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A B S T R A C T   

Background and aims: South Asian ethnicity has been associated with increased cardiovascular risk, in the context 
of a greater burden of traditional cardiovascular disease risk factors. We aimed to identify the 10-year incidence 
of coronary heart disease (CHD) in South Asians, as compared to other racial-ethnic groups, in a retrospective 
cohort study, using the Kaiser Permanente Northern California integrated health care system, and to understand 
whether traditional risk factors could explain differences in outcomes. 
Methods and results: A study cohort established in 2006, with 10-year follow-up, identified a total n = 341,309 
patients, including 5149 South Asians, aged 30–70 years who underwent a screening lipid panel and had no prior 
history of CHD. There were a total of 460 (8.93%) patients with at least one cardiovascular event, including 
cardiovascular death, coronary artery revascularization, and myocardial infarction, in South Asians, as compared 
to 5.66% patients in the total population (p < 0.0001). In a multivariable logistic regression analysis, South Asian 
ethnicity, compared to White race, was associated with an adjusted odds ratio (aOR) = 2.04 (95%CI: 1.83, 2.28) 
in predicting the cardiovascular outcomes. 
Conclusions: South Asian ethnicity, even after adjustment for traditional risk factors, is associated with an 
increased risk of coronary heart disease outcomes. This risk was greater than other studied racial-ethnic groups 
and second only to diabetes in CHD risk prediction.   

1. Introduction 

South Asians are individuals with ethnic heritage from India, 
Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan and the Maldives, and 
account for a disproportionate global burden of coronary heart disease 
(CHD); South Asian men and women develop CHD at an earlier age, are 
more often hospitalized for, and suffer earlier mortality from, CHD [1]. 
Early data from the Coronary Artery Disease Among Asian Indians 
(CADI) Study identified a 4-fold higher prevalence of CHD in Asian In-
dian physicians and their family members, compared to a similar age 
group of Whites from the Framingham Offspring study, and implicated 
the key components of the metabolic syndrome (diabetes, hyper-
triglyceridemia, and low high density lipoprotein (HDL)) as associated 
risk factors [2]. The INTERHEART study further elaborated on athero-
sclerotic cardiovascular disease (ASCVD) risk assessment in a global 
case-control study of 52 countries in patients with an acute myocardial 
infarction (MI). Global MI risk could be largely attributed to traditional 
ASCVD risk factors, with the following being the strongest population 
attributable risk factors: smoking, diabetes, hyperlipidemia, central 

obesity (waist: hip ratio), hypertension, non-vegetarian diet, reduced 
physical activity, excess alcohol consumption and psychosocial factors 
[3]. In South Asians, risk factors were present at an earlier age, with 
diabetes and an elevated apolipoprotein B: apolipoprotein A-1 ratio 
being the strongest risk factors for subsequent MI in South Asians. Data 
from the National Health Survey similarly identified physical inactivity 
and diabetes, occurring at lower body mass index, to be of greater 
prevalence in South Asians [4]. Greater body fat content and abdominal 
fat distribution, contributing to insulin resistance and the metabolic 
syndrome, are also notable disease contributors in South Asians [5]. As 
the quantifiable higher risk in South Asians became epidemiologically 
evident, efforts have turned toward understanding unmeasured risk 
factors in this ethnic group. In the Study of Health Assessment and Risk 
in Ethnic groups (SHARE) conducted in three Canadian cities, South 
Asians had a greater risk of carotid atherosclerosis, which was used as a 
subclinical surrogate for coronary artery disease [6]. In addition to 
traditional risk factors, higher levels of fibrinogen, homocysteine, lipo-
protein (a), and plasminogen activator inhibitor-1 were noted to be in 
greater concentrations in South Asians, as compared to Europeans and 
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Chinese, in this study. 
Despite potential unmeasured pro-thrombotic and pro-inflammatory 

markers in South Asians, no conclusive treatment targets have been 
identified in South Asians. The Mediators of Atherosclerosis in South 
Asians Living in America (MASALA) prospective study of South Asians 
from the Bay Area and Chicago aims to provide a comprehensive eval-
uation, inclusive of behavioral and cultural contributions, of cardio-
vascular disease in this high-risk group. A scientific statement from the 
American Heart Association in 2018 further emphasizes the increased 
disease burden in South Asians as being largely explained by traditional 
risk factors, including insulin resistance, and the updated 2018 ACC/ 
AHA guidelines on the management of blood cholesterol have incor-
porated South Asian ethnicity to be used as a risk modifier in “inter-
mediate” risk (10-year ASCVD risk defined as 7.5–20%) populations [7, 
8]. 

