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Abstract
South Asians, who are at a disproportionately greater risk of atherosclerotic CVD (ASCVD), represent a rapidly growing population in the USA.
The relationship between dairy products, a major component of South Asian diets, and body composition – an established risk factor for ASCVD,
is unclear. The aim of the present study was to examine associations between dairy intake and multiple measures of body composition (BMI,
waist and hip circumference, waist:hip ratio, abdominal lean mass, subcutaneous, visceral, and intermuscular fat areas) among South Asian
adults in the USA. A baseline analysis was conducted using existing data from the Mediators of Atherosclerosis in South Asians Living in
America cohort. In women, the highest (>1·9 servings/d) v. lowest (<1 serving/d) tertile of dairy intake was associated with 53 % lower odds
of a waist circumference>80 cm (95 % CI 0·25, 0·89, Pfor trend<0·05). No associations were observed between dairy intake andmeasures of body
composition. However,>3 servings of low-fat yogurt/week was associated with a 9·9 cm2 lower visceral fat area (95 % CI –19·07, –0·72, P<0·05)
and 2·3 cm2 lower intermuscular fat area (95 % CI –3·76, –0·79, P<0·05) as comparedwith those with three servings/week. Milk and cheese were
not associated with body composition measures. These analyses suggest that higher consumption of low-fat yogurt is associated with lower
visceral and intermuscular fat in the whole sample, and women with higher dairy intake have lower waist circumference. Our study supports
dietary incorporation of dairy products, and recognises the utility of multidimensional measures of central adiposity.
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South Asians, one of the fastest growing immigrant groups in the
USA(1), remain understudied and underrepresented in large epi-
demiological studies(2). Consequently, dietary and clinical guide-
lines for this population are not distinct, despite the
disproportionately higher prevalence of non-communicable dis-
ease burden, particularly atherosclerotic CVD, among South
Asians in the USA(2,3). South Asians are described as experienc-
ing the ‘Asian paradox,’ defined as high incidence and preva-
lence of non-communicable disease despite BMI in the

normal range(4). BMI continues to be the most widely used mea-
sure to screen for weight category and risk for overweight and
obesity(5), despite a growing body of research that advocates
for the implementation of complementary body measures that
would more accurately approximate central body fatness(6),
rather than reliance on a height:weight ratio. Central obesity is
characterised by visceral fat mass, the type of fat that surrounds
abdominal organs and impairs their function, commonly associ-
ated with non-communicable disease(7). Moreover, South Asians
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tend to have higher intermuscular fat area(8), a type of ectopic fat
that is implicated in metabolic dysfunction and insulin resis-
tance(9). Recent evidence suggests that waist circumference,
hip girth and waist:hip ratio (WHR) serve as better indicators
of central obesity(10), specifically in South Asians(11,12).
Therefore, clear definitions of central obesity measures are
needed to better identify early disease risk.

Dietary intake has a modifiable influence on body composi-
tion. Published evidence documents that South Asian immi-
grants, regardless of region of origin, experience dietary
acculturation in their new country(13), with a particular shift
towards increased dairy product consumption(14). Research
has also found that dairy product is a central component among
South Asians who are vegetarian(15). Previous research on dairy
product intake and body composition is inconsistent, with six
systematic reviews noting conflicting findings(16–21), underscor-
ing the need for additional research in order to generate robust
evidence examining this relationship. Moreover, the majority of
studies relied on one or two anthropometric measures of body
composition. Thus, the relationship between dairy product
intake and comprehensive measures of body composition that
comprise of both anthropometric measurements and computed
tomography (CT) body mass imaging has not been examined
together, and it needs further investigation.

Using data from the Mediators of Atherosclerosis in South
Asians Living in America (MASALA) study(22), the present analy-
sis addresses two key gaps in the literature: to examine the rela-
tionship between dairy product consumption and (1) body
adiposity and (2) multidimensional measures of body composi-
tion in a cohort of middle- to older-aged South Asian adults in the
USA. The study utilises CT imaging, an advanced technology that
more accurately distinguishes body composition fat type (subcu-
taneous, visceral and intermuscular) contributing to central adi-
posity among participants. We hypothesise that a higher intake
of dairy products is associated with a lower waist circumference
and visceral fat mass.

