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Abstract

Background: Individuals from South Asia have high diabetes prevalence despite low body weight. We com-
pared the prevalence of diabetes among South Asian Indians with other U.S. ethnic groups and explored cor-
relates of diabetes.
Methods: This was a cross-sectional study of 150 South Asian Indians (ages 45–79) in California, using similar 
methods to the Multi-Ethnic Study of Atherosclerosis (MESA). Type 2 diabetes was classifi ed by fasting plasma 
glucose (FPG) ≥126 mg/dL, 2-h postchallenge glucose ≥200 mg/dL, or use of hypoglycemic medication.
Results: A total of 29% of Asian Indians had diabetes, 37% had prediabetes, and 34% had normal glucose tol-
erance. After full adjustment for covariates, Indians still had signifi cantly higher odds of diabetes compared to 
whites and Latinos, but not signifi cantly different from African Americans and Chinese Americans in MESA: 
Indians [odds ratio (OR), 1.0], whites [OR, 0.29; 95% confi dence interval (CI), 0.17–0.49], Latinos (OR, 0.59; CI, 0.34–
1.00) African Americans (OR, 0.77; CI 0.45–1.32), Chinese Americans (OR, 0.78, CI, 0.45–1.32). Variables associated 
with prediabetes or diabetes among Indians included hypertension, fatty liver, visceral adiposity, microalbu-
minuria, carotid intima media thickness, and stronger traditional Indian beliefs.
Conclusions: Indian immigrants may be more likely to have diabetes than other U.S. ethnic groups, and cultural 
factors may play a role, suggesting that this is a promising area of research.

Introduction

Currently, india has the second largest number of indi-
viduals with type 2 diabetes globally, with projections 

of India leading the world with approximately 79.4 million 
people with diabetes in 2030.1 Consistent with these statistics, 
several studies from the South Asian diaspora have found 
South Asians (individuals from India, Pakistan, Bangladesh, 
Nepal, and Sri Lanka) have 2- to 4-fold increased prevalence 
of type 2 diabetes compared to other ethnic groups.2–5 Only 
a few studies have systematically measured diabetes preva-
lence among South Asians in the United States,6–8 but none 
have used the 2-h glucose tolerance as a diagnostic test.

South Asians may have increased genetic susceptibility 
to diabetes,9 which is further enhanced by environmental 
triggers such as physical inactivity, excessive caloric intake, 
and obesity. Less attention has been paid to specifi c cultural 
factors that may also increase diabetes risk.

We aimed to determine the prevalence and correlates 
of type 2 diabetes and prediabetes in a population-based 
sample of South Asian Indians from the San Francisco Bay 
Area. We used similar sampling methods, eligibility cri-
teria, clinical and laboratory measures to the Multi-Ethnic 
Study of Atherosclerosis (MESA) to effi ciently compare risk 
factor associations between the South Asian Indians and 

METABOLIC SYNDROME AND RELATED DISORDERS
Volume 8, Number 2, 2010
© Mary Ann Liebert, Inc.
Pp. 157–164
DOI: 10.1089/met.2009.0062

09-MET-2009_0062.indd   157 3/22/2010   11:11:46 AM



KANAYA ET AL.158

beliefs, 19 to 24 moderate traditional beliefs, and 25 to 35 
weak traditional beliefs. The Cronbach alpha for this scale 
was 0.79 with good reliability and validity.

Participant weight was measured on a standard balance 
beam scale and height with a stadiometer. Waist circum-
ference was measured using a Gullick II tape at the site of 
maximum circumference midway between the lower ribs 
and the anterior superior iliac spine. Three seated blood 
pressure measurements were obtained with an automated 
blood pressure monitor (Philips-Agilent V24C, Andover, 
MA). Mean systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were calculated from the second and third 
blood pressure measurement.