In California, Klatsky et al. demonstrated a near four-fold higher risk 
of hospitalization for CHD in South Asians, as compared to Whites, in 
Northern California pre-paid health plan participants between 1978 and 
1985 [9]. Furthermore, a near seven-fold relative risk increase in CHD 
hospitalizations was demonstrated between South Asians and Chinese, 
in comparing Asian subgroups. An analysis of the California Mortality 
Database from the 1990 and 2000 census data demonstrated a general 
decline in CHD mortality from the prior decade, except in Asian Indian 
women, who experienced a 5% increase in CHD mortality [10]. Recent 
analysis of a Kaiser Permanente Northern California (KPNC) cohort 
identified a lower CHD incidence in Asians, as compared to Whites, from 
2002 to 2012, but the classification is notably a composite of all Asians 
and without sub-classification of South Asians [11]. 

We aim to identify the 10-year incidence (2006–2016) of CHD in 
South Asians, as compared to other racial-ethnic groups, in a contem-
porary cohort, using the KPNC integrated health care system, and, un-
derstand whether variations in CHD incidence can be explained by 
traditional ASCVD risk factors. 

2. Patients and methods 

We performed a retrospective cohort study using patients with a 
complete lipid panel during calendar year 2006, with age range between 
30 and 70 years old, and recorded racial/ethnic data. For study inclu-
sion, patients were required to have 10 year follow up (ensured through 
Kaiser Permanente’s single electronical health record system), with a 
maximal gap in membership of 3 months over the 10-year follow up 
period. Patients with a prior history of CHD or a history of end stage 
renal or liver disease were excluded; the latter two groups were excluded 
because of potential resultant clinical impact on statin use in these 
populations. We determined the 10-year incidence of the CHD outcome, 
defined as fatal or nonfatal myocardial infarction (MI), revascularization 
with coronary artery bypass grafting (CABG) or percutaneous coronary 
intervention (PCI), and cardiovascular death using standard interna-
tional classification of disease (ICD) codes versions 9 and 10, as well as 
Current Procedural Terminology (CPT) 4th edition codes. Co-variates 
collected included: age at time of cohort entry, gender, fasting 
glucose, body mass index (BMI), total cholesterol, low density lipopro-
tein (LDL), HDL, triglycerides, smoking use, diagnosis of diabetes, 
diagnosis of hypertension and use of lipid lowering medications in the 
year prior to cohort entry, as well as statin use during the 10-year follow 
up. Granular race/ethnicity data were obtained from the KPNC Division 
of Research (DOR) Virtual Data Warehouse demographics database and 
from the Epic HealthConnect electronical medical record system. Cate-
gories of racial/ethnic groups were identified as White, Black, Hispanic, 
South Asian (from India, Pakistan, Bangladesh, Sri Lanka, Nepal, 
Bhutan, Maldives, or Fiji, with the last group included due to predom-
inant Indian population in that geographic population), East Asian (from 
Asia, but not from South Asian countries), unclassified Asians (could not 
be disaggregated further), and a Multi-Ethnic group (which included 
more than one entry for race/ethnicity). 

The Kaiser Foundation Research Institute’s Institutional Review 
Board approved this study, with waiver of consent. 

2.1. Statistical analysis 

Ten-year incidence of CHD was defined as the ratio of CHD outcomes 
to the population size. Descriptive statistics (frequency, mean, median, 
proportions) for the demographic and clinical characteristics were 
calculated, using the chi-squared test for categorical variables and the t- 
test for continuous variables. Multivariable logistic regression was used 
to compute the adjusted odds ratios for the 10-year incidence of CHD, 
with racial/ethnic groups as the primary predictor and adjusting for the 
following covariates: age (by 5 year groups), gender, diagnosis of dia-
betes, diagnosis of hypertension, statin use, LDL cholesterol, HDL 
cholesterol, triglycerides, total cholesterol, fasting glucose, BMI, and 
smoking status (ever/never smoker). All analyses were conducted using 
SAS version 9.4. 

