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A B S T R A C T

Introduction: South Asian Immigrants (SAIs) are the second fastest growing Asian immigrant population
in the US, and at a higher risk of type 2 diabetes (diabetes) and coronary artery disease (CAD) than the
general US population. Objectives: We sought to determine in SAIs the; 1) the prevalence of CAD risk
factors in diabetics and non-diabetics; and b) the high possibility of CAD in diabetic SAIs. We also
assessed the prevalence of sub-clinical CAD in both diabetics and non-diabetics SAIs using common
carotid artery Intima-media thickness (CIMT) as a surrogate marker for atherosclerosis.
Methods: In a cross-sectional study design, 213 first generation SAIs were recruited and based on the
history, and fasting glucose levels were divided into two subgroups; 35 diabetics and 178 non-diabetics.
12-hour fasting blood samples were collected for glucose and total cholesterol levels. Exercise Tolerance
Test (ETT) was performed to determine the possibility of CAD.
Results: Both diabetics and non-diabetics SAIs in general, share a significant burden of CAD risk factors.
The prevalence of hypertension (p = 0.003), total cholesterol � 200 mg/dl (p < 0.0001) and family history
of diabetes (p < 0.0001) was significantly was significantly higher in diabetics compared to non-
diabetics. Of the 22/29 diabetic participants without known history of CAD, 45% had positive ETT
(p < 0.001). Similarly, 63.1% of diabetics and 51.8 % of non-diabetics were positive for sub-clinical CAD
using CIMT as a marker.
Conclusion: The susceptibility to diabetes amongst SAIs promotes an adverse CAD risk, as evident by this
small study. Further research, including larger longitudinal prospective studies, is required to validate the
current small study findings with investigation of the temporal association.
© 2017 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Though death rates attributable to cardiovascular diseases
(CVDs) including coronary artery disease (CAD) have declined in
the past decade, yet CAD is still number one killer globally and
accounts for 30.8% of all deaths in the US.1 The increasing
frequency of global migration to US has highlighted the need for
more information on CAD risk factors and diseases in migrant
populations from different ethnic backgrounds. The prevalence of
Type 2 Diabetes (henceforth, diabetes) worldwide was about 2.8%
in 2000 and is projected to be 4.4% in 2030.2,3 India leads the world
with the largest number of diabetics (prevalence of approximately
10%), earning the dubious distinction of being termed the “diabetes
capital of the world”. South Asian Immigrants (SAIs), the people
from Indian subcontinent (India, Pakistan, Bangladesh, Nepal, and
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Sri Lanka) represent a quarter of the world's population, and at 3.4
million, SAIs in the US has exploded over the past decade (over
106% growth rate), and is the second fastest growing immigrant
group.4 Many studies have reported high rates of diabetes and CAD
among SAIs worldwide.5,6 Furthermore, studies have found that
SAIs’ risk of CAD death is as high as 40% above whites’, and they
have a 2- to 4-fold higher incidence of diabetes.2,7 A recent study
on SAIs in the US found a diabetes prevalence of 30%.8 Recently, the
South Asian Association for Regional Cooperation (SAARC)
reported that mortality and morbidity due to diabetes and CVDs
are higher in SAIs than in any other expatriate ethnic group
worldwide.9,10 Metabolic syndrome (MS) is more prevalent in both
men and women living in India or abroad.11,12 Diabetes is a major
problem among South Asians still living in Asia, as well as among
SAIs who have migrated to other countries.

The principal cause of mortality globally, particularly in
diabetics is CAD, as their CAD mortality risk is equal to that of
non-diabetics who had a previous episode of myocardial infarc-
tion.9 MS predisposes patients, especially women to CAD, stroke,
is is an open access article under the CC BY-NC-ND license (http://creativecommons.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ihj.2017.07.009&domain=pdf
mailto:soni.dodani@gmail.com
http://dx.doi.org/10.1016/j.ihj.2017.07.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ihj.2017.07.009
http://www.sciencedirect.com/science/journal/00194832
www.elsevier.com/locate/ihj


S. Dodani, G.K. Sharma / Indian Heart Journal 70 (2018) 50–55 51
and diabetes.10 Insulin resistance is postulated as a central feature
of the MS, culminating in atherosclerosis, diabetes and CVD; a
pathway potentially accelerated by migration/urbanization.

