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Abstract

INTRODUCTION: The aim of this study was to investigate associations between cumulative 

biological risk and subclinical atherosclerosis in South Asian immigrants.

METHODS: Data from the Mediators of Atherosclerosis in South Asians Living in America 

(MASALA) study, including 858 participants at baseline (mean age = 56 [standard deviation = 9] 

years, 46% women). A cumulative biological risk score was derived using nine biomarkers across 

cardiovascular, immune, and metabolic systems with a possible score range of 0–9. Common and 

internal carotid artery intima media thickness (CIMT) and coronary artery calcium (CAC) were 

used as indicators of subclinical atherosclerosis.

RESULTS: Higher cumulative biological risk score was significantly associated with higher 

common and internal CIMT and higher odds of CAC at baseline. The odds of new CAC after 5 

years of follow-up were 31% higher per 1-point increase in cumulative biological risk score, and 

the higher cumulative biological risk score was also associated with CAC progression.

CONCLUSIONS: Among South Asian immigrants, cumulative biological risk was directly 

associated with subclinical atherosclerosis and its progression.
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Nearly 14% of the United States (US) population in 2017 was reported to be foreign-born.1 

Individuals of South Asian-origin (i.e. from Bangladesh, Bhutan, India, Maldives, Pakistan, 

Nepal, and Sri Lanka) are the fastest growing immigrant group in the US. South Asians 

have a higher burden of cardiovascular disease (CVD) and its related mortality as well as 

higher risk of subclinical atherosclerosis compared with non-Hispanic Whites and other US 

race/ethnic groups.2,3

There have been few investigations that have focused on atherosclerotic cardiovascular 

disease (ASCVD) and subclinical atherosclerosis among South Asians. In addition, those 

who do demonstrate that in addition to presenting with a high burden of ASCVD, South 

Asians also show higher rates of hospitalizations related to ASCVD and its complications 

as compared with other population subgroups, and a higher prevalence of a more severe 

atherosclerotic as determined by both increased mean percent stenosis and a higher number 

of patients with multiple diseased vessel segments.4–9 Study of traditional risk factors has 

been the focus of most investigations examining the reasons for this excess ASCVD risk; 

however, attention needs to be paid to the risk factors that are not as commonly studied 

including those that may be unique to South Asians.

Allostatic load, also referred to as cumulative biological risk, is a summary index 

across multiple physiological systems in response to stress when adaptive responses are 

unceasingly outside the normal range of operation, leading to dysregulations in biologic 

systems which can no longer support normal functionality of the body.10 Observational 

studies have demonstrated that higher scores on these indices, indicating higher cumulative 

biological risk or allostatic load, are associated with a higher cardiometabolic disease risk,11 

CVD,12 type 2 diabetes,13 age-related declines in physical and cognitive function,14,15 and 

mortality.16 However, little is known about the influence of cumulative biological risk on 

cardiovascular health in South Asian immigrants.

In this study, we investigated the associations of cumulative biological risk on subclinical 

atherosclerosis and its progression among middle- and older-aged South Asian immigrants 

in the US.

METHODS

We used existing baseline and follow-up data from the Mediators of Atherosclerosis in 

South Asians Living in America (MASALA) study.17 Being initiated in 2010, over a 3-year 

period, investigators recruited 906 South Asians living in San Francisco and the greater 

Chicago areas using surname-based methods. A follow-up examination was conducted 

in 2015–2018 and included 749 participants. All participants underwent interviews and 

clinical examinations at the study sites (University of California, San Francisco, and 

Northwestern University). Information on sociodemographic characteristics, dietary intake, 

physical activity, acculturation status, psychosocial factors, physical exam, and 12-hour 

fasting laboratory tests were collected. The MASALA study protocol was approved by the 

institutional review boards of University of California, San Francisco, and Northwestern 

University, and all participants signed an informed consent prior to undergoing study 

procedures. Investigators at the George Washington University were provided deidentified 
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extant data and had no access to identifiers or study participants; therefore, the George 

Washington University deemed this project as not human subject research.

