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Abstract

Background: Polygenic risk scores (PRS) are associated with atherosclerotic cardiovascular 

disease (ASCVD) events. We studied incident ASCVD among individuals with absent coronary 
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artery calcium (CAC = 0), to investigate the association of PRS with incident ASCVD among such 

individuals.

Methods: Data was used from Multi-Ethnic Study of Atherosclerosis (MESA), a prospective 

cohort study of participants free of clinical CVD at baseline. PRS were developed based on a 

literature-derived list of single-nucleotide polymorphisms (SNPs) weighted by effect size. The 

coronary heart disease (CHD) PRS contained 180 SNPs, and the stroke PRS had 32 SNPs. 

These SNPs were combined to compute an ASCVD PRS. The PRS were calculated among 3132 

participants with CAC = 0. Multivariable-adjusted Cox proportional hazards models evaluated the 

association between each PRS (top 20% vs bottom 50%) and ASCVD.

Results: The study population included 3132 individuals with CAC = 0 [mean (SD) age 58 

(9) years; 63% female, 33% White, 31% Black, 12% Chinese-American, 24% Hispanic]. Over a 

median follow-up of 16 years, there were 108 incident CHD events and 93 stroke events. ASCVD 

event rates were generally <7.5 per 1000-person years for all ASCVD events regardless of PRS 

risk stratum. The ASCVD PRS was significantly associated with incident ASCVD: (HR; 95% 

CI) (1.63; 1.11, 2.39). The CHD PRS was not associated with any ASCVD outcome, whereas 

the stroke PRS was significantly associated with ASCVD (1.84; 1.27, 2.68), CHD (1.79; 1.05, 

3.06), and stroke (1.96; 1.19, 3.23). The stroke PRS results were significant among women and 

non-Whites.

Conclusions: Among individuals with CAC = 0, the ASCVD PRS was associated with incident 

ASCVD events. This appears to be driven by genetic variants related to stroke but not CHD, and 

particularly among women and non-Whites. ASCVD event rates remained below the threshold 

recommended for consideration for initiation of statin therapy even in the high PRS groups.

Keywords

Polygenic risk score; Coronary artery calcium; Atherosclerotic cardiovascular disease; Coronary 
heart disease

Introduction

The clinical approach to prevention of atherosclerotic cardiovascular disease 

(CVD;ASCVD) involves identifying high risk individuals who may benefit from 

pharmacotherapy.1 The Pooled Cohort Equations (PCE) form the recommended first step 

for estimating absolute ASCVD risk.2,3 Coronary artery calcium (CAC) offers superior 

risk discrimination and risk reclassification compared to other CVD risk markers and is 

considered the strongest negative risk marker.4–6 CAC = 0 is associated with low absolute 

ASCVD event rates.5 However, CVD risk factors remain associated with incident ASCVD 

events among individuals with CAC = 0.7–11 It is unclear whether this residual risk is due to 

genetic factors independent of traditional CVD risk factors.

Coronary heart disease (CHD) risk scores have been developed using single-nucleotide 

polymorphisms (SNPs) identified from genome-wide association studies (GWAS).12 A prior 

study found that individuals in the highest decile of a polygenic risk score (PRS) had an 

almost 4-fold higher likelihood of prevalent CHD compared with lower risk individuals.13 

Among individuals who underwent coronary angiography, high PRS was independently 
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associated with higher risk of all-cause mortality.14 A CHD PRS was also associated with 

incident myocardial infarction and mortality, particularly among men between the ages of 40 

and 51 years.15

Less is known about the association of PRS (especially those combining both the CHD 

and stroke PRS) with ASCVD outcomes among those with CAC = 0. As imaging 

of atherosclerosis represents a “risk integrator” combining risk of ASCVD from both 

traditional and non-traditional CVD risk factors, it is possible that the utility of PRS may 

be low in those with CAC =0. In this study, we evaluated the association of genetic variants 

with incident ASCVD events among those with absent CAC at baseline. We leveraged the 

extensive information on CVD risk factors and genetic information and long-term follow-up 

for incident ASCVD events that are available in Multi-Ethnic Study of Atherosclerosis 

(MESA.).

Methods

Study design and population

Details of the MESA design have been reported elsewhere.16 Briefly, MESA is a prospective 

cohort study of 6814 U.S adults aged 45 to 84 years of White, Black, Hispanic, or Chinese 

American race/ethnicity. Participants were enrolled from 6 U.S. field centers (Baltimore, 

Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles, California; New 

York, New York; and St. Paul, Minnesota) between 2000 and 2002. All participants were 

required to be free of clinical CVD at the time of enrollment. Institutional review boards at 

each site approved the study, and all participants provided written informed consent.