In the US, SAI population has doubled in the past decade,
however, data on CAD with and without among diabetic SAIs is
limited and mostly comes from Canada or UK. The awareness about
high burden CAD in SAIs in general and in SAI diabetics in
particular is low. Since prevalence of diabetes is high in SAIs and to
our knowledge, no previous study has reported the incidence of
CAD in diabetic SAI population; we sought to determine; a) the
prevalence of CAD risk factors in diabetics and non-diabetics; and
b) the possibility of CAD in diabetic SAIs living in the State of
Georgia, US, which is home to a very large SAI population. We also
assessed the prevalence of sub-clinical CAD in both diabetics and
non-diabetics SAIs using common carotid artery Intima-media
thickness (CIMT) as a surrogate marker for atherosclerosis.
Through this small but an eye-opener study, the goal is to create
awareness among SAI community of the diabetes and CAD burden
and highlight that SAI with diabetes and a positive stress test need
more aggressive risk management.

2. Methods and study design

The study was approved by Institutional Review Board (IRB) of
the Medical College of Georgia, Augusta, Georgia. Using a cross-
sectional study design, a total of 213 first generation SAIs (Hindus)
were randomly recruited from Hindu Temples, major businesses
and other organizations in Augusta and Atlanta, the two largest
cities of Georgia. Study information was made available by
distributing flyers in the temples and announcements through
local newspapers outlining the purpose, rationale, and design of
the study. The study included adult SAIs of age 25 years or more.
Written informed consent was obtained. Information on socio-
demographic status, ethnicity (based on spoken language),
personal lifestyle characteristics, as well as CAD risk factors was
obtained. Twelve-hour fasting blood samples were collected for
measurements of total cholesterol and fasting glucose levels. We
also assessed sub-clinical CAD in those without the history of CAD
using CIMT as a surrogate marker for atherosclerosis.

2.1. Exercise stress test

Due to limited funding, exercise tolerance test-ETT (also called
stress test) was offered to only on diabetic participants without
known history of CAD (n = 29) in order to determine the high
possibility of CAD in this group. Standard Bruce protocol was
followed for the ETT.13,14 The exercise goal was to achieve at least a
target heart rate of 85% of maximum predicted for age.14 The test
could also be terminated early at the discretion of supervising
physician if a participant had any significant symptoms like chest
pain, shortness of breath, sustained arrhythmias, or hemodynamic
instability (based on BP control) or ST-segment changes.14 ETT test
was considered positive for ischemia (high possibility of CAD) in
the presence of exercise induced 1 mm horizontal or down sloping
ST-segment depression 80 ms from the J point. A blinded
cardiologist interpreted ETT.

2.2. Carotid ultrasound doppler

Details on Carotid ultrasound Doppler procedure are provided
elsewhere.15 Briefly, IMT is defined by Pingoli and colleagues as the
distance from the leading edge of the lumen-intima interface of the
far wall to the leading edge of the media-adventitia interface of the
far wall.16 B-mode ultrasound scanning of bilateral common
carotid arteries was performed by a trained non-invasive vascular
ultrasound technician at study clinic at the Medical College of
Georgia, using SonoCalcTM IMT machine (SonoSite, Inc Bothell,
WA) with a 7.5 MHz linear array transducer. Both arteries were
scanned in supine position. A total of eight images were obtained
(four on each side), 1 cm proximal to the carotid bulb using an
anterior approach. ECG leads were placed to obtain end-diastolic
measurements. Images were recorded and stored on a disk. The
CIMT approach for IMT measurements was preferred because the
CIMT is reproducible and predictive of future cardiovascular
events, and the data collection is more complete than other non-
invasive markers.17–19 Measurements of the internal carotid and
bifurcation segments tend to have many more missing values.18

The Mannheim Intima-Media Thickness Consensus suggested that
measurement of the common carotid artery is ideal.20

Any focal thickening of the intima-media complex or carotid
plaque though documented, but was not included in the analysis. A
cardiologist, who was blinded to participants’ identities and
clinical information, analyzed stored images by using automated
edge detection technology (SonoCalcTM IMT). Measurement of the
far wall of the carotid artery was preferred, since studies
comparing ultrasound measurements with histology suggest that
far-wall CIMT measurements are more indicative of the true
thickness of the arterial wall.21 Near-wall CIMT measurements, in
comparison, are limited by their dependence on the axial
resolution, gain settings of the equipment used and show greater
variation between repeated measurements.22–24 Participants with
values greater than 0.80 mm were considered to be IMT positive.
Previous epidemiological studies suggest that a value of IMT at or
above 0.80 mm is associated with a significantly increased absolute
risk of CAD.24 In this study CIMT values of 0.80 mm or more were
considered abnormal. CIMT values were adjusted for age as age can
influence IMT.24 We did not include carotid plaque in this study.