Materials and methods

Study population

We cross-sectionally examined baseline data from the MASALA
study, a community-based cohort study. A detailed description
of the study rationale, design and methods has been described
elsewhere(22). Briefly, the community-based sample was
recruited between 2010 and 2013 in the greater Chicago area
near Northwestern University (NWU) and the San Francisco
Bay area at University of California, San Francisco (UCSF) using
telephone-basedmethods, with targeted census tracts from com-
mercial mailing list companies and recruiters bilingual in English
and Hindi or Urdu to facilitate communication with limited-
English-proficiency participants(22). Adults who self-identified
as South Asians with three grandparents or more born in
Bangladesh, India, Nepal, Pakistan or Sri Lanka and who were
free of CVD were eligible to participate. A total of 3053 individ-
uals were reached, of which 906 participants were enrolled.
Participantsweremiddle- toolder-agedadults (average55·3±9·4
years), 47·1 % female and 98 % immigrants to the USA. The

protocol was approved by both the NWU and UCSF
Institutional Review Boards(22), and the present analyses were
approved by the New York University Institutional
Review Board.

Data collection

Dietary data. Dietary intake data were collected at baseline
between 2010 and 2013 by MASALA study staff using the
Study of Health Assessment and Risk in Ethnic (SHARE) groups
FFQ, an interviewer-administered 163-item tool validated for use
to study the habitual dietary intake of South Asians in North
America(23). Total consumption of foods was computed by vali-
datedmeasures from the SHARE research group by assessing fre-
quency of consumption (intake of items per d, per week, per
month or per year) and average serving size (cups, tablespoons
and ounces) to determine average daily quantity with total
energy intake (kJ/d) calculated based on FFQ report by
SHARE validated measures(23). A participant was classified as
vegetarian if they reported no consumption of meat, poultry
or fish on the FFQ in the previous 12-month period. The FFQ
queried sources of dairy products, including milk, yogurt, raita
(yogurt dip), paneer (cottage cheese) and cheese (Western vari-
eties), which were used to compute a summary variable of total
dairy product intake(23).

Body composition measures. The MASALA study personnel
measured participant weight using a digital scale and height
measured using a stadiometer(22). Waist and hip circumference
were measured by study personnel using a flexible tape mea-
sure, using standard clinical methods(22). BMI was calculated
by dividing weight in kg by height in metres squared. WHR
was calculated dividing the waist circumference by the hip
circumference.

CT scans of the abdomen were used to calculate abdominal
skeletal muscle (abdominal lean mass area) and abdominal sub-
cutaneous, visceral and intermuscular fat areas (Philips Medical
Systems; Toshiba Medical Systems; Siemens Medical
Solution)(22). A CT technician obtained an image of the abdomen
positioned between the L4 and L5 vertebrae. Medical Image
Processing, Analysis and Visualization (MIPAV) software(24) was
used to measure the fat area at the University of California, San
Diego, body composition reading centre. Abdominal subcutane-
ous fat was defined as tissue outside the visceral cavity and inside
the body contour. Four abdominal and back muscle groups (the
psoas, paraspinous, oblique and rectus muscles) were summed
together to measure intermuscular fat.

Other covariates. Sociodemographic information, including
age, sex, percentage of life lived in the USA, educational attain-
ment, annual family income, smoking status and physical activity
levels, were assessed by structured interview questions and
study questionnaires conducted at the MASALA baseline exami-
nation(22). Percentage of life lived in the USA was based on years
lived in the USA divided by the participant’s age. The Typical
Week’s Physical Activity Questionnaire was used to assess exer-
cise including walking, dance, activities and other sports, calcu-
lating total metabolic equivalent min per week and divided
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based on validated tool measures into ordered categories of low
(600 to less than 4000metabolic equivalent min per week), mod-
erate (4000 to less than 8000metabolic equivalentmin perweek)
and high (greater than 8000 metabolic equivalent min per
week)(25).

Analytical sample

A total of 906 South Asian adults participated in the MASALA
community-based cohort. We excluded participants with miss-
ing dietary intake data and those not reporting dairy product
intake (n 9) and twelve additional participants who did not meet
criteria for daily energy ranges of 3347–10 042 kJ/d for men and
2092–14 644 kJ/d for women(26). A total of 885 participants were
included in the dataset for the present analyses (Fig. 1).

Variable definitions

Exposure variables. Using the composite dairy product intake
servings per d provided from the FFQ, we categorised daily dairy
product consumption into tertiles of intake, using the lowest ter-
tile as the referent group. We additionally analysed dairy food
intake from the FFQ responses, computing average servings
of milk, yogurt/raita and cheese/paneer based on the respon-
dents reported frequency of consumption (per d, week, month
or year/never) and multiplied by average serving in ounces.
Items reported as ‘less than average’ were weighted by 0·5,
and items reported as ‘more than average’ were weighted by
1·5. Furthermore, the associations of high-fat and low-fat dairy
foods and body composition measures were examined in
exploratory analyses. Whole-fat and low-fat dairy products were
analysed based on median intake. For the purpose of these

analyses, the authors did not consider dessert items that may
contain dairy products.

