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1. Supplementary Methods —

(A)Description of participating studies

Supplementary Table 1 indicates websites and references for further information on all

contributing studies.

AMISH

The Old Order Amish (OOA) subjects included in this study were participants of several
studies of cardiovascular health in relatively healthy volunteers from the OOA community of
Lancaster County, PA and their family members. The studies were carried out at the University
of Maryland as part of the Amish Complex Disease Research Program (ACDRP). The OOA
population of Lancaster County, PA immigrated to the Colonies from Western Europe in the
early 1700s. All study protocols were approved by the institutional review board at the
University of Maryland and participating institutions. Informed consent was obtained from

each of the study participants.

ARIC

The Atherosclerosis Risk in Communities (ARIC) Study' is a prospective community-based
study of cardiovascular disease and its risk factors. At baseline (1987-89), 15,792 men and
women age 45-64 were recruited from 4 communities in the US (Washington County,
Maryland; Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis suburbs,
Minnesota). Participants were mostly white in the Minnesota and Washington County field

centers, white and African American in Forsyth County, and exclusively African American in



the Jackson field center. ECGs were recorded on MAC PC Personal Cardiographs (Marquette
Electronics Inc., Milwaukee, WI) and were subsequently submitted to a central reading center
at the EPICORE Center (University of Alberta, Edmonton, Alberta, Canada) and thereafter to
the Epidemiological Cardiology Research Center (EPICARE), Wake Forest University,
Winston-Salem, NC. All ECGs were visually inspected for quality and legibility at their
acquisition and by the reading centers and then stored in a digital format. The PR interval was
determined as the mean duration in milliseconds from the P wave onset until the initiation of

the QRS segment in the 12 ECG leads.

BAMBUI

A cohort study designed to identify predictors of adverse health events in the elderly. The study
population comprises all residents of Bambui (Minas Gerais, Brazil), aged 60 or more years
(N=1,742). From these, 92.2% were interviewed and 85.9% underwent clinical examination,
consisting of haematological and biochemical tests, serology for Trypanosoma cruzi,
anthropometric and blood pressure measures and electrocardiogram. Cohort members undergo
annual follow-up visits, which consist of an interview and verification of death certificates.
Other procedures were repeated in selected years (2000, 2002 and 2008). From 1997 to 2007,

during a mean follow-up of 8.6 years, 641 participants died and 96 (6.0%) were lost to follow-

up.

BioMe

The Mount Sinai BioMe Biobank, founded in September 2007, is an ongoing, broadly
consented EHR-linked bio- and data repository that enrolls participants non-selectively from
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the Mount Sinai Medical Center patient population. The BioMe Biobank draws from a
population of over 70,000 inpatient and 800,000 outpatient visits annually from over 30 broadly
selected clinical sites of the Mount Sinai Medical Center (MSMC). As of September 2017,
BioMe has enrolled more than 42,000 patients that represent a broad racial, ethnic and
socioeconomic diversity with a distinct and population-specific disease burden, characteristic
of the communities served by Mount Sinai Hospital. BioMe participants are predominantly of
African (AA, 24%), Hispanic/Latino (HL, 35%), European (EA, 32%), and other ancestry (OA,
10%). The BioMe Biobank Program operates under a Mount Sinai Institutional Review Board-

approved research protocol. All study participants provided written informed consent.

BRIGHT

Participants of the BRIGHT Study were recruited from the Medical Research Council General
Practice Framework and other primary care practices in the UK. Each case had a history of
hypertension diagnosed prior to 60 years of age with confirmed blood pressure recordings
corresponding to seated levels >150/100mmHg (1 reading) or mean of 3 readings >145/95
mmHg. The BRIGHT study focused on the recruitment of hypertensive individuals with BMI

< 30. Sample selection for GWAS was based on DNA availability and quantity.

Broad-AF

The Broad AF Study is a collaborative project to investigate the genetic determinants of atrial
fibrillation (AF), comprised of 17,517 AF cases and 10,987 referents from 26 studies. Details
of study description, genotyping, and imputation were described previously. 2 Briefly, genetic
variants were centrally genotyped on the Infinium PsychArray-24 v1.2 Bead Chip, and jointly
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called and quality controlled at the Broad Institute. After pre-imputation quality control,
variants were imputed using the 1000 Genomes reference panel. A total of 3,461 individuals
free of AF met the inclusion criteria of the current study and were included in the PR analysis.
Individuals from the following participating studies were included: Vanderbilt University
Medical Center Biobank (BioVU), Australian Familial AF Study, Danish AF Study, Groningen
Genetics of Atrial Fibrillation (GGAF), Genetic Risk Assessment of Defibrillator Events Study
(GRADE), Malmo Preventive Project (MPP-AF, and MPP-Echo), and Intermountain INSPIRE

Registry. Study details were previously reported. 2

CAMP

The MGH Cardiology and Metabolic Patient Cohort is comprised of 3850 subjects recruited

from the ambulatory MGH Cardiology Practice between 2009 and 2012.

CHRIS

The Cooperative Health Research In South Tyrol (CHRIS) study is a population-based study
with a longitudinal follow-up to investigate the genetic and molecular basis of age-related
common chronic conditions and their interaction with life style and environment in the general
population. The study was approved by the Ethics Committee of the Autonomous Province of

Bolzano.



CHS

The Cardiovascular Health Study (CHS) is a population-based cohort study of risk factors for
coronary heart disease and stroke in adults >65 years conducted across four field centers. The
original predominantly European ancestry cohort of 5,201 persons was recruited in 1989-1990
from random samples of the Medicare eligibility lists; subsequently, an additional
predominantly African-American cohort of 687 persons was enrolled for a total sample of

5,888.

Blood samples were drawn from all participants at their baseline examination and DNA was
subsequently extracted from available samples. Genotyping was performed at the General
Clinical Research Center’s Phenotyping/Genotyping Laboratory at Cedars-Sinai among CHS
participants who consented to genetic testing and had DNA available using the Illumina
370CNV BeadChip system (for European ancestry participants, in 2007) or the Illumina

HumanOmnil-Quad v1 BeadChip system (for African-American participants, in 2010).

