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EDITORIAL COMMENT
Another Use for Polygenic Risk Scores
Improving Risk Prediction for Heterozygous
Familial Hypercholesterolemia*
Brian T. Palmisano, MD, PHD,a,b Joshua W. Knowles, MD, PHDa,b,c,d
S ince the Framingham Heart Study, the cardio-
vascular community has focused on identi-
fying those at risk of atherosclerotic

cardiovascular disease (ASCVD) to prevent myocar-
dial infarction, stroke, and death. Identifying those
at risk offers the opportunity to adopt lifestyle
changes and use medications to mitigate ASCVD. In
the United States, the most used risk prediction tool
is the pooled cohort equations of the American Heart
Association/American College of Cardiology. This risk
calculator encompasses traditional risk factors (age,
sex, blood pressure, smoking, diabetes, and lipid
levels) but not others (eg, lipoprotein(a), inflamma-
tory diseases, pre-eclampsia, family history, and so-
cioeconomic status). Furthermore, the pooled cohort
equations are only validated for middle-aged patients
over the intermediate term (10 years), are not well
validated in many race/ethnicities and fail to identify
those at risk of ASCVD early in life, prior to onset of
risk factors (“primordial prevention”).

Polygenic risk scores (PRSs) are powerful tools to
predict risk of ASCVD. PRSs are derived from a
weighted sum of single nucleotide polymorphisms
(SNPs) that increase or decrease risk of ASCVD. PRS
performance has improved dramatically from initial
efforts tallying a handful of SNPs,1 now incorporating
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millions of SNPs, even below traditional levels of
significance of genome-wide association studies.2,3

Current PRSs are as good or better than traditional
risk factors at predicting ASCVD.2 Because many of
the ASCVD-associated SNPs influence risk indepen-
dent of traditional risk factors, a PRS generally im-
proves clinical risk prediction, even after adjusting
for traditional risk factors.2,3

Although individuals have millions of SNPs
contributing to disease risk, individual SNPs typi-
cally have small effect sizes (ie, odds ratios of <1.05)
(Figure 1). This contrasts with large effects (ie, odds
ratio of >3) from rare alleles causing Mendelian
diseases. For instance, heterozygous familial hy-
percholesterolemia (HeFH) is caused by rare variants
in LDLR, APOB, and PCSK9, which dramatically in-
crease both low-density lipoprotein-cholesterol
(LDL-c) and risk of ASCVD. Beyond single patho-
genic variants in patients with HeFH, the effect of
polygenic risk of ASCVD is only partly understood.
Among individuals with HeFH carrying known
pathogenic mutations, the phenotypic spectrum of
both LDL-c and ASCVD is quite heterogenous, sug-
gesting that polygenic risk could further modify
ASCVD risk in HeFH.4

In this issue of JACC: Advances, Reeskamp et al5

examined the impact of a PRS for coronary artery
disease (CAD) on individuals with HeFH harboring
known pathogenic variants. The authors combined 2
cohorts from the Dutch National HeFH cascade
screening program and the UK Biobank (UKBB) to
form the largest study of genetically verified HeFH
(n ¼ 1,744). Within the Dutch National HeFH
screening program, the authors demonstrate that a
recently published PRS for CAD6 further stratifies the
risk of incident CAD in individuals with HeFH, as
measured by 1.35 HR/SD, a common PRS metric. HeFH
carriers in the highest PRS quintile had the double the
event rates (9.3 vs 4.2 per 1,000 person-years) relative
https://doi.org/10.1016/j.jacadv.2023.100663

Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.jacadv.2023.100663
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacadv.2023.100663&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


FIGURE 1 Single Nucleotide Polymorphisms Vary in Population Frequency and

Magnitude of Effect

Rare variants tend to have larger effects, whereas common variants tend to have smaller

effects. PRSs can alter the risk of CAD among individuals with pathogenic variants for

HeFH. This figure was generated using BioRender. CAD ¼ coronary artery disease;

GWAS ¼ genome-wide association studies; HeFH ¼ heterozygous familial hypercho-

lesterolemia; PRS ¼ polygenic risk score; SNP ¼ single nucleotide polymorphism.
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to the lowest quintile, corresponding to nearly triple
the risk of CAD (HR: 3.37 vs 1.24). The PRS was inde-
pendently associated with risk of incident CAD after
adjustment for untreated LDL-c, hypertension, dia-
betes, and obesity. Addition of the PRS to a risk model
encompassing age, sex, and the first 5 principal
components of ancestry did not increase CAD risk
prediction in these HeFH patients, as assessed by the
C-statistic, but power was limited given the available
sample size and event rate. In the UKBB cohort, HeFH
individuals at the highest PRS quintile had double the
event rate for incident CAD relative to those at the
lowest quintile (14.0 vs 6.8 per 1,000 person-years).
Within the UKBB, addition of the PRS to a full clinical
model slightly improved risk discrimination among
those with HeFH (0.024 increase in the C-statistic).

This work by Reeskamp et al7 adds growing evi-
dence that polygenic variants influence disease risk
even among those with “Mendelian” genetic dis-
eases. A PRS has been shown to improve risk
discrimination of hereditary breast and ovarian can-
cer,8 Lynch syndrome,8 11 rare genetic diseases,9 hy-
pertrophic cardiomyopathy,10 and 8 metabolic
disorders.11 There has been prior work on the impact
of a PRS on risk of ASCVD in much smaller HeFH co-
horts. Fahed et al8 showed that among 56 individuals
with pathogenic or likely pathogenic variants for
HeFH, a PRS improved risk discrimination of CAD
(OR/SD of 2.31). Additionally, Trinder et al4 show that
among 275 patients with monogenic HeFH, a PRS for
LDL-c significantly increased risk of premature car-
diovascular disease (HR: 3.06) relative to controls.
While the authors achieve parity with regard to sex
(53% female), the genetic uniformity of the study
population (93% European) make generalizability of
the results in more diverse populations challenging.12

What, then, is clinical utility of a PRS in the setting
of HeFH? Both U.S. and European guidelines recom-
mend aggressive, lipid-lowering therapy among pa-
tients with HeFH.13,14 As demonstrated by Reeskamp
et al7 and others,4,8 addition of a PRS may provide
additional risk stratification for those with HeFH. As
more clinical genetic testing for HeFH utilizes whole
genome sequencing, PRSs can be derived simulta-
neously with standard analysis of LDLR, APOB, and
PCSK9, thereby providing a more comprehensive risk
assessment. This may be especially useful for patients
with very high polygenic risk to trigger earlier pre-
scription of and improved adherence to aggressive
lipid lowering.7,15 Other strategies that need to be
evaluated could include using a high PRS in HeFH
patients to trigger earlier targeted use of imaging to
detect subclinical plaque to guide antiplatelet use or
to identify children or young adults that might benefit
from very aggressive lifestyle modifications and lipid-
lowering therapies.16 On the other hand, for the ma-
jority of HeFH patients with average or low polygenic
risk, a PRS may not “de-risk” HeFH patients enough
to withhold therapy given a 2- to 10-fold higher risk of
early onset ASCVD.17
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