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Abstract

Background: Coronary artery calcium (CAC) has been shown in multiple populations to predict 

atherosclerotic cardiovascular disease (ASCVD). However, its predictive value in Asian-

Americans is poorly described.

Methods: We studied 1621 asymptomatic Asian-Americans (predominantly East and Southeast 

Asians) in the CAC Consortium, a large multi-center retrospective cohort. CAC was modelled in 

categorical (CAC 0; CAC 1–99; CAC 100–399; CAC≥400) and continuous [ln (CAC+1)] forms. 

Participants were followed over a mean follow-up of 12±4 years for coronary heart disease (CHD) 

death, cardiovascular disease (CVD) death, and all-cause mortality. The predictive value of CAC 

for individual outcomes was assessed using multivariable-adjusted Cox regression models adjusted 

for traditional cardiovascular risk factors and reported as hazard ratios (95% confidence interval).
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Results: The mean (SD) age of the population was 54 (11.2) years and 64% were men. The mean 

10-year ASCVD risk score was 8%. Approximately half had a CAC score=0, while 22.5% had a 

CAC score >100. A total of 56 deaths (16 CVD, 8 CHD) were recorded, with no CVD or CHD 

deaths in the CAC=0 group. We noted significantly increased risk of CHD [HR 2.6 (1.5 – 4.3)] 

and CVD [HR 2.3 (1.8–2.9)] mortality per unit increase in loge (CAC+1). Compared to CAC=0, 

individuals with CAC ≥ 400 had over 3-fold increased risk of all-cause mortality (HR 3.3 (1.3–

8.6)).

Conclusion: While Asian-Americans are a relatively low risk group, CAC strongly predicts 

CHD, CVD and all-cause mortality beyond traditional risk factors. These findings may help 

address existing knowledge gaps in CVD risk prediction in Asian-Americans.
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) risk prediction tools occupy a central place 

in guiding primary prevention therapies.[1–3] The USPSTF and 2013 ACC/AHA guidelines 

recommend using the Pooled Cohort Equations (PCE) for guiding patient selection for 

aspirin, statin and blood pressure therapies.[1,2,4] However, studies have shown that the 

PCE, which recommend the use of Non-Hispanic White equations for non-black ethnic 

minorities, may overestimate cardiovascular risk, including in Asian-Americans.[5] Being a 

population-based probabilistic model, these described limitations of the PCE are mostly 

inherent to the ethnic compositions of the population from which these equations were 

originally derived. The overestimation of risk in Asian-Americans may contribute to over-

treatment with preventive pharmacotherapies, with resultant increase in medical costs and 

possible unnecessary burden of side effects from medications. There is therefore a need to 

balance risk-benefit by ensuring more accurate risk prediction either through recalibration of 

existing risk scores or through enhancements to include novel risk markers capable of 

reclassifying individuals beyond existing tools.[6]

Based on extensive evidence accrued over the last decade, coronary artery calcium (CAC) 

scoring has emerged as a novel, cost-effective, and more direct estimation of CVD risk with 

proven utility across different sociodemographic and clinical phenotypes.[7–12] CAC has 

been demonstrated as the most robust predictor of coronary events in the asymptomatic 

primary prevention population, especially among intermediate-risk individuals.[13] 

Therefore, CAC has potential value as a tool for overcoming limitations in risk prediction in 

populations not adequately represented in the PCE. However, despite broad evidence 

showing the predictive value of CAC in multiple population-based and clinical cohorts, and 

recent guideline recommendations favoring the selective use of CAC for advanced risk 

stratification,[14] few studies have specifically assessed the predictive value of CAC in 

Asian-Americans, a rapidly growing, but yet, underrepresented ethnic sub-population in the 

United States.[15,16] We therefore sought to assess the predictive utility of CAC for CHD, 

CVD and all-cause mortality outcomes in Asian-Americans utilizing data from the CAC 

Consortium, a large observational cohort of clinical CAC scoring.
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METHODS

Study design and study population

The CAC Consortium is a multicenter, prospective, clinical observational cohort of 66,636 

patients designed to rigorously investigate the relationship between CAC and cause-specific 

mortality, particularly in understudied groups.[17] Four participating institutions from 3 

states in the United States (Ohio, Minnesota and California) with over 10 years of 

experience in clinical CAC scoring contributed patient data to the CAC Consortium. 