CHS was approved by institutional review committees at each field center and individuals in
the present analysis had available DNA and gave informed consent including consent to use of

genetic information for the study of cardiovascular disease.

CROATIA-Korcula

The CROATIA-Korcula study sampled Croatians from the Adriatic island of Korcula, between
the ages of 18 and 88. The fieldwork was performed in 2007 in the eastern part of the island,
targeting healthy volunteers from the town of Kor¢ula and the villages of Lumbarda, Zrnovo

and Racisce.



CROATIA-Split

The CROATIA-Split study sampled Croatians from the city of Split, between the ages 18 and

&5. The data was collected in 2008.

deCODE

The deCODE electrocardiogram (ECG) study was approved by the Data Protection
Commission of Iceland and the National Bioethics Committee of Iceland
(VSNb2015030024/03.01 with amendments). Written informed consent was obtained from
individuals donating samples. Personal identifiers associated with medical information and
samples were encrypted with a third-party encryption system as provided by the Data
Protection Commission of Iceland. ECGs obtained in Landspitali - The National University
Hospital of Iceland, Reykjavik, the largest and only tertiary care hospital in Iceland, have been
digitally stored since 1998. For this analysis we used information on PR interval duration in
milliseconds from individuals’ first sinus rhythm ECG, including 80,085 individuals. We
excluded individuals with permanent pacemakers or history of Wolff—Parkinson—White
syndrome or atrioventricular block. We removed extreme outliers (PR-interval < 80 ms and
PR-interval > 320ms) and adjusted the ECG measurements for sex, the R-R interval, year of
birth and age at measurement. The genotypes in the deCODE study were derived from whole-
genome sequencing of 8,383 Icelanders using Illumina standard TruSeq methodology to a
mean depth of 30X, with subsequent imputation into 150,000 chip-typed individuals and their
close relatives. The variants were then matched with variants found in 1000g phase 3 or the
Haplotype Consortium reference panel. We tested the variants for association with PR interval
duration in our data using linear regression. We assume that the quantitative trait follows a

normal distribution with a mean that depends linearly on the expected allele at the SNP and a
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variance covariance matrix proportional to the kinship matrix. We used LD score regression to

account for inflation in the test statistics.

ERF

The Erasmus Rucphen Family (ERF) study is comprised of a family-based cohort embedded
in the Genetic Research in Isolated Populations (GRIP) program in the southwest of the
Netherlands. The aim of this program is to identify genetic risk factors for the development of
complex disorders. In ERF, twenty-two families that had a large number of children baptized
in the community church between 1850 and 1900 were identified with the help of detailed
genealogical records. All living descendants of these couples, and their spouses, were invited
to take part in the study. Comprehensive interviews, questionnaires, and examinations were
completed at a research center in the area; approximately 3,200 individuals participated.
Examinations included 12 lead ECG measurements. Electrocardiograms were recorded on
ACTA electrocardiographs (ESAOTE, Florence, Italy) and digital measurements of the PR
interval were made using the Modular ECG Analysis System (MEANS). Data collection started

in June 2002 and was completed in February 2005.

FHS

The objective of the Framingham Heart Study (FHS) was to identify the common factors or
characteristics that contribute to CVD by following its development over a long period of time
in a large group of participants. The researchers recruited 5,209 men and women between the
ages of 30 and 62 years from the town of Framingham, Massachusetts, and began the first
round of extensive physical examinations and lifestyle interviews. Since 1948, participants
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have continued to return to the study every two years for a detailed medical history, physical
examination, and laboratory tests, and in 1971, the Study enrolled a second generation - 5,124
of the original participants' adult children and their spouses - to participate in similar
examinations every four to eight years. In 1994, the need to establish a new study reflecting a
more diverse community of Framingham was recognized, and the first Omni cohort of the
Framingham Heart Study was enrolled. In April 2002 the Study entered a new phase, the
enrollment of a third generation of participants, the grandchildren of the Original Cohort, who
have been examined every four to eight years. In 2003, a second group of Omni participants
was enrolled. Participants routinely received electrocardiograms at all research center visits.
Electrocardiograms obtained at Original cohort Exam 11, Offspring cohort Exam 1, and Third

Generation cohort Exam 1 were used in the PR analysis.

GAPP

GAPP is a population-based prospective cohort study involving a representative population-
based sample of 2,170 healthy adults aged 25-41 years residing in the Principality of
Liechtenstein. Exclusion criteria were the presence of cardiovascular disease, diabetes,
obstructive sleep apnea and a body mass index >35kg/m2. A standardized 12-lead ECG was

obtained in all participants. Details about the study have been described previously?.

FINCAVAS

The purpose of the Finnish Cardiovascular Study (FINCAVAS) is to construct a risk profile -
using genetic, haemodynamic and electrocardiographic (ECG) markers - of individuals at high

risk of cardiovascular diseases, events and deaths. All patients scheduled for an exercise stress
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test at Tampere University Hospital and willing to participate have been recruited between
October 2001 and December 2007. The final number of participants is 4,567. In addition to
repeated measurement of heart rate and blood pressure, digital high-resolution ECG at 500 Hz
was recorded continuously during the entire exercise test, including the resting and recovery
phases. About 20% of the patients were examined with coronary angiography. Genetic
variations known or suspected to alter cardiovascular function or pathophysiology were
analyzed to elucidate the effects and interactions of these candidate genes, exercise and

commonly used cardiovascular medications.

GRAPHIC

Genetic Regulation of Arterial Pressure of Humans in the Community (GRAPHIC) Study: The
GRAPHIC Study comprises 2024 individuals from 520 nuclear families recruited from the
general population in Leicestershire, UK between 2003-2005 for the purpose of investigating
the genetic determinants of blood pressure and related cardiovascular traits. Families were
included if both parents aged 40-60 years and two offspring >18 years wished to participate. A
detailed medical history was obtained from study subjects by standardized questionnaires and
clinical examination was performed by research nurses following standard procedures.
Measurements obtained included height, weight, waist-hip ratio, clinic and ambulatory blood

pressure and a 12-lead ECG.

