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Supplementary Tables

Supplementary Table 1: Participant characteristics of the TOPMed training dataset.

Characteristic White Black Hispanic/Latino Asian Other/Unknown
N 19,829 10,961 8,018 4,267 481
Gender!

Female 12,310 (62%) 6,713 (61%) 4,838 (60%) 2,143 (50%) 198 (41%)

Male 7,519 (38%) 4,248 (39%) 3,180 (40%) 2,124 (50%) 283 (59%)
Age? 59 (48, 68) 54 (47, 63) 53 (43, 62) 47 (39, 55) 59 (50, 67)
SBP? 125 (113, 141) 133 (119, 150) 127 (113, 146) 122 (110, 137) 134 (116, 152)
DBP? 75 (68, 83) 80 (72, 89) 76 (68, 85) 75 (68, 85) 76 (66, 86)
BMI? 26.5 (23.6, 30.0) 29.1(25.2, 34.0) 29.0 (25.9, 33.0) 23.9(21.7, 26.2) 27.3(24.3,31.5)
Hypertensive! 11,031 (56%) 7,722 (70%) 4,696 (59%) 2,160 (51%) 323 (67%)
In (%)

2Median (IQR)

TOPMed training dataset characteristics combined over the studies broken into race/ethnicity background.

Supplementary Table 2: Participant characteristics of the TOPMed testing dataset.

Characteristic White Black Hispanic/Latino Asian
N 10,839 3,626 3,886 388
Gender!

Female 7,908 (73%) 2,452 (68%) 2,270 (58%) 233 (60%)

Male 2,931 (27%) 1,174 (32%) 1,616 (42%) 155 (40%)
Age? 62 (52, 70) 57 (45, 66) 51 (42, 60) 63 (55, 70)
SBP? 127 (113, 144) 132 (116, 150) 125 (113, 141) 128 (111, 149)
DBP? 75 (68, 83) 79 (71, 88) 76 (68, 84) 76 (68, 84)
BMI? 26.2 (23.4, 30.0) 29.0(25.0, 33.6) 29.0(26.0, 33.0) 24.0(22.0, 27.0)
Hypertensive! 6,243 (58%) 2,381 (66%) 2,037 (52%) 221 (57%)
In (%)

2Median (IQR)

TOPMed testing dataset characteristics combined over the studies broken into race/ethnicity background.



Supplementary Table 3: Number of TOPMed individuals contributed by parent studies.

Study White Black Hispanic / Latino Asian Other/Unknown
N 30,668 14,587 11,904 4,655 481
Amish? 1,098 (3.6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ARIC! 5,872 (19%) 1,294 (8.9%) 0 (0%) 0 (0%) 0 (0%)
BioMel 1,675 (5.5%) 1,870 (13%) 3,105 (26%) 103 (2.2%) 481 (100%)
CARDIA! 1,647 (5.4%) 1,368 (9.4%) 0 (0%) 0 (0%) 0 (0%)
CFS! 282 (0.9%) 379 (2.6%) 0 (0%) 0 (0%) 0 (0%)
CHS! 2,686 (8.8%) 654 (4.5%) 31(0.3%) 0 (0%) 0 (0%)
COPDGenel 3,628 (12%) 2,208 (15%) 0 (0%) 0 (0%) 0 (0%)
FHS! 3,084 (10%) 0 (0%) 11 (<0.1%) 0 (0%) 0 (0%)
GENOA! 0 (0%) 1,041 (7.1%) 0 (0%) 0 (0%) 0 (0%)
GenSalt! 0 (0%) 0 (0%) 0 (0%) 1,791 (38%) 0 (0%)
HCHS/soL! 0 (0%) 0 (0%) 7,455 (63%) 0 (0%) 0 (0%)
JHS! 0 (0%) 3,281 (2%) 0 (0%) 0 (0%) 0 (0%)
MESA? 1,811 (5.9%) 1,079 (7.4%) 1,001 (8.4%) 582 (13%) 0 (0%)
THRV! 0 (0%) 0 (0%) 0 (0%) 10986 (43%) 0 (0%)
WHI 8,885 (29%) 1,413 (9.7%) 301 (2.5%) 193 (4.1%) 0 (0%)
In (%)

TOPMed testing dataset characteristics broken by study and race/ethnicity background.