Outcome variables. Waist circumference was dichotomised by
sex based on cut-off points (<102 cm v.≥102 cm inmen;<88 cm
v.≥88 cm inwomen), established by theWHO(6).We also dicho-
tomised the waist circumference for men and women based on
the International Diabetes Federation criteria for South Asians
(<90 cm v. ≥90 cm in men; <80 cm v. ≥80 cm in women). We
additionally dichotomised WHR based on the WHO cut-off
points for risk of metabolic complications for men and women,
separately (<0·9 v.≥0·9 in men;<0·85 v.≥0·85 cm in women)(6).
BMI, waist circumference, hip girth, WHR, abdominal skeletal
mass area, and subcutaneous, visceral, and intermuscular fat
areas were assessed as continuous outcomes.

Other covariates. Educational attainment was dichotomised as
bachelor’s degree or higher and less than bachelor’s degree.
Annual family income was collected categorically as less than
$40 000 per year, $40 000–$75 000 per year, $75 000–$100 000
per year and greater than $100 000 per year. Smoking status
was assessed as never, former or current smoker. Alcohol intake
was categorised based on average consumption per week,
including no consumption, one to seven drinks per week and
greater than seven drinks per week.

Statistical analyses

Descriptive statistics (means, standard deviations for continuous
variables and percentages for discrete variables) for demo-
graphic and clinical characteristics of the sample were computed
for the whole population by dairy product intake. Trends were
reported for body composition measurements, with additional
reporting separately for men and women, where appropriate,
based on established sex differences in waist circumference
and WHR(6). For continuous outcomes, variables were not nor-
mally distributed and test of linear trends across tertiles was
assessed using ANOVA. For categorical variables, between-
group differences were evaluated using Pearson’s χ2.

We evaluated the associations of dairy product intake and
CT skeletal mass and fat area using linear regression, including
age-adjusted multiple linear regression models and multivari-
able models that adjusted for age, sex, education attainment,
smoking status, physical activity and vegetarian diet. We simi-
larly evaluated associations of dairy product intake and
anthropometric measures, both for linear regression for con-
tinuous variables and logistic regression, as appropriate in
the whole population and by sex. Models include age-adjusted
and multivariable-adjusted. We adjusted the full model for
kJ/d using the standard multivariable model for energy adjust-
ment(27), which did not change the final model associations.
Daily energy intakes were highly correlated (P < 0·05) with
dairy product intake and were not included in the final multi-
variable model. Dietary covariates including animal protein
intake, fat intake, egg intake and green leafy vegetable servings
per d were tested in the model but not retained during the
model selection process.

Total participants in 
MASALA baseline data 

collection (n 906)

Participants with FFQ 
data (n 905)

Participants with data on 
dairy intake (n 897)

Analytical sample 
(n 885)

No data on FFQ (n 1)

No data on dairy intake 
(n 8)

Implausible energy
intake (men <3347 or 

>10 042 kJ/d; women 
<2092 or >14 644 kJ/d)

(n 12)

Fig. 1. Creation of the analytical sample using Mediators of Atherosclerosis in
South Asians Living in America (MASALA) baseline data, 2010–2020.
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Finally, we evaluated the associations of dairy product
intake (i.e. milk, yogurt and cheese) and body composition
measurements with linear regression, age-adjusted models
and multivariable-adjusted models. Tests for trends were per-
formed based on the continuous dairy products variable.
Variables were singly added and retained in the multivariable
model if they changed the relationship between dairy product
intake and the body composition outcome by more than 10 %.
We used multiple linear regression to generate the β-coeffi-
cient, standard error and 95 % CI to examine the relationship
between tertiles of dairy product intake and fat measurements
performed by CT imaging (visceral, subcutaneous and inter-
muscular fat measurements). We used logistic regression to
generate OR and 95 % CI to examine the association between
tertiles of dairy product intake and body composition
anthropometric measures(6). We tested for interactions for the
relationship between dairy product intake and sex, age group
divided at median age (<55 years and ≥55 years), and smoking
status with a priori significance set at P < 0·1. There were no
significant interactions at each level of dairy product intake.
However, we stratified analyses by sex due to consistently doc-
umented biological differences of body composition between
men and women, based on available international sex-based
waist circumference and WHR thresholds(6). Analyses were
performed using the statistical software package STATA
version 16.1, and all statistical tests were two-sided with signifi-
cance level set at P < 0·05(28).