Inclusion/exclusion criteria

MESA participants with CAC = 0 at baseline and available information on PRS were 

included. Participants with missing follow-up event data were excluded in analyses of 

incident ASCVD events (n = 13).

Assessment of polygenic risk scores

SNP genotype data were acquired on the Affymetrix 6.0 SNP array using stored samples. 

SNPs were imputed using the 1000 Genomes cosmopolitan phase 3 version 5 reference 

haplotypes. Closely related individuals were excluded by randomly removing one of each 

pair of individuals with pi-hat genetic relatedness that was >0.2 in MESA. Principal 

components used to control for population stratification were generated from the underlying 

SNP genotypes using the EIGENSOFT package.17,18

The CHD SNPs were identified from the Coronary Artery Disease Genome 

Wide Replication and Meta-analysis plus the Coronary Artery Disease Genetics 

(CARDIOGRAMplusC4D) consortium GWAS analysis comprised of White 

individuals.19–23 The linkage-disequilibrium SNP-reweighting approach encoded in the 

LDpred software package24 was used to generate the best performing PRS.25 A total of 

180 SNPs were used in the CHD PRSs.
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The stroke SNPs were identified in the large scale study by Malik et al. which tested ~8 

million SNPs and combined 29 studies including 67,612 cases and 454,450 controls of 

multiple ancestries and stroke subtypes.26 Genome-wide genotypes were imputed to 1000 

Genomes Project (1000G) phase 1v3 or UK10K/HRC and ancestry-specific meta-analyses 

and subsequent fixed-effects transancestral meta-analyses and MANTRA transancestral 

meta-analyses were conducted. The study identified 32 loci associated with stroke and stroke 

subtypes. The same 32 SNPs were used in the stroke PRS.

A PRS was computed for each individual by summing the product of the allele weighting 

and the allele dosage across the selected SNPs. The CHD and stroke SNPs were then 

combined to compute an ASCVD PRS. There were no overlapping SNPs between the CHD 

and stroke SNPs. For each MESA participant, 3 sets of PRSs were derived: a CHD PRS, a 

stroke PRS, and an ASCVD PRS. The PRS for each individual was categorized a priori as 

being in the top 20% versus the bottom 50%. These categories best fit the distribution of 

data in our study in order to preserve power for prospective analyses of incident ASCVD 

outcomes.

Ascertainment of incident outcome

The outcomes for this analysis were CHD (including myocardial infarction, resuscitated 

cardiac arrest, definite angina, probable angina if followed by revascularization, and 

CHD death), stroke (including fatal and non-fatal stroke events), and ASCVD events (a 

composite of CHD and stroke outcomes). Two physicians from the MESA study events 

committee independently adjudicated all medical records and death certificates for endpoint 

classification and assignment of incidence dates. The reviewers were blinded to CAC score 

and used prespecified criteria.16 The median follow-up time for incident outcomes was 

approximately 16 years.

Assessment of CAC

CAC was assessed at the baseline examination using either an electron-beam CT scanner 

(Chicago, Los Angeles, and New York centers) or a multidetector CT system (Baltimore, 

Forsyth County, and St. Paul centers). Each participant was scanned twice and all images 

were interpreted at a central reading center (the Lundquist Institute at Harbor–University 

of California Los Angeles Medical Center, Torrance).27 A CAC score was calculated for 

each scan, and the mean score of the two scans was used in all analyses. Intraobserver and 

interobserver agreement were excellent (kappa statistics, 0.93 and 0.90, respectively).28

Assessment of covariates

Information pertaining to demographics, medical history, medication use, and cigarette 

smoking was collected using validated questionnaires at Visit 1. MESA participants at 

visit 2 were asked about family history of premature CHD defined as occurrence in 

any first-degree relative (mother, father, siblings, or child) of CHD or a heart attack 

occurring before the age of 55 years in men and 65 years in women, respectively. 

Anthropometric measurements were performed according to predefined protocols. Systolic 

and diastolic blood pressure (SBP and DBP, respectively) were measured three times 

using an automated sphygmomanometer (Dinamap, Critikon, Tampa, FL), and the mean 
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of the last two measurements was used in these analyses. Hypertension was defined 

according to the JNC VI criteria as blood pressure ≥ 140/ 90 mmHg. A central laboratory 

(University of Vermont, Burlington, VT, USA) measured concentrations of total and high-

density lipoprotein cholesterol (HDL-C), and plasma glucose, after a 12-h fast. Low-density 

lipoprotein cholesterol (LDL-C) was calculated using the Friedewald equation.29 Diabetes 

mellitus was defined as a fasting glucose of ≥7 mmol/L (126 mg/dL) or use of hypoglycemic 

medication (oral agents and/or insulin). ASCVD risk was estimated using the Pooled Cohort 