2.3. Power calculation and statistical analysis

This was a pilot cross-sectional study on SAIs to determine the
prevalence of CAD, diabetes and CAD risk factors in diabetic vs. non
diabetic participants. Therefore a convenience sample of 213 SAIs
was recruited without a specific sample size target. Results
obtained from this study will help develop a powered prospective
observational trial. The data management and statistical analysis
was performed using Windows based SPSS software, version 9.1 of
the SPSS system. A detailed statistical analysis was conducted to
explore the socio demographic and clinical characteristics of the
study participants. Baseline socio-demographic characteristics and
laboratory measures were summarized by frequency distributions
and percentages for qualitative measures and means and standard
deviations for quantitative measures. Maximum likelihood esti-
mates and asymptotic 95% confidence intervals were calculated for
the prevalence of clinical parameters. Bivariate tests of association
were performed using simple logistic regression. Multiple logistic
regression models were used to assess the relative importance of
variables found to be significantly associated with the outcome
from the bivariate assessments. All statistical tests were two-sided
and performed at the 0.05 level of significance.

3. Results

The total sample consisted of 213 participants who were
categorized into two subgroups on the basis of the presence of
diabetes: 35 diabetics and 178 non-diabetics. CIMT was performed
on 46 participants who provided consent and had no known
history of CAD; 19 diabetic and 27 non-diabetic participants. ETT
was offered to 29 participants with diabetes and known CAD,
however only 22 consented and completed ETT testing.

The mean age of participants was 51 �10.63 years with an
almost equal number of males and females (Table 1). As per



Table 1
Clinical Characteristics of study Participants (n = 213).

Participants’ Characteristics # of Participants Percentages (%)

Age
Sex 213 a50.99 � 10.63b

Male 105 49.53
Female 108 50.47

Prevalence of CADc and its determinants
Known CAD (on history) 24 11.21
fCIMT 46 21.5
Type 2 diabetes 35 16.82
dHypertension 64 29.91
Cholesterol (� 200 mg/dL) 78 36.45
Smoking 5 2.34
Physically active 140 65.42
Family History of CAD 88 41.12
Family history of T2D 105 49.07

eAge adjusted CAD risk factors N = 152
Two Risk factors 68 44.74
Three risk factors 16 10.52
Four risk factors 10 6.57

a Mean.
b Standard Deviation.
c Coronary Artery Disease.
d Defined by Joint National Committee 6 (JNC-6) criteria.
e Male � 40, female � 50.
f Common Carotid Artery Intima Media Thickness.
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information from the medical history questionnaire, the preva-
lence of CAD (based on known history of CAD) was 11.2%. The
history of diabetes, hypertension and smoking was 16.8%, 21.5%,
and 2.3% respectively. Approximately 65% participants reported
having physically active lifestyles. Family history of CAD and
diabetes was 41.12% and 49% respectively, and 45% had two or more
CAD risk factors. Serum cholesterol (�200 mg/dl) was present in
36.4%. More than 10% of subjects after age adjustment had at least
three risk factors (Table 1). Of the total 35 diabetic participants, 6
already had CAD diagnosed previously and among non-diabetics
18/178 had known CAD on history. Among diabetics, 22/29
provided consent for ETT and 19/29 for CIMT. We also performed
CIMT measurements on 27 non-diabetics without known history
of CAD.

3.1. Prevalence of CAD risk factors in diabetics and non-diabetics

On comparison of CAD risk factors among diabetics and non-
diabetics (Table 2), the prevalence of hypertension was 31.7% and
15.7% in diabetics vs non-diabetics (p = 0.003) respectively.
Similarly, the prevalence of high total cholesterol (�200 mg/dL)
and family history of diabetes was 54.3% (p < 0.0001) and 77.1%
(p < 0.0001) respectively in diabetics as compared to lower values
in non-diabetics (Fig. 1 and Table 2).

We also compared other CAD risk factors between these two
groups, however, these comparisons did not reach significance
which could be attributable to a small sample size (Table 2).
Table 2
Prevalence of CADa risk factors among Diabetics and non Diabetics.

Risk factors % Diabetics (n = 35) 

Hypertension 37.1 

Total Cholesterol � 200 mg/dL 54.3 

Smoking 5.7 

Physical inactivity 40.0 

Family history of diabetes 77.1 

Family history of CAD 48.6 

Bold values denote highly significance.
a Coronary Artery Disease.
3.2. Positive ETT amongst diabetics

Of the 22/29 diabetic participants without known history of
CAD who consented for ETT (Table 3), 45% had positive ETT and
thus pointed towards the high risk of the presence of CAD
(p < 0.001, Fig. 2, Table 3). Similarly, 63.1% of diabetics and 51.8% of
non-diabetics were positive for sub-clinical CAD using CIMT that
further supports the fact that CAD incidence and prevalence is high
in SAIs irrespective of diabetes status. To see if there was any
correlation of CIMT and CAD, we compared to assess if those who
were positive for ETT also had high CIMT. We found that out of 10
subjects that were positive for ETT, 7 were also positive for
CIMT � 0.8 mm (p = 0.18) but was not statistically significant
(Table 3). Similarly, we could not find statistical association
between CAD and diabetes control (p = 0.56), duration of diabetes
(p = 0.14) and with type of diabetes treatment i.e. with diet
(p = 0.71) and drugs (p = 0.83, Table 4).

