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Abstract

Background: Rare sequence variation in genes underlying cardiac repolarization and common
polygenic variation influence QT interval duration. However, current clinical genetic testing
of individuals with unexplained QT prolongation is restricted to examination of monogenic
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rare variants. The recent emergence of large-scale biorepositories with sequence data enables
examination of the joint contribution of rare and common variation to the QT interval in the
population.

Methods: We performed a genome wide association study (GWAS) of the QTc in 84,630 United
Kingdom Biobank (UKB) participants and created a polygenic risk score (PRS). Among 26,976
participants with whole genome sequencing and electrocardiogram data in the Trans-Omics for
Precision Medicine (TOPMed) program, we identified 160 carriers of putative pathogenic rare
variants in 10 genes known to be associated with the QT interval. We examined QTc associations
with the PRS and with rare variants in TOPMed.

Results: Fifty-four independent loci were identified by GWAS in the UKB. Twenty-one loci
were novel, of which 12 were replicated in TOPMed. The PRS comprising 1,110,494 common
variants was significantly associated with the QTc in TOPMed (AQTC/gecile of PRS =1.4 MS, 95%

Cl 1.3 -1.5; p-value=1.1x10"19). Carriers of putative pathogenic rare variants had longer QTc
than non-carriers (AQTc=10.9 ms [7.4-14.4]). 23.7% of individuals with QTc>480 ms carried
either a monogenic rare variant or had a PRS in the top decile (3.4% monogenic, 21% top decile of
PRS).

Conclusions: QTc duration in the population is influenced by both rare variants in genes
underlying cardiac repolarization and polygenic risk, with a sizeable contribution from polygenic
risk. Comprehensive assessment of the genetic determinants of QTc prolongation includes
incorporation of both polygenic and monogenic risk.

Keywords
QT interval; Polygenic; Monogenic; Long QT Syndrome; Sudden Cardiac Death

Introduction

Perturbation of pathways involved in cardiac repolarization can lead to significant
prolongation of the electrocardiographic QT interval with associated risks of cardiac
arrhythmias, sudden cardiac death and major adverse cardiovascular events.1=3 While
multiple extrinsic factors such as medications, hormones and serum electrolytes influence
cardiac ion channels, rare variants within genes encoding subunits that comprise these
channels (e.g., KCNQ1, KCNHZ2, and SCN5A) and other proteins are implicated in QT
prolongation and the long QT syndrome (LQTS). Recently, common genetic variants have
been implicated in QT interval duration as well via genome wide association studies
(GWAS) in the general population. However, the joint contribution of rare monogenic and
common polygenic variation to the QT interval in the general population remains unknown.

Current clinical genetic testing of individuals with otherwise unexplained prolonged QT
interval in the population is restricted to examination of monogenic rare variants.> Recently,
biorepositories with large-scale sequence data have emerged which enable an unprecedented
examination of the relations between both rare and common variation, and QT duration, in
the general population. Here, we leverage paired electrocardiogram (ECG) and genomic data
from over 100,000 individuals in the United Kingdom Biobank (UKB) and Trans-Omics for
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Precision Medicine (TOPMed) program to comprehensively examine the joint contributions
of monogenic and polygenic variation to QT interval duration.

Methods
Data Availability

UKB data are made available to researchers from research institutions with genuine research
inquiries, following institutional review board (IRB) and UKB approval. All other data are
contained within the article and its supplementary material, or are available upon reasonable
request to the corresponding author.

Study Design and Patient Population

United Kingdom Biobank Cohort—The UKB is a prospective cohort of ~500,000
individuals from the UK with deep phenotyping and multiple genomic data types.5 ECGs
with automated QT interval measurements were available on 94,486 study participants. Two
types of ECGs were performed on partially overlapping subsets of the UKB: supine resting
12-lead ECGs (N=42,635) and 3-lead upright resting ECGs prior to a bicycle exercise
protocol (N=60,799). Among individuals who underwent both 12-lead and 3-lead ECGs
(N=8,948), their QT interval was extracted from the 12-lead ECGs for this study. Heart rate

corrected QT intervals were calculated using the Bazett formula, defined as QTc = 3}%’8 .