Participants consisted of adults aged at least 18 years without cardiovascular disease at 

baseline who were clinically referred for CAC scoring. Baseline data for the CAC 

Consortium represent the years 1991 – 2010 and follow-up extended until June 2014. 

Consent was obtained from each study participant at the time of CAC scanning, and IRB 

approval for coordinating center activities was obtained at the Johns Hopkins University 

School of Medicine.

For this analysis, we included 1621 participants of the CAC Consortium who identified as 

Asian-Americans. Asian-Americans (predominantly East Asians and Southeast Asians) were 

contributed to the CAC Consortium by the Harbor-UCLA Medical Center, Torrance, CA (n= 

1093, 67%), Cedars-Sinai Medical Center, Los Angeles, CA (n=363, 22%) and the 

Minneapolis Heart Institute (n=165, 10%). Patient-level data on demographics, 

cardiovascular risk factors and medications were collected through semi-structured 

interviews at clinical visits associated with the referral for CAC testing and/or from 

established diagnoses recorded in the electronic medical records.[17]

Definition of risk factors

Hypertension was defined as a prior diagnosis of hypertension or treatment with anti-

hypertensive therapy. Blood pressure measurements taken at the time of visit was not used to 

override a diagnosis of hypertension. Dyslipidemia was defined as a prior diagnosis of 

primary hyperlipidemia, the presence of elevated triglycerides and/or low HDL-C, or 

treatment with any lipid-lowering drug. Additionally, dyslipidemia was also considered 

present if LDL-C >160 mg/dL, HDL-C <40 mg/dL in men and <50 mg/dL in women, or 

fasting triglycerides>150mg/dL were recorded. Current smoking was defined as a 

dichotomous (yes/no) variable. Diabetes was defined as prior diagnosis of diabetes or 

treatment with oral hypoglycemic drugs or insulin. Family history of CHD was defined as 

the presence of a first degree relative with a history of CHD. Multiple imputation was 

conducted in the case of partially missing risk factor data in the CAC Consortium, with 

imputation done according to a multivariable model adjusting for age, sex, race, CAC score, 

and the remaining non-missing traditional risk factor data. The 10-year ASCVD risk score 

was calculated in all patients according to the Pooled Cohort Equations. Details of the 

process of estimation of ASCVD risk and the validation of the imputation approach have 

been previously described.[17]

Coronary artery calcium scoring

All participants in the CAC Consortium underwent non-contrast cardiac-gated computed 

tomography (CT) scans for CAC scoring at individual sites. Scanning was done according to 

Orimoloye et al. Page 3

Coron Artery Dis. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a common standard protocol for each scanner technology used. About 93% of patients were 

scanned using electron beam tomography, while more recent data was obtained using multi-

detector CT (accounting for approximately 7% of scans). Studies have shown no clinically 

meaningful differences between both scanner technologies.[18] CAC groups were defined as 

CAC 0, CAC 1–99, CAC 100–399, and CAC ≥400.[19]

Outcome ascertainment

Participants were followed over a mean duration of 12 ± 4 years for CHD, CVD and all-

cause mortality. Ascertainment of death was done through linkage to the Social Security 

Death Index (SSDI) Death Master File via a previously validated algorithm, similar to the 

National Death Index (NDI) Service.[17] Specific causes of death were then obtained 

through coded death certificates obtained from the NDI and reported as ICD-9 and ICD-10 

codes. CVD mortality was defined as death from CHD, stroke, heart failure and other 

circulatory diseases. Other details of mortality ascertainment have been extensively 

described.[17]