Supplementary Table 4: Performance of the baseline model using global PRSs and
TOPMed data.

Phenotype Group Model Training set (N)  Testing set (N) Training PVE Testing PVE
SBP Overall XGBoost 43556 18748 31.28% 30.05%
SBP Black XGBoost 10914 3674 30.18% 33.35%
SBP Asian XGBoost 4281 374 25.04% 19.69%
SBP White XGBoost 19853 10823 29.40% 28.93%
SBP Hispanic/Latino XGBoost 8027 3877 31.64% 27.66%
DBP Overall XGBoost 43472 18768 15.93% 17.35%
DBP Black XGBoost 10889 3657 12.95% 22.35%
DBP Asian XGBoost 4220 403 17.30% 11.89%
DBP White XGBoost 19786 10877 13.18% 13.38%
DBP Hispanic/Latino XGBoost 8093 3831 13.26% 17.75%
SBP Overall Linear Regression 43556 18748 24.00% 28.07%
SBP Black Linear Regression 10914 3674 22.89% 32.03%
SBP Asian Linear Regression 4281 374 13.40% 18.52%
SBP White Linear Regression 19853 10823 22.97% 27.22%
SBP Hispanic/Latino Linear Regression 8027 3877 24.36% 23.98%
DBP Overall Linear Regression 43472 18768 11.80% 14.31%
DBP Black Linear Regression 10889 3657 9.01% 18.77%
DBP Asian Linear Regression 4220 403 10.17% 11.54%
DBP White Linear Regression 19786 10877 9.84% 11.40%
DBP Hispanic/Latino Linear Regression 8093 3831 8.70% 12.10%




Supplementary Table 5: Performance of the genetic and ensemble models using global
PRSs and TOPMed data.

Phenotype Model Group Training set (N) Testing set (N) Training PVE Testing PVE Training PVE Testing PVE Model
Genetic model Genetic model Ensemble Ensemble complexity
model model level

SBP XGBoost Overall 43556 187438 3.10% 4.80% 33.40% 33.40% Level 1
SBP XGBoost Black 10914 3674 0.80% 0.70% 30.80% 33.80% Level 1
SBP XGBoost Asian 4281 374 2.90% 1.60% 27.20% 21.00% Level 1
SBP XGBoost White 19853 10823 6.00% 7.70% 33.60% 34.40% Level 1
SBP XGBoost Hispanic/Latino 8027 3877 0.40% 0.90% 31.90% 28.30% Level 1
SBP XGBoost Overall 43556 18748 3.70% 5.10% 33.80% 33.60% Level 2
SBP XGBoost Black 10914 3674 1.20% 1.10% 31.00% 34.10% Level 2
SBP XGBoost Asian 4281 374 3.60% 2.40% 27.70% 21.60% Level 2
SBP XGBoost White 19853 10823 6.20% 7.60% 33.80% 34.30% Level 2
SBP XGBoost Hispanic/Latino 8027 3877 1.60% 2.00% 32.80% 29.10% Level 2
SBP XGBoost Overall 43556 18748 5.20% 6.00% 34.90% 34.20% Level 3
SBP XGBoost Black 10914 3674 2.60% 2.60% 32.00% 35.10% Level 3
SBP XGBoost Asian 4281 374 5.90% 3.80% 29.50% 22.80% Level 3
SBP XGBoost White 19853 10823 7.10% 7.80% 34.40% 34.50% Level 3
SBP XGBoost Hispanic/Latino 8027 3877 4.70% 4.60% 34.80% 31.00% Level 3
SBP Li

nggeferssion Overall 43556 18748 2.80% 4.40% 33.20% 33.10% Level 1
Sep :Qgeferssion Black 10914 3674 0.50% 0.80% 30.60% 33.90% Level 1