Additional details pertaining to ECG methods and automated QT interval measurement are
summarized in the Supplemental Methods.

We included participants from the UKB with both imputed genomic data and ECG data.
Details of genotype arrays, initial data quality control and imputation in the UKB have

been published previously® and are briefly summarized in the Supplemental Methods.

We excluded individuals with poor quality genetic data (Supplemental Methods) and with
characteristics that would affect their QT interval such as Wolff-Parkinson-White Syndrome,
a paced rhythm, QRS interval >120 ms, digoxin use or class | or 11 antiarrhythmic drug

use. Individuals with 2" or 34 degree AV block and those with extreme heart rates, <40 or
>120 beats per minute, were also excluded (Figure S1A). The final UKB cohort consisted of
84,630 individuals. Use of UKB data was performed under application number 17488 and
was approved by the local Massachusetts General Hospital IRB.

Trans-Omics for Precision Medicine Cohort

The TOPMed cohort included participants from the National Heart Lung and Blood
Institute’s (NHLBI) TOPMed program with both whole-genome sequencing (WGS)

and QTc data (N=29,511). The study sample consisted of participants from 9 NHLBI
cardiovascular cohorts (Supplemental Methods). In brief, we excluded participants with poor
quality genetic data, and with characteristics that would affect their QT interval as detailed
above. The final TOPMed study sample included 26,976 individuals (Figure S1B). All
participants provided written informed consent, and all participating studies obtained study
approval from their local IRB.

Circulation. Author manuscript; available in PMC 2023 May 17.
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Rare Variant Annotation in TOPMed

WGS quality control was performed on TOPMed data included in Freeze 6. Details

of sequencing methods, variant calling and initial sequencing data quality control have

been previously described by the TOPMed Informatics Research Center.” Rare variant
annotation methods are summarized in detail in the Supplemental Methods. To enrich

for disease-causing rare variants, we defined putative pathogenic rare variants as those
classified as pathogenic or likely pathogenic in ClinVar,® or that were classified as high
confidence loss-of-function (LOF) rare variants (minor allele frequency (MAF) < 0.01) in
canonical transcripts using Loss-Of-Function Transcript Effect Estimator.® LOF variants
within SCN5A were excluded as they are mechanistically not expected to be associated with
prolongation of the QT interval. After subsetting to pathogenic/likely pathogenic variants
and high confidence LOF variants in canonical transcripts, we identified 160 carriers

of rare putative pathogenic variants in 10 (KCNQ1, KCNHZ, SCN5A, KCNJZ, KCNEZ,
CACNAIC, CAV3, TRDN, CALM3, ANK2) out of 13 total genes included in a commercial
(Invitae) LQTS panel in the TOPMed cohort (no putative pathogenic rare variant carriers

in CALM1, CALMZ2or KCNEI were identified within TOPMed). In a sensitivity analysis
further restricting to putative pathogenic rare variants with MAF <0.001, we identified the
same variants and number of carriers.

Statistical Analysis

In the UKB, we first examined the unexplained variance in QTc for the 3-lead and 12-lead
ECG subgroups, separately, following adjustment for covariates included in our genetic
association model (age, sex, beta blocker use, calcium channel blocker use, history of
myocardial infarction, history of heart failure and the first twelve principal components

of genetic ancestry). We found that the residual unexplained variance in the QTc was

similar for the two subgroups suggesting that there is no significant bias between the two
subgroups and supporting a joint analysis of the QTc from these two ECG modalities
(Figure S2). We also calculated the genetic correlation between the QTc in the 3-lead and
12-lead ECG subgroups using linkage disequilibrium (LD) score regression, which was

very strong (rg=0.99, p=4.3x10747). Next, we combined the 3-lead and 12-lead subgroups
and performed a joint common variant (MAF = 0.01) GWAS for the QTc using SAIGE1?
adjusting for age, genetically determined sex, beta blocker use, calcium channel blocker

use, history of myocardial infarction, history of heart failure, genotyping array, ECG type
(12-lead vs. 3-lead) and the first twelve principal components of genetic ancestry. LD score
regression analysis was performed using Idsc version 1.0.0.11 With Idsc, the genomic control
factor (lambda GC) was partitioned into components reflecting polygenicity and inflation,
using the software’s defaults. We calculated SNP-heritability of the QTc using BOLT-REML
v2.3.4.12 We performed replication analysis of the novel loci in TOPMed using GENESIS.13