GS-SFHS

The GS:SFHS study recruited 23,960 participants aged 18—100 years between 2006—11; full
details are reported elsewhere®. Participants came from across Scotland, with some family
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members from further afield. The sample was 59% female, with a wide range of ages and socio-
demographic characteristics. Most (87%) participants were born in Scotland and 96% in the
UK or Ireland. Mean family size (excluding 1400 singletons without any relations in the study)
was 4.05 members; median was 3 (IQR 2-5). The largest family had 36 participating members,
and participants were grouped in 5573 families. Genome-wide genotype data for nearly one
million genetic variants has been measured on 10,000 selected participants. An important
feature of GS:SFHS is the breadth and depth of phenotype information, including clinical and
physical measures and detailed data on cognitive function, personality traits and mental health.
Participants were asked a series of questions on smoking history, from which current smokers,

former smokers and never smokers can be defined.

HCHS/SOL

The Hispanic Community Health Study/ Study of Latinos (HCHS/SOL) is a multicenter,
community-based cohort study of U.S. Hispanics/Latinos. Goals of the study are to examine
the prevalence of and risk factors for several disorders including heart, lung, blood, and kidney
phenotypes. HCHS/SOL investigators sampled 16,415 males and females aged 18-74 years at
baseline from four study communities: The Bronx, NY, Chicago, IL, Miami, FL, and San
Diego, CA. HCHS/SOL recruitment centers were selected so that the study would include at
least 2,000 participants in each of the following designations: Mexican, Puerto Rican,
Dominican, Cuban, and Central and South American. 11,686 participants consented to genetic

studies and are included in this analysis.
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Health 2000

In Health 2000 (BRIF8901), a nationally representative sample of persons aged 30 or over was
drawn from the nationwide population register in Finland. The survey focused on collecting
information on health and functional capacity of the population, and included questionnaires,

interviews and a comprehensive health examination.

INGI-CARL

INGI-CARL consisted of about 1000 subjects who were drawn from Carlantino, an isolated
village of southern Italy. Ethics approval was obtained from the Ethics Committee of the
“IRCCS Burlo Garofolo” in Trieste. Written informed consent was obtained from every
participant of the study. The study population had undergone clinical and instrumental
evaluations between 1998 and 2005. For all subjects, anthropometrics variables (such as height,
weight, etc) were taken and a structured questionnaire about lifestyle and medical history was
filled out. In addition, blood pressure, body-mass index, biochemical analyses, ECG and

cardiovascular evaluation were collected.

INGI-FVG

The INGI-FVG cohort consisted of about 1700 subjects drawn from the project “Genetic Park
of Friuli Venezia Giulia”. This study examined 6 isolated villages in the North-east of Italy
between 2008 and 2010. Ethics approval was obtained from the Ethics Committee of the
“IRCCS Burlo Garofolo” in Trieste. Written informed consent was obtained from every

participant of the study. The study population had undergone clinical and instrumental
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evaluations. For all subjects, anthropometrics variables (such as height, weight, etc) were taken
and a structured questionnaire about lifestyle and medical history was filled out. In addition,
blood pressure, body-mass index, biochemical analyses, ECG and cardiovascular evaluation

were collected.

JHS

The JHS is a single-site cohort study of 5,306 extensively phenotyped African American
women and men. Three clinical examinations have been completed, including the baseline
examination, Examination 1 (2000-2004), Examination 2 (2005-2008), and Examination 3
(2009-2013), allowing comprehensive assessment of cardiovascular health and disease of the
cohort at approximately four-year intervals. Ongoing monitoring of hospitalizations for
cardiovascular events (coronary heart disease, heart failure and stroke) and deaths among
cohort participants are accomplished by annual telephone follow-up interviews, surveillance
of hospital discharge records (since 2000 for coronary heart disease and stroke, and since 2005

for heart failure), and vital records.

KORA F3

The KORA study is a series of independent population-based epidemiological surveys of
participants living in the city of Augsburg, Southern Germany, or the two adjacent counties. All
survey participants are residents of German nationality identified through the registration office
and aged between 25 and 74 years at recruitment. The baseline survey KORA S3 was
conducted in the years 1994/95. 3,006 participants from KORA S3 were reexamined in a 10-
year follow-up (KORA F3) in the years 2004/05.
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KORA S4

The KORA study is a series of independent population-based epidemiological surveys of
participants living in the city of Augsburg, Southern Germany, or the two adjacent counties. All
survey participants are residents of German nationality identified through the registration office
and aged between 25 and 74 years at recruitment. The baseline survey KORA S4 was

conducted in the years 1999-2001.

LifeLines

The LifeLines Cohort Study, and generation and management of GWAS genotype data for the
LifeLines Cohort Study is supported by the Netherlands Organization of Scientific Research
NWO (grant 175.010.2007.006), the Economic Structure Enhancing Fund (FES) of the Dutch
government, the Ministry of Economic Affairs, the Ministry of Education, Culture and Science,
the Ministry for Health, Welfare and Sports, the Northern Netherlands Collaboration of
Provinces (SNN), the Province of Groningen, University Medical Center Groningen, the

University of Groningen, Dutch Kidney Foundation and Dutch Diabetes Research Foundation.

MESA

The Multi-Ethnic Study of Atherosclerosis (MESA) is a study of the characteristics of
subclinical cardiovascular disease (disease detected non-invasively before it has produced
clinical signs and symptoms) and the risk factors that predict progression to clinically overt
cardiovascular disease or progression of the subclinical disease. The cohort is a diverse,

population-based sample of 6,814 asymptomatic men and women aged 45-84. Approximately
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38 percent of the recruited participants are white, 28 percent African-American, 22 percent
Hispanic, and 12 percent Asian (predominantly of Chinese descent). Participants were recruited
during 2000-2002 from 6 field centers across the U.S. (at Wake Forest University; Columbia
University; Johns Hopkins University; the University of Minnesota; Northwestern University;
and the University of California — Los Angeles). All underwent anthropomorphic measurement
and extensive evaluation by questionnaires at baseline, followed by 4 subsequent examinations

at intervals of approximately 2-4 years. Age and sex were self-reported.