!
Sep nggeferssion Asian 4281 374 2.50% 1.40% 26.90% 20.80% Level 1
SBP Li

nggeferssion White 19853 10823 5.50% 7.00% 33.30% 33.90% Level 1
Sep :Qgeferssion Hispanic/Latino 8027 3877 0.20% 0.90% 31.80% 28.30% Level 1

!
Sep nggeferssion Overall 43556 18748 3.20% 4.80% 33.50% 33.40% Level 2
SBP Li

nggeferssion Black 10914 3674 0.80% 1.20% 30.70% 34.20% Level 2
SBP Li

nggeferssion Asian 4281 374 3.40% 2.00% 27.60% 21.30% Level 2
Sep :Qgeferssion White 19853 10823 5.60% 7.10% 33.30% 34.00% Level 2

!
Sep nggeferssion Hispanic/Latino 8027 3877 1.30% 1.80% 32.50% 28.90% Level 2
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Supplementary Table 6: Performance of the genetic and ensemble models using global
PRSs in TOPMed data developed with PRS-CSx.

- . Training PVE Testing PVE Training PVE Testing PVE
Ph t Model G T t(N) Testi t (N
enotype lode roup raining set (N) ~ Testing set (N) Genetic model  Genetic model Ensemble model Ensemble model

SBP Linear Regression Overall 43552 18743 2.11% 3.20% 32.75% 32.30%
SBP Linear Regression Black 10913 3674 0.54% 1.60% 30.59% 34.50%
SBP Linear Regression Asian 4281 374 2.34% 2.80% 26.77% 22.00%
SBP Linear Regression White 19850 10818 3.20% 4.00% 31.72% 31.80%
SBP Linear Regression Hispanic/Latino 8027 3877 1.84% 2.30% 32.88% 29.30%
SBP XGBoost Overall 43552 18743 2.39% 3.20% 32.94% 32.30%
SBP XGBoost Black 10913 3674 0.84% 1.60% 30.80% 34.40%
SBP XGBoost Asian 4281 374 2.56% 2.80% 26.93% 22.00%
SBP XGBoost White 19850 10818 3.48% 4.10% 31.92% 31.80%
SBP XGBoost Hispanic/Latino 8027 3877 2.12% 2.20% 33.07% 29.20%
DBP Linear Regression Overall 42897 18553 1.93% 2.90% 17.23% 19.30%
DBP Linear Regression Black 10737 3612 0.83% 1.40% 13.67% 23.20%
DBP Linear Regression Asian 4164 397 2.24% 2.60% 18.52% 14.00%
DBP Linear Regression White 19587 10745 2.83% 3.60% 15.29% 16.10%
DBP Linear Regression Hispanic/Latino 7939 3799 1.47% 2.30% 14.26% 19.30%
DBP XGBoost Overall 36883 12528 2.11% 2.70% 17.54% 19.60%
DBP XGBoost Black 9599 2486 1.12% 1.70% 14.47% 23.70%
DBP XGBoost Asian 3993 198 2.52% 2.70% 18.53% 14.30%
DBP XGBoost White 16241 7373 2.85% 3.20% 15.22% 16.20%
DBP XGBoost Hispanic/Latino 6580 2471 1.89% 2.50% 13.91% 19.80%

Performance results (attained PVEs) from the genetic models (PVEs of predicting residuals from the baseline
model) and ensemble models (PVEs of predicting the raw trait) estimated in cross validation on the training
dataset, and from the independent test dataset using global PRS in TOPMed dataset where PRS were developed
using PRS-CSx.



Supplementary Table 7: Hyperparameter choice for models’ training procedure.

