United States among
immigrant participants and mean AHEI-2010 and developed a plot
based on the model across the entire range of years living in the United
States (2-85 y). We examined nonlinearity of time and mean AHEI-2010
using a 3-knot restricted cubic spline for number of years in the United
States and performed a significance test using a nested likelihood ratio
test.

Results

Characteristics of the participants by racial/ethnic group are
shown in Table 1. MESA participants were older than MASALA
participants. Approximately half of the combined sample were
women. South Asians had higher family incomes and education
compared with all other participants. Chinese Americans and
South Asians had lower mean BMIs compared with the non-
Asian groups, and Chinese Americans had a lower reported total
energy intake.

Participant characteristics and AHEI-2010 scores by
race/ethnicity are shown in Table 2. The adjusted mean AHEI-
2010 scores were 70.2 (95% CI: 69.5, 70.9) among South
Asians, 67.2 (66.3, 68.2) among Chinese Americans, 61.1

(60.7, 61.6) among whites, 59.0 (58.4, 59.7) among Hispanics,
and 57.5 (56.9, 58.1) among African Americans. The mean
AHEI scores among South Asians were 3.1 (1.8, 4.3), 9.2
(8.3, 10.1), 11.2 (10.2, 12.3), and 12.8 (11.8, 13.7) points
higher compared with Chinese Americans, whites, Hispanics,
and African Americans, respectively. These differences varied
by sex, family income, education, BMI, and smoking history.
Women had ~1-4 points higher AHEI-2010 scores than men
across all racial/ethnic groups. Across all groups, the magnitude
of the difference in mean AHEI-2010 and family income
and educational attainment was heterogeneous (P < 0.01 for
interactions).

Whites with family incomes >$75,000 had a mean AHEI-
2010 that was nearly 7 points greater than whites with incomes
<$25,000. In contrast, the mean AHEI-2010 difference between
these same income groups among all other racial/ethnic groups
was only 2—4 points. The AHEI-2010 score difference between
those with a Bachelor’s degree or higher compared with those
with less than a high school education was only 1.9,2.3,and 4.7
points higher among Chinese, Hispanics, and South Asians, but
the difference was 6.6 and 9 points higher for African Americans
and whites, respectively. Additionally, the observed AHEI-2010
gap between those in the obese, grade 2 BMI category compared
with those in the normal BMI category differed by racial/ethnic
group (P = 0.02 for interaction). Whereas the AHEI-2010 was
3.5,4.3,and 4.6 points lower among African Americans, whites,
and Hispanics with obesity, respectively, the difference among
Chinese Americans and South Asians was <1 point. Last,
mean AHEI-2010 scores were lower among current smokers
compared with never or former smokers across all racial/ethnic
groups by ~3-7 points, except among South Asians in whom
the difference was not significant (Table 2).

When we evaluated individual AHEI-2010 food components
to identify which groups contributed to observed differences,
we found that South Asians consumed greater amounts of
vegetables, fruit, whole grains, nuts, and legumes and fewer
amounts of sugary beverages, red meat, and trans fatty acids
compared with all other groups. However, South Asians also
had a lower consumption of sources of omega-3 fatty acids and
PUFAs (Figure 1).

In an age-stratified sensitivity analysis we restricted the study
participants to those in an overlapping age range (53-83 vy)
(South Asians, 7 = 498; whites, # = 1517; Chinese Americans,
n = 400; African Americans, n = 937; Hispanics, n = 761).
The AHEI-2010 score for South Asians increased minimally
from 70.2 (95% CI: 69.5, 70.9) to 70.7 (69.8, 71.6) and did
not change for any of the MESA groups. Additionally, we
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TABLE 2 Adjusted mean (95% Cl) AHEI-2010 of adults without cardiovascular disease by racial/ethnic background and
sociodemographic characteristics: MASALA exam 1 (2010-2013) and MESA exam 5 (2010-2011)"