After a 12-h fast, blood samples were obtained. Total cho-
lesterol, triglycerides, high-density lipoprotein cholesterol 
(HDL-C) was measured by enzymatic methods and alanin-
ine aminotransferase (ALT) by kinetic methods (Quest, San 
Jose, CA). Microalbumin was measured from urine samples 
with the Beckman-Coulter Immunochemistry Analyzer 
(Beckman Instruments, Brea, CA). Spot urine albumin-to-
creatinine ratios (ACR) with sex-specifi c cutpoints were used 
to defi ne microalbuminuria.13 Participants were adminis-
tered 75 grams of oral glucose with blood samples taken at 
120 min for plasma glucose (YSI 2300, Yellow Sprints, OH) 
and insulin (RIA, Millipore, St. Charles, MO).

Total lean and fat mass was assessed using dual-energy 
X-ray absorptiometry (Hologic Discovery-Wi, Waltham, 
MA). Computed tomography (CT; Philips Medical Systems, 
Best, The Netherlands) was used to determine abdomi-
nal visceral and subcutaneous fat area. A trained radiol-
ogy technician used a lateral scout image of the spine to 
establish the correct position (between the L4 and L5 ver-
tebrae) for the abdominal CT using standardized protocols. 
Visceral and subcutaneous abdominal fat were measured at 
the L4–L5 level after participants were positioned supine. 
All CT scans were digitally recorded for batched readings 
by a trained research assistant. Intraabdominal adipose tis-
sue area was quantifi ed by delineating the intraabdominal 
cavity at the innermost aspect of the abdominal and oblique 
muscle walls surrounding the cavity. Subcutaneous adipose 
tissue area was quantifi ed by highlighting of adipose tissue 
located between the skin and the outermost aspect of the 
abdominal muscle wall.

We also obtained nonenhanced CT images of liver and 
spleen density to quantify hepatic fat content. CT measure-
ments included minimal, maximal, and mean attenuation 
at a minimum of two liver sites and one spleen measure-
ment. A liver minus spleen attenuation difference less than 
or equal to −10 Hounsfi eld Units (HU) is diagnostic for fatty 
liver, or a liver attenuation greater than or equal to spleen 
attenuation excludes fatty liver.14–16

Carotid ultrasound examination was performed using 
a 8-MHz linear array transducer with an Acuson Sequoia 
512 Imaging System (Siemens Medical Solutions, Mountain 
View, CA). A trained vascular technician located the carotid 
artery bifurcation and identifi ed the maximal wall thick-
ening in the near and far wall. Each image was digitally 
recorded and mailed to the reading center where maximal 
intimal medial thickness (IMT) of the internal and common 
carotid was measured as the mean of the maximum IMT of 
the near and far walls on both sides.

Individuals were categorized with normal glucose toler-
ance, prediabetes, or diabetes. Diabetes was defi ned by use of 

four other major ethnic groups in the United States. We also 
explored metabolic, sociocultural, lifestyle, and novel risk 
factors associated with diabetes or prediabetes among the 
Indian-American population.

Materials and Methods

We conducted a pilot population-based study called the 
Metabolic Syndrome and Atherosclerosis in South Asians 
Living in America (MASALA) study. We enrolled 150 par-
ticipants from the San Francisco Bay Area between August, 
2006, and October, 2007. This study was modeled on the 
MESA and used similar recruitment methods, eligibility cri-
teria, questionnaire, and clinical measurements.10 To be eli-
gible, participants had to be between age 45 and 84 years 
and self-identify as South Asian Indian (hereafter referred 
to as “Indian”). We excluded individuals from other South 
Asian countries, except for India, due to the small sample 
size of this study. To be consistent with MESA, we excluded 
individuals with physician-diagnosed heart attack, stroke, 
transient ischemic attack, congestive heart failure, angina, 
past coronary artery bypass graft surgery, angioplasty, 
valve replacement, pacemaker or defi brillator implantation, 
surgery on the heart or arteries, or atrial fi brillation on elec-
trocardiogram. Individuals using nitroglycerin, those under 
active cancer treatment, with impaired cognitive ability, life 
expectancy less than 5 years, plans to move, or living in a 
nursing home were also excluded. We excluded persons 
who could not speak or understand Hindi or English.