Phenotype

Model

n estimator

max
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Hyperparameters and their value choices for models’ training procedure after applying Optuna hyperparameter

selection.
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Supplementary Table 8: Performance of the genetic and ensemble models using local
PRSs in TOPMed data.

Phenotype Model Growp  Trainingset(N) Testingset(N) "L o model Ensemble motl Ensemble moce
SBP Lasso Overall 43556 18748 6.85% 4.52% 36.31% 33.21%
SBP Lasso Black 10914 3674 3.76% 1.55% 33.20% 34.39%
SBP Lasso Asian 4281 374 5.54% 1.40% 29.48% 20.82%
SBP Lasso White 19853 10823 9.09% 5.78% 36.13% 33.03%
SBP Lasso Hispanic/Latino 8027 3877 7.04% 4.24% 36.77% 30.72%
SBP XGBoost Overall 43556 18748 59.27% 1.61% 72.15% 31.18%
SBP XGBoost Black 10914 3674 58.88% 0.68% 71.46% 33.80%
SBP XGBoost Asian 4281 374 58.83% 0.28% 69.26% 19.92%
SBP XGBoost White 19853 10823 59.45% 2.12% 71.51% 30.43%
SBP XGBoost Hispanic/Latino 8027 3877 59.68% 1.62% 72.57% 28.83%
SBP Linear Regression Overall 43556 18748 7.81% 4.77% 36.96% 33.39%
SBP Linear Regression Black 10914 3674 3.74% 0.89% 33.19% 33.95%
SBP Linear Regression Asian 4281 374 6.52% 0.64% 30.21% 20.21%
SBP Linear Regression White 19853 10823 10.72% 6.76% 37.27% 33.73%
SBP Linear Regression Hispanic/Latino 8027 3877 7.87% 3.41% 37.33% 30.12%
DBP Lasso Overall 43472 18768 2.69% 2.04% 18.19% 19.04%
DBP Lasso Black 10889 3657 1.37% 0.69% 14.14% 22.89%
DBP Lasso Asian 4220 403 1.86% 1.53% 18.84% 13.24%
DBP Lasso White 19786 10877 3.05% 1.84% 15.82% 14.97%
DBP Lasso Hispanic/Latino 8093 3831 4.06% 3.95% 16.77% 21.00%
DBP XGBoost Overall 43472 18768 83.77% 1.93% 86.35% 18.94%
DBP XGBoost Black 10889 3657 83.98% 0.69% 86.06% 22.89%
DBP XGBoost Asian 4220 403 83.83% 2.00% 86.63% 13.66%
DBP XGBoost White 19786 10877 83.34% 1.74% 85.54% 14.89%
DBP XGBoost Hispanic/Latino 8093 3831 84.31% 3.79% 86.39% 20.86%
DBP Linear Regression Overall 43472 18768 4.75% 2.61% 19.92% 19.51%
DBP Linear Regression Black 10889 3657 2.20% 0.10% 14.87% 22.42%
DBP Linear Regression Asian 4220 403 3.98% 2.31% 20.59% 13.93%
DBP Linear Regression White 19786 10877 5.76% 2.39% 18.17% 15.45%
DBP Linear Regression Hispanic/Latino 8093 3831 6.38% 5.66% 18.79% 22.40%

Performance results (attained PVEs) from the genetic models (PVEs of predicting residuals from the baseline
model) and ensemble models (PVEs of predicting the raw trait) estimated in cross validation on the training

dataset, and from the independent test dataset using local PRS in TOPMed dataset.
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Supplementary Table 9: Participant characteristics of the MGB Biobank dataset.

Characteristic White Black Asian Other/Unknown
N 7,985 412 200 897
Gender!