MICROS

The MICROS study is a population-based survey on adult volunteer participants who reside in
three isolated villages in South Tyrol, Italy. These villages were selected because they had a
small number of founders with old settlement, high rates of endogamy as well as slow/null
population expansion. Extensive data was collected in 2002-03 regarding genealogy, and
clinical measurements as well as collection of blood and urine samples and DNA isolation. An
extensive standardized questionnaire was administered by interviewers to collect data on
family history of disease and lifestyle exposures such as smoking and alcohol consumption. A
serum sample was collected, prepared and stored at -80°C for subsequent analysis. The study

was approved by the Ethics Committee of the Autonomous Province of Bolzano.

NEO

The NEO was designed for extensive phenotyping to investigate pathways that lead to obesity-
related diseases. The NEO study is a population-based, prospective cohort study that includes
6,671 individuals aged 45—65 years, with an oversampling of individuals with overweight or
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obesity. At baseline, information on demography, lifestyle, and medical history have been
collected by questionnaires. In addition, samples of 24-h urine, fasting and postprandial blood
plasma and serum, and DNA were collected. Genotyping was performed using the Illumina
HumanCoreExome chip, which was subsequently imputed to the 1000 genome reference panel.
Participants underwent an extensive physical examination, including anthropometry,
electrocardiography, spirometry, and measurement of the carotid artery intima-media thickness
by ultrasonography. The collection of data started in September 2008 and completed at the end
of September 2012. Participants are currently being followed for the incidence of obesity-

related diseases and mortality.

ORCADES

The Orkney Complex Disease Study (ORCADES) is a family-based, cross-sectional study that
seeks to identify genetic factors influencing cardiovascular and other disease risk in the isolated
archipelago of the Orkney Isles in northern Scotland®. Genetic diversity in this population is
decreased compared to Mainland Scotland, consistent with the high levels of endogamy
historically. 2078 participants aged 16-100 years were recruited between 2005 and 2011, most
having three or four grandparents from Orkney, the remainder with two Orcadian grandparents.
Fasting blood samples were collected and many health-related phenotypes and environmental
exposures were measured in each individual. All participants gave written informed consent
and the study was approved by Research Ethics Committees in Orkney and Aberdeen (North

of Scotland REC).
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PIVUS

The Prospective Investigation of Vasculature in Uppsala Seniors study was initiated in 2001 to
investigate the predictive power of different measurements of vascular characteristics for future
cardiovascular events, and secondary aims included measurements of cardiac and metabolic
function, as well as serum biomarkers and levels of environmental pollutants. All individuals
aged 70 living in the community of Uppsala in Sweden were deemed eligible for the study.
The subjects were selected from the community register and invited in randomized order
between April 2001 and June 2004. They received an invitation letter for participation within
2 months of their 70th birthday. Of the 2,025 subjects invited, 1,016 (507 male, 509 female)
subjects agreed to participate. The participants were asked to answer a questionnaire about their

medical history, smoking habits and regular medication.

PREVEND

PREVEND (Prevention of Renal and Vascular End-stage Disease) study is an ongoing
prospective study investigating the natural course of increased levels of urinary albumin
excretion and its relation to renal and cardiovascular disease. Details of the protocol have been

described elsewhere.

PROSPER

All data come from the PROspective Study of Pravastatin in the Elderly at Risk (PROSPER).
A detailed description of the study has been published elsewhere. PROSPER was a prospective

multicenter randomized placebo-controlled trial to assess whether treatment with pravastatin
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diminishes the risk of major vascular events in elderly. Between December 1997 and May
1999, we screened and enrolled subjects in Scotland (Glasgow), Ireland (Cork), and the
Netherlands (Leiden). Men and women aged 70-82 years were recruited if they had pre-existing
vascular disease or increased risk of such disease because of smoking, hypertension, or
diabetes. A total number of 5,804 subjects were randomly assigned to pravastatin or placebo.
A large number of prospective tests were performed including Biobank tests and cognitive
function measurements. A whole genome wide screening has been performed in the sequential
PHASE project. Of 5,763 subjects DNA was available for genotyping. Genotyping was
performed with the Illumina 660K beadchip, after QC (call rate <95%) 5,244 subjects and
557,192 SNPs were left for analysis. These SNPs were imputed with IMPUTE software based
on the 1000 Genomes Phase 3 panel. The study was approved by the institutional ethics review
boards of centers of Cork University (Ireland), Glasgow University (Scotland) and Leiden
University Medical Center (the Netherlands) and all participants gave written informed

consent.

RS

Rotterdam Study (RS) is a prospective population-based cohort study. Details regarding
design, objectives, and methods of the Rotterdam Study have been described in detail®. In short,
the Rotterdam study started in 1989 with an initial cohort of 7,983 persons (out of 10,215
invitees; response rate 78%) 55 years of age or older living in the Ommoord district in the city
of Rotterdam in the Netherlands. In 2000, 3,011 participants (out of 4,472 invitees, response
rate 67%) who had become 55 years of age or moved into the study district were added to the
cohort. Approximately every 4-5 years follow-up examinations are conducted. Examinations

consist of a home interview and an extensive set of test at a research facility in the study district.
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By linking the general practitioners’ and municipality records to the study database,

participants are continuously monitored for major morbidity and mortality.

SardiNIA

To identify genetic bases for prominent age-associated changes, including cardiovascular risk
factors and determinants of personality traits, in a founder population. The results of the study

will extend the studies of aging-associated conditions of outbred populations.

SHIP/SHIP-Trend

The Study of Health In Pomerania (SHIP) and SHIP-TREND both represent population-based
studies. The Study of Health in Pomerania is a prospective longitudinal population-based
cohort study in Western Pomerania assessing the prevalence and incidence of common diseases
and their risk factors. Participants aged 20 to 79 with German citizenship and principal
residency in the study area were recruited from a random sample of residents living in the three
local cities, 12 towns as well as 17 randomly selected smaller towns. Individuals were
randomly selected stratified by age and sex in proportion to population size of the city, town
or small towns, respectively. A total of 4,308 participants were recruited between 1997 and
2001 in the SHIP cohort. Individuals were invited to the SHIP study centre for a computer-

assisted personal interviews and extensive physical examinations.
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TwinsUK

There are currently >13,500 twins registered participants in the TwinsUK study, of which over
9,000 are actively participating. The twins are aged 16 to 100 with approximately equal
numbers of identical (MZ) and non-identical (DZ) twins and are predominantly female (80%)
for historical reasons. Clinical, physiological, behavioural and lifestyle data is collected at
either twin visits or via self-administered questionnaires, which volunteers complete either
once or twice a year via the post or email. All studies have ethical approval from the Guy’s and

St Thomas’ (GSTT) Ethics Committee.