3. Results 

After applying inclusion and exclusion criteria, our final study cohort 
of 341,309 patients included 189,863 Whites, 27,322 Blacks and 39,002 
Hispanics. Among Asians, 8719 could not be classified further; South 
Asians included 5149; and East Asians included 51,006 patients. A 
multi-ethnic group of 20,248 included patients who identified with 
more than one racial/ethnic group. Baseline characteristics are shown in 
Table 1 (and stratified by gender in Supplementary Tables 1 and 2). 
South Asians included in the cohort were younger (mean age 49.82), had 
a high percentage in standard “overweight” (BMI 25–30 kg/m2) cate-
gory (36.43%), and had the lowest mean HDL-cholesterol value at 
baseline (46.51 mg/dl). The prevalence of diabetes in South Asians 
(26.28%) was similar to that in Blacks (28.60%), Hispanics (26.70%), 
and the Multi-ethnic group (26.38%). South Asians were less likely than 
other racial-ethnic groups to report ever smoking (20.55%, compared to 
50.68% for Whites). 

In the entire cohort, there were a total of 19,331 CHD outcomes. 
Individual outcomes were not mutually exclusive, though included only 
once in the composite outcome. Those with a single CHD outcome 
included 1530 with cardiovascular death, 4655 with MI, and 5050 with 
PCI/CABG (1927 with CABG, 3114 with PCI, and 9 with both PCI and 
CABG). Those with multiple outcomes included the following: 479 MI 
and cardiovascular death, 6988 MI and PCI/CABG, 125 PCI/CABG and 
cardiovascular death, and 504 with MI and PCI/CABG and cardiovas-
cular death. 

During the 10-year follow up period, there were a total of 460 
(8.93% of n = 5149, 12.43% incidence in males and 4.9% incidence in 
females) CHD outcomes in South Asians, including: cardiovascular 
death, 28 (0.54%); CABG, 86 (1.67%); PCI, 292 (5.67%); MI, 326 
(6.33%); Table 2 and Fig. 1. The overall difference in proportion of the 
primary composite outcome was statistically significant amongst the 
racial ethnic groups, p < 0.0001, South Asians, 8.93%; East Asians, 
4.46%; Asians, not further classified, 1.57%; Blacks, 5.66%; Hispanics, 
4.32%; Whites, 6.29%; total population, 5.66%. A higher event rate was 
noted in all male race-ethnic categories, but the trend for highest inci-
dence of CHD outcomes existed in South Asian males and females, as 
compared to other racial-ethnic gender groups (Supplementary Tables 3 
and 4). 

In a multivariable logistic regression model to predict CHD inci-
dence, South Asian ethnicity, using White race as a reference, was 
associated with an aOR (adjusted odds ratio) = 2.04 (95%CI: 1.83,2.28); 
Fig. 2. East Asian ethnicity was associated with an aOR = 0.97 (95%CI: 
0.92, 1.02) and Asians, not otherwise sub-categorized, was associated 
with an aOR = 0.42 (95%CI: 0.35, 0.50). Diabetes mellitus was the 
strongest predictor of CHD outcome, with an aOR = 3.11 (95%CI: 
2.96,3.28). 

S. Pursnani and M. Merchant                                                                                                                                                                                                                

Downloaded for Anonymous User (n/a) at KAISER PERMANENTE from ClinicalKey.com by Elsevier on December 07, 
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Atherosclerosis 315 (2020) 126–130

128

4. Discussion 

In this large Kaiser Permanente Northern California cohort, a pop-
ulation that is representative of the insured and general population of 
Northern California [12], we found that among various racial-ethnic 
subgroups, South Asians had the highest 10-year incidence of CHD, as 
defined by cardiovascular death, percutaneous or surgical revasculari-
zation or myocardial infarction. When adjusting for measurable risk 

factors, including age, gender, diabetes, smoking, hypertension, 
cholesterol values and statin use (at study entry and during follow-up), 
South Asian ethnicity (aOR = 2.04), using the White race as the refer-
ence category, was only second to diabetes (aOR = 3.11) in predicting 
CHD outcomes. When adjusting for traditional risk factors, particularly 
with higher rates of diabetes, obesity, hypertension, hyperlipidemia and 
smoking, Black race had an aOR = 0.87 (95%CI: 0.82, 0.92), though 
CHD incidence was similar to the entire cohort. Being of Hispanic 

Table 1 
Baseline characteristics of cohort.   