Statistical methods

Baseline characteristics were summarized by CAC score categories, with means and 

proportions reported for continuous and categorical variables respectively. Differences in 

baseline characteristics across categories of CAC were tested using chi-square and ANOVA 

tests as appropriate. To examine the distribution of all-cause and cause-specific mortality 

outcomes across CAC groups, we first calculated the cumulative incidence of all-cause, 

CVD and CHD deaths within each CAC category. We then calculated the incidence rates of 

specific outcomes by CAC group, expressed per 1000 person-years. Additionally, we 

generated Kaplan-Meier survival curves for specific outcomes stratified by CAC group. 

Differences between survival curves were tested using log-rank statistics.

To assess the predictive value of CAC in this population, we utilized multivariable-adjusted 

Cox proportional hazards regression models to estimate hazard ratios for all-cause, CVD and 

CHD mortality, handling CAC in categorical and continuous (Loge(CAC+1) forms. The 

addition of 1 to the absolute calcium score before logarithmic transformation, as has been 

done in previous studies[9], allowed us to account for patients with a CAC score of zero. 

Multivariable-adjusted models were adjusted for age, sex, hypertension, diabetes mellitus, 

smoking status, family history of CHD, and hyperlipidemia in all analyses.

Due to the absence of CHD and CVD deaths in the CAC=0 group over the duration of 

follow-up, we could not model CHD and CVD mortality risk by CAC categories. However, 

to understand the relationship between CAC and CHD and CVD mortality risk, we handled 

CAC as a continuous variable for these analyses. To accomplish this, we first estimated, in 

Fine and Gray subdistribution hazards models, the multivariable-adjusted risk of CHD and 

CVD mortality per unit increase in Log (CAC+1). We then constructed graphical cubic 

spline models to visualize the direction, strength and shape of this relationship,[20] plotting 

the total CAC score on the x-axis and multivariable adjusted hazard ratios of CHD and CVD 

mortality on the y-axis. Because of the limited number of CHD and CVD events with CAC 

scores < 100, we centered these cubic spline graphs at CAC=100. Cubic spline models were 
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fully adjusted for traditional cardiovascular risk factors including age, sex, hypertension, 

diabetes mellitus, smoking status, family history of CHD and hyperlipidemia.

All analyses were performed with Stata software version 14.2 (College Station, TX)

RESULTS

Baseline characteristics

Table 1 shows the distribution of baseline characteristics by CAC group. The mean (SD) age 

of the population was 53.8 (11.2) years, with 63.7% men. Approximately half of the study 

sample had a CAC score of zero, 22.5% had CAC scores over 100, while only 10% had 

CAC scores ≥ 400. Overall, there was a 58.9% prevalence of hyperlipidemia in the study 

population. Compared with subjects with CAC scores less than 100, those with CAC scores 

>100 were more likely to be older, men, cigarette smokers, and to have hypertension, 

diabetes, and hyperlipidemia.

The mean 10-year ASCVD risk score was 8.0% (10.2), with 56.3% having an ASCVD risk 

score of <5%. Overall, 31.7% of participants had ASCVD risk scores greater than 7.5%. Of 

the 514 participants with ASCVD risk scores >7.5%, 102 (20%) had CAC=0, while only 7% 

of those in the <5% ASCVD risk category had CAC scores >100. (Table 1)

All-cause, CVD and CHD mortality rates by CAC group.

Over a mean (SD) follow-up duration of 12 (4) years, 56 deaths (16 CVD, 8 CHD) were 

recorded. There were no CHD or CVD deaths recorded in the CAC=0 group. For all 

outcomes, we noted an increase in the incidence of mortality with increasing CAC group. 