Results

Characteristics of study population

Sociodemographic characteristics by tertile of dairy product
intake are reported in Table 1. The average age of participants
was 55 years (±9·4 years) with approximately 47 % women.
The majority of participants held a bachelor’s degree or higher
(87·7 %) and had an annual household income greater than
$100 000 per year (63·7 %). On average, participants had lived
in the USA for about half their lives. Notably, percentage of life
lived in the USA was inversely related to tertile of dairy products
consumption (P < 0·05). Total dairy product intake ranged from
0·005 to 10·25 servings per d with average intake of 1·67 servings
per d. Approximately 38 % of participants were vegetarians,
though being vegetarian was not associated with dairy product
consumption (P = 0·334).

Characteristics of body composition measurements

We examined the associations between tertile of average serv-
ings per d of dairy product intake and anthropometric measures
reported both as a continuous outcome and categorically strati-
fied by sex-based thresholds (Table 2). While WHR was associ-
atedwith dairy product intake as a continuous variable (P< 0·05)
for the overall cohort, the association disappeared when dicho-
tomised by sex. There was no significant difference in BMI
among participants across tertiles of dairy product intake

Table 1. Participant characteristics by tertiles of dairy product consumption, among South Asian adults aged 40–83 years in theMediators of Atherosclerosis
in South Asians Living in America study, 2010–2013 (n 885)
(Mean values and standard deviations)

Characteristics

Total study
population

≤1 serving/d
(n 293)

>1–1·89 servings/d
(n 293)

≥1·9 servings/d
(n 299)

P*Mean SD Mean SD Mean SD Mean SD

Demographic information
Age (years) 55·3 9·4 55·5 8·9 54·9 8·9 55·4 10·2 0·690
Female (%) 47·1 47·4 43 50·8 0·160
Percentage of life lived in the USA 49·3 17·9 50·4 18·8 50·6 17·2 46·9 17·5 0·017
Bachelor’s degree or higher (%) 87·7 81·9 91·1 90 0·001
Income category (%) 0·733

<$40 000 12·9 15·4 11·6 11·7
$40 000–75 000 13·5 13·3 14·4 12·8
$75 000–100 000 9·9 9·8 10·9 9
>$100 000 63·7 61·4 63 66·6

Diet and lifestyle
Energy intake (kJ/d) 7065·9 2135·9 6087·7 1690·8 7014·9 2091·6 8074·7 2117·5 <0·001
Vegetarian (%) 37·6 35·8 35·8 40·9 0·334
Alcohol – drinks/week (%) 0·217

No consumption 67·1 65·2 64·2 71·9
1–7 drinks/week 28·3 29·4 31·7 23·8
>7 drinks/week 4·6 5·5 4·1 4·4

Smoking status (%) 0·489
Never 83·3 80·6 83·3 86
Former 13·6 15·4 13·7 11·7
Current 3·2 4·1 3·1 2·3

Physical activity (MET/week) (%) 0·020
Low (600 to <4000) 2·7 3·8 0·7 3·7
Moderate (4000 to <8000) 28·6 32·1 29·7 24·1
High (≥8000) 68·7 64·2 69·6 72·2

*P values were estimated by ANOVA for continuous variables and Pearson’s χ2 for categorical variables.
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(P = 0·488), nor was there a significant relationship between
dairy product intake and overall waist circumference
(P = 0·101), hip girth (P = 0·897), subcutaneous fat area
(P = 0·760), visceral fat area (P = 0·527) and intermuscular fat
area (P = 0·848).

Association between dairy product intake and waist
circumference

Given biological differences for body fat distribution by
sex(6), associations for waist circumference and WHR were
examined by total population and subgroups of sex in
Table 3. Men had an average intake of 1·6 servings of dairy
products per d (±1·2) and women had an average intake of
1·7 servings of dairy products per d (±1·3). There was not a
significant difference in average daily intake of dairy prod-
ucts between men and women (P = 0·210). There was no
association between total dairy product intake and waist cir-
cumference cut-off threshold (P = 0·370) or WHR cut-off
threshold (P = 0·126) in the whole population. Among
men, there was a significant association between dairy prod-
uct intake and both waist circumference and WHR, but the
overall relationship was not significant (Pfor trend = 0·451
and Pfor trend = 0·674, respectively). For women, we observed
a protective relationship between the highest tertile of dairy
product intake and waist circumference (95 % CI 0·25, 0·89,
Pfor trend < 0·05). Compared with those who consumed less
than one serving of dairy products per d, women who con-
sumed greater than 1·9 servings of dairy products per d had a
53 % lower odds of having a waist circumference greater than
80 cm, after controlling for age, percentage of life lived in the
USA, educational attainment, smoking status, physical activ-
ity and vegetarian diet.