For our regression analysis, we excluded participants missing a component of the summary 

cumulative biological risk index at baseline (n = 20), or those who were not first-generation 

immigrants (n = 19), or missing baseline coronary artery calcium (CAC) information (n = 9). 

The final analytic sample included 858 South Asians at baseline, among whom, 669 (78%) 

South Asians had repeat CAC data at the follow-up examination approximately 5 years later.

Measures of cumulative biological risk

Cumulative biological risk was derived based on a summary measure of biomarkers 

of cardiovascular, metabolic, and inflammatory systems. The index was based on data 

availability in the MASALA study at baseline and includes components utilized by other 

cohorts.18–20 The nine biomarkers included: 1) systolic and 2) diastolic blood pressure (in 

mm Hg), measured in a seated position using an automated blood pressure machine (V100 

Vital Signs Monitor, GE Healthcare), and last two blood pressure measures out of three were 

averaged and used for analysis; 3) glycosylated hemoglobin, measured by high-performance 

liquid chromatography using an automated analyzer; 4) high sensitivity C-reactive protein 

(CRP), measured by the BNII nephelometer Siemens Healthcare Diagnostics, Deerfield, 

IL; 5) total cholesterol and 6) triglyceride, measured by enzymatic methods; 7) body 

mass index (BMI), calculated as weight divided by height squared (kg/m2) using standard 

methods; 8) estimated glomerular filtration rate (eGFR) was calculated using CKD-EPI 

equation21; 9) serum albumin, measured as part of a comprehensive metabolic panel 

using spectrophotometry methods (Quest Diagnostics). Quartiles of each component were 

calculated, and participants received 1 point if they were in highest quartile for systolic 

and diastolic blood pressure, glycosylated hemoglobin, CRP, total cholesterol, triglyceride, 

and BMI, and in lowest quartile for eGFR and albumin, as being at high risk. Participants 

who took medications for hypertension, dyslipidemia, or diabetes were also assigned 1 

point for systolic and diastolic blood pressure, total cholesterol, or glycosylated hemoglobin, 

respectively. A possible range of cumulative biological risk score was from 0 to 9, with 

higher scores indicated higher cumulative biological risk.

Measures of subclinical atherosclerosis

CAC was assessed at both baseline and follow-up examination by Agatston score, generated 

with the use of non-contrast gated-cardiac computed tomography (CT) scans examining 

participants in the supine position from superior to inferior with 46 images of 3.0-mm slice 

thickness. All CT scans were read using Rephot Imaging software in the Reading Center 

at Harbor–UCLA Medical Center, and the summary CAC Agatston score of the four major 

coronary arteries was calculated and used in the analyses. In the cohort, the measure of CAC 

was highly skewed with several participants having no measurable CAC; therefore, CAC 

Agatston score was analyzed as a categorical variable with three categories: CAC = 0, 0 < 

CAC < 400, or CAC ≥ 400.

We also assessed common and internal carotid artery intima media thickness (CIMT) at 

baseline with high-resolution B-mode ultrasonography. Eight arterial segments from the near 
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and far wall images were analyzed from common and internal carotid artery. All images 

were read at the Ward A. Riley Ultrasound Reading Center at Wake Forest School of 

Medicine for wall-thickness measurements. Common and internal CIMT were examined on 

a continuous scale.

Covariates

Covariates adjusted in the analysis included age, sex, study site, education, family 

income, marital status, medical insurance status, years of residence in the US, smoking 

status, alcohol intake, intentional exercise, and vegetarian status at baseline and assessed 

by structured interview questions and study questionnaires. Education was classified 

as Bachelor’s degree or higher, or less than a Bachelor’s degree. Family income was 

categorized as < $40K, $40 – 75K, $75 – 100K, and > $100K per year. Marital status was 

classified into four categories: married, separated/divorced, widowed, or single. Insurance 

status was categorized as government, Health Maintenance Organization (HMO), other, and 

none. Smoking status was categorized as never, former, or current smoker. Alcohol intake 