An incidence rate of 0.93 (0.48 – 1.80) deaths per thousand person-years was noted in the 

CAC 0 group, while a markedly higher incidence rate of 12.6 (8.3 – 19.2) was noted in the 

CAC ≥400 group. Similarly elevated incidence rates of CHD [3.4 (1.6 −7.7)] and CVD [6.3 

(3.5 – 11.4)] mortality was noted in the CAC ≥400 category. (Supplementary Table 2) 

Kaplan-Meier curves showed statistically significant graded survival by CAC category for 

all outcomes under consideration. (Figure 1)

Predictive value of CAC for all-cause, CHD and CVD mortality.

In multivariable-adjusted models adjusted for traditional cardiovascular risk factors, 

increasing hazards of all-cause mortality were noted with increasing categories of CAC. 

Individuals with CAC > 400 had approximately 3 times the risk of all-cause mortality 

compared to the CAC=0 group [HR 3.3 (1.3 – 8.6)]. (Table 3) Similarly, we noted significant 

increases in risk of CVD [HR 2.3 (1.8 – 2.9)] and CHD [HR 2.6 (1.5 – 4.3)] mortality per 

unit increase in log (CAC + 1). As shown in Figure 2, cubic spline graphs of the relationship 

between total CAC score (centered at CAC=100) and risk of CVD and CHD mortality 

showed a graded positive relationship between risk and total CAC with a steep gradient 

between CAC scores of 100 and 400 which levels off beyond CAC >400. Beyond CAC 

scores of 400, the risk gradient is steeper for CVD than CHD mortality risk.
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DISCUSSION

In a large retrospective cohort of Asian-Americans, we confirmed CAC to be a strong 

predictor of CHD, CVD and all-cause mortality, beyond traditional cardiovascular risk 

factors. Our results are important as we demonstrate that in spite of their general low risk 

nature, CAC remains a useful tool for CVD risk prediction in this population.

Asian-Americans represent the fastest growing ethnicity group in the United States, 

projected to reach nearly 34 million by the year 2050.[21,22] Despite this, no tool is 

specifically designed to predict ASCVD risk in this population, with the 2013 ACC/AHA 

guidance on assessment of cardiovascular risk recommending the use of NHW equations in 

the absence of good evidence.[23] Since this approach overestimates risk in Asian-

Americans, with attendant consequences for the judicious use of statin, aspirin and 

antihypertensive therapy,[5,24]our demonstration of the predictive value of CAC in this 

population is timely and has clear implications for clinical practice guidelines, given the 

superior risk discrimination and risk reclassification of CAC when compared to other novel 

risk markers.[7,25,26]

Previous studies evaluating CAC in Asian-Americans have been mostly cross-sectional 

assessments of its prevalence,[15] distribution across subgroups and association with 

cardiovascular risk factors in South-Asian subpopulations of Asian-Americans.[15,27] For 

example, Patel et al (2017) showed associations between severe CAC and family history of 

CHD independent of cardiovascular risk factors,[28] while Talegawker et al (2017) showed 

associations between ideal cardiovascular health metrics and subclinical atherosclerosis as 

assessed by CAC.[29]

There have been a few prospective studies assessing the predictive value of CAC in Asian-

Americans. Nasir et al (2007) in assessing ethnic differences in the prognostic value of CAC 

for all-cause mortality implicitly assessed the predictive value of CAC for all-cause death in 

Asian-Americans.[10] However, these studies were conducted in the pre-PCE era, and were 

not adequately powered to assess CVD and CHD mortality outcomes.

In the Multi-Ethnic Study of Atherosclerosis (MESA), perhaps the largest population-based 

prospective study of CAC scoring to date, Detrano et al (2008) and Budoff et al (2018) have 

independently showed the value of CAC for ASCVD risk prediction in a population-based 

asymptomatic Multi-Ethnic cohort over median follow up durations of 3.9 years and 11-

years, respectively.[9,30] Their sample of Asian-Americans was, however, restricted to 

Chinese-American participants and they therefore did not assess the overall utility of CAC in 

a more general Asian-American population. Additionally, since MESA represents a 

population-based cohort, the results may not be telling of the utility of CAC in a clinically-

referred population. Furthermore, these studies assessed ASCVD events only and not 

mortality events. To our knowledge, our study represents the first clinical cohort-based 

assessment of the predictive value of CAC for CHD and CVD mortality outcomes in a 

hitherto understudied US census-defined population of Asian-Americans.