Our sampling frame was created using the South Asian 
surnames on the California Health Interview Survey. Using 
this surname sampling frame, we obtained name, address, 
and telephone number from randomly sampled house-
holds from the Bay Area using a commercial mailing list 
company (Genesys Marketing System Group, Washington, 
PA). We mailed letters and conducted phone calls to assess 
study eligibility. After mailing 3,484 letters, we were unable 
to contact 1,897 (54.4%) of families by phone. Of approxi-
mately 1,587 households reached by phone, 1,091 (68.7%) did 
not have an eligible member primarily due to young age. 
Another 346 (21.8%) were not interested, of whom approx-
imately 98 (28%) were eligible for the study. Of all eligible 
persons, we enrolled 150/248 (60.5%) in the study. This rate 
is similar to the MESA Exam 1 participation rate (59.8%) of 
those screened and deemed eligible.

Participants completed questionnaires to ascertain med-
ical history, smoking and alcohol use, and physical activity. 
We assessed macronutrient intake with the SHARE Food 
Frequency Questionnaire, which was developed and val-
idated in South Asians.11 We excluded 4 participants who 
did not satisfy the a priori criteria of reporting daily energy 
intake of 3.3–17.6 MJ (800–4,200 kcal/24 h). Intake of fat, car-
bohydrates, and protein was expressed as nutrient density.12 
We developed a 7-item scale from prior qualitative research 
to examine traditional Indian beliefs. The base question was 
“How much would you wish these Indian traditions would 
be practiced in America in the future?” These seven items 
included: Performing religious ceremonies; serving sweets 
at ceremonies; fasting on specifi c occasions; living in a joint 
family; having an arranged marriage; eating a staple diet of 
rice, chapatis, vegetables, and yogurt; using spices for health 
and healing. The items were scored on a Likert scale with 
scores from 7 to 18 representing strong traditional Indian 
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levels were lower among those with diabetes compared to 
the other groups. Both measures of socioeconomic status, 
education, and family income, were not associated with dia-
betes. There were trends toward lower energy intake from 
carbohydrates and higher protein intake among individuals 
with diabetes compared to the other groups.

Table 2 shows baseline characteristics of the four MESA 
ethnic groups compared to the Indian Americans. Because 
MASALA participants were a mean 3–5 years younger than 
MESA groups, all characteristics were adjusted for age. 
Indians had signifi cantly higher socioeconomic attainment, 
lower smoking rates, and BMI than most ethnic groups except 
for Chinese Americans. Age-adjusted prevalence of diabe-
tes was higher in Indians compared to whites and Chinese 
Americans. Because MESA participants did not perform 2-h 
glucose tolerance testing, we restricted the MASALA study 
diabetes defi nition to the use of hypoglycemic medication or 
a FPG ≥126 mg/dL.

We compared the adjusted odds of diabetes of the 
MASALA study participants to the MESA ethnic groups. 
After adjusting for covariates associated with diabetes, 
including age, sex, education, family income, smoking, alco-
hol use, exercise, waist circumference, hypertension, HDL-C, 
and triglycerides, compared to Indians, all of the MESA eth-
nic groups had signifi cantly lower odds of diabetes: Whites 
[OR, 0.17; 95% confi dence interval (CI), 0.11–0.27]; Latinos (OR, 
0.37; CI, 0.23–0.59); African Americans (OR, 0.50; CI, 0.31–0.78); 
Chinese Americans (OR, 0.55; CI, 0.34–0.88). Further adjust-
ment for microalbuminuria and internal carotid IMT attenu-
ated the results somewhat: Indians (OR, 1.0); whites (OR, 0.29; 
95% CI, 0.17–0.49); Latinos (OR, 0.59; 95% CI, 0.34–1.00); African 
Americans (OR, 0.77; 95% CI, 0.45–1.32); Chinese Americans 
(OR, 0.78; CI, 0.45–1.32). Among those with medication-treated 
diabetes, Indians had higher adjusted prevalence than most 
MESA ethnic groups (12% Indians; 3% whites; 10% Chinese 
Americans; 11% African Americans; and 10% Latinos; P < 0.05 
for each comparison except for African Americans).