Female 4,975 (62%) 278 (67%) 133 (67%) 628 (70%)

Male 3,010 (38%) 134 (33%) 67 (34%) 269 (30%)
Age? 61 (48, 71) 49 (38, 60) 49 (41, 59) 47 (37, 60)
SBP? 124 (116, 134) 124 (115, 132) 119 (112, 129) 122 (114, 132)
DBP? 74 (68, 80) 73 (68, 80) 73 (68, 79) 74 (69, 80)
BMI2 26.6 (23.5, 30.5) 29.9 (25.8, 34.9) 24.2 (21.5, 26.7) 28.8(25.4, 33.3)
In (%)

2Median (IQR)

MGB Biobank dataset characteristics broken into self-reported race/ethnicity background of the participants.

Supplementary Table 10: GWAS summary statistics used for SBP and DBP PRS

development.

GWAS name Reference Trait Sample size Population

BBJ PMID:29403010(7) SBP 136,597 Japanese
DBP 136,615

UKBB+ICBP PMID:30224653 (8) SBP 757,601 European
DBP 757,601

MvVP PMID:30578418 (10) SBP 318,492 Multi-ethnic (69.1% non-

Hispanic White, 18.8%

DBP 318,891

non-Hispanic Black, 6.7%
Hispanic, 0.77% non-
Hispanic Asian and 0.85%
non-Hispanic Native
American individuals)

The table provides GWAS source, study population as reported by the manuscript or repository reporting the
GWAS, and number of participants used to generate summary statistics. Because some of UKBB+ICBP individuals
overlapped with our TOPMed dataset, we performed GWAS using the overlapping TOPMed individuals and applied
a numerical procedure (described in Supplementary Note 2 to remove their contribution from the UKBB+ICBP

summary statistics.
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Supplementary Figures

Supplementary Figure 1: Comparison of baseline cross-validated PVE with and without
inclusion of genetic PCs.
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TOPMed baseline model performance for SBP and DBP prediction, comparing inclusion of genetic PCs to the
model performance trained without genetic PCs.

PVE: Percent variance explained. TOPMed: Trans-Omics in Precision Medicine project. SBP: systolic blood
pressure. DBP: diastolic blood pressure.
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Supplementary Figure 2: Estimated PVE of genetic models fitted using XGBoost and
linear models using global PRS.
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overall test dataset and stratified by self-reported race/ethnicity (White N = 10,877, Hispanic/Latino N = 3,831,
Black N = 3,657, Asian N = 403 for DBP; White N = 10,823, Hispanic/Latino N = 3,877, Black N = 3,674, Asian N =

374 for SBP).

PVE: Percent variance explained. TOPMed: Trans-Omics in Precision Medicine project. SBP: systolic blood

pressure. DBP: diastolic blood pressure.
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Supplementary Figure 3: Performance of genetic and ensemble models fitted using XGBoost,
linear regression and LASSO using local PRSs in TOPMed test dataset.
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Panel a: Estimated PVEs in the TOPMed test dataset by genetic models incorporating local PRSs based on the UKB+ICBP GWAS.
PVE is reported for predicting residuals from the baseline model, where the baseline model was XGBoost and only used non-
genetic covariates. Panel b: Estimated PVE in the TOPMed test dataset for ensemble model at the raw phenotypic level. PVEs
are reported for models of SBP and DBP, in the overall test dataset and stratified by self-reported race/ethnicity (White N =
10,877, Hispanic/Latino N = 3,831, Black N = 3,657, Asian N = 403 for DBP; White N = 10,823, Hispanic/Latino N = 3,877, Black
N = 3,674, Asian N = 374 for SBP).

PVE: Percent variance explained. TOPMed: Trans-Omics in Precision Medicine project. SBP: systolic blood pressure. DBP:
diastolic blood pressure. PRS: polygenic risk score.
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Supplementary Figure 4: Estimated phenotypic PVE of baseline models in the MGB
Biobank data fitted using XGBoost.
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Estimated PVE in the MGBB test dataset for Baseline models’ performance for prediction of SBP and DBP
phenotypes in the overall test dataset and stratified by race/ethnicity (White N = 7,985, Black N = 412, Asian N =
200).