Importantly, we also found in this overall low-risk Asian-American population that as 

reported in previous studies, the absence of CAC identifies an extremely low-risk phenotype, 
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as demonstrated by the markedly low event rates in the CAC=0 group.[31,32] We noted in 

the present study, a 0.93 per 1000 person-year incidence rate of all-cause mortality, and no 

incident CVD or CHD mortality in the CAC 0 group over a mean follow-up duration of 12 

years. These findings are instructive as they suggest that the absence of CAC may be a 

useful tool to identify very low-risk Asian-Americans who are being over treated under the 

current PCE recommendations. Identifying this extreme low-risk phenotype is important, as 

studies have shown that Asians have a higher risk of statin associated diabetes mellitus and 

statin-associated muscle symptoms at the same statin doses compared to Caucasians.[33]

In line with major guidelines and expert consensus documents,[34,35] we believe CAC 

should be considered in the clinical decision making process in Asian-Americans especially 

when the estimation of ASCVD risk is deemed to be intermediate based on the PCE (5–20% 

10-year ASCVD risk) or when the decision to treat with statins is unclear to the patient or 

clinician.[14]. Additionally, CAC can also be independently utilized as a guide for the 

clinicians in their decisions about preventive therapies including aspirin,[36] statins[37] and 

antihypertensive[38] treatment.

Limitations

Our study has a few limitations. First, given the fact that the CAC Consortium represents a 

clinical cohort, our findings may not be generalizable to a general “screening” population. 

However, since CAC is not a population screening tool, these results are representative of 

“real-world” Asian-Americans who are likely to be considered for CAC scanning in 

everyday clinical practice settings. Second, the CAC Consortium does not have a deeper 

phenotyping of Asian-Americans and subpopulation-specific risk estimates could therefore 

not be assessed. However, as demonstrated in Supplemental Table 1, majority of the Asian-

Americans across geographical locations of study sites (based on the 2000 census estimates) 

were East Asians and South-East Asians, which are a lower risk group compared to South 

Asians. Therefore, while our results may be less generalizable to high-risk South Asians, our 

results are representative of low-risk Asian-Americans who may benefit from risk 

reclassification, given the aforementioned overestimation of risk in the East-Asian and 

South-East Asian sub-population. Third, given the absence of CHD and CVD mortality in 

the CAC=0 group, we could not obtain estimates of CHD and CVD risk by CAC categories. 

However, the assessment of risk on a continuous log-transformed scale has been routinely 

used to assess the utility of CAC in risk prediction models, particularly when statistical 

power is limited.[9,39] Fourth, given the lack of continuous data on risk factors, there may 

exist the possibility of some residual confounding. Finally, given the clinical nature of our 

cohort, results of patient’s CAC scores may have differentially influenced behavior and 

treatment in favor of participants with high CAC scores. However, we expect that this would 

bias our estimates towards the null and that our effect estimates with increasing CAC may 

therefore be conservative.

Conclusion

We conclude that in an appropriately referred asymptomatic clinical population of Asian-

Americans, CAC is strongly predictive of CHD, CVD and all-cause mortality. These 

findings may help address the existing knowledge gaps for cardiovascular risk prediction in 
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Asian-Americans, and reinforces the extension of the clinical value of CAC scoring in this 

population as well.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Kaplan-Meier survival curves for CHD, CVD and all-cause mortality.
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Figure 2. 
Cubic spline graphs of multivariable-adjusted hazards of CVD and CHD death with 

increasing CAC scores, centered at CAC = 100.
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