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quantify inherited risk for a given disease based

on the cumulative impact of many common sites
of DNA variation."® Although several programs plan to
return polygenic scores to patients, the implications of a
high polygenic score for a given individual's family mem-
bers have not been fully characterized. A recent analysis
focused on height and cognitive ability suggested poly-
genic scores are largely similar between siblings and
thus have limited utility for embryo selection seeking to
maximize these traits.*

Here, we build upon this prior work by examining the
correlation of polygenic scores and concordance of a
high polygenic score according to relatedness across
4 cardiometabolic diseases: coronary artery disease,
atrial fibrillation, diabetes, and severe obesity (body
mass index, 240 kg/m?). We studied 179 monozygotic
twin pairs, 22644 sibling pairs, and 11123 second-
degree relative pairs derived from the UK Biobank
study® Among the studied individuals, median age was
58 years, 57.1% were women, and 88.1% were of Euro-
pean ancestry. Relatedness was computed according to
Kinshipbased Inference for Genome-wide association
studies (KING) kinship coefficients as described previ-
ously® For each condition, we used previously published
polygenic scores, adjusted for genetic ancestry using the
residual of a linear regression model predicting the raw
polygenic score using the first 10 principal components
as described previously."®

We first measured the correlation of the polygenic
score for coronary artery disease between related individ-
uals. As expected, a perfect correlation (Pearson R=1.0)
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was observed between monozygotic twins (Figure A).
This correlation was attenuated among sibling pairs—
R=0.51—and decreased to 0.25 among pairs of second-
degree relatives (Figure B and C). Nearly identical results
were observed across the 3 additional diseases.

Among individuals presenting with a high polygenic
score for a given disease, we asked: how common is
a similarly high score among the individuals’ siblings?
Because polygenic scores are normally distributed quan-
titative traits—there is no standard threshold for high—we
explored multiple thresholds: top 1%, 5%, 10%, and 20%
of the disease-specific distributions. Taking coronary
artery disease as an example, for individuals with a poly-
genic score in the top 1% of the distribution, 21% of sib-
lings’ polygenic scores met this threshold, corresponding
to a >20-fold enrichment (Figure D). If a high polygenic
score was defined as the top 20% of the distribution, 44%
of siblings’ polygenic scores similarly met this threshold.
The positive predictive value of a high polygenic score
was largely independent of family history—for coronary
artery disease, the positive predictive value of a sibling
with a polygenic score in the top 20% of the distribu-
tion for a similarly elevated score was 47% for those who
reported family history versus 40% for those who did not.

We next studied whether the variability in polygenic
scores might contribute to disease discordance between
sibling pairs, as was observed for coronary artery dis-
ease in 1844 pairs, atrial fibrillation in 1430 pairs, severe
obesity in 749 pairs, and diabetes in 2376 pairs. Among
these pairs, the higher polygenic score was observed in
the affected sibling in 1071 of 1844 pairs with discor-
dant coronary artery disease status (58%)—significantly
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higher than the 50% that would be observed by chance
(F<0.001). A similar pattern was noted across the three
additional diseases, with the afflicted sibling having the
higher polygenic score in 60% of pairs for atrial fibrillation,
60% for diabetes, and 67% for severe obesity. We next
conducted a matched-pair analysis, assessing the differ-
ence in polygenic score between affected and unaffected
siblings. For each of the 4 diseases, the median difference
was significantly >0, with effect size ranging from 0.22 to
0.44 SDs (Figure E). Taken together, these results sug-
gest that chance differences in polygenic scores among
siblings play a statistically significant, but quantitatively
modest, role in differential disease manifestation.

These results may have important implications for clini-
cal practice and genetic counseling. For monogenic risk
variants, cascade screening is recommended to identify
a binary phenotype, about 50% of first-degree relatives
will harbor the same variant. By contrast, polygenic scores
are continuous traits that correlate strongly across sib-
ling pairs. Nonetheless, cascade testing to identify addi-
tional family members with a high polygenic score may
warrant consideration. Indeed, when a high polygenic
score is defined as the top 20% of the distribution—cor-
responding to a more than doubling of risk for each of
the 4 diseases'?—about 45% of siblings similarly met this
threshold. Genetic counseling that contextualizes poly-
genic score results within the context of personal and
family health history and accounts for implications of an
increased score for family members is warranted.

Additional research is needed to assess the optimal
approach to polygenic score disclosure and operational-
ize cascade screening within this context, with the ulti-
mate goal of identifying additional individuals with high
inherited risk who may benefit from targeted screening
or prevention.
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Figure. Concordance of polygenic scores among related individuals.

Two-dimensional correlation heat maps of polygenic scores for coronary artery disease (CAD) between pairs of monozygotic twins (A), siblings
(B), and second-degree relatives (C). D, The percentage of individuals with a sibling’s polygenic score above a certain threshold percentage
who also share a similarly increased polygenic score for 4 cardiometabolic diseases. Polygenic scores were normalized to have a mean of O
and SD of 1 as performed previously.”"* Among sibling pairs with discordant disease status, median polygenic score was higher in the afflicted
siblings for each of the 4 diseases, with effect ranging from 0.22 to 0.44 SD units (P<0.001 by paired Wilcoxon rank-sum test for each; E).
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