Dairy products and anthropometric measures

As presented in Table 4, greater than one serving per d of yogurt
or raita was associated with a 0·01 unit lower WHR when com-
paredwith participants who reported three or fewer servings per
week (Pfor trend< 0·05) after controlling for age, sex, percentage
of life lived in the USA, educational attainment, smoking status,
physical activity and vegetarian diet. No associations were
observed for yogurt or raita intake and other body composition
measurements. No associations were found between milk prod-
uct consumption and body composition measurements, nor
between cheese consumption and body composition measure-
ments. Similarly, no associations were found when assessing fat
content of milk and cheese products (whole fat and low fat) and
BMI, waist circumference, hip girth, WHR, and abdominal skel-
etalmass area, subcutaneous, visceral, and intermuscular fat area
(Supplementary Table 1).

Greater than three servings per week of low-fat yogurt was
associated with a 9·9 cm2 reduction in visceral fat area (95 %
CI −19·07, 10·72, P < 0·05) and a 2·3 cm2 reduction in intermus-
cular fat area (95 % CI −3·76, −0·79, P < 0·05) compared with
those consuming three or fewer servings of low-fat yogurt per
week, after controlling for age, sex, percentage of life lived in
the USA, educational attainment, smoking status, physical activ-
ity and vegetarian diet. There were no associations between
whole-fat yogurt and visceral fat area (P = 0·448) or intermuscu-
lar fat area (P = 0·461).

Discussion

In this cohort of middle- to older-aged South Asians living in the
USA, greater than 1·9 servings of dairy products per d was asso-
ciated with waist circumference of 80 cm or less among women.

Table 2. Descriptive body composition distribution by tertiles of dairy product consumption, among South Asian adults aged 40–83 years in the Mediators of
Atherosclerosis in South Asians Living in America study, 2010–2013 (n 885)
(Mean values and standard deviations)

Characteristics

Total study
population

≤1 serving/d
(n 293)

>1–1·89 servings/d
(n 293)

≥1·9 servings/d
(n 299)

P*Mean SD Mean SD Mean SD Mean SD

Whole population
BMI (kg/m2) 26 4 26·2 4·2 26 3·9 25·8 4 0·488
Waist circumference (cm) 92·8 10·3 92·9 10 93·7 10·6 91·9 10·3 0·101
Hip girth (cm) 102·9 8·5 102·7 8·5 102·8 7·9 103 9·1 0·897
Waist:hip ratio 0·90 0·07 0·90 0·07 0·91 0·07 0·89 0·07 0·005
Total subcutaneous fat area (cm2) 238 94 236 103 241 94 235 85 0·760
Total visceral fat area (cm2) 135 56 137 54 135 59 132 56 0·527
Total intermuscular fat area (cm2) 21 9 21 8 22 9 21 9 0·848
Total abdominal skeletal mass area (cm2) 93 25 93 25 96 26 90 24 0·035

Males
Waist circumference (cm) 95·9 9·5 95·3 9·5 97·2 10·2 95·3 8·9 0·128
Waist circumference >90 cm† (%) 74·6 70·1 78·4 74·8 0·231
Waist:hip ratio >0·9‡ (%) 75·9 72·7 80·2 74·2 0·246

Females
Waist circumference (cm) 89·2 10 90·1 9·9 89·1 9·2 88·5 10·6 0·379
Waist circumference >80 cm† (%) 83 87·8 84·9 77 0·039
Waist:hip ratio >0·85‡ (%) 59 63·3 60·3 54 0·251

* P values were estimated by ANOVA for continuous variables and Pearson’s χ2 for categorical variables.
† International Diabetes Federation criteria for South Asian values for waist circumference.
‡WHO cut-off points and risk of metabolic complications.
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We also observed that intakes of greater than three servings of
low-fat yogurt per week were associated with lower visceral
and intermuscular fat area. Associations were not observed for
the dairy products combined (milk, yogurt and cheese),
whole-fat yogurt, or for whole- or low-fat milk and cheese
and body composition.

The results of the present study are consistent with two pre-
vious meta-analyses(20,21). A meta-analysis of twenty-two cohort
studies examining dairy product consumption and anthropomet-
ric measures of body adiposity found that the highest dairy prod-
uct intake category was associated with a reduced risk of
abdominal obesity(20). Similarly, a meta-analysis of thirty-seven
randomised control trials studying the effect of dairy product
intake on body weight and composition found that increased
dairy product consumption was associated with decreases in
body weight, body fat and waist circumference(21).
Furthermore, a cross-sectional study of Korean adults
(n 13 692) found that higher intake of dairy products was asso-
ciated with reduced prevalence of obesity (defined by BMI)
among women, but not in men(29). A previous longitudinal study
observed that maleswith high dairy product intakewere at lower
risk for central obesity at the end of a 12-year follow-up
period(30). A review of prospective cohort studies also noted sim-
ilar findings among men(17). This previous research supports our
finding of sex-specific differences in body composition
outcomes.