Equations (PCE) and categorized as <7.5%, 7.5%–<15%, and 15%–<20%.30

Statistical analysis

Characteristics were tabulated for participants with CAC = 0 at baseline. Values for 

participants in the top 20% of the ASCVD PRS distribution were compared to values 

for participants in the bottom 50%. Continuous variables were reported using the mean 

(standard deviation) or median (interquartile range) and compared using the t-test or 

Kruskal–Wallis test as appropriate. Categorical variables were summarized as the count 

(percentage) and compared using the chi-square test.

Unadjusted incidence rates of ASCVD, CHD, and stroke were reported as the number of 

events per 1000 person-years among those in the top 20% versus those in the bottom 50% of 

the ASCVD PRS distribution. Rates were compared using log-rank testing. Incidence results 

were first calculated in the overall study population with CAC = 0, and then were further 

analyzed by sex (men versus women) and race/ethnicity (Whites versus non-Whites).

After confirming the proportionality assumption, multivariable Cox proportional hazards 

models were used to study the association between ASCVD, CHD, and stroke PRSs (top 

20% versus bottom 50%) and risk of incident ASCVD, CHD, and stroke events among 

those with CAC = 0. Three sequentially adjusted models were adjusted for as follows: 

Model 1 was adjusted for age, sex, race, and principal components 1 to 5; Model 2 was 

additionally adjusted for education and PCE; Model 3 was further adjusted for family 

history of premature CHD. To further explore the subsequent positive results, sensitivity 

analyses were performed in sex and race subgroups. Multiplicative interaction testing was 

performed between each PRS score (top 20% versus bottom 50%) and sex and race with 

cardiovascular outcomes.

A p-value <0.05 was considered statistically significant. All analyses were conducted using 

SAS 9.4.

Results

Baseline characteristics

The study population consisted of 3132 individuals with CAC = 0 (mean (SD) age 58 (9) 

years; 63% female; 33% White, 31% Black, 12% Chinese-American, and 24% Hispanic 

individuals). ASCVD PRS categories were: 1566 individuals in the bottom 50%; 940 in 

the middle 30%; and 626 in the top 20%. There were no statistically significant differences 

in baseline demographics, CVD risk factors, or 10-year ASCVD risks when comparing 

individuals in the top 20% of the ASCVD PRS distribution versus individuals in the bottom 
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50%, with the exception of a higher prevalence of family history of premature CHD (24.9% 

vs 19.0%; p = 0.002) and slightly higher LDL-C (118 mg/dL vs 115 mg/dL; p = 0.04) (Table 

1).

Distribution of PRS

The distribution of PRSs by sex and race/ethnicity and development of incident 

cardiovascular outcomes is shown in Figs. 1 and 2. The distribution of PRSs was slightly 

more right skewed in those who developed ASCVD events. Also, there was a higher 

proportion of the participants who developed future ASCVD events at the higher end of 

the PRS distribution. This was most pronounced for the stroke PRS in men, women, and 

non-Whites, and for the ASCVD PRS among women.

Polygenic risk scores and incident CVD outcomes

Over a median follow-up of 16 years, there were 193 incident ASCVD outcomes, including 

108 CHD and 93 stroke events. Unadjusted incident event rates were generally <5 per 

1000 person-years among those in the bottom 50% of the ASCVD PRS distribution, with 

the exception of ASCVD event rates for men (5.28). ASCVD event rates were >5 per 

1000 person-years for those with PRS values in the top 20%. ASCVD event rates were 

higher for the top 20% versus the bottom 50% of the ASCVD distribution in the overall 

study population with CAC = 0 (5.73 vs 4.01; p = 0.03) and among women (5.67 vs 

3.24; p = 0.01) and non-Whites (5.85 vs 3.81; p = 0.04). While there were no statistically 

significant differences in individual CHD or stroke event rates individuals in the top 20% 

versus the bottom 50% of the ASCVD PRSs, they were both increased and their combined 

frequencies led to statistically higher ASCVD event rates in the top 20% PRS group (Table 

2). Cardiovascular disease event rates stratified by the CHD and stroke PRS are displayed in 

Supplementary Tables 1a and 1b.