South Asian East Asian Asian (not further classified) Black Hispanic White Multi-ethnic 

Mean age (SD) 49.82 (10.55) 53.23 (10.03) 47.19 (9.65) 53.55 (9.92) 51.11 (10.68) 55.80 (9.47) 53.82 (10.32) 
Male gender 53.58% 42.96% 54.31% 42.78% 46.36% 47.50% 43.17% 
BMI between 25 and 30 kg/m2 36.43% 33.32% 31.45% 25.91% 31.99% 29.17% 28.90% 
BMI ≥30 kg/m2 17.83% 12.95% 12.42% 49.45% 42.79% 33.98% 38.89% 
DM 26.28% 22.22% 15.09% 28.60% 26.70% 16.38% 26.38% 
HTN 21.87% 29.38% 18.86% 38.89% 22.64% 31.44% 29.04% 
Smoking (at any time) 20.55% 30.84% 24.64% 49.81% 40.41% 50.68% 47.51% 
LDL-C, mg/dl (SD) 114.88 (33.18) 116.16 (33.41) 119.36 (32.67) 120.70 (36.12) 117.58 (34.34) 120.38 (33.80) 117.18 (34.77) 
HDL-C, mg/dl (SD) 46.51 (11.41) 52.37 (13.02) 49.31 (12.42) 51.27 (13.81) 47.56 (12.13) 51.40 (14.77) 49.48 (13.26) 
TG, mg/dl (SD) 155.03 (87.10) 151.40 (90.98) 150.15 (93.24) 115.24 (69.85) 163.88 (97.68) 148.83 (92.50) 156.29 (96.53) 
Total cholesterol, mg/dl (SD) 192.17 (38.61) 198.70 (38.02) 198.44 (37.16) 194.97 (40.85) 197.66 (39.83) 201.33 (39.17) 197.61 (40.10) 
Statin use at baseline 25.19% 26.06% 15.77% 27% 22.09% 28.46% 28.20% 
Other lipid lowering use 2.56% 2.94% 1.89% 1.71% 2.72% 2.97% 2.86% 
Statin use during follow up 60.17% 59.8% 46.6% 62.74% 58.24% 58.28% 60.89% 

BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, tri-
glycerides; SD standard deviation. Note that due to the large cohort size, p < 0.0001 across racial-ethnic groups for each variable. 

Table 2 
Primary and secondary outcomes analyses.   

Total population Composite CHD outcome CV death CABG PCI MI 

South Asian 5149 460 (8.93%) 28 (0.54%) 86 (1.67%) 292 (5.67%) 326 (6.33%) 
East Asian 51006 2273 (4.46%) 223 (0.44%) 500 (0.98%) 1114 (2.18%) 1464 (2.87%) 
Asian (not further classified) 8719 137 (1.57%) 24 (0.28%) 20 (0.23%) 75 (0.86%) 82 (0.94%) 
Black 27322 1547 (5.66%) 286 (1.05%) 179 (0.66%) 536 (1.96%) 1116 (4.08%) 
Hispanic 39002 1683 (4.32%) 182 (0.47%) 355 (0.91%) 787 (2.02%) 1174 (3.01%) 
White 189863 11945 (6.29%) 1705 (0.90%) 2235 (1.18%) 5745 (3.03%) 7581 (3.99%) 
Multi-ethnic 20248 1286 (6.35%) 190 (0.94%) 243 (1.20%) 584 (2.88%) 883 (4.36%) 
Total population 341309 19331 (5.66%) 2638 (0.77%) 3618 (1.06%) 9133 (2.68%) 12626 (3.70%) 

CHD, coronary heart disease; CV, cardiovascular; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; MI, myocardial infarction. Note 
that due to the large cohort size, Chi-squared p < 0.0001 for all individual and composite outcomes, across the racial-ethnic groups. 