Using the results of the GWAS and after subsetting to overlapping variants in the UKB and
TOPMed (7,457,978 out of 8,595,785 variants), we generated a genome-wide polygenic risk
score (PRS) for the QTc using a Bayesian regression framework with continuous shrinkage
priors on SNP effect sizes implemented in PRS-CS.1# We used PRS-CS to generate a
genome-wide PRS since unlike other approaches such as pruning and thresholding, PRS-CS
does not require defining a derivation and validation sub-cohort. Our approach allowed us

Circulation. Author manuscript; available in PMC 2023 May 17.
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to maximize our GWAS sample size and power for genetic discovery. In PRS-CS, we used
the European ancestry LD reference panel from 1000 Genomes Project Phase 3. Using the
--score function in PLINK v1.9 we calculated the PRS for all study participants in TOPMed.
Derivation of a new PRS for the QTc in the UKB was necessary to avoid overfitting that
would be induced by using prior available genetic risk scores!® and GWAS results* which
were derived from studies that overlapped with our TOPMed cohort.

We examined the joint contribution of monogenic and polygenic variation to the QTc in
TOPMed (Figure 1). Correlation between the derived QTc PRS and the QTc was assessed
using Pearson’s correlation coefficient. We tested the association between the QTc PRS

and putative pathogenic rare variants with the QTc using multiple linear regression with
adjustment for age, sex, beta blocker use, calcium channel blocker use, history of heart
failure, history of myocardial infarction and the first twelve principal components of genetic
ancestry. We collapsed putative pathogenic rare variants by gene and defined monogenic rare
variant carriers as carriers of putative pathogenic rare variants in any gene within the Invitae
commercial LQTS panel (N=160).

All statistical analyses were performed using R version 4.0.2 (R, Core Team 2020) unless
otherwise specified. A two-sided p-value < 5x1078 was used to identify genome-wide
significant common variants and <0.05 was used as the p-value threshold for replication of
novel loci in TOPMed. For the remaining statistical analyses two-sided p-values <0.05 were
considered statistically significant.

In the UKB, mean age of participants was 57.9 + 8.8 and 48.6% were male. The majority of
participants (93.5%) were of European ancestry. Prevalence of cardiovascular comorbidities
was relatively low with 4.4%, 2.6% and 1.6% having a diagnosis of atrial fibrillation,
myocardial infarction or heart failure, respectively, at the time of ECG. The study sample
mean QT duration was 398.1 + 34.3 ms and mean QTc duration was 415.8 + 23.3 ms (Table
1).

In the QTc GWAS, we identified 54 independent loci that exceeded genome-wide
significance (Figure 2). We replicated 33 loci previously reported to be associated with the
QTc and identified 21 novel loci (Table S1). The genomic control factor Agc wasl1.16 with
an LD-score regression intercept of 1.07, suggesting polygenicity of the QTc as opposed to
inflation (Figure S3). In TOPMed we replicated 12 out of the 21 novel loci (Table S2). The
SNP-heritability of the QTc was 0.24 (standard error 0.007).

Utilizing the GWAS results and after subsetting to overlapping variants between UKB and
TOPMed, we derived a genome-wide PRS comprising 1,110,494 common variants.

TOPMed Cohort

Ancestral diversity was more prominent in TOPMed as compared to the UKB. Individuals
of European (N= 16,074, 59.6%) and African (N=4,887, 18.1%) ancestries constituted the
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largest ancestry groups in the TOPMed cohort. There was a substantial degree of admixture,
with genetically-inferred ancestry unable to be determined for 3,653 (13.5%) individuals.
The study sample mean QT duration was 408.4 + 31.6 ms and mean QTc duration was 423.8
+22.9 ms (Table 1).