In the proportional odds model (Table 3), metabolic cova-
riates signifi cantly associated with higher odds or prediabe-
tes or diabetes included hypertension and lower liver minus 
spleen attenuation values. Higher levels of ALT and visceral 
fat area had a trend toward increased odds as well. Having 
moderate/strong traditional Indian beliefs was indepen-
dently associated with increased odds of prediabetes or 
diabetes. Other more novel covariates included microalbu-
minuria and increased internal carotid IMT.

We further examined the traditional Indian beliefs mea-
sure to determine which aspects of this construct were most 
associated with the increased diabetes risk (data not shown). 
Of the seven items that comprised that scale, the items 
about continuing the tradition of serving sweets at reli-
gious ceremonies, fasting on specifi c occasions, and having 
an arranged marriage were most strongly associated with 
increased diabetes risk.

Discussion

In this pilot study of South Asian Indians from the 
San Francisco Bay Area modeled on the MESA study, we 
found that Indians have somewhat higher adjusted odds 
of type 2 diabetes than other ethnic groups in the United 
States, despite having lower BMI and higher socioeconomic 
attainment. Correlates most associated with prediabetes 

a hypoglycemic medication, or fasting plasma glucose (FPG) 
≥126 mg/dL, or 2-h postchallenge glucose ≥200 mg/dL.17 
Prediabetes was defi ned by FPG 100–125 mg/dL and/or a 
2-h postchallenge glucose between 140–199 mg/dL. Normal 
glucose-tolerant participants had both FPG <100 mg/dL and 
2-h glucose <140 mg/dL. Because the MESA study partici-
pants did not have 2-h glucose tolerance tests performed, in 
our diabetes prevalence comparison to MESA, we exclude 
the use of the 2-h postchallenge test results.

Statistical analysis

Characteristics of the MASALA participants were com-
pared by glucose tolerance category using the chi-square 
test, analysis of variance (ANOVA), or Kruskal–Wallis tests 
as appropriate. After excluding the 2-h glucose tolerance 
test, the odds of diabetes was compared between Indians 
and each MESA ethnic group by logistic regression after 
adjusting for age and other covariates, including sex, edu-
cation, income, smoking, alcohol use, exercise, body mass 
index (BMI), waist circumference, hypertension, HDL-C, 
and triglycerides. We calculated unadjusted, age-adjusted, 
and multivariate-adjusted prevalence rates of diabetes com-
paring the Indians to all four MESA ethnic groups. In a 
sensitivity analysis, we compared the prevalence of drug-
treated diabetes participants only.

We used proportional odds regression models to exam-
ine covariates associated with an ordinal scale consisting of 
no diabetes, prediabetes, and diabetes outcome among the 
Indians. The odds ratio (OR) estimated for a predictor under 
this model captures its association with both diabetes ver-
sus normal glucose tolerance or prediabetes, and with dia-
betes or prediabetes versus normal glucose tolerance, under 
the assumption that the OR are the same for both dichoto-
mous outcomes.18 Model assumption of proportional odds 
was checked using the chi-squared0 score test. To keep 
only the most relevant covariates, we used stepwise back-
ward elimination to remove variables with P > 0.20 from the 
model. Spearman correlations were examined among poten-
tial covariates to reduce the likelihood of multicollinearity. 
We used STATA (version 9.0, College Station, TX) and SAS 
Version 9.1 (SAS Institute, Cary, NC) for our analyses.