4. Discussion

SAIs have a high burden of traditional risk factors predisposes
them at the increased risk of CVD events. Our findings demonstrate
that the four traditional modifiable cardiac risk factors (dyslipi-
demia, hypertension, overweight/obesity and diabetes) originally
identified from a white cohort in the Framingham Heart Study
(FHS) and subsequently confirmed in major multiethnic epidemi-
ological studies (e.g. Seven Countries Study, INTERHEART, INTER-
STROKE) are important contributors to variations in CVD rates in
migrant populations from very diverse ethnic backgrounds.6,25–27

In this small pilot of 213 SAIs residing in Georgia, we found higher
prevalence of CAD risk factors in all participants, irrespective of the
presence of diabetes. Moreover, diabetics had clustering of risk
factors as shown by higher prevalence of hypertension, hypercho-
lesterolemia and family history of diabetes, thus increase risk of
MS. Subclinical atherosclerosis determined by CIMT was seen in
>50% of the entire sample. A positive ETT suggestive of the
presence of asymptomatic CAD (45%) was seen in those with
diabetes requiring further research on large sample in a prospec-
tive study design.

With increasing prevalence of obesity, clustering of cardiac risk
factors has increased, particularly in the western countries, also
seen in SAIs. The high CAD risk factor prevalence rates have
consistently been described in countries across the globe:
Singapore, Canada, the United Kingdom, South Africa, Trinidad,
and the US.28–31 Studies around the world have shown that from
11% to 20% of all SAIs and other South Asian groups have
diabetes.28–31 A population-based study on SAIs found the
prevalence rate of diabetes to be 20% in the US.31 Moreover, in
the US, SAI men have more than double the incidence (7% vs. 3%) of
myocardial infarction than the general US population.25 The
susceptibility of diabetes amongst SAIs promotes an adverse CAD
risk, even in patients treated for high blood pressure and CV risk as
evident in this study. This is higher than the national rates reported
% non-Diabetics (n = 178) p-value

15.7 0.003
24.7 <0.0001
1.7 0.190
33.7 0.475
43.8 <0.0001
39.9 0.340



Fig. 1. Prevalence of CAD Risk Factors among Diabetics and Non diabetics.

Table 3
Incidence of Positive ETT and CIMT in the study sample.

Tests Diabetics (n = 22) Non- Diabetics (n = 158) P value

n % n %
aCIMT positive (�0.8) 12/19 63.1 14/27 51.8 0.18
bETT positive 10/22 45% – – *<0.0001

Bold values denote highly significance.
* Fisher exact Test.
a Common Carotid Artery Intima Media Thickness.
b Exercise Tolerance Test/Stress Test.

Fig. 2. Exercise Tolerance Test in Diabetics (n = 22).

Table 4
Association of Positive ETT with Clinical Parameters among diabetics (n = 10)
(Outcome-ETT as categorical variable).

Variable Beta value Wald Chi-Square p-value*

IMT(�0.8 vs. <0.8) �0.9945 1.8079 0.18
Blood Glucose(�125 vs. <125) 0.4359 0.2262 0.63
Diabetic treatment

Diet �0.3622 0.1402 0.71
Drug �0.1884 0.0485 0.83

* Multivariate Logistic regression.
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by the Centers for Disease Control’s (CDC’s) National Diabetes
Surveillance System.32 In one of the studies, CAD mortality rate
among diabetic SAIs was 3 times higher than that of people with
diabetes who were born in England and Wales.33 The mortality rate
difference was greatest in the younger age group, from 30- to
64 year olds. From our analysis, we found that both the diabetic and
non-diabetic groups showed high CAD risk factor prevalence with
a slight higher figures in diabetics than non-diabetics (Table 2,
Fig. 1). Even non-diabetic participants had a high prevalence of
positive CIMT suggesting that true incidence of CAD in this
population may be much higher than thought. Of note, 65% of the
participants reported to have physically active life style and may
represent a health conscious proactive group to volunteer to
participate in the study. The true prevalence of CAD in a larger
representative population may be even higher.