The QTc PRS, derived in the UKB and comprising 1,110,494 common variants, was
normally distributed across all ancestries in TOPMed and was significantly associated with
the QTc (Pearson correlation coefficient 0.18, 95% CI 0.17 — 0.19; p-value=2x107196)
(Figures S4, S5). The QTc PRS remained significantly associated with the QTc

(AQTC/decile of Prs =1.4 Ms, 95% CI 1.3 —1.5; p-value=1.1x10"19) following adjustment
for age, sex, beta blocker use, calcium channel blocker use, history of heart failure, history
of myocardial infarction and the first twelve principal components of genetic ancestry with a
model R2 of 0.087. Across the different genetic ancestries in TOPMed, increasing tertiles of
the PRS stratified study participants in to higher QTc strata (Figure 3). The performance of
the PRS was comparable across different ancestries albeit a relatively lower predictive power
in individuals with African ancestry (Table S3).

We collapsed putative pathogenic rare variants by gene and examined the association

of carriers of putative pathogenic rare variants by gene with the QTc (Table S4). In
multivariable analysis, carriers of putative pathogenic rare variants in any of the 10 LQTS
genes had a 10.9 ms (95% Cl, 7.4 — 14.4, p-value=1.1x1079) increase in their QTc as
compared to non-carriers (Table S4).

To approximate monogenic and polygenic risk, we categorized the PRS into two categories
(highest decile vs. lower 90™ percentile). The multivariable adjusted-mean difference in QTc
interval between the top PRS decile and lower 90" PRS percentile (8.7 ms 95% Cl, 7.8

- 9.5, p-value=3.6x1078%) approximates the delta QTc observed among carriers of putative
pathogenic rare variants compared to non-carriers. In multivariable analysis, we found an
additive effect of monogenic and polygenic risk. Carriers of a monogenic rare variant

who fell in the top decile of polygenic risk (n=14) had a 21.7 ms (95% CI, 10.1 — 33.3,
p-value=2.4x10~4) higher QTc compared to non-carriers with polygenic risk in the lower
90t percentile (Figure S6).

We then examined the distribution of polygenic and monogenic risk across the spectrum of
QTc duration in the study sample to assess the contribution of genetic determinants to the
QTc. Across increasing strata of the QTc in the study sample, there was a consistent increase
in the proportion of individuals with a PRS in the top decile (p-trend=9.6x107%) and the
proportion of individuals who were carriers of monogenic putative pathogenic rare variants
(p-trend=4.1x10~14) (Figure 4). We found that only 3.4% of individuals with pronounced
QTc prolongation (>480 ms) carried a monogenic rare variant, 21% had a PRS in the top
decile and 23.7% had either a monogenic rare variant or a PRS in the top decile (Figure

4). Thus, approximately 75% of individuals with pronounced QTc prolongation (>480 ms)
do not have an identified rare genetic variant or burden of polygenic risk equivalent to a
monogenic variant to explain the QTc prolongation.

Circulation. Author manuscript; available in PMC 2023 May 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Nauffal et al. Page 8

Discussion

In this study, we performed a large genome-wide association analysis of the QTc in 84,630
UKB participants and identified 21 novel loci, of which 12 replicated in an independent
multi-ancestry TOPMed cohort. We demonstrate that a genome-wide PRS derived from the
UKB GWAS and applied in an independent multi-ancestry TOPMed cohort had comparable
performance across ancestries. Leveraging whole genome sequencing and ECG data in
TOPMed, we characterized the joint contribution of common and rare variants to QTc
prolongation in an adult population (mean age 59.8 years). Approximately 3% of individuals
with marked QTc prolongation beyond 480 msec carried a putative pathogenic rare variant,
whereas nearly 21% of such individuals carried a large-effect polygenic risk equivalent.
Notably, approximately three in four individuals with pronounced QTc prolongation >480
ms did not have a yet identified genetic risk factor.