was analyzed as having more than 1 drink per week or not. Intentional exercise was assessed 

by the Typical Week’s Physical Activity Questionnaire and included activities of waking for 

exercise, dance, conditional activities, and sports. We calculated total metabolic equivalent 

of task minutes per week for analysis.22 Participants were considered to be vegetarian if 

they did not report consumption of meat, poultry, or fish in the previous year as reported on 

the FFQ. Selection of covariates was based on published literature from investigations with 

allostatic load and chronic disease outcomes and previously published investigations with 

the MASALA cohort with subclinical atherosclerosis outcomes.11,23–25

Statistical analysis

Sociodemographic characteristics were reported as mean (standard deviation) or 

median (interquartile range) and percentage for continuous and categorical variables, 

respectively. ANOVA or Kruskal–Wallis and Chi-square tests were used to assess the 

univariate associations between sociodemographic characteristics and CAC. Cross-sectional 

associations between cumulative biological risk with common and internal CIMT were 

performed using multivariable linear regression, while multinomial logistic regression was 

used to examine association between cumulative biological risk and CAC categories, 

adjusting for all covariates described previously. For association between cumulative 

biological risk at baseline and new CAC (CAC score>0) at follow-up, multiple logistic 

regression was performed among participants with CAC score = 0 at baseline.

Progression of CAC was assessed as any change in CAC between baseline and follow-up 

visits. The change of CAC score was natural log transformed due to its positive skewness, 

and 16 participants with a negative value of change between follow-up visit and baseline 

were considered as no change. Multiple linear regression models were used to examine 

the association between cumulative biological risk at baseline and CAC progression, and 

baseline CAC analyzed as natural log CAC score was additionally adjusted. A point of 1 

was added for change of CAC score and baseline CAC score before performing natural log 

transformation.
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We also tested for effect modification by age, sex, and years of residence in US by adding an 

interaction term in all regression models. All regression models were adjusted for covariates 

mentioned above. All analyses were performed using SAS 9.4, and a two-tailed alpha = 0.05 

was used for statistical significance.

RESULTS

The univariate analysis for associations between sociodemographic characteristics and CAC 

categories at baseline is shown in Table 1. All participants included in the analyses were 

foreign born (first-generation immigrants). The mean age of the participants at baseline was 

56 years with 46% women. The majority of cohort had high education levels, family income 

more than $75,000, were married, and reported being non-smokers. More than half of the 

study participants had a CAC score of 0, 35% had a CAC score between 0 and 400, and 

8% had a CAC score ≥400. Participants with a higher CAC score were older (P < 0.001), 

more likely to be men (P < 0.001), had lower family income (P = 0.002), had government 

insurance (P < 0.001), had lived in the US for a longer time (P < 0.001), were widowed, 

separated, or divorced (P = 0.005), and identified as being a current smoker (P < 0.001) or 

non-vegetarian (P = 0.016).

About 7% of study participants had a cumulative biological risk score of 0 (Fig. 1). Among 

individuals with no CAC, 10% had 0 score for cumulative biological risk, while only less 

than 4% of individuals with CAC had a score of 0. Compared to CAC score = 0, individuals 

with CAC tend to have higher cumulative biological risk score (P < 0.001).

Table 2 shows the adjusted associations between cumulative biological risk with common 

and internal CIMT, at baseline. Individuals with 1 point higher cumulative biological risk 

score had a 0.01 mm higher common CIMT (95% confidence interval [CI]: 0.01–0.02, P < 

0.001). A significant interaction with age at the median (55 years) as cutoff was observed 

for the association between cumulative biological risk and internal CIMT (P = 0.002), and 

hence stratified results are reported. Among individuals less than 55 years old, a 1 point 

increase of cumulative biological risk score was associated with 0.02 mm higher internal 

CIMT (95% CI: 0.01–0.04, P = 0.003), and 0.07 mm higher among individuals ≥ 55 years 

(95% CI: 0.04–0.09, P < 0.001).