Combined (n = 4815) MESA
n Combined, mean MASALA (South ~ Chinese American White Hispanic African American

Characteristic (%) (95% ClI) Asian) (n = 889) (n = 430) (n = 1647) (n=1831) (n=1018)
Adjusted AHEI 4815 (100) 62.2(62.0,625  70.22(69.5,70.9) 67.2 (66.3, 68.2) 61.1(60.7,61.6)  59.0(58.4,59.7) 57.5(56.9, 58.1)
Sex, 0.03°

Female 2518 (52) 63.3(62.9,63.7) 70.6 (69.6, 71.6) 68.7 (67.4,70.1) 62.6(61.9,63.3) 60.3(59.4,61.2) 58.4 (57.6,59.1)

Male 2297 (48) 61.0(60.6, 61.4) 69.8(68.9, 70.8) 65.6 (64.3, 66.9) 59.5(58.8,60.2)  57.7(56.7, 58.6) 56.5 (55.6, 57.5)

P — <0.01 0.25 <0.01 <0.01 <0.01 <0.01
Family income,* 0.01°

<$25,000 1032 (22) 59.9(59.1, 60.6) 67.7 (65.4,70.1) 66.1(64.7, 67.4) 57.1(55.6, 58.4) 58.3(57.3,59.4) 56.1(54.8,57.3)

$25,000-49,999 1118 (24) 61.4(60.8, 62.0) 69.4(67.4,71.5) 68.1(65.9,70.2) 59.2(58.2, 60.2) 59.2 (58.0, 60.4) 56.9(55.9, 58.0)

$50,000-74,999 773(17) 61.5(60.8, 62.2) 69.8(67.7,72.0) 65.8 (63.4, 68.3) 59.6 (58.6, 60.6) 58.3(56.6, 60.1) 58.1(56.7, 59.4)

>$75,000 1748 (37) 64.2 (63.6, 64.7) 71.4(70.6,72.3) 69.0(67.1,70.9) 63.8(63.1, 64.6) 61.6(59.6, 63.6) 58.3(57.0, 59.5)

P-trend® — <0.01 <0.01 0.1 <0.01 0.01 <0.01
Education,* <0.01°

Less than high school 533 (11) 58.2 (56.9, 59.4) 66.2 (62.6, 69.9) 65.9(63.7, 68.0) 55.1(52.4,57.7)  58.7(57.6,59.7) 52.4(50.3, 54.6)

Completed high school 703 (14) 59.5(58.7, 60.4) 69.1(65.9, 72.2) 66.4 (64.0, 68.7) 56.4 (55.2, 57.6) 57.8(56.4,59.1) 54.9(53.5, 56.3)

Some college 1189 (25) 61.1(60.5, 61.8) 69.6 (66.9, 72.3) 67.0(65.1, 68.8) 58.1(57.2,59.0) 59.5(58.3, 60.6) 57.6 (56.6, 58.5)

Bachelor’s or higher 2383 (50) 64.1(63.6, 64.6) 71.0(70.3,71.8) 67.8(66.4,69.1) 64.1(63.4,64.7)  61.0(59.1,62.9) 59.1(58.1, 60.0)

P-trend® — <0.01 0.01 0.13 <0.01 0.01 <0.01
BMI,+6 0,02

Normal 1242 (26) 63.3(62.7,63.9) 70.2 (68.8, 71.5) 67.2(65.7,68.7) 62.5(61.7,63.3) 61.1(59.6, 62.6) 58.9(57.5, 60.3)

Overweight 1921 (40) 62.8(62.4,63.3) 70.0(69.0, 71.0) 67.4(66.0, 68.7) 62.1(61.4,62.9) 59.5(58.5, 60.6) 58.5(57.4, 59.5)

Obese, grade 1 1005 (21) 61.3(60.6,61.9) 70.6 (69.0, 72.2) 67.2 (64.5,70.0) 58.8(57.8,59.9) 58.5(57.1,59.8) 56.8 (55.7, 58.0)