Multivariable-adjusted analyses are presented in Table 3. In general, the results were 

consistent across all 3 models. There was a significant association between the ASCVD 

PRS and incident ASCVD events in the overall study population: Model 3, Hazard Ratio; 

95% Confidence Interval (1.63; 1.11, 2.39). There was no statistically significant association 

between the CHD PRS and any CVD outcome. The stroke PRS was significantly associated 

with higher risks of all outcomes – ASCVD: (1.84; 1.27, 2.68), CHD (1.79; 1.05, 3.06), and 

stroke: (1.96; 1.19, 3.23).

There was no statistically significant association between any PRS and CVD outcome 

among men. In women, the ASCVD PRS was associated with higher risk of ASCVD, while 

the stroke PRS was associated with all CVD outcomes (Table 3). There was a significant 

interaction between the stroke PRS and sex in the association with incident ASCVD and 

CHD (p = 0.003 and 0.009 respectively) (Supplementary Table 2).

There was no statistically significant association between any PRS and CVD outcomes 

among Whites. In non-Whites, there was a significant association between the ASCVD PRS 

and risk of ASCVD: (2.09; 1.27, 3.43) and stroke: (3.69; 1.83, 7.42). The CHD PRS was not 

statistically associated with cardiovascular events, whereas the stroke PRS was associated 

with higher risks of ASCVD (1.97; 1.26, 3.07) and stroke (2.39; 1.32, 3.42) (Table 3). There 
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was no significant interaction between any PRS and race/ethnicity in the association with 

incident CVD outcomes (Supplementary Table 2).

Discussion

In this study of middle-aged individuals with CAC = 0 at baseline, the incidence rates of 

ASCVD events were low regardless of the PRS groups. Nevertheless, within this group the 

ASCVD PRS was associated with incident ASCVD, which appeared to be driven by genetic 

variants related to stroke but not CHD, and only among women and nonWhites (Fig. 3). The 

PRS association was independent of traditional CVD risk factors that are represented by the 

pooled cohort equations and family history of premature CHD.

We found that demographics and cardiovascular risk factors were similar for participants 

in the top 20% and the bottom 50% of the PRS distribution. Exceptions were a higher 

prevalence of family history of premature CHD and slightly higher LDL-C levels in the 

top 20% group. Among individuals without CAC, a family history of premature CHD may 

indicate presence of inherited factors that predispose to incident ASCVD. Similarly, higher 

LDL-C levels may also be related to genetic variants that correlate with both higher serum 

LDL-C levels and ASCVD.13 However, the ASCVD PRS was significantly associated with 

subsequent events independent of the PCE and family history of premature CHD (Model 3).

The interplay of CAC and PRS might be particularly instructive, because PRSs may reflect 

lifetime ASCVD risks. Presumably, individuals with CAC = 0 may have protective genetic 

variants. Nevertheless, the top 20% of the ASCVD PRS distribution was associated with 

a higher risk of ASCVD events, which appeared to be driven by the stroke PRS but not 

the CHD PRS. We therefore posit that this observed association between stroke PRS with 

ASCVD may represent a pathway to CAD and stroke independent of mechanisms that lead 

to CAC.31 The stroke PRS association could be due to a preponderance of stroke events that 

occur in those with CAC = 0,11,32 or possibly a different pathophysiology of ASCVD in this 

group, driven more by stroke risk factors such as atrial fibrillation and hypertension rather 

than atherosclerotic factors, such as dyslipidemia. These results are hypothesis generating 

and require additional studies to elucidate potential mechanisms predisposing to CHD and 

stroke events among those with CAC = 0. Nevertheless, our study identifies the stroke PRS 

as a potential novel risk factor for ASCVD among those with CAC = 0.

Interestingly, the stroke PRS was associated with ASCVD risk among women but not men. 

This may be particularly true for CHD given a significant statistical interaction between thee 

stroke PRS and sex in the association with incident CHD but not stroke. We hypothesize 

that CHD events among women with CAC = 0 may be uniquely driven by stroke-related 

disease pathways as aforementioned. Similarly, the stroke PRS was associated with incident 

ASCVD events among non-Whites, possibly because it was derived from a multiethnic 

population unlike the CHD PRS which was derived exclusively from White populations. 