The adjusted associations between cumulative biological risk score and CAC are shown in 

Table 3. At baseline, study participants with 1 point increase of cumulative biological risk 

score had 26% higher odds of CAC score between 0 and 400 (odds ratio [OR] = 1.26, 

95% CI: 1.14–1.39, P < 0.001) and 41% higher odds of CAC ≥ 400 (OR = 1.41, 95% CI: 

1.17–1.69, P < 0.001) compared to those with CAC score = 0. A 1 point increase of the 

cumulative biological risk score at baseline was associated with 30% higher odds of having 

new CAC (CAC score > 0) at the follow-up examination among individuals with CAC = 

0 at baseline (OR = 1.30, 95% CI: 1.10–1.53, P = 0.002). For any CAC progression, a 

1 point increase of cumulative biological risk score at baseline was associated with 17% 

higher CAC score increment, indicating more progression of CAC at follow-up visit with 

additionally adjusting for baseline CAC (rate ratio = 1.17, 95% CI: 1.10–1.24, P < 0.001).
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DISCUSSION

Our study investigated the associations between cumulative biological risk and subclinical 

atherosclerosis in the MASALA study, a cohort of middle- and older-aged South Asian 

immigrants in the US. Higher cumulative biological risk score was associated with higher 

risk of subclinical atherosclerosis assessed by both internal CIMT and CAC at baseline as 

well as CAC progression after 5 years of follow-up.

Evidence from our study is consistent with previous investigations that have examined 

the associations between cumulative biological risk or allostatic load with CVD. Cross-

sectional analysis using data from the Boston Puerto Rican Health Study showed that 

higher allostatic load based on biomarkers, including serum dehydroepiandrosterone-sulfate 

(DHEA-S), urinary cortisol, urinary norepinephrine and epinephrine, systolic and diastolic 

blood pressures, plasma high-density lipoproteins (HDLs) cholesterol and total cholesterol, 

glycosylated hemoglobin, and waist circumference, was associated with higher risk of CVD 

assessed by self-reported heart disease, heart attack, or stroke in Puerto Ricans aged 45–75 

years (72% of women) living in Boston, MA.11 Seeman et al. also demonstrated that a 

higher allostatic load score summarized by biomarkers of systolic blood pressure, diastolic 

blood pressure, waist-to-hip ratio, total cholesterol to HDL cholesterol ratio, glycated 

hemoglobin, urinary cortisol, urinary norepinephrine and epinephrine, HDL cholesterol, and 

DHEA-S was associated with higher incidence of CVD events after a 7 years of follow-up 

among men and women aged 70–79 years (51% women and 81% non-Hispanic white) living 

in Durham, NC, East Boston, MA, and New Haven, CT, in the MacArthur Successful 

Aging Study.26 Additionally, using data from Jackson Heart Study, higher allostatic 

load (summarized score of waist circumference, triglyceride to HDL ratio, low-density 

lipoproteins (LDLs) cholesterol, glycated hemoglobin, heart rate, systolic and diastolic 

blood pressures, CRP, serum cortisol, and aldosterone) was associated with increased 

incident of coronary heart disease among African American adults aged 21–94 years (66% 

women) after a median 9.9 years of follow-up.27 In the general US population, higher 

allostatic load score assessed by systolic and diastolic blood pressures, pulse, HDL and total 

cholesterol, waist-to-hip ratio, glycated hemoglobin, CRP, and albumin was associated with 

higher risk of CVD-specific mortality among individuals aged 25 years and older (84% 

non-Hispanic white) using data from the National Health and Nutrition Examination Survey 