Obese, grade 2 641(13) 60.2 (59.4, 61.0) 69.7 (67.9, 71.5) 66.6(62.2, 71.1) 58.2(56.8,59.7)  56.5(54.9,58.2) 55.4(54.1, 56.8)

P-trend® — <0.01 0.82 0.80 <0.01 <0.01 <0.01
Smoking history,* 0.06°

Never 2507 (52) 62.3(61.9,62.7) 69.9(69.1,70.7) 67.8(66.7, 68.8) 61.2(60.5,61.9)  59.4(58.5,60.4) 57.3(56.4,58.2)

Former 1962 (41) 62.9(62.4,63.4) 71.8(70.0,73.6) 66.4 (64.6, 68.3) 61.9(61.3,62.6) 59.3(58.3,60.2) 58.3(57.4,59.2)

Current 331(7) 58.2(57.0, 59.4) 68.3(64.7,71.9) 60.9(55.6, 66.1) 55.4(53.6,57.1) 55.7(53.3,58.2) 54.8(53.0, 56.6)

P-trend® — <0.01 0.39 0.01 <0.01 <0.01 0.01

Values are adjusted means (95% Cls) for the overall AHEI score adjusted for age, sex (male, female), and energy (quintiles, kcal/d) and with an interaction term between
race/ethnicity and sex. AHEI, Alternative Healthy Eating Index; MASALA, Mediators of Atherosclerosis in South Asians Living in America; MESA, Multi-Ethnic Study of

Atherosclerosis.
2Different from Chinese American, white, African American, and Hispanic (P < 0.01).

8 Pvalue for likelihood ratio test of interaction between race/ethnicity and each characteristic.
4This variable was only included in this model and was included with an interaction term with race/ethnicity.

5P value for chi-square test for linear trend within each ordinal categorical characteristic.

SNormal, overweight, obese grade 1, and obese grade 2 cutoffs are (in kg/m?) <25, 25-29.9, 30-34.9, and >35 for non-Asian groups and <23, 23-27.4, 275-29.9, and >30 for

Asian groups.

conducted age-stratified analysis by race/ethnicity and found
that the diet quality differences between groups were not
explained by differences in age distributions (Supplemental
Table 2).

Differences in diet quality according to immigrant
status and years in the United States for immigrants
There were notable birthplace differences between groups. Only
6% and 9% of whites and African Americans, respectively, were
born outside of the United States. This was in contrast to 66 %,
96%, and 98% of Hispanics, Chinese Americans, and South
Asians, respectively. However, we consistently found that within
each racial/ethnic group, immigrants had a 3-7 points higher
mean AHEI-2010 compared with US-born individuals (results
not shown).

Immigrants had been in the United States a mean &+ SD of
32 + 13 y. The association of AHEI-2010 and years living in
the United States by group and in aggregate was consistently
inverse J-shaped, with a peak around 61 points among those
who had been in the United States ~30 vy, and a lower score of
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56 points among those who had been in the United States ~80 y
(Figure 2).

Disaggregating ethnic groups into regions of origin
South Asians were from India, Pakistan, Sri Lanka, Nepal,
Bangladesh, or from other diaspora regions (United States,
sub-Saharan Africa, Fiji Islands, Burma, Bhutan, Europe). The
mean AHEI-2010 ranged from 69.9 to 70.3, with no significant
differences (Supplemental Table 3).

Hispanics were from Mexico, Puerto Rico, Dominican
Republic, South America, Central America, and Cuba. Notably,
Puerto Ricans and Cubans had lower mean AHEI-2010
scores [55.2 (95% CL: 53.5, 57.0) and 54.7 (51.2, 58.2),
respectively] compared with South Americans, Dominicans,
and Mexicans, who had higher scores [60.9 (58.5, 63.3), 60.9
(59.1, 62.7), and 59.6 (58.7, 60.5), respectively] (Supplemental
Table 4).