Results

Of the 150 Indians in the MASALA study, 43 (29%) had 
type 2 diabetes, 56 (37%) had prediabetes, and the remaining 
51 (34%) had normal glucose tolerance. All but 2 were immi-
grants to the United States. Of those with diabetes, 21 (49%) 
were using hypoglycemic medications; only 2 were using 
insulin. Those with treated diabetes had a diabetes duration 
of 12 (1–26) years. Of the 56 participants with prediabetes, 21 
(37%) had both impaired fasting glucose (IFG; FPG 100–125 
mg/dL) and impaired glucose tolerance (IGT, 2-h glucose 
140–199 mg/dL), whereas 11 (20%) had isolated IFG, and the 
remaining 24 (43%) had isolated IGT.

Table 1 shows participant characteristics by glucose tol-
erance status. Individuals with diabetes were more likely 
to be male, have moderate/strong traditional Indian beliefs, 
higher SBP and DBP, BMI, waist circumference, visceral fat 
area, total lean mass, and carotid IMT. Fasting glucose, insu-
lin, triglycerides, ALT, creatinine, and microalbuminuria 
were signifi cantly higher, whereas HDL-C and adiponectin 
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Table 1. Characteristics of the MASALA Participants,a 2006–2007

 

Normal 
glucose tolerance 

n = 51
Prediabetes 

n = 56
Diabetes 
n = 43 P value

Male sex, % 29 53 72 <0.001 
Age, years  56 ± 7  57 ± 9  58 ± 7 0.72
Years lived in the United States   23 ± 10   24 ± 11   24 ± 13 0.80
Education
 ≤ High school, %
 ≤ Bachelor’s degree
 > Bachelor’s degree

12
27
61

9
39
52

16
40
44

0.45

Family income
 ≤$40,000, %
 $40,000–74,999
 $75,000–99,999
 ≥$100,000

10
14
18
59

14
23
15
46

23
16
9
51

0.39

Current smoking, % 6 4 2 0.38
Total alcoholic drinks/week   1.5 ± 4.0   3.2 ± 5.5   3.5 ± 5.8 0.12
Total exercise (MET-min/week)   2328 ± 3054   1883 ± 1582   2001 ± 2265 0.61
Traditional Indian beliefs, %
 Weak
 Moderate
 Strong

45
28
28

30
42
28

16
37
47

0.03

Systolic blood pressure, mmHg  116 ± 16  127 ± 16  132 ± 14 <0.001
Diastolic blood pressure, mmHg  68 ± 9   74 ± 11   76 ± 11 0.003
Hypertension, % 20 42 72 <0.001
Body composition measures 
 Body mass index, kg/m2  24.5 ± 3.6  27.0 ± 5.2  26.9 ± 4.6 0.01
 Waist circumference, cm  90.9 ± 11.2   96.9 ± 12.7  101.4 ± 11.1 <0.001
 Abdominal visceral fat area, cm2  105 ± 46  136 ± 51  163 ± 59 <0.001
 Abdominal subcutaneous fat, cm2  233 ± 94   264 ± 132   257 ± 106 0.34
 Percent body fat, %  36.1 ± 6.4  35.0 ± 8.8  34.0 ± 8.6 0.44
 Total body fat, kg  23.1 ± 6.9  25.1 ± 9.1  25.7 ± 8.0 0.24
 Total lean mass, kg  38.6 ± 9.2  43.8 ± 9.5  47.2 ± 9.2 <0.001
 Liver–spleen attenuation, HU  15.6 ± 7.7  10.4 ± 9.2   3.4 ± 12.6 <0.001
Food frequency questionnaire data
 Total calories, kcal/day 1,801 ± 651 2,015 ± 697 1,935 ± 732 0.22
 Carbohydrates, % of energy intake  52 ± 6  53 ± 5  50 ± 5 0.06
 Total protein, % of energy intake  14 ± 3  14 ± 3  15 ± 3 0.10
 Total fat, % of energy intake  31 ± 6  35 ± 9  34 ± 9 0.47
 Total cereal fi ber, g/day  11.6 ± 4.5  13.2 ± 6.2  12.9 ± 6.1 0.37
Laboratory measures
 Fasting glucose, mg/dL  86 ± 6   95 ± 10  131 ± 28 <0.001
 2-h glucose, mg/dL  107 ± 16  151 ± 27  279 ± 65 <0.001
 Fasting insulin, μU/mL   9.8 ± 4.3  13.4 ± 8.8   19.3 ± 21.0 0.002
 Total cholesterol, mg/dL  193 ± 31  186 ± 32  185 ± 37 0.42
 HDL-C, mg/dL   53 ± 14   48 ± 14   45 ± 11 0.008
 Triglycerides, mg/dL  115 ± 39  135 ± 67  151 ± 75 0.02
 LDL-C, mg/dL  116 ± 27  111 ± 29  110 ± 36 0.57
 ALT, mg/dL  17 ± 7  20 ± 9   30 ± 24 <0.001
 Creatinine, mg/dL   0.8 ± 0.2   1.0 ± 0.2   1.0 ± 0.2 0.004
 CRP, μg/mL   1.5 ± 1.6   3.6 ± 5.2   2.1 ± 2.1 0.16
 Total adiponectin, μg/mL   8.5 ± 4.7   6.9 ± 4.0   6.4 ± 6.1 0.002
 Microalbuminuria, %   2 ± 1   14 ± 35   37 ± 49 <0.001
Subclinical atherosclerosis 
 Common carotid IMT, mm  0.86 ± 0.1  0.94 ± 0.2  0.96 ± 0.2 0.02
 Internal carotid IMT, mm  0.88 ± 0.3  0.99 ± 0.3  1.16 ± 0.5 0.001