UK Biobank

UK Biobank (UKB, www.ukbiobank.ac.uk) is a large longitudinal biobank study in the United
Kingdom which was established to improve understanding of the genetic and environmental
causes of common diseases including CVDs. In addition to self-reported disease outcomes and
extensive health and life-style questionnaire data, UKB participants are being tracked through
their NHS records and national registries (including cause of death and Hospital Episode
Statistics). In 2017, UKB released the genotypes of 488,377 participants profiled with a custom
SNP array. Genotyping QC was performed centrally by UKB, and genotypes imputed to

Haplotype Reference Consortium (HRC) panel were released for 488,377 participants’.

The PR interval was obtained from 4-lead ECGs (CAM-USB 6.5, Cardiosoft v6.51) recorded
during a 15 second rest period prior to an exercise test while subjects were sitting on a
stationary bike (eBike, Firmware v1.7). Electrodes were placed on the right and left antecubital
fossae, and left and right wrist and the ECG was sampled at 500 Hz; lead I was used to derive

the PR interval. To reduce the influence of noise, the PR interval was measured from a signal
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averaged ECG waveform computed from the heartbeats available in the 15s trace. For this, we
first identified the QRS-complexes using fully automatic in-house algorithms ®°. Before
averaging, we removed ectopic beats and artefacts, as well as beats with an RR interval longer
or shorter than 10ms compared to the mean RR interval were not included for averaging. A
signal-averaged heartbeat was then computed from the remaining beats provided that the
number of available beats was not less than 5. Finally, the PR interval was automatically
measured as the interval between the onset of the P-wave and the onset of the QRS complex
from the signal-averaged heartbeat. Cases with arbitrary P- or QRS-waves were reviewed

manually and corrected or removed if necessary.

ULSAM

The Uppsala Longitudinal Study of Adult Men (ULSAM) cohort is a study of healthy elderly
men in the Uppsala region of Sweden. It was initiated as a health screen focused at identifying
metabolic risk factors for cardiovascular disease. In 1970, all 50 year old men living in Uppsala
were invited to participate. Of these, 82% of them participated initially. The cohort was
subsequently invited back at ages 60, 70 and 77. This study included the collection of a wide
range of phenotypes, including blood pressure, insulin metabolism, weight and height, lipid

markers, diet, cognitive function and socio-economic factors.

WHI

The Women's Health Initiative (WHI) is a long-term national health study focused on strategies
for preventing heart disease, breast and colorectal cancer, and osteoporotic fractures in
postmenopausal women. Launched in 1993, the WHI enrolled 68,132 women aged 50-79 into
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one or more randomized Clinical Trials (CT), testing the health effects of hormone therapy
(HT), dietary modification (DM), and/or calcium and Vitamin D supplementation (CaD). The
genetic data used in this paper was generated by six ancillary studies: GWAS of Hormone
Treatment and CVD and Metabolic Outcomes in WHI: Genomics and Randomized Trials
Network (GARNET), Genome-wide Association Study of Nonsynonymous SNPs in Colon
Cancer: Genetics and Epidemiology of Colorectal Cancer Consortium (GECCO), Genome-
wide Association Study to Identify Genetic Components of Hip Fracture (HIPFX), Long Life
Study (LLS), Modification of Particulate Matter-Mediated Arrhythmogenesis in Populations
(MOPMAP), and Women's Health Initiative Memory Study (WHIMS). GARNET!? is a case-
control study of coronary heart disease, stroke, venous thromboembolism, and incident
diabetes. GECCO!! and HIPFX!? are case-control studies of colon cancer and hip fracture.
LLS?" is a longitudinal study of the WHI Extension IT Medical Records Cohort. MOPMAP!#
is a case-control study of ventricular ectopy. WHIMS' is a longitudinal study of cognitive

decline, mild cognitive impairment, and dementia of the HT cohort.

YFS

The Young Finns study (YFS) is a population-based follow up-study started in 1980. The main
aim of the YFS is to determine the contribution made by childhood lifestyle, biological and
psychological measures to the risk of cardiovascular diseases in adulthood. In 1980, over 3,500
children and adolescents all around Finland participated in the baseline study. The follow-up
studies have been conducted mainly with 3-year intervals. The 27-year follow-up study was
conducted in 2007 (ages 30-45 years) with 2,204 participants. The study was approved by the

local ethics committees (University Hospitals of Helsinki, Turku, Tampere, Kuopio and Oulu)
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and was conducted following the guidelines of the Declaration of Helsinki. All participants

gave their written informed consent.
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(B) Definition of previously reported and previously not reported loci
A total of 98 uncorrelated (2 < 0.1) variants were reported in the literature for their association
with PR interval (variants identified by studies in Europeans, Africans, Asians or combined

ancestries)!0:11:16-21

at the start of this study. We calculated pairwise linkage disequilibrium
(LD) in PLINK using the 1000 genomes (1000G) phase 3 all ancestry samples (N = 2,504)*
for all variants within a 4Mb region centered on each previously reported variant using PLINK
v1.9%. Multiple variants in LD (r?> > 0.1) with each previously reported variant were ordered
according to their positions on the chromosome, and a window was defined with the start
position of the first variant in the ordered list and the end position of the last variant in the
ordered list. The start and end of the window was then extended by 50kb on either side. This
LD defined window or a window of +500kb, which ever was the larger, was considered as a
previously reported locus. Overlapping loci were merged and previously reported variants
within the merged loci were ordered by their chromosomal position to define the start and end

of the merged locus. Following this approach the 98 variants were grouped into 64 loci which

we refer to as previously reported.