Chinese Americans were from mainland China, Taiwan,
Southeast Asia, or the United States. Notably, those from the
United States had the lowest mean AHEI-2010 of 60.2 (56.3,
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FIGURE 1 Means for each of the 11 AHEI-2010 components by racial/ethnic background in MASALA (exam 1 in 2010-2013) and MESA (exam
5 in 2010-2011) adults without cardiovascular disease. Values are means for each of the 11 individual AHEI components adjusted for age, sex
(male, female), and energy (quintiles; kcal/d). Each individual score ranges from 0 to 10 points for a maximum combined score of 110 points.
Sample size included 889 South Asian participants from MASALA and 430 Chinese Americans, 1647 whites, 831 Hispanics, and 1018 African
Americans from MESA. AHEI, Alternative Healthy Eating Index; MASALA, Mediators of Atherosclerosis in South Asians Living in America;
MESA, Multi-Ethnic Study of Atherosclerosis; SSB, sugar-sweetened beverages.

64.1), followed by Southeast Asia (63.2;61.0,65.4). In contrast,
those from mainland China or Taiwan had higher scores of 67.7
(66.7, 68.8) and 67.9 (66.0, 69.8), respectively (Supplemental
Table 5).
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FIGURE 2 Adjusted mean AHEI-2010 score and vyears living in
the United States among all immigrant adults without cardiovascular
disease: MASALA exam 1 (2010-2013) and MESA exam 5 (2010-
2011). The plot is based on the model across the entire range of years
living in the United States (2-85 y). Values are means + SEs for the
overall AHEI score adjusted for age, sex (male, female), and energy
(quintiles; kcal/d). Sample size included 871 South Asian participants
from MASALA and 413 Chinese Americans, 99 whites, 548 Hispanics,
and 92 African Americans from MESA. AHEI, Alternative Healthy
Eating Index; MASALA, Mediators of Atherosclerosis in South Asians
Living in America; MESA, Multi-Ethnic Study of Atherosclerosis.

Discussion

Based on data from middle- to older-aged adults collected
between 2010 and 2013, we found South Asians to have a
higher diet quality compared with Chinese Americans, whites,
Hispanics, and African Americans. In particular, South Asians
had a greater consumption of food groups that increase overall
diet quality, including vegetables, fruits, whole grains, nuts, and
legumes, and a lower intake of foods that decrease diet quality,
including sugary beverages, red meat, and trans fatty acid intake
compared with all other racial/ethnic groups.

Diet quality was higher among women and was associated
with higher levels of education, particularly among whites
and African Americans, and with family income, especially
among whites. Conversely, lower diet quality was associated
with higher BMI categories, but only among whites, African
Americans, and Hispanics. Immigrants had a higher diet quality
and it was generally inversely associated with years lived in the
United States.

The present study adds to the currently limited body of
literature by describing diet quality of South Asians compared
with 4 US racial/ethnic groups. The paradoxical finding that
South Asians have a higher diet quality is not consistent with
the observed higher rates of T2D and CVD compared with
other racial/ethnic groups (22, 31-36). This underscores the
importance of studying the high-risk US South Asian population
to better understand the causes of noncommunicable chronic
disease not explained by traditional risk factors, including diet
quality.

Our primary finding is consistent with 1 prior study in the
United States that evaluated diet quality in low-income South
Asian adults in 2012-2013. Using the Healthy Eating Index
(HEI-2010), Khan et al. (20) found South Asians to have a
diet quality score of 68 points. Even though their study was
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conducted in a convenience sample, the mean HEI-2010 score
was higher than in the general US population, who, in the year
2008, had a mean HEI-2010 of 53 points (37).