In this current study, we confirmed the presence of diabetes in
16.82% of the study sample that is higher than any other immigrant
as well as general US population8,34 (Table 1), however this may
still be an under estimation. Considering the fact that those who
are negligent of their health are also less likely to participate in
such research for health assessments; the actual number of people
with risk factors could be much higher. Further studies are needed
to determine the relative contribution of established and emerging
CVD risk factors in SAIs and evaluate clinical outcomes following
treatment of these risk factors. Moreover, more research is needed
to address the patho-physiological mechanism by which diabetes
confers an adverse CV risk in SAIs, and whether there is ethnic
variation therein. Studies comparing CAD risk factors amongst
South Asians living in India to SAIs in Britain highlighted that CAD
risk factors are markedly higher amongst Indian Punjabi27 and
Gujarati28–30 migrants than their counterparts in India. Greater
atherogenic effects of diabetes in SAIs might also explain the
higher mean levels of CIMT observed in this study, and these
findings strongly argue for specific and intensive strategies for the
management of diabetes levels and lipids in SAIs especially with
high prevalence of family history of CAD and diabetes.

Differences in association of diabetes with MS have also been
observed between Chinese, Europeans and South Asians,35

suggesting that SAIs may be uniquely susceptible to the effects
of metabolic determinants of CVDs. In a study, levels of CIMT were
slightly lower in SAIs as compared to locals of European descent;31

however, CIMT levels were not adjusted for risk factors that may
lead to under-estimation of true prevalence.

With a goal to estimate presence of a positive stress test or
positive CIMT in SAI diabetics, this small study has provides some
evidence of early screening of CAD in diabetics as all diabetics are
not same and pts with a positive stress test need more aggressive
risk management. In a large cohort of white man, positive ETT was
a strong predictor of cardiovascular death.36 However, the US
Preventive Services Task Force does not endorse ETT to detect CAD
in asymptomatic individuals because of low diagnostic yield (2.7%)
for severe coronary artery obstruction that would benefit from
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revascularization.37 Exercise thallium scintography was found to
be useful in the risk assessment of asymptomatic male siblings of
patients with premature CAD.38 However, since the prevalence of
sub-clinical disease measured by CIMT is so high in diabetic SAIs in
this study, there is little to be gained by testing for CAD but more to
be gained by intensively treating known risk factors in this high
risk as supported by several.39,40 Additionally, there is enough
evidence available suggesting that though the prevalence of
conventional Cad risk factors and MS is high, But, these factors
cannot account for all the excess CAD risk among SAIs, and search
for non-traditional markers are needed to facilitate more accurate
identification of high-risk SAIs and earlier CAD prevention or
treatment.41,42 One such non-conventional risk factor is the
presence of dysfunctional HDL in SAIs and some of the recent
studies have shown its association with CIMT and MS in SAIs.43

Further research is warranted to better understand the CAD risk in
SAIs and the utility of CAD screening tests in high-risk groups.

Despite interesting and supportive findings, this small pilot
study has several limitations and faced many challenges that are
worth mentioning. First, while interesting, this data must be
considered as “hypothesis generating” due to its limitations in both
sample size and selection bias. Nonetheless, the study design was
cross-sectional, so caution should be exercised in any causal
interpretation of diabetes and the CAD parameters. Moreover the
results of this small pilot are just an eye-opener and may not be
generalizable to the diverse SAIs. Larger prospective studies are
required to support these findings. Second, recruiting eligible
participants and having them complete the study was a challenge.
Research team made every effort to arrange visits for blood,
imaging and ETT testing, including several appointment reminders
through phone, emails, personal contacts, however the issue of no-
show was significant, and recruiting SAIs in research studies is of a
great concern, despite SAIs being the fastest growing immigrant
population in the US, a group with high burden of CVD and its risk
factors, compared to other racial/ethnic groups. Moreover, SAIs are
not significantly well represented in clinical studies. To improve
SAI recruitment and retention in research studies, collaborative
efforts and partnerships with SAIs communities and organizations
including faith-based settings, and academic institution will be
fruitful in engaging substantial portion of at-risk population in
institutional research projects so that the basic information on the
causes of CAD risk is made available for evidence-based disease
management. Furthermore, education of SAI community through
regular community sessions and health screening events, and
endorsing healthy behaviors will be useful. Clearly, for these
activities to take place on regular basis, resources, such as time,
energy, support, committed staff and funding are critical elements,
especially in the face of competing priorities.