We followed a similar approach to define previously not reported loci. For each lead variant
within a 1Mb region outside previously reported loci we calculated pairwise LD using the
1000G phase 3 all ancestry samples (N = 2,504) or European only (N = 503)?2 within a 4Mb
region. Variants in LD (r> > 0.1) with each previously not reported variant were ordered
according to their positions on the chromosome, and a window was defined with the start
position of the first variant in the ordered list and the end position of the last variant in the
ordered list. The start and end of the window was then extended by 50kb on either side. This
LD defined window or a window of 1Mb, whichever was the larger, was considered as a
previously not reported locus. We merged overlapping loci and then ordered variants within

the merged loci by their position to define the start and end of the merged locus.
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2. Supplementary Tables

Supplementary Table 1 Description of studies contributing to PR interval meta analyses: ancestry group, study design, sample size, and

references.

Study short Studv full name Study reference Total

name y (PMID or URL) Ancestry Study design sample size

AGES* Age, Gene/Environment Susceptibility Study 17351290 EA population based 5664
26374108;

: : 18440328; :
AMISH* The Amish Complex Disease Research Program 17261661 EA family based 1505
15621217

ARIC* Atherosclerosis Risk in Communities 2646917 EA, AA population based 12360

BAMBUI Brazilian Bambui Cohort Study of Ageing 26124090 BR population based 485

BioMe BioMe™ BioBank Program 25673413 ﬁi’ A4, population based 2230

BRIGHT* British Genetics of Hypertension 12826435 EA hypertensive cases 2001

Broad AF Broad AF study 29892015 EA f)tn“l‘;les’ case-control and case 3461

CAMP (MGH . . . cross sectional observational

CAMP) Cardiology and Metabolic Patient Cohort 25812009 EA study 2140

CHRIS Cooperative Health Research in South Tyrol 26541195 EA population based 4205

CHS* Cardiovascular Health Study 1669507 EA, AA population based 5888

CROATIA- CROATIA-Korcula 19260139;19260 EA isolate population 898

Korcula* 141

g}igﬁ TIA- CROATIA-Split 19260138 EA population based 966

DeCODE* DeCODE Electrocardiograph study 20062063 EA population based 80085
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ERF*

FHS*

FINCAVAS-
MC

GAPP

GRAPHIC

GS-SFHS

HCHSSOL

H2000

INGI-CARL*
INGI-FVG*
JHS

KORAF3*

KORAS4*

Lifelines*
MESA*
MICROS*

NEO
ORCADES*

Erasmus Rucphen Family Study

Framingham Heart Study

The Finnish Cardiovascular Study (Metabochip)

Genetic and phenotypic determinants of blood
pressure and other cardiovascular risk factors
Genetic Regulation of Arterial Pressure of
Humans in the Community

Generation Scotland: Scottish Family Health
Study

Hispanic Community Health Survey/Study of
Latinos

Health 2000

INGI-Carlantino

INGI - Friuli Venezia Giulia

Jackson Heart Study

Kooperative Gesundheitsforschung in der Region
Augsburg

Kooperative Gesundheitsforschung in der Region
Augsburg

LifeLines Cohort Study & Biobank
Multi-Ethnic Study of Atherosclerosis
Microisolates in South Tyrol Study

Netherlands Epidemiology of Obesity
The Orkney Complex Disease Study

15845033

14819398;
474565;
17372189

16515696
23299990
18443236
17014726

20609343

http://urn.fi/URN

:NBN:fi-

201204193452

23249956
23249956
16320381
16032513;
16032514
16032513;
16032514

25502107
12397006
17550581

23576214
18760389

EA

EA

EA
EA
EA
EA

HA

EA

EA
EA

EA

EA

EA
EA, AA, AS
EA

EA
EA

family based

population based or case-
control

consecutive patients undergoing
an exercise stress test

population based

population based

population based with some
families

multicenter, community-based
cohort study

population-based

population based
population based
population based

population based

population based

population based
population based
population based

population based (oversampling
of participants with high BMI)

population based

3200

7834

4242

1666

1017

897

16415

7871

326
981
5301

3184

4261

167729
6814
602

6673
2215
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PIVUS

Prevend*

PROSPER*

RS1*

RS2*

RS3*

SardiNIA*

SHIP-0*
SHIP-T*

TwinsUK*

UK Biobank

ULSAM
WHI
YFS*

Prospective Investigation of the Vasculature of
Uppsala Seniors

Prevention of REnal and Vascular ENd-stage
Disease

The PROspective Study of Pravastatin in the
Elderly at Risk for vascular disease

Rotterdam Study cohort 1
Rotterdam Study cohort 2

Rotterdam Study cohort 3

SardiNIA

Study of Health in Pomerania
Study of Health in Pomerania - Trend

TwinsUK
UK Biobank

Uppsala Longitudinal Study of Adult Men
Women's Health Initiative

The Cardiovascular Risk in Young Finns Study

16141402;http://
www.medsci.uu.
se/pivus/

12356629

12457784,
10569329;
21977987
22002080;26386
597
22002080;26386
597
22002080;26386
597
16934002;https:/
/sardinia.nia.nih.
gov/

20167617

20167617
17254428;23088
889
30305743;25826
379
http://www.pubc
are.uu.se/ulsam/
14575940
18263651;23069
987

EA

EA

EA

EA

EA

EA

EA

EA
EA

EA

EA

EA
EA
EA

population based

population based

population based

population based
population based

population based

population based

population based
population based

population based
population based

population based
population based

population based

834

8592

5804

6291

2157

3048

5933
4308
4420

3086

502544

599

13134

2063

EA, European ancestry; AA, African ancestry; HA, Hispanic ancestry; BR, Brazilians; AS, Asian ancestry. The studies indicated with * were
included in a prior GWAS for PR interval (PMID:30046033). Note: The DeCODE sample in the prior study included 9,000 samples.
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Supplementary Table 2 Association results between polygenic risk score for PR interval and
16 select cardiac phenotypes.