Some of our findings are also consistent with prior NHANES
studies. Using multiple diet quality indices, these studies
reported that women had a higher diet quality compared with
men (12, 37-39), education and family income were positively
associated (12, 37-39), and BMI was inversely associated (12).
However, none of these early NHANES studies included Asian-
American populations. Within the US Hispanic population,
Mattei et al. (40) found that mean AHEI-2010 was higher
among Mexican Americans, Dominicans, and Central and
South Americans compared with Cubans and Puerto Ricans.
These results were consistent with the trends observed among
Hispanics in MESA.

We found that number of years lived in the United States
was associated with differences in diet quality. Immigrant
participants had a higher diet quality compared with their US-
born counterparts. Among immigrants, the number of years
lived in the United States was associated with a higher diet
quality for ~3 decades, followed by a lower diet quality
thereafter. It is possible that the diet quality of migrant
populations in the United States may initially improve, perhaps
by increasing healthier foods less available or affordable in the
countries of origin, or taking what is healthier from each culture,
but the diet generally worsens over longer periods of time. Prior
studies in the United States that have measured acculturation
and diet have been variable across different groups, in part
due to inconsistency of acculturation measures across studies.
For instance, low-income South Asian adults who were more
acculturated had a slightly higher diet quality compared with
less acculturated South Asians (20). In a study of Haitian
immigrants, Huffman et al. (41) found a weak but positive
association between AHEI-2010 and years lived in the United
States. In another study of Puerto Ricans, van Rompay et al. (42)
found that acculturation was associated with higher diet quality,
but only among those above the poverty threshold. In contrast,
among Mexican-American adolescents using NHANES data,
Liu et al. (43) found generational status and higher language
acculturation to be associated with poorer diet quality. Last, in a
study of Chinese immigrant women, Tseng et al. (18) found that
increasing length of US residence was associated with a small
decrease in diet quality.

Strengths and limitations

This is the first study to evaluate diet quality differences of 5
major racial/ethnic groups in the United States, which include
a South Asian population. The study protocol for MASALA
was based on MESA, which allows for efficient cross-ethnic
comparisons. Diet quality data were measured using the AHEI-
2010, which allows for the examination of the overall diet, a
limitation of prior studies. Further, our diet quality calculations
included culturally specific foods and recipes, which allowed for
an appropriate diet evaluation of dishes from South Asia, which
was lacking in prior studies (20).

However, some of the observed AHEI-2010 differences by
race/ethnicity may be explained by differences in food items,
as well as the validity and reliability of each FFQ to capture
diet quality in the respective populations. The consistency of
our findings with 1 prior study of South Asians that used a
different diet measurement tool and also found higher diet
quality compared with other groups in the United States is
supportive of our results (20) and makes measurement error less
likely to explain our findings. Moreover, it is also possible that
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some of the observed differences in diet quality by race/ethnicity
may be due, in part, to the variability in how respondents
perceive and respond to serving sizes of the FFQs. Future studies
should consider utilizing other methods such as multiple 24-h
diet recalls to assess diet quality between racial/ethnic groups.
In addition, we used only the AHEI-2010, which is built on
evidence from primarily white cohorts indicating that the 11
food components capture the most relevant foods associated
with chronic disease. It is possible that other foods that are
not included may play important roles in defining overall
diet quality and its association with chronic diseases among
South Asians. Future diet quality indices should evaluate the
association between traditional foods not included in AHEI-
2010 and chronic diseases in racial/ethnic minority populations.
Further, this analysis using group averages to make comparisons
makes the assumption that error in each of the ethnic groups
occurred at random, but we cannot rule out any systematic bias
that may have affected one group more than another. Last, our
results are limited to the MESA and MASALA cohorts and are
not generalizable to the general US population.

Conclusions

South Asians in MASALA had a higher diet quality compared
with whites, African Americans, Chinese Americans, and
Hispanics in MESA. Immigrants had a higher diet quality,
which was inversely associated with years lived in the United
States. Future studies should evaluate long-term follow-up of
MASALA participants and determine the association between
diet quality and incident T2D and CVD risk over time.
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