aValues represent mean ± SD or %; P values using chi-squared, ANOVA, or Kruskall–Wallis test as appropriate.

Abbreviations: MASALA, Metabolic Syndrome and Atherosclerosis in South Asians Living in America Study; HU, 

Hounsfi eld units; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alaninine 

aminotransferase; CRP, C-reactive protein; IMT, intimal medial thickness.
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around the world. Recent diabetes prevalence estimates 
among adults aged 20 years or older are approximately 
14.3%–18.6% in an urban city in South India.19,20 Population-
based samples of South Asians from the United Kingdom 
have reported a diabetes prevalence of 11.2%–21.4%.2,21 A 
recent population-based sample of Asian Indians in the 
United States that used only fasting glucose and self-report 
of treated diabetes found an diabetes prevalence of 17% in 
their sample (age >18 years).6 However, the prevalence of 
diabetes in the MASALA study likely underestimates the 
true prevalence of diabetes in the U.S. South Asian Indian 
population because we excluded individuals with a history 
of cardiovascular disease from our sample.

Obesity is a well-known determinant of type 2 diabetes. 
Central adiposity measured with waist circumference, sag-
ittal diameter, or abdominal visceral fat by CT have been 
more closely associated with glucose abnormalities than 
overall adiposity measured by BMI.22–24 In the present study, 
visceral adiposity was most closely associated with predi-
abetes and diabetes, whereas overall adiposity measured 
with BMI or total body fat from whole body DEXA were not 
associated. This is a critical clinical fi nding because clini-
cians who focus on body weight to guide their screening 
practices or lifestyle recommendations will miss patients if 
they do not use a measurement of visceral adiposity, such as 
waist circumference, in their clinical encounters.

and diabetes among Indians included hypertension, fatty 
liver, visceral adiposity, microalbuminuria, higher levels of 
carotid IMT, and stronger traditional Indian beliefs.

Our sample estimate of 29% diabetes prevalence in 
Indians between age 45 and 79 years is comparable to South 
Asian estimates taken from a broader age range of adults 

Table 2. Age-Adjusted Characteristics of MASALA and MESA Participants by Ethnic Group on 
Measures Collected by Both Studies

 

South Asian
Indians
n = 150

Whites
n = 2,507

Chinese
Americans

n = 769

African
American
n = 1,821

Latinos
n = 1,429

Age, years 57 ± 8   62 ± 10a   61 ± 10a  61 ± 9a 60 ± 4a

Male sex, % 50 48 49 45 48
Education ≥ bachelor’s degree, % 75 51a 39a 34a 10a

Family income ≥ $75,000, % 65 36a 17a 17a 7a

Current smoking, % 3 11a 5 18a 13a

Alcoholic drinks ≥7 per week, % 10 21a 2a 14 15
Exercise, MET-min/weekb 1,327 1,873a 1,240 1,679 a 1,219
BMI, kg/m2 26 ± 5  28 ± 5c  24 ± 3c  30 ± 6c 29 ± 5c