Fig. 1. 10-year incidence of coronary heart disease by racial-ethnic groups in Northern California Kaiser Permanente cohort, 2006–2016.  
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ethnicity was protective, compared to the reference category, in pre-
dicting CHD (aOR = 0.74, 95%CI: 0.70, 0.78), which is a 
well-documented epidemiologic paradox. Being Asian, as compared to 
explicitly South Asian, was also associated with a lower odds of CHD 
(East Asian, aOR 0.97; Asians, not otherwise specified, aOR 0.42). The 
large group of Asians, not further classified, highlights the need for 
routine disaggregation of Asian subgroups in electronic health record 
and research studies. Additionally, a multi-ethnic group, which includes 
a heterogenous population where more than one racial or ethnic group 
was recorded, was associated with an aOR = 0.96 (95%CI: 0.90, 1.02) 
and highlights the additional necessity for standardized categorization 
of mixed racial-ethnic groups for future studies. 

Although the analysis identified CHD to include a composite of MI, 
cardiovascular death, and revascularization events (PCI or CABG), the 
trend was unchanged with exclusion of revascularization events, given 
the predominant coexistence of MI and revascularization events in our 
population. Incidence of revascularization only (without concomitant 
MI or cardiovascular death) events was highest in the East Asian group 
(30.18%), as compared to South Asians (28.04%), Whites (27.30%) and 
the entire population (26.12%). 

Limitations of the study include the retrospective design and 
consequent inability to implicate direct causality of race/ethnicity on 
the measured outcomes. Generalizability of findings to South Asian 
populations in other countries may further be limited. Notably, there is 
variability in outcomes among North American South Asian pop-
ulations, with Canadian studies demonstrating an overall increased 
incidence of CHD in South Asians, potentially worse revascularization 
outcomes, but no differences in hospital post MI mortality rates [13–15]. 
Further sub-classifying South Asians, with unique religious, cultural, 
lifestyle, dietary, and migration patterns would be important to clarify 

these differences in future studies. In addition, known variability in CHD 
incidence and greater prevalent CHD in certain East Asian subgroups 
(Filipinos, Malaysians) and ancestral genetic overlap in these Asian 
subgroups further highlights the need for disaggregation and explora-
tion of birth origin, migration patterns, and lifestyle factors. These fac-
tors may help to explain risk differences among the South Asian, East 
Asian, and unclassified Asian groups used in this study. 

Lack of routine available measurement of glycated hemoglobin 
(HbA1c) in patients at cohort initiation and lack of standard practice of 
waist circumference measurements limited assessment of insulin resis-
tance and present-day categorization of the metabolic syndrome in this 
susceptible group. Ethnic specific BMI thresholds were also not used, 
due to variability in definitions of overweight and obesity among indi-
vidual Asian subgroups, though it is well known that at-risk BMI 
thresholds are lower in Asian, as compared to European, populations 
[16–19]. Risk factor duration and level of control were also not assessed 
in this study and requires additional, serial investigation. Lifestyle fac-
tors, such as physical activity, diet, and stress burden, could not be 
measured, but require prospective assessment. Previously reported ob-
servations regarding sedentary lifestyle, high carbohydrate and satu-
rated fat intake, and high and unaddressed stress levels in South Asians 
require further qualification and directed clinical interventions. Finally, 
measures of subclinical atherosclerosis, such as coronary artery calcium, 
were also not assessed, due to lack of routine or standardized use. 

The primary strength of this study is the use of a large, diverse, in-
tegrated healthcare system in a population for whom 10 year follow up 
could be ensured. Measured differences seen in this study are in the 
context of a healthcare system with a backbone in primary prevention 
efforts. The study outlines the essential need to individualize risk 
assessment and therapy by race/ethnicity, with attention and efforts 

Fig. 2. Multivariable modeling for adjusted odd ratio of measured risk factors in 10-year coronary heart disease incidence prediction. Adjusted odds ratio of 10-year 
coronary heart disease incidence. 
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directed toward further understanding the causes of cardiovascular 
disease in South Asians and how the risk burden can be reduced with 
race/ethnic-specific treatments and treatment targets. 

4.1. Conclusions 

We conclude that, in this large Kaiser Permanente Northern Cali-
fornia cohort, South Asian ethnicity is associated with an increased risk 
of CHD, greater than all other studied racial-ethnic groups and second 
only to diabetes as a risk factor for CHD. Additional prospective studies 
and primary prevention efforts are critical to reduce the burden of dis-
ease in this high-risk population. 
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