Our findings may be explained by multiple possible mecha-
nisms that underpin the dairy products and body composition
connection. Dairy products are considered a rich source of

protein, which helps promote lean body mass(31); low-fat and
full-fat dairy products contain dietary fat, which can increase sati-
ety(32) to help mitigate energy over-consumption(16) and sup-
ports the absorption of fat-soluble essential vitamins(33); and
the carbohydrate from dairy products provide a modest amount
of natural sugar that cells metabolise(34) and is hypothesised to
support the fermentation process for healthy gut microbiota(35).
To this end, a recent longitudinal study found that fermented
dairy products help to reduce central weight gain(36), which is
further supported by a randomised controlled trial finding pro-
biotic yogurt decreased body fat percentage in overweight
and obese adults(37), possibly explained through reduced energy
effects frommacronutrients and influence of gastrointestinal hor-
mones(38). Moreover, fermented or cultured dairy products, such
as yogurt, contain probiotic bacterial cultures(39) that are hypoth-
esised to lower the production of trimethylamine-N-oxide(40), a
metabolite that is an early predictor of the metabolic syndrome,
implicated as a cause of atherosclerosis and CVD(41). The
healthier waist circumference observed in older women is sup-
ported by previous research that documents how middle- to
older-aged women derive greater benefit from dairy product
intake that may help to mitigate muscle wasting and weight
redistribution related to changes in hormones(42). Previous
research has hypothesised the role of Ca in body composition
and insulin resistance(43). However, there may be several other
mechanisms contributing to sex differences that are not fully
understood(44).

The results of the study must be interpreted in light of some
limitations. One limitation is that the data are susceptible to

Table 3. Age-adjusted and multivariable-adjusted analyses of the association between tertiles of dietary intake (servings/d) and indicators of body
composition by whole population and by sex, among South Asian adults aged 40–83 years in the Mediators of Atherosclerosis in South Asians Living in
America study, 2010–2013 (n 885)
(Odds ratios and 95 % confidence intervals)

Tertile 1: <1 serving/d
Tertile 2: 1–1·89

servings/d Tertile 3: ≥1·9 servings/d

OR (reference) OR 95% CI OR 95% CI Pfor trend

Whole population*†
Waist circumference 1·00 1·19 0·79, 1·78 0·85 0·58, 1·24 0·240

Age-adjusted 1·18 0·79, 1·77 0·85 0·58, 1·24 0·247
Multivariable-adjusted‡ 1·35 0·89, 2·04 0·92 0·62, 1·36 0·370

Waist:hip ratio 1·00 1·18 0·83, 1·68 0·82 0·58, 1·16 0·065
Age-adjusted 1·19 0·84, 1·70 0·82 0·58, 1·16 0·062
Multivariable-adjusted‡ 1·24 0·86, 1·79 0·89 0·62, 1·26 0·126

Males
Waist circumference >90 cm 1·00 1·55 0·94, 2·57 1·27 0·76, 2·10 0·900

Age-adjusted 1·53 0·92, 2·53 1·27 0·77, 2·12 0·878
Multivariable-adjusted‡ 1·84 1·09, 3·12 1·61 0·94, 2·75 0·451

Waist:hip ratio >0·9 1·00 1·52 0·90, 2·56 1·08 0·64, 1·79 0·738
Age-adjusted 1·55 0·92, 2·62 1·07 0·64, 1·79 0·746
Multivariable-adjusted‡ 1·78 1·04, 3·04 1·19 0·70, 2·03 0·674

Females
Waist circumference >80 cm 1·00 0·78 0·39, 1·59 0·47 0·25, 0·88 0·056

Age-adjusted 0·78 0·39, 1·59 0·47 0·25, 0·88 0·053
Multivariable-adjusted‡ 0·81 0·40, 1·65 0·47 0·25, 0·89 0·044

Waist:hip ratio >0·85 1·00 0·88 0·54, 1·45 0·68 0·42, 1·09 0·016
Age-adjusted 0·88 0·53, 1·45 0·68 0·43, 1·09 0·014
Multivariable-adjusted‡ 0·90 0·54, 1·50 0·69 0·43, 1·12 0·013