PVE: Percent variance explained. TOPMed: Trans-Omics in Precision Medicine project. SBP: systolic blood
pressure. DBP: diastolic blood pressure. MGBB: Mass General Brigham Biobank.
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Supplementary Figure 5:
Biobank.
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Black N =412, Asian N = 200).

PVE: Percent variance explained. TOPMed: Trans-Omics in Precision Medicine project. SBP: systolic blood
pressure. DBP: diastolic blood pressure. MGBB: Mass General Brigham Biobank.
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Supplementary Note 1: Descriptions of participating TOPMed studies

Participating TOPMed studies included: Genetics of Cardiometabolic Health in the Amish
(Amish; n = 1098), Atherosclerosis Risk in Communities study (ARIC; n = 7166), Mount Sinai
BioMe Biobank (BioMe; n = 7234), Coronary Artery Risk Development in Young Adults Study
(CARDIA; n = 3015), Cleveland Family Study (CFS; n = 661), Cardiovascular Health Study (CHS; n
= 3371), Genetic Epidemiology of COPD (COPDGene; n = 5836), Framingham Heart Study (FHS;
n = 3095), Genetic Epidemiology Network of Arteriopathy (GENOA; n = 1041), Genetic
Epidemiology Network of Salt Sensitivity (GenSalt, n = 1791), Hispanic Community Health
Study/Study of Latinos (HCHS/SOL; n = 7455), Jackson Heart Study (JHS; n = 3281), Multi-Ethnic
Study of Atherosclerosis (MESA; n= 4473), Taiwan Study of Hypertension using Rare Variants
(THRV; n = 1986) and Women's Health Initiative (WHI; n = 10792). Study specific descriptions

are provided below.

Amish

Ethics statement:

All study protocols were approved by the institutional review board at the University of

Maryland Baltimore. Informed consent was obtained from each study participant.

Amish acknowledgements:

We gratefully acknowledge our Amish liaisons, research volunteers, field workers, and Amish
Research Clinic staff and the extraordinary cooperation and support of the Amish community

without which these studies would not have been possible. The Amish studies are supported by

18



grants and contracts from the NIH, including U0O1 HL072515, U01 HL84756, U01 HL137181, and
P30 DK72488. The TOPMed component of the Amish Research Program was supported by NIH
grants RO1 HL121007, U01 HLO72515, and RO1 AG18728.

ARIC

The Atherosclerosis Risk in Communities study (dbGaP accession phs000090) is a population-
based prospective cohort study of cardiovascular disease sponsored by the National Heart,
Lung, and Blood Institute (NHLBI). ARIC included 15,792 individuals, predominantly European
American and African American, aged 45-64 years at baseline (1987-89), chosen by probability
sampling from four US communities. Cohort members completed three additional triennial
follow-up examinations, a fifth exam in 2011-2013, a sixth exam in 2016-2017, and a seventh
exam in 2018-2019, and an eighth exam in 2020. The ARIC study has been described in detail

previously [1, 2].

Ethics statement:

The ARIC study has been approved by a single Institutional Review Board (sIRB) at Johns
Hopkins School of Medicine and Institutional Review Boards (IRB) at all participating
institutions: University of North Carolina at Chapel Hill IRB, Johns Hopkins University School of
Public Health IRB, University of Minnesota IRB, Wake Forest University Health Sciences IRB, and
University of Mississippi Medical Center IRB. Study participants provided written informed

consent at all study visits.

ARIC acknowledgements:

The Atherosclerosis Risk in Communities study has been funded in whole or in part with Federal

funds from the National Heart, Lung, and Blood Institute, National Institutes of Health,
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Department of Health and Human Services (contract numbers 75N92022D00001,
75N92022D00002, 75N92022D00003, 75N92022D00004, 75N92022D00005). The authors thank

the staff and participants of the ARIC study for their important contributions.