N N (total

Trait (cases)  samples) Beta SE P OR
Score derived from European ancestry only meta-analysis

Atrial fibrillation 14812 309269 -0.047  0.009  4.30E-08 0.95
Atrial septal defect / patent foramen

ovale 468 309234 0.017  0.046 0.7211 1.02
Distal conduction disease 2789 290252 0.103  0.019 7.02E-08 1.11
Atrioventricular preexcitation 307 309041 -0.168  0.057 0.0032 0.85
Congenital heart disease 902 309230 0.011  0.033 0.7420 1.01
Coronary artery disease 27072 309246 -0.012  0.007 0.0771 0.99
Heart failure 6076 309056 -0.002  0.013 0.8907 1.00
Hypertrophic cardiomyopathy 265 309248 0.018  0.061 0.7666 1.02
Implantable cardioverter defibrillator 633 309241 0.086  0.040 0.0312 1.09
Mitral valve prolapse 529 309246 0.093  0.044 0.0317 1.10
Non-ischemic cardiomyopathy 1703 305471 -0.051  0.024 0.0375 0.95
Pacemaker 3975 309270 0.062  0.016 0.0001 1.06
Sinus node dysfunction 287 290380 0.054  0.059 0.3574 1.06
Valve Disease 6244 309255 0.030 0.013 0.0192 1.03
Ventricular arrhythmia 2143 309263 -0.0054  0.022 0.8043 0.99

Ventricular premature depolarizations 412 309238 -0.060  0.049 0.2224 0.94
Score derived from multi-ancestry meta-analysis

Atrial fibrillation 14812 309269 -0.058  0.009  1.30E-11 0.94
Atrial septal defect / patent foramen

ovale 468 309234 0.007  0.046 0.8845 1.01
Distal conduction disease 2789 290252 0.105  0.019 3.18E-08 1.11
Atrioventricular preexcitation 307 309041 -0.191  0.057 8.36E-04 0.83
Congenital heart disease 902 309230 0.015  0.033 0.6462 1.02
Coronary artery disease 27072 309246 -0.014  0.007 0.0345 0.99
Heart failure 6076 309056 -0.002  0.013 0.9052 1
Hypertrophic cardiomyopathy 265 309248 0.031  0.061 0.6172 1.03
Implantable cardioverter defibrillator 633 309241 0.063  0.040 0.1108 1.07
Mitral valve prolapse 529 309246 0.078  0.043 0.0721 1.08
Non-ischemic cardiomyopathy 1703 305471 -0.049  0.024 0.0455 0.95
Pacemaker 3975 309270 0.056  0.016 0.0005 1.06
Sinus node dysfunction 287 290380 0.046  0.059 0.4381 1.05
Valve Disease 6244 309255 0.021  0.013 0.1001 1.02
Ventricular arrhythmia 2143 309263 -0.020  0.022 0.3573 0.98

Ventricular premature depolarizations 412 309238 -0.063  0.049 0.2035 0.94

Associations were tested by logistic regression model, adjusting for baseline age, sex,
genotyping array, and trait-related principal components.
Beta, SE, and OR changes are based on per standard deviation increment of score.

31



3. Supplementary Figures

Supplementary Figure 1 Quantile-Quantile plots of autosomal variant results from meta-

analyses of PR interval.
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multi-ancestry, European, African, and Hispanic, respectively. The genomic inflation factors

(Acc) are provided at the top left of each plot.
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Supplementary Figure 2 Manhattan plot from the European (a), African (b), and Hispanic (c)

meta-analyses of absolute PR interval.
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P values are plotted on the -logio scale for all variants present in at least 60% of the maximum
sample size from fixed-effect meta-analyses (N=271,570 for European-ancestry, N=8,173 for
African-ancestry, and N=11,686 for Hispanic-ancestry). Associations of genome-wide
significant (P < 5x10%) variants at previously not reported and previously reported loci for PR
interval are plotted in dark and light blue colors, respectively. In European meta-analysis 188
loci, of which 127 are newly identified and 61 were previously reported, reached genome-wide
significance (Supplementary Data 6 and 8). Of the 127 previously not reported loci, 119 were
also genome-wide significant in the multi-ancestry meta-analysis of PR interval. The remaining
8 loci were borderline genome-wide significant in the multi-ancestry meta-analysis
(Supplementary Data 6 and 8). Four loci exceeded the genome-wide significance thresholds in
both the African and Hispanic meta-analysis, all were previously reported (Supplementary

Data 7).
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Supplementary Figure 3 Region plots of 149 loci: 141 previously not reported loci from the
multi-ancestry meta-analysis and 8 genome-wide significant loci in the European ancestry

meta-analysis.
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Previously not reported loci from European-only meta-analysis
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The title represents the length of the region in each region association plot, and the title is
highlighted in yellow when the top variant at that locus is an indel. P values are plotted on the
-logio scale for all variants present in at least 60% of the maximum sample size from fixed-
effects meta-analysis (N=293,051 for multi-ancestry analysis and N=271,570 for European-
ancestry analysis). Pairwise LD were estimated using the 1000G phase 3 all ancestry samples
(N =2,504) or European only (N = 503), except rs4868384. LD for rs4868384 was estimated
using the 1000G phase 1 all ancestry due to unavailability in phase 3. Details of LD and

window calculation are described in Supplementary Method.
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Supplementary Figure 4 Correlation of association statistics for the lead variants at the 141 previously not reported loci identified by the multi-

ancestry meta-analysis and for the 8 genome-wide significant loci in the European ancestry meta-analysis of absolute PR interval.
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Correlations are presented for P values (a), betas (b), and effect allele frequencies (EAF, c). Lead variants discovered from the multi-ancestry
(N = 141) meta-analysis are shown in dark blue circles. The 8 loci that reached genome-wide significance in the European meta-analysis and were
borderline genome-wide significant in the multi-ancestry meta-analysis are shown in light blue squares. P values are plotted on the -logio scale.
Red dashed lines indicate the genome-wide significance level (P =5 x 10%). Sample sizes are 293,051 for multi-ancestry analysis and 271,570 for