* Waist circumference greater than recommended threshold as per International Diabetes Federation criteria for South Asian values (>90 cm for men, >80 cm for women).
†Waist:hip ratio greater than recommended threshold as per WHO cut-off points and risk of metabolic complications (>0·9 for men, >0·85 for women).
‡ Adjusted for age (years), percentage of life lived in the USA, educational attainment (less than bachelor’s degree, bachelor’s degree or higher), smoking status (never, former and
current), physical activity (low, medium and high) and vegetarian diet (lacto-ovo vegetarian, yes/no).
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information bias as dietary intake is self-reported and partici-
pants may over- or under-report dietary habits due to informed
interest to include more or less of certain food groups, which is a
known limitation of FFQ in general(45,46). Further, the FFQdid not
query processing level of dairy products or proportion of added
sugar, which are established risks for increased obesity and
CVD(47). Additionally, only participants weighing less than
300 pounds were included in the study cohort due to weight
restrictions of the CT machine(22). However, this was not a sig-
nificant limitation as the data captured a range of BMI from
15·9 (underweight) to 47·7 (class III obesity). Both limitations
risk biasing the results towards the null. Another limitation of
the present analyses is the cross-sectional nature of the baseline
data used. It is well recognised that body composition changes
with age due to loss of muscle mass and increased fat mass(48).
Therefore, planned follow-up waves of data collection that are
currently underway in the MASALA study sample(22,49) will

facilitate longitudinal analyses and allow use to decipher pos-
sible age-related body composition changes. The MASALA
cohort is comprised of middle- to older-aged adult participants
with high educational attainment and income levels that may
limit the generalisability to South Asians who have less educa-
tional attainment, have lower income or are younger(50).

The MASALA study has several strengths. It is the first multi-
centre community cohort to study South Asians living in the USA,
incorporating culturally competent practices in their recruitment
and data collection(22,49). South Asians remain underrepresented
in large epidemiological studies(2) and are often inappropriately
aggregated in heterogeneous subgroups, a key factor identified
in the misrepresentation of South Asian disease risk profile, as
acknowledged by the American Heart Association(3). The data
were collected by trained personnel through in-person inter-
views during the study visits. The data are unique in their inclu-
sion of CT imaging, a nuanced measure of body adiposity that

Table 4. Multivariable analyses of the association between type of dairy product intake (servings/d) and anthropometric measurements among South Asian
adults aged 40–83 years in the Mediators of Atherosclerosis in South Asians Living in America study, 2010–2013*
(β Coefficients, standard errors and 95 % confidence intervals)

Milk† (n 849)... <3 servings per week (n 284) 1 serving/d (n 234) >1 serving/d (n 331)

β (reference = 0·0) β SE 95% CI β SE 95% CI Pfor trend

BMI (kg/m2) −0·21 0·36 −0·91, 0·50 −0·31 0·33 −0·96, 0·33 0·526
Waist circumference (cm) −0·63 0·88 −2·35, 1·09 −0·74 0·80 −2·31, 0·83 0·434
Hip girth (cm) 0·07 0·76 −1·42, 1·57 −0·15 0·70 −1·52, 1·21 0·949
Waist:hip ratio −0·01 0·01 −0·02, 0·004 −0·01 0·01 −0·02, 0·004 0·276
Total subcutaneous fat area (cm2) −9·63 8·59 −26·48, 7·23 −2·72 7·85 −18·12, 12·69 0·859
Total visceral fat area (cm2) 1·09 4·68 −9·10, 10·28 −1·77 4·27 −10·15, 6·61 0·405
Total intermuscular fat area (cm2) −0·52 0·76 −2·02, 0·99 −0·003 0·70 −1·37, 1·37 0·815
Total abdominal skeletal mass area (cm2) 0·43 1·52 −2·55, 3·41 −1·41 1·38 −4·13, 1·31 0·852

Yogurt/raita‡ (n 854)... <3 servings per week (n 322) 1 serving/d (n 269) >1 serving/d (n 263)

β (reference = 0·0) β SE 95% CI β SE 95% CI Pfor trend

BMI (kg/m2) 0·20 0·33 −0·45, 0·85 0·24 0·34 −0·43, 0·90 0·960
Waist circumference (cm) 0·48 0·81 −1·11, 2·08 0·90 0·83 −0·72, 2·52 0·483
Hip girth (cm) 0·75 0·71 −0·65, 2·14 1·75 0·73 0·33, 3·18 0·259
Waist:hip ratio −0·002 0·05 −0·01, 0·01 −0·01 0·01 −0·02, 0·004 0·012
Total subcutaneous fat area (cm2) −5·23 8·01 −20·95, 10·48 2·61 8·18 −13·44, 18·67 0·670
Total visceral fat area (cm2) −0·86 4·37 −9·44, 7·71 0·03 4·44 −8·69, 8·75 0·221
Total intermuscular fat area (cm2) 0·70 0·71 −0·69, 2·08 0·61 0·72 −0·80, 2·02 0·212
Total abdominal skeletal mass area (cm2) −0·60 1·41 −3·38, 2·17 0·17 1·44 −2·66, 3·00 0·780