These results may be especially informative given that ASCVD risk among women and 

non-Whites is not well understood resulting in inadequate treatment.33
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Although the ASCVD and stroke PRS were associated with ASCVD events, the ASCVD 

event rates were generally lower than the currently recommended threshold to initiate statin 

therapy. Therefore, at this time the PRS may not be useful to identify high-risk individuals 

with CAC = 0 since ASCVD event rates remained fairly modest in those with CAC = 

0 regardless of the PRS risk stratum (<7.5 per 1000-person years). As the decision to 

initiate statin therapy is based on global ASCVD risk estimation, the current results suggest 

that the PRS may have limited clinical utility to guide statin treatment among those with 

CAC = 0 even over 16-years follow-up. Among young adults, a PRS added to clinical 

risk factors resulted in a significant but small improvement in model discrimination for 

CAC.34 Mosely et al. found that PRS was associated with incident CHD events but did 

not improve reclassification, discrimination, or calibration of CHD over conventional risk 

predictors.25 A recent study in an East Asian cohort found that the addition of a PRS to 

clinical risk factors yielded a very modest yet significant improvement in discrimination 

(1%) and reclassification (3.5%) of CAD risk.35

On the other hand, a higher risk from PRS could guide further discussion around adherence 

to lifestyle therapy between a patient and a clinician. A recent study found that adherence 

to a healthy lifestyle (using the Heart Association’s Life’s Simple 7 recommendations) was 

associated with a lower lifetime risk of CHD, especially in those with high genetic risk.36 

Higher genetic risk may also identify individuals who would benefit from earlier CAC 

screening.31,37

The present results should be interpreted in the context of important limitations. The sample 

size was possibly underpowered to detect statistically significant associations between 

PRSs and incident ASCVD among those with CAC = 0 especially in subgroup analyses. 

This study used less SNPs (restricted to those at genome-wide significance) compared 

to that by Khera et al.13 The CHD PRS used in this analysis was derived from White 

populations, though there was no significant association with incident ASCVD in Whites 

and non-Whites. As discussed above, no conclusions can be made regarding disease 

mechanisms linking stroke genetic variants and ASCVD events in our study alone. Residual 

confounding cannot totally be excluded given the observational design of our study. Lastly, 

these findings may not necessarily be extrapolated to other study populations. Therefore, 

these results warrant replication in other cohorts before more definitive conclusions can be 

drawn regarding pathophysiological mechanisms and clinical utility. If so replicated, this 

may lead to a more granular precision medicine approach to ASCVD.

In summary, among individuals with CAC = 0, the ASCVD PRS is associated with incident 

ASCVD events. This appears to be driven by genetic variants related to stroke but not CHD, 

with the effect predominantly among women and non-Whites. However, ASCVD event rates 

remained below the threshold recommended for consideration for statin therapy even in the 

high PRS groups, suggesting limited utility of the PRS to guide statin therapy in those with 

CAC = 0.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Polygenic risk score distribution by sex and case/control status. Abbreviations: PRS 

(polygenic risk score); ASCVD (atherosclerotic cardiovascular disease), CHD (coronary 

heart disease); 1 = cases, 0 = controls.
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Fig. 2. 
Polygenic risk score distribution by race/ethnicity and case/control status. Abbreviations: 

PRS (polygenic risk score); ASCVD (atherosclerotic cardiovascular disease), CHD 

(coronary heart disease); 1 = cases, 0 = controls.

Rifai et al. Page 13

Prog Cardiovasc Dis. Author manuscript; available in PMC 2023 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Graphical summary of the association of polygenic risk scores with atherosclerotic 

cardiovascular disease outcomes. Abbreviations: PRS (polygenic risk score); ASCVD 

(atherosclerotic cardiovascular disease), CHD (coronary heart disease).
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Table 2

Unadjusted incidence rates of atherosclerotic cardiovascular disease, coronary heart disease and stroke (per 

1000 person-years) stratified by atherosclerotic cardiovascular disease polygenic risk score overall and among 

sex and racial/ethnic subgroups.

Bottom 50% ASCVD PRS Top 20% ASCVD PRS p-value

Overall N = 1566 N = 626

Atherosclerotic Cardiovascular Disease 4.01 5.73 0.03

Coronary Heart Disease 2.29 3.21 0.14

Stroke 1.89 2.65 0.18

Men N = 587 N = 225

Atherosclerotic Cardiovascular Disease 5.28 5.82 0.71

Coronary Heart Disease 3.17 3.37 0.87

Stroke 2.11 2.45 0.73

Women N = 979 N = 401

Atherosclerotic Cardiovascular Disease 3.24 5.67 0.01

Coronary Heart Disease 1.76 3.09 0.06

Stroke 1.77 2.75 0.15

Whites N = 571 N = 225

Atherosclerotic Cardiovascular Disease 4.34 5.52 0.39

Coronary Heart Disease 2.79 3.98 0.19

Stroke 1.69 1.83 0.84

Non-Whites N = 995 N = 401

Atherosclerotic Cardiovascular Disease 3.81 5.85 0.04

Coronary Heart Disease 2.03 2.59 0.43

Stroke 2.02 3.29 0.09

Abbreviations: PRS (polygenic risk score); ASCVD (atherosclerotic cardiovascular disease). Bold items are statistically significant.
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