European-ancestry analysis.
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Supplementary Figure 5 Quantile-Quantile plots of chromosome X variant results from meta-

analyses of absolute PR interval.
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P values from multi-ancestry (a, b), European ancestry (c, d), and African (e, f) ancestry meta-
analyses of chromosome X variants for absolute PR interval (ms) are plotted on the -logio scale
for all variants. Sample size of each analysis is provided at the top of each panel. Chromosome
X meta-analyses were performed separately for males (a, ¢, e) and females (b, d, f). The

genomic inflation factors (Agc) are provided at the top left of each plot.
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Supplementary Figure 6 Correlation of P values across the meta-analyses of absolute and

rank-based inverse normal transformed residuals of PR interval.
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Correlations across of P values across multi-ancestry and European ancestry meta-analyses of
absolute PR interval and rank-based inverse normal transformed PR interval are presented.
Sample sizes are 293,051 for multi-ancestry analysis and 271,570 for European-ancestry
analysis. P values are plotted for variants with P < 10 in any of the four meta-analyses outside
previous reported loci (N = 16,267) that were available in at least 60% of the maximum sample

size of each meta-analysis on the -logio scale. The blue lines show the corresponding regression
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lines. Red dashed lines indicate the genome-wide significance level (P = 5 x 10°®). Correlation

coefficients (p) between the two P values are provided on the top left of each plot.
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Supplementary Figure 7 Genome-wide significant loci (P < 5 x 10-%) across meta-analyses of

absolute and rank-based inverse normal transformed PR interval.
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absolute PR interval (N=141)
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transformed PR interval (N=141) 4

absolute PR interval (N=127)

2+1*
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The Venn diagram shows overlap of genome-wide significant loci (P = 5 x 10®) across multi-
ancestry and European ancestry meta-analyses of absolute (darker blue circles; N =293,051
and N = 271,570 respectively) and rank-based inverse normal transformed PR interval (light
blue circles; N =282,128 and N = 271,570 respectively). A total of 130 out of the 149 newly
reported loci discovered by the multi-ancestry and the European ancestry meta-analyses of
absolute PR interval reached also genome-wide significance in the meta-analyses of rank-based

inverse normal transformed PR interval.

* One locus reached genome-wide significance in multi-ancestry meta-analysis of absolute PR

interval and in European meta-analysis of rank-based inverse normal transformed PR interval.
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Supplementary Figure 8 Volcano plot of transcriptome-wide analysis for PR interval
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The plots show the results from predicted gene expression analysis in left ventricle (a), right
atrial appendage (b), and spleen (c) tissues from GTEx version 7. Analysis was performed with
S-PrediXcan using the European meta-analysis summary level results. Sample sizes are 233,
231 and 119 for left ventricle, right atrium appendage, and spleen tissues from GTEXx,
respectively. For European meta-analysis, sample size is 271,570. The x-axis shows the effect

size for associations of predicted gene expression and PR interval duration for each gene. The

62



y-axis shows the —logio(P) for the associations per gene. Each plotted point represents the
association results of a single gene. The highlighted genes are significant after Bonferroni
correction for all tested genes at the three tissues with a P<3.1x10°
(=0.05/(5,977+5,366+4,598)). Genes with positive effect (blue) showed an association of
increased predicted gene expression with PR interval duration. Genes with negative effect
(orange) showed an association of decreased predicted gene expression with PR interval

duration.
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Supplementary Figure 9 Enrichment of PR interval variants in DNAse I Hypersensitive sites.
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Radial plot shows odds ratio (OR) values at two GWAS P-value thresholds (T), (T<107> and
T<107%, shown by inner colors and bottom legend) for all ENCODE?* and Roadmap
Epigenomics® DHS cell lines, sorted by tissue on the outer circle. Small dots on the outer side
of the plot show significant enrichment (if present) at T<I107 (outermost) to T<107®
(innermost) after multiple-testing correction for the number of effective annotations and are
colored with respect to the tissue cell type tested (font size of tissue labels reflects the number

of cell types from that tissue).
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Supplementary Figure 10 Association of previously not reported PR interval loci with other

GWAS traits.
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The chord plot shows results for genome-wide significant (P < 5x10®) associations with other
GWAS traits which were extracted from PhenoScanner v2?° database for the lead and
conditionally independent variants at the 141 previously not reported loci in the multi-ancestry
meta-analysis (Supplementary Data 3) and for the 8 genome-wide significant loci in the
European ancestry meta-analysis that were borderline genome-wide significant in the multi-

ancestry meta-analysis (Supplementary Data 6) as well as their proxies (r>>0.8). Traits were
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grouped into broader categories, and results are presented only for traits associated with three
or more PR interval loci. Detailed PhenoScanner GWAS results are presented in
Supplementary Data 17. For atrial fibrillation, we curated a list of all overlapping loci (r>>0.7)
with PR interval including the recent findings from two GWASs*?’ not included in

PhenoScanner v2 database.

ECQG, electrocardiogram; CAD: coronary artery disease; CHD: coronary heart disease; BMI,

body mass index; WC, waist circumference; HC: hip circumference.
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Supplementary Figure 11 Associations between lead PR interval variants (205 single

nucleotide polymorphisms) with atrial fibrillation (AF) risk from recently published AF

GWASs
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Panel (a) is the look-up results from Roselli, el al., and panel (b) is the look-up results from
Nielsen, et al.?” The X axis refers to -logio P-value for PR interval from either multi-ancestry
meta-analysis (N = 293,051) or European ancestry meta-analysis (N =271,570). Y axis refers
to -logio P-value for AF risk from prior AF GWAS.??” Red/orange color indicates the same
direction of effect for PR interval and AF risk, while blue color indicates the opposite direction
of effect for PR interval and AF risk. The different color scheme shows different odds ratio of
AF risk. The nearest gene names are labelled if variants were genome-wide significantly

associated with both traits.
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Supplementary Figure 12 Bubble plot of phenome-wide association analysis of multi-ancestry PR interval polygenic risk score.
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The polygenic risk score was derived from the multi-ancestry meta-analysis. Orange circles indicate that polygenic predisposition to longer PR
intervals is associated with an increased risk of the condition, whereas blue circles indicate that polygenic predisposition to longer PR intervals is
associated with lower risk of the condition. The darkness of the color reflects the effect size (odds ratio, OR) per 1 standard deviation increment
of the polygenic risk score from logistic regression. Sample size (N) in each regression model is provided under X-axis. Given correlation between
traits, we set significance threshold at P<3.13 x 107 after Bonferroni correction (P<0.05/16; dotted line) for the number of analyses performed and

also report nominal associations (P < 0.05; dashed line).
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