Genetic Determinants of the QT Interval

Prior studies examined the association, individually, of either common or rare variants to the
QTc,*16.17 whereas we uniquely leveraged whole genome sequencing data in TOPMed to
examine both rare and common variation jointly in relation to QTc duration in large multi-
ancestry population-based studies. We found that a substantial proportion of individuals
with pronounced QTc prolongation (> 480 ms) in the population have a high polygenic

risk equivalent. Indeed, the proportion of individuals with high polygenic risk equivalent
exceeded the proportion of monogenic rare variant carriers.

Our findings highlight a need to understand both the clinical implications of polygenic
predisposition to QT prolongation and mechanisms by which common variation affects

QT interval duration. With enhanced access to sequencing in clinical settings and genomic
sequence data emerging from large-scale biobanks, long-term correlation between genetic
predisposition to QT prolongation and clinical outcomes will be feasible. A recent LQTS
case-control genetic association study revealed strong genetic correlation between the

QTc and LQTS. The study also demonstrated that high polygenic predisposition to QT
prolongation contributed to susceptibility to LQTS, particularly among LQTS cases without
a monogenic disease-causing variant.18 In our current study, we additionally identified an
additive effect of QTc polygenic risk on the QTc among carriers of putative pathogenic rare
variants in genes associated with the QTc highlighting the contribution of QTc polygenic
risk to the QTc even among monogenic rare variant carriers. In light of the shared polygenic
architecture of the QTc and LQTS, development of strong polygenic risk instruments of the
QTc, a more readily available endophenotype, may aid in better characterizing polygenic
susceptibility to LQTS. Additionally, QTc polygenic risk may have important implications
for determining susceptibility to QT prolonging drugs. A study demonstrated the utility of
a QTc PRS, comprising 61 variants, in predicting the extent of QTc prolongation associated
with different anti-arrhythmic drugs and the associated risk of Torsade des Pointes.1®
Prospective assessment of management approaches for individuals carrying high polygenic
risk are needed.

Moreover, our findings may have implications for the approach to clinical genetic testing
when evaluating individuals with an otherwise unexplained prolonged QTc. Current
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genetic testing approaches for individuals with an unexplained prolonged QTc focus on
examining monogenic rare variants in genes associated with the LQTS.> Extrapolating from
our findings, we anticipate that incorporation of polygenic risk into genetic testing for
individuals with pronounced QTc prolongation (>480 ms) could substantially increase the
yield of identifying a genetic determinant of QTc prolongation by ~7-fold, from 1 in 30

to 1 in 4. While many factors contribute to QTc prolongation, our findings emphasize the
potential importance of assessing polygenic risk for comprehensive evaluation of a genetic
basis of QTc prolongation. However, we note that our study was not focused on individuals
in whom genetic testing for suspected LQTS is considered clinically indicated. Further
studies are needed to establish the role of polygenic risk assessment for the evaluation of
individuals with suspected LQTS.

Polygenic and Monogenic Contribution to Other Genomic Disorders

Recently, the contribution of monogenic and polygenic risk to a number of genomic
disorders has been described. A recent trans-ancestry GWAS of LQTS described the
polygenic contribution to LQTS and found that approximately 15% of variation in LQTS
susceptibility is attributable to common genetic variation.1® The study findings highlight
the polygenic architecture of LQTS in addition to the established monogenic architecture
of LQTS. A contemporary study examining a spectrum of diseases including familial
hypercholesterolemia, hereditary breast and ovarian cancer and Lynch syndrome found
that polygenic risk had an additive effect on monogenic risk and aided in better risk
estimation among monogenic rare variant carriers.1® Our group has previously reported
higher prevalence of atrial fibrillation among 77N LOF carriers within higher strata of
polygenic risk of atrial fibrillation.2? The current study extends this body of work and is of
particular relevance given the implications of living with the potential risk of sudden cardiac
death among carriers of monogenic rare variants associated with QT prolongation.

Non-Genetic Determinants of the QT Interval

Over 75% of individuals with pronounced QTc prolongation (>480 ms) did not carry

a polygenic risk equivalent or monogenic putative pathogenic rare variant in this study.