III.23

In this cohort, about three quarters of South Asian participants had cumulative biological 

risk score ≥2, indicating having at least two factors at high risk. In our study, it is 

not possible to identify social determinants of this increased cumulative biological risk 

score as has been proposed in other studies, one possible reason could be immigration-

related stress. Migration is a life-altering event that can have a lasting impact on 

multiple health domains. The vast majority of South Asian Americans are immigrants28 

and are exposed to social and cultural stressors and discrimination after immigrating 

to the US resulting in an increased risk of dysregulation in multiple physiological 

processes.29,30 A potential pathway for higher cardiometabolic risk among South Asian 

immigrants could be higher psychosocial and environmental stress due to less social support, 

acculturative stress, and perceived discrimination.29,30 Stress and life event changes can 
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activate hypothalamic–pituitary–adrenal axis and sympathetic–adrenal–medullary systems 

in multiple interdependent regulatory systems to cope with stressors and changes in order 

to achieve allostasis.31 Increased stress could result in high allostatic load, reflected in the 

aggregated total of systemic dysregulations across multiple physiologic regulatory systems 

including the cardiovascular, metabolic, immune, and neuroendocrine systems.31

To our knowledge, this is the first investigation examining cumulative biological risk and its 

association with subclinical atherosclerosis and its progression in South Asian immigrants. 

The MASALA study is the first large community-based South Asian cohort in the US, a 

minority that is not as extensively studied. We≈were able to account for several confounders 

in these analyses since carefully collected detailed information on covariates was available, 

and included traditional cultural beliefs, an important factor that influences lifestyle and 

acculturative stress in South Asian immigrants.

While there is a lack of a gold standard definition for components to include in the 

measurement for allostatic load, typically, indices include biomarkers across several 

domains including neuroendocrine, cardiovascular/autonomic, immune, and metabolic.31 

Studies examining allostatic load include between 9 and 11 biomarkers,20 and in our 

analyses, we incorporated nine biomarkers, including systolic and diastolic blood pressure, 

triglycerides and total cholesterol, BMI, CRP, albumin, eGRF, and glycosylated hemoglobin; 

however, being limited to variables that had already been collected or measured in the 

cohort, our summary measure of cumulative biological risk included only secondary 

response biomarkers to stress, and primary stress mediators such as catecholamines and 

cortisol were not included in these analyses.

In addition, it is important to note that participants of the MASALA study were well 

educated with relatively high incomes and, therefore, may not have experienced the same 

stressors as less educated immigrants with lower incomes, and as such these associations 

may have been underestimated in our analyses. Another limitation is that among the 

MASALA study participants, mean years spent living in the US were27 years (SD = 10.8). 

Given the relatively longer length of stay, these findings may also not be generalizable to 

recent South Asian immigrants.

CONCLUSION

Cumulative biological risk was positively associated with prevalent subclinical 

atherosclerosis, and higher cumulative biological risk score was associated with progression 

of CAC in middle- and older-aged South Asian immigrants. Future studies focused on 

psychosocial and lifestyle factors associated with cumulative biological risk in immigrants 

are needed to better understand the underlying mechanisms for these increased risks.
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POPULAR SCIENTIFIC SUMMARY

• South Asians have a high burden of cardiovascular disease.

• Allostatic load or cumulative biological risk, a summary measure across 

multiple physiological systems in response to stress, has been shown to 

be associated with chronic disease and their risk factors. However, few 

investigations have focused on South Asians.

• In a cohort of middle- and older-aged South Asian immigrants living in the 

United States, a higher cumulative risk score was associated with subclinical 

atherosclerosis and its progression.
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Figure 1. 
Baseline cumulative biological risk score by coronary artery calcium (CAC) categories. 

A Chi-square test was used to examine the univariate association between cumulative 

biological risk score and CAC categories (P < 0.001).
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Table 2.
Adjusted cross-sectional associations between cumulative biological risk score with 
common and internal carotid artery intima media thickness (CIMT) at baseline in the 
Mediators of Atherosclerosis in South Asians Living in America (MASALA) study, 2010–
2013

.

Coefficient 95% CI P

Common CIMT, mm 0.01 0.01, 0.02 <0.001

Internal CIMT, mm

  - < 55 years 0.02 0.01, 0.04 0.003

  - ≥ 55 years 0.07 0.04, 0.09 <0.001

Note: Models adjusting for age, sex, study site, education, family income, marital status, insurance status, smoking status, vegetarian status, 
intentional exercise, alcohol intake, and years of residency in US.
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