Third is the presence of CAD in non-diabetics that may not
reflect correct numbers as we did not perform ETT in non-diabetics
and figures are based on history of CAD and available medical
health records. On the same note, due to its lower sensitivity, ETT
may not represent true incidence of CAD in diabetics and furthers
tests are required to confirm CAD diagnosis. Forth is the small
sample size due to limited funding, and therefore some of the
findings did not reach statistical significance, and additional sub-
analyses (adjustments and bonferroni corrections for example)
were not performed. Fifth, the convenience sample of the study
may cause selection bias. We recruited participants from local
Hindu temples, and therefore participants may not be generaliz-
able and representative of the South Asian Indian community.
There are no census data on SAIs within the US that provide a true
estimate of the SAI population, and the convenience sampling
method is mostly used to design studies in SAIs. However, people
attending these temples are from mixed ethnic backgrounds, and
data were collected from participants who attended weekend
worship services, which in general are attended by SAI Hindus
from different and diverse ethnic groups. Seventh, we did not
assess diet pattern in this study, and plan to include a detailed
nutrition component in our larger future study. And eighth, due to
the limited budget and in order to have a homogeneous group, only
Hindu SAIs were included, and SAs of different religions were not
included.

5. Conclusion

Unexpectedly high rates of CVDs in general and CADs in
particular in SAIS have remained largely unexplained since they
were first noted. The susceptibility to diabetes amongst SAIs
promotes an adverse CAD risk, as evident by this small study. The
key to combating the increasing incidence of CAD among SAIs is
early CAD screening and an aggressive treatment of known risk
factors, and diabetes through both an individual-based as well as a
population-based approach aimed at comprehensive risk factor
reduction. Further research, including larger longitudinal prospec-
tive studies, is required to validate the current small study findings
with investigation of the temporal association.

Conflict of interest

None.

Funding

Medical College of Georgia, School of Nursing Seed Award
Funds.

Acknowledgments

We are highly indebted to all the study participants from Hindu
Temples in Georgia for their invaluable time and commitment for
the project. Without their support this success was not possible.
We want to thank all the study participants for being such a
wonderful group and making it possible for us to collect data
related to heart disease risk. Our special thanks to temple priests,
temple board that developed and maintained the temple interest
by providing all support required. We are very thankful to the
school of Nursing, Medical College of Georgia for their help and
kind support with the project. Last but not the least our special
thanks to Mr. Isaac Dong for his statistical support for manuscript
preparation.

References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, Das SR,
de Ferranti S, Després JP, Fullerton HJ, Howard VJ, Huffman MD, Isasi CR,
Jiménez MC, Judd SE, Kissela BM, Lichtman JH, Lisabeth LD, Liu S, Mackey RH,
Magid DJ, McGuire DK, Mohler 3rd ER, Moy CS, Muntner P, Mussolino ME, Nasir
K, Neumar RW, Nichol G, Palaniappan L, Pandey DK, Reeves MJ, Rodriguez CJ,
Rosamond W, Sorlie PD, Stein J, Towfighi A, Turan TN, Virani SS, Woo D, Yeh
RW, Turner MB, American Heart Association Statistics Committee, Stroke
Statistics Subcommittee. Executive Summary: Heart Disease and Stroke
Statistics-2016 Update: A Report From the American Heart Association.
Circulation. 2016;133(January(4)):447–454.

2. Wild SH, Roglic G, Green A, Sicree R, King H. Gloal prevalence of diabetes:
estimates for the year 2000 and projections for 2030. Diabetes Care. 2015;3:.

3. Mohan V, Sandeep S, Deepa R, Shah B, Varghese C. Epidemiology of type 2
diabetes: Indian scenario. Indian J Med Res. 2007;125(March (3)):217–230.

4. Hoeffel EM, Rastogi S, Kim MO, Shahid H. The Asian Population: 2010.
Washington, DC: US Department of Commerce, Economics and Statistics
Administration. US Census Bureau; 2012.

5. Tu JV, Chu A, Rezai MR, et al. The incidence of major cardiovascular events in
immigrants to Ontario, Canada: the CANHEART immigrant study. Circulation.
2015;(August) pii: CIRCULATIONAHA.115.015345. [Pub Med 26324719].

6. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART

http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0005
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0010
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0010
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0015
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0015
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0020
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0020
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0020
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0025
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0025
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0025
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0030


S. Dodani, G.K. Sharma / Indian Heart Journal 70 (2018) 50–55 55
study): case-control study. Lancet. 2004;364:937–95210.1016/S0140-6736(04)
17018-9.

7. Cappuccio F, Cook D, Atkinson R, Strazzullo P. Prevalence, detection, and
management of cardiovascular risk factors in different ethnic groups in south
London. Heart. 1997;78:555–563.

8. Dodani S, Dong L, Guirgis FW, Reddy ST. Carotid intima media thickness and
low high-density lipoprotein (HDL) in South Asian immigrants: could
dysfunctional HDL be the missing link? Arch Med Sci. 2014 Oct 27;10(5):870–
879.

9. Srivastava R. South Asia’s governments exhorted to focus on cardiovascular
diseases. Lancet. 2002;359:858.

10. The South Asian Public Health Association. A brown paper: the health of South
Asians in the united states, executive summary. Berkeley, CA: South Asian Public
Health Association; 2002.