Our findings support the possibility that additional genetic contributions to QTc duration
remain undiscovered and highlight the important contribution of non-genetic factors to

the QTc. These findings should be interpreted in the context of the average age of

the study sample which included middle-aged and older individuals, where comorbid
cardiovascular disease and polypharmacy are prevalent and among other non-genetic factors
are important determinants of the QTc. Future increasingly large-scale common and rare
variant population-based association studies of the QTc may identify additional novel
genetic determinants of the QTc.

Novel Genome-Wide Association Loci Implicate Genes Associated with Cardiovascular
Disease and ECG Traits

We identified 21 novel loci associated with the QT interval in the UKB QTc GWAS
of which 12 replicated in TOPMed. The replicated loci implicated genes that have been
previously associated with a number of cardiovascular diseases and ECG traits, further
validating them as true signals associated with the QTc. The lead novel SNP (p=1.1
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x 10717), rs17171711, is an intronic variant in FAM13B which has been previously
associated with atrial fibrillation?! and implicated as an eQTL locus in a previous QTc
GWAS.4 rs422068, another intronic variant in AM/YH6, has also been associated with atrial
fibrillation22 and resting heart rate23 in genome-wide association studies. The lead SNP in
the ZNVF358 locus, rs113394178, has been shown to be associated with the PR interval? and
more recently associated with trabecular morphology and myocardial fractal dimension.2>
The SLC12A7locus which encodes a solute carrier that mediates electroneutral potassium-
chloride transport was among the novel replicated loci and has been previously associated
with the PR24 and JT intervals.26 Additionally, loci previously associated with atrial
fibrillation?122 (RBM20, MYH6 and FAM13B) and myocardial infarction?”-28 (BACH1I,
STAT3, TCHP/GIT2) were among the novel replicated loci associated with the QTc.

Our results should be interpreted in the context of the study design. The study findings apply
to individuals who enrolled in the included population-based cohorts, and do not necessarily
apply to patients seeking clinical evaluations for evident or possible LQTS. The TOPMed
cohort did not ascertain LQTS diagnosis among study participants which prohibited
performing an analysis examining the contribution of polygenic and monogenic risk to
LQTS in the general population and our findings strictly apply to the QTc. Accordingly, we
noted a higher prevalence of individuals with monogenic rare variants in genes associated
with the QTc in TOPMed when compared to a prior study examining the prevalence of
LQTS in the population by Schwartz et al,2° findings likely due to incomplete penetrance

of LQTS, broader panel of genes examined in our study, study design and the increased
ancestral diversity of participants in TOPMed. Further population-based studies with LQTS
phenotyping are needed to examine the monogenic and polygenic contribution to LQTS

in the population. To enable large-scale curation of QT intervals we relied on automated

QT measurements rather than manual measurement of the QT interval which is the gold
standard in clinical practice and is particularly important in the setting of irregular rhythms
such as atrial fibrillation. However, only a very small fraction of our study sample had

a history of atrial fibrillation. Additionally, despite studying a large multi-ancestry cohort
from the UKB to derive our PRS, the population was predominantly of European ancestry
which may not accurately characterize polygenic risk in the TOPMed cohort. However, we
demonstrate that our derived PRS was normally distributed and had overall comparable
performance across all TOPMed ancestries. Future large-scale genetic association studies in
non-European ancestries are needed to enhance the performance of polygenic risk scores
across ancestries and allow for better characterization of common variation in non-European
ancestries. Our analyses of monogenic variation focused on coding variants within genes
associated with the QT interval. Additional studies are needed to evaluate the contribution of
non-coding rare variation, copy-number variation and structural variation to the QTc in the
general population. We relied on the ClinVar database’s assertions of variant pathogenicity
to classify pathogenic/likely pathogenic rare variants, which may be subject to bias and
heterogeneity associated with different reporting laboratories/groups. This study focused on
exploring genetic determinants of the QTc, however, multiple non-genetic factors contribute
to the QTc, particularly among older individuals with multiple cardiovascular comorbidities
and who are exposed to polypharmacy, which we were unable to fully account for in this
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analysis. Additionally, the findings from this study should be interpreted in the context of
the average age of the study sample as the genetic contribution to cardiovascular traits tends
to vary with age. The samples included in this study predominantly included middle-aged

to older adults which limited our ability to perform a meaningful age-stratified analysis of
monogenic and polygenic contribution to the QT interval, particularly in adolescents and
young adults. Lastly, further studies are needed to examine the impact of QTc polygenic risk
on clinical outcomes in the general population.