Waist circumference, cm  96 ± 12   98 ± 15   87 ± 10c  101 ± 15c 101 ± 13c

LDL-C, mg/dL 112 ± 31 117 ± 30 115 ± 29 117 ± 33 120 ± 33c

HDL-C, mg/dL   49 ± 15   52 ± 16c   49 ± 13   52 ± 15c  48 ± 13
Triglycerides, mg/dLb 119 114 124 90c 135c

Fasting insulin, μU/mLb 11.0 4.9a 5.1a 6.0a 6.6a

Urinary microalbumin, mg/dLb 0.40 0.46 0.72a 0.80a 0.87a

Internal carotid intima media 
thickness, mm

1.0 0.98 0.78 0.96 0.92c

Hypertension, % 48 35c 34c 60c 41
Metabolic syndrome, % 41% 30%c 26%a 36% 43%
Diabetes,d %
Impaired fasting glucose
Normal fasting glucose

26
25
48

7c

25
68

14c

33
53

19
28
53

19
30
51

aCompares each individual ethnic group in MESA to Indian Americans, P < 0.001.
bAge-adjusted median or geometric mean values displayed.
cCompares each individual ethnic group in MESA to Indian Americans, P < 0.05.
dDiabetes is defi ned as fasting glucose ≥126 mg/dL and/or taking diabetes medications; impaired fasting glucose: 

100–125 mg/dl; normal glucose <100 mg/dL.

Abbreviations: MASALA, Metabolic Syndrome and Atherosclerosis in South Asians Living in America; MESA, Multi-

Ethnic Study of Atherosclerosis; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table 3. Multivariate Model of Correlates 
Associated With Diabetes and Prediabetes Among 

South Asian Indians in the MASALA Study

 
Odds ratio 
(95% CI) P value

Hypertension 3.31 (1.49–7.33) <0.001
Microalbuminuria 4.72 (1.42–14.70) 0.007
Liver/spleen attenuation, HU 0.50 (0.31–0.81) 0.005
Internal carotid IMT, per SD mm 1.92 (1.26–2.94) 0.002
Traditional Indian beliefs, 

moderate/strong versus weak
2.32 (1.03–5.22) 0.04

ALT, per SD mg/dL 1.81 (1.08–3.06) 0.03
Visceral fat area, per SD cm2 1.57 (0.99–2.48) 0.06
Sex, male versus female 1.38 (0.57–3.35) 0.48

Abbreviations: HU, Houndsfi eld unit; IMT, intimal medial 

thickness; SD, standard deviation; ALT, alaninine aminotransferase.
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to Indians living in the Bay Area as a similar socioeconomic 
distribution has been reported among Indian Americans in 
the U.S. Census 2000.41 But higher socioeconomic status is 
a protective factor in westernized cultures associated with 
lower diabetes prevalence.42,43 Adjusting for SES only ex-
aggerated the prevalence differences between the Indians 
and other ethnic groups. Last, we were unable to compare 
diabetes estimates with other high-risk ethnic groups such 
as Native Americans.

In conclusion, we found that Indian immigrants in the 
United States have somewhat higher odds of type 2 diabetes 
compared to other ethnic groups after adjusting for well-
known determinants of diabetes. Several metabolic measures, 
including hypertension, fatty liver disease, and visceral adi-
posity, were correlated with prediabetes and diabetes among 
South Asian Indians, as well as markers of subclinical athero-
sclerosis, including internal carotid IMT and microalbuminu-
ria. Having moderate or strong Indian traditional beliefs was 
an independent risk factor that may be modifi able to curb the 
high rates of diabetes in this ethnic group.
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