11. Pandit K, Goswami S, Ghosh S, Mukhopadhyay P, Chowdhury S. Metabolic
syndrome in south asians. Indian J Endocrinol Metab. 2012;16(January (1)):44–
55.

12. Dodani S, Henkhaus R, Wick J, et al. Metabolic syndrome in South Asian
immigrants: more than low HDL requiring aggressive management. Lipids
Health Dis. 2011;10(March (45)).

13. Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and nomographic
assessment of functional aerobic impairment in cardiovascular disease. Am
Heart J. 1973;85:546–562.

14. Hornsten TR, Bruce RA. Stress testing, safety precautions, and cardiovascular
health. J Occup Med. 1968;10(November (11)):640–648.

15. Dodani S, Kaur R, Reddy S, Reed GL, Mohammad N. Can dysfunctional HDL
explain high coronary artery disease risk in South Asians? Int J Cardiol. 2008;
(February) [Epub ahead of print].

16. Pingoli P, Longo T. Evaluation of atherosclerosis with B-mode ultrasound
imaging. J Nucl Med Allied Sci. 1988;32:166–173.

17. Leary DH, Polak JF, Wolfson SK. Use of sonography to evaluate carotid
atherosclerosis in the elderly. Cardiovasc Health Study Stroke. 1991;22:1155–
1163.

18. del Sol AI, Moons KG, Hollander M, et al. Is carotid intima-media thickness
useful in cardiovascular disease risk assessment? The Rotterdam Study. Stroke.
2001;32:1532–1538.

19. Howard G, Sharrett AR, Heiss G, et al. Carotid artery intimal-medial thickness
distribution in general populations as evaluated by B-mode ultrasound. Stroke.
1993;24:1297–1304.

20. Touboul PJ, Hennerici MG, Meairs S, et al. Mannheim carotid intima-media
thickness consensus (2004–2006). An update on behalf of the advisory board
of the 3rd and 4th watching the risk symposium 13th and 15th European
stroke conferences, Mannheim, Germany, 2004, and Brussels, Belgium, 2006.
Cerebrovasc Dis. 2007;23:75–78.

21. Wendelhag I, Gustavsson T, Suurkula M. Ultrasound measurement of wall
thickness in the carotid artery: fundamental principles and description of a
computerized analyzing system. Clin Physiol. 1991;11:565–577.

22. Persson J, Formgren J, Israelsson B, Berglund G. Ultrasound determined intima-
media thickness and atherosclerosis: direct and indirect validation. Arterioscler
Thromb. 1994;14:261–264.

23. Salonen JT, Salonen R. Ultrasound B-mode imaging in observational studies of
atherosclerotic progression. Circulation. 1993;87:56–65.

24. Kablak-Ziembicka A, Przewlocki T, Tracz W, Pieniazek P, Musialek P,
Sokolowski A. Gender differences in carotid intima-media thickness in
patients with suspected coronary artery disease. Am J Cardiol. 2005;96
(9):1217–1222.

25. Prevention of coronary heart disease: diet, lifestyle and risk factors in the seven
countries study. Boston: Kluwer Academic Publishers; 2002.

26. Mahmood SS, Levy D, Vasan RS, Wang TJ. The Framingham Heart Study and the
epidemiology of cardiovascular disease: a historical perspective. Lancet.
2014;383:999–100810.1016/S0140-6736(13)61752-3.
27. O’Donnell MJ, Xavier D, Liu L, et al. Risk factors for ischaemic and intracerebral
haemorrhagic stroke in 22 countries (the INTERSTROKE study): a case-control
study. Lancet. 2010;376:112–12310.1016/S0140-6736(10)60834-3.

28. Enas EA, Mohan V, Deepa M, Farooq S, Pazhoor S, Chennikkara H. The
metabolic syndrome and dyslipidemia among Asian Indians: a population
with high rates of diabetes and premature coronary artery disease. J
Cardiometab Syndr. 2007;2(Fall (4)):267–275.

29. Bhopal R, Hayes L, White M, Unwin N, Harland J, Ayis S. Ethnic and socio-
economic inequalities in coronary heart disease, diabetes and risk factors in
Europeans and South Asians. J Public Health Med. 2002;24:95–105.

30. Patel JV, Vyas A, Cruickshank JK, et al. Impact of migration on coronary heart
disease risk factors: comparison of Gujaratis in Britain and their
contemporaries in villages of origin in India. Atherosclerosis. 2006;185:297–
306.

31. Anand SS, Yusuf S, Vuksan V, et al. Differences in risk factors, atherosclerosis,
and cardiovascular disease between ethnic groups in Canada: the Study of
Health Assessment and Risk in Ethnic groups (SHARE). Lancet. 2000;356
(9226):279–284.