Conclusions

QTc duration is influenced by both polygenic risk and rare variation in genes underlying
cardiac repolarization. A substantial proportion of individuals with pronounced QTc
prolongation (> 480 ms) in the population have a high polygenic risk equivalent.
Incorporation of polygenic risk assessment may aid in increasing the yield of genetic testing
for QTc prolongation. Further studies are needed to uncover novel genetic determinants

of the QTc and establish the role of polygenic risk assessment in clinical evaluation of
individuals with prolonged QTc in the general population.
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What is new?

. 12 novel loci associated with the QTc were identified in a genome-wide
association analysis in the UK Biobank and replicated in an independent
multi-ancestry cohort, TOPMed.

. A genome-wide polygenic risk score of the QTc derived in the UK Biobank
and applied in TOPMed captured polygenic variation associated with the QTc
across genetic ancestries.

. Among individuals with a QTc >480 ms, 3.4% carried a monogenic rare
variant, 21% had a polygenic risk equivalent (top PRS decile), and 23.7% had
either a monogenic rare variant or a polygenic risk equivalent.

What are the clinical implications?

. Individuals in the population with QTc prolongation are more likely to have
a common polygenic risk equivalent than a rare monogenic variant in an
established QTc prolonging gene.

. Comprehensive assessment of the genetic determinants of QTc prolongation
may require assessment of both monogenic rare variants and common
polygenic risk variants, which we estimate may increase the yield of
identifying a genetic determinant of QTc prolongation by ~7-fold, from 1
in30to 1in4.
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Figure 1. Study design and flowchart.
GWAS: genome-wide association study; PRS: polygenic risk score; TOPMed: Trans-Omics

for Precision Medicine; UKB: United Kingdom Biobank.
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represent loci that were replicated in TOPMed.
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Figure 3. Distribution of QTc duration across tertiles of the polygenic risk score within genetic
ancestries in TOPMed.

PRS: polygenic risk score.
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10795, respectively. PRS: polygenic risk score.
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Table 1.

Characteristics of the UK Biobank and TOPMed cohorts

UKB Cohort (N=84,630)

TOPMed Cohort (N=26,976)

Age (Years) 57.9+88 59.8+12.5
Height (cm) 169.2+9.2 166.0+9.5
Weight (kg) 78.0+15.1 79.5+18.9
Male (n, (%)) 41,108 (48.6) 17,644 (65.4)
Ancestry (n, (%))
European 79,167 (93.5) 16,074 (59.6)
African 1,614 (1.9) 4,887 (18.1)
Admixed American 78 (0.1) 596 (2.2)
Asian 1500 (1.8) 768 (2.9)
Amish - 998 (3.7)
Undetermined 2,271 (2.7) 3,653 (13.5)
Heart failure (n, (%)) 1,327 (1.6) 1,788 (6.6)
Myocardial Infarction (n, (%)) 2,182 (2.6) 2,361 (8.8)
Atrial Fibrillation (n, (%)) 3,730 (4.4) 1,450 (5.4)
Beta Blocker (n, (%)) 3,986 (4.7) 3,415 (12.7)
Calcium Channel Blocker (n, (%)) 5,514 (6.5) 3,043 (11.3)
QRS duration (ms) 87.4+11.0 89.6 +10.2
Heart rate (beats/minute) 66.8 +12.0 659+11.1
QT interval (ms) 398.1+34.3 408.4 £31.6
QTc interval (ms) 415.8 +£23.3 423.8+229

Continuous variables are presented as mean + standard deviation.
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