Cheese/paneer§ (n 778)... <1 serving per week (n 284)
1–2 servings per week

(n 231) >2 servings per week (n 263)

β (reference = 0·0) β SE 95% CI β SE 95% CI Pfor trend

BMI (kg/m2) −0·64 0·36 −1·35, 0·07 −0·22 0·35 −0·92, 0·47 0·805
Waist circumference (cm) 0·13 0·86 −1·57, 1·83 −0·23 0·85 −1·90, 1·43 0·795
Hip girth (cm) 0·07 0·78 −1·45, 1·60 0·18 0·76 −1·32, 1·68 0·306
Waist:hip ratio 0·0005 0·01 −0·01, 0·01 −0·005 0·01 −0·02, 0·01 0·386
Total subcutaneous fat area (cm2) −14·19 8·61 −31·09, 2·72 −10·09 8·48 −26·73, 6·55 0·801
Total visceral fat area (cm2) −6·09 4·58 −15·08, 2·91 −2·19 4·50 −11·02, 6·64 0·946
Total intermuscular fat area (cm2) −0·29 0·76 −1·78, 0·70 0·87 0·74 −0·59, 2·33 0·511
Total abdominal skeletal mass area (cm2) −0·001 1·51 −2·97, 2·97 −2·11 1·48 −5·01, 0·79 0·125

* Adjusted for age (years), percentage of life lived in the USA, educational attainment (less than bachelor’s degree, bachelor’s degree or higher), smoking status (never, former and
current), physical activity (low, medium and high) and vegetarian diet (lacto-ovo vegetarian, yes/no).

† One serving of milk is equal to eight ounces of whole-fat, low-fat or non-fat milk.
‡ One serving of yogurt is equal to eight ounces of a yogurt drink, six ounces of full-fat, low-fat, or fruit-flavoured yogurt, or four ounces of raita.
§ One serving of cheese is equal to a one ounce slice of full-fat or low-fat cheese or four ounces of paneer or ricotta.
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enhances data accuracy and minimises measurement error, pro-
viding specific information on fat area distribution that are asso-
ciated with disease risks(7,51). Moreover, the FFQ, validated
against a 7-d food record, was specifically developed for
South Asian adults living in North America, which allowed us
to perform nuanced analyses of dairy product intake(23). The
FFQ additionally queried various yogurt products, which
enabled us to indirectly assess fermented dairy food intake,
which is hypothesised to play a role in body composition(36,38).

The present study has important practice and public health
implications. Our findings that daily servings of dairy product
intake are associated with body composition measures are con-
sistent with reduced disease risk. This aligns with the position of
the Academy of Nutrition and Dietetics that recommends inclu-
sion of dairy products in dietary pattern-based changes for con-
trol of excess adiposity(52). Furthermore, the US 2015–2020
dietary guidelines recommend incorporation of moderate quan-
tities of dairy products as part of a healthy diet(53).

Our study has important clinical and public health implica-
tions. Researchers should continue to study alternative measures
of body composition to assess central obesity, rather than exclu-
sively rely on BMI(11). Currently, waist circumference is seldom
examined and not utilised appropriately in clinical settings for
assessing disease risk(54), despite the validation of waist circum-
ference as a reliable measure of obesity and better indicator of
disease risk than BMI(55). Our findings suggest the re-assessment
of currently used anthropometric measures in a clinical setting,
which would better identify individuals experiencing the Asian
Paradox. Similarly, the present analyses utilise CT imaging that
are typically not feasible to use in large cohort studies. This
imaging provides more reliable estimates quantifying the associ-
ations of dairy product intake and body composition. Finally,
South Asians remain underrepresented in large research
studies(2). Clinicians are increasingly seeking evidence-based
clinical guidelines that are culturally competent for population
subgroups in the USA(56), and South Asians are specifically noted
by the American Heart Association as one such subgroup suffer-
ing from unique disease risk factors, warranting tailored research
efforts(3). The MASALA study provides for this growing demand
in research, with planned longitudinal study that will enable
investigation of the temporal associations between dairy product
intake and multidimensional measures of body composition,
which are warranted in an ageing population to confirm these
findings.

Conclusion

The present analysis suggests that, among South Asians in the
USA, higher consumption of low-fat yogurt is associated with
lower visceral and intermuscular fat area for the whole study
population, and women with higher dairy product intake had
lower waist circumference. The present study uniquely provides
evidence about the growing South Asian population in the USA
and adds to the accrual of research that supports the establish-
ment of comprehensive body composition measures that are
better able to identify individuals at risk for non-communicable
disease.
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