32. Centers for Disease Control. Age-adjusted prevalence of diagnosed diabetes by
race/ethnicity and sex, United States, 1980 to 2004. Retrieved 7 April 2015, from
http://www.cdc.gov/diabetes/statistics/prev/national/figraceethsex.htm.

33. Tillin T, Hughes AD, Mayet J, et al. The relationship between metabolic risk factors
and incident cardiovascular disease in Europeans, South Asians and African
Caribbeans: SABRE (Southall and Brent Revisited)—a prospective population-
based study. .

34. Engelgau MM, Geiss LS, Saaddine JB, et al. The evolving diabetes burden in the
United States. Ann Intern Med. 2004;140:945–950.

35. Wang TD, Goto S, Bhatt DL, et al. Ethnic differences in the relationships of
anthropometric measures to metabolic risk factors in Asian patients at risk of
atherothrombosis: results from the reduction of Atherothrombosis for
Continued Health (REACH) Registry. Metabolism. 2010;59(March (3)):400–
408.

36. Gordon DJ, Ekelund LG, Karon JM, et al. Predictive value of the exercise
tolerance test for mortality in North American men: the lipid research clinics
mortality follow-up study. Circulation. 1974;2:252–261.

37. Fowler-Brown Angela, Pignone Michael, Pletcher Mark, et al. Exercise
tolerance testing to screen for Coronary heart disease: a systematic review
for the technical support for the U.S. preventive services task force. Ann Intern
Med. 2004;140:W9–W24.

38. Blumenthal RS, Becker DM, Moy TF, Coresh J, Wilder LB, Becker LC. Exercise
thallium tomography predicts future clinically manifest Coronary heart
disease in a high-risk asymptomatic population. Circulation. 1996;93(March
(5)):915–923.

39. Rozanski A, Muhlestein JB, Berman DS. Primary prevention of CVD: the role of
imaging trials. JACC Cardiovasc Imaging. 2017;10(March (3)):304–317.

40. Fox CS, Golden SH, Anderson C, et al. Update on prevention of cardiovascular
disease in adults with type 2 diabetes mellitus in light of recent evidence: a
scientific statement from the American Heart Association and the American
Diabetes Association. Diabetes Care. 2015;38(September (9)):1777–1803.

41. Forouhi NG, Sattar N, Tillin T, McKeigue PM, Chaturvedi N. Do known risk
factors explain the higher coronary heart disease mortality in South Asian
compared with European men? Prospective follow-up of the Southall and
Brent studies, UK. Diabetologia. 2006;49:2580–2588.

42. Joshi P, Islam S, Pais P, et al. Risk factors for early myocardial infarction in South
Asians compared with individuals in other countries. JAMA. 2007;297:286–
294.

43. Dodani S, Dong L, Guirgis FW, Reddy ST. Carotid intima media thickness and
low high-density lipoprotein (HDL) in South Asian immigrants: could
dysfunctional HDL be the missing link? Arch Med Sci. 2014;10(October
(5)):870–879.

http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0030
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0035
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0040
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0045
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0045
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0050
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0055
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0060
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0060
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0060
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0065
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0065
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0065
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0070
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0070
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0075
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0075
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0075
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0080
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0080
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0085
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0085
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0085
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0090
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0095
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0100
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0105
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0105
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0105
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0110
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0110
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0110
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0115
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0115
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0120
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0120
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0120
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0120
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0125
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0125
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0130
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0130
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0130
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0135
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0135
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0135
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0140
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0140
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0140
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0140
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0145
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0145
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0145
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0150
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0150
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0150
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0150
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0155
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0155
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0155
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0155
http://www.cdc.gov/diabetes/statistics/prev/national/figraceethsex.htm
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0165
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0165
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0165
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0165
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0170
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0170
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0175
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0175
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0175
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0175
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0175
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0180
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0180
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0180
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0185
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0185
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0185
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0185
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0190
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0190
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0190
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0190
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0195
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0195
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0200
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0200
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0200
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0200
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0205
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0205
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0205
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0205
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0210
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0210
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0210
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0215
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0215
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0215
http://refhub.elsevier.com/S0019-4832(16)30257-7/sbref0215

	Presence of coronary artery disease in diabetic and non diabetic South Asian immigrants
	1 Introduction
	2 Methods and study design
	2.1 Exercise stress test
	2.2 Carotid ultrasound doppler
	2.3 Power calculation and statistical analysis

	3 Results
	3.1 Prevalence of CAD risk factors in diabetics and non-diabetics
	3.2 Positive ETT amongst diabetics

	4 Discussion
	5 Conclusion
	Conflict of interest
	Funding
	Acknowledgments
	References


