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Despite advances, cardiovascular disease remains 
the leading killer in women. Compared with men, 
the risk is underrecognized and diagnosis is de-

layed, contributing to overall worse coronary artery 
disease (CAD) outcomes.1 The mechanisms for ele-
vated risk in women remain incompletely explained by 
conventional risk factors. The role of varying genetic 
effects in this elevation remains uncertain. Genome-
wide association studies have enabled the discovery 
of genetic variants associated with CAD and other 
complex diseases. A CAD polygenic risk score (PRS) 
sums individually modest effects from CAD risk al-
leles and can be used with traditional risk calculators 
to independently predict and jointly improve CAD risk 
discrimination.2

Characterizing and understanding generalizability 
of a novel biomarker is critical to ensure disparities are 
not exacerbated. Analyses in the UK Biobank indicate 
older CAD PRS performs worse in women relative to 
men.1 Whether similar performance differences exist 
in modern US populations with novel CAD PRS is un-
known, and strategies to mitigate this bias are unclear.

We calculated a new multiancestry CAD PRS, 
GPSmult, which was shown to outperform other CAD 
PRSs, in the Mass General Brigham Biobank, a health 
care–associated biobank containing genetic, environ-
mental, and electronic health record information from 

patients in the Mass General Brigham health care sys-
tem.2 Participants were excluded if they had (1) sam-
ples with >1% genotype missingness, (2) mismatch 
between self-reported and genetically inferred sex, or 
(3) sample overlap with the training cohort.2 The re-
maining 37 641 participants were 82.2% White race, 
5.1% non-Hispanic Black race and ethnicity, 3.8% non-
Hispanic Asian or Pacific Islander race and ethnicity, 
2.1% Hispanic or Latino ethnicity, 6.9% other or un-
identified race, and 55.6% women, with mean (SD) age 
of 52.4 (17.2) years. CAD was defined as presence of 
International Classification of Diseases, Ninth Revision 
(ICD-9), or International Classification of Diseases, Tenth 
Revision (ICD-10), codes, as previously described, and 
occurred in 7.9% of individuals (1108 women).3 The 
Mass General Brigham Institutional Review Board ap-
proved this study, and informed consent was waived; 
data are available on request. Adjusting for age, 
sex, batch, and 5 principal components of ancestry, 
GPSmult demonstrated a strong association (odds ratio 
[OR], 1.45 [SD, 1.39–1.51]) with CAD. However, the 
association was lower among women than men (OR, 
1.35 [SD, 1.27–1.45] versus OR, 1.51 [SD, 1.43–1.59]; 
Pinteraction=0.04). GPSmult performance diverged par-
ticularly at higher percentiles of risk (Figure). Although 
absolute risks were similar for women and men at the 
bottom 10th percentile (0.43% and 1.14%, respectively), 
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they were notably deflated for women relative to men 
in the top decile of risk (17.9% and 29.0%, respectively).

We hypothesized that alleles exhibiting significant 
sex-differential effects for CAD might reduce this bias. To 
test this, we leveraged previously calculated summary 
statistics from sex-stratified genome-wide association 
studies performed by the CARDIoGRAMplusC4D con-
sortium involving 77 080 CAD cases and 550 952 con-
trols, including participants from the UK Biobank and 
other similar data sets.3 Using PLINK2, sex-differential 
weights from 10 loci demonstrating between-sex het-
erogeneity in the CARDIoGRAMplusC4D sex-specific 
analysis were used to create a sex-differential poly-
genic risk score, PRSsexdiff. The weights represent the 
difference in CAD effects in women relative to men. 
A linear combination of GPSmult, the novel PRSsexdiff, 
and the base model of age, batch, and first 5 prin-
cipal components of ancestry yielded improved CAD 
risk association effects (OR, 1.39 [SD, 1.29–1.49]) in 
female participants but did not fully resolve the dis-
parity. However, CAD association was heightened 
for women aged <55 years (OR, 1.44 [SD, 1.25–1.65]; 
Pinteraction=3.32×10−7), emphasizing greater utility identi-
fying actionable early risk.

We demonstrate that the latest CAD PRS in a con-
temporary US cohort still exhibits disparities by sex, 
underscoring the importance of sex in reporting. Our 

work builds on prior descriptions in the UK Biobank of 
differences in risk discrimination by sex and demon-
strates that some of this difference is related to gene-
sex interactions.1,4 CAD PRS distribution across sex 
was similar, making sex-participation bias an unlikely 
driver.5 Efforts to understand and address barriers 
toward improved and less biased representation of 
women in genomic studies are imperative to resolve 
PRS performance discrepancies.

Our study has notable limitations to consider in in-
terpretation. First, as Mass General Brigham Biobank 
is a contemporary cohort with limited follow-up, we 
focused on prevalent CAD to maximize power. As 
germline genetics are fixed from conception, cross-
sectional analysis may be reasonable to evaluate sex 
disparities in CAD PRS performance. Second, our sex-
differential PRS approach may be underpowered, and 
generalizability remains limited. Novel PRS methods 
use numerous variants to optimize performance, yet 
few substantive data sets are available to enable sex-
stratified training and validation as many established 
repositories, such as UK Biobank, overlap with data 
used in training here. However, using a 10-loci score 
may facilitate portability and implementation. Finally, 
whether similar sex differences and CAD PRS perfor-
mance improvements are observed in non-European 
populations requires study.

Further investigations discovering and incorporat-
ing larger numbers of sex-differential variants may help 
bridge the polygenic risk score performance gap in 
CAD and may be applied broadly across conditions to 
address sex disparities widely.
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Figure .  Sex-specific curves showing predicted prevalence 
of coronary artery disease (CAD) with 95% CI, according to 
percentile of the multiancestry CAD polygenic risk score 
(GPSMult) in the Mass General Brigham (MGB) Biobank data 
set consisting of n=37 641.
GPSMult was expanded to a natural spline with 3 knots, and a 
logistic regression was fit to this expanded basis. Initial GPSMult 
was mapped back to this CAD prediction.
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