WGS for “NHLBI TOPMed: Atherosclerosis Risk in Communities (ARIC)” (phs001211) was
performed at the Baylor College of Medicine Human Genome Sequencing Center
(HHSN268201500015C and 3U54HG003273-12S2) and the Broad Institute for MIT and Harvard
(3RO1HL092577- 06S1). The Genome Sequencing Program (GSP) was funded by the National
Human Genome Research Institute (NHGRI), the National Heart, Lung, and Blood Institute
(NHLBI), and the National Eye Institute (NEI). The GSP Coordinating Center (U24 HG008956)
contributed to cross program scientific initiatives and provided logistical and general study
coordination. The Centers for Common Disease Genomics (CCDG) program was supported by
NHGRI and NHLBI, and whole genome sequencing was performed at the Baylor College of

Medicine Human Genome Sequencing Center (UM1 HG008898).

BioMe

The BioMe Biobank is an ongoing, prospective, hospital- and outpatient- based population
research program operated by The Charles Bronfman Institute for Personalized Medicine (IPM)
at Mount Sinai. BioMe has enrolled over 50,000 participants between September 2007 and July
2019. BioMe is an Electronic Medical Record (EMR)-linked biobank that integrates research
data and clinical care information for consented patients at The Mount Sinai Medical Center,
which serves diverse local communities of upper Manhattan with broad health disparities. IPM
BioMe populations include 25% of African American ancestry (AA), 36% of Hispanic Latino
ancestry (HL), 30% of white European ancestry (EA), and 9% of other ancestry. The BioMe
disease burden is reflective of health disparities in the local communities. BioMe operations are

fully integrated in clinical care processes, including direct recruitment from clinical sites waiting
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areas and phlebotomy stations by dedicated BioMe recruiters independent of clinical care
providers, prior to or following a clinician standard of care visit. Recruitment currently occurs at

a broad spectrum of over 30 clinical care sites.

Ethics statement:

The BioMe cohort was approved by the Institutional Review Board at the Icahn School of
Medicine at Mount Sinai. All BioMe participants provided written, informed consent for

genomic data sharing.

BioMe acknowledgements:

The Mount Sinai BioMe Biobank has been supported by The Andrea and Charles Bronfman
Philanthropies and in part by Federal funds from the NHLBI and NHGRI (U01HG00638001;
UO1HGO007417; X01HL134588). We thank all participants in the Mount Sinai Biobank. We also
thank all our recruiters who have assisted and continue to assist in data collection and
management and are grateful for the computational resources and staff expertise provided by

Scientific Computing at the Icahn School of Medicine at Mount Sinai.

CARDIA
The Coronary Artery Risk Development in Young Adults study (dbGaP accession phs000285) is a
prospective multicenter study with 5,115 adults Caucasian and African American participants of

the age group 18-30 years at baseline, recruited from four centers at the baseline examination
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in 1985-1986 [3]. The recruitment was done from the total community in Birmingham, AL, from
selected census tracts in Chicago, IL and Minneapolis, MN; and from the Kaiser Permanente
health plan membership in Oakland, CA. Nine examinations have been completed in the years
0,2,5,7,10, 15, 20, 25 and 30, with high retention rates (91%, 86%, 81%, 79%, 74%, 72%, 72%,

and 71%, respectively) and written informed consent was obtained in each visit.

Ethics statement:

All CARDIA participants provided informed consent, and the study was approved by the
Institutional Review Boards of the University of Alabama at Birmingham and the University of

Texas Health Science Center at Houston.

CARDIA acknowledgements:

The Coronary Artery Risk Development in Young Adults Study (CARDIA) is conducted and
supported by the National Heart, Lung, and Blood Institute (NHLBI) in collaboration with the
University of Alabama at Birmingham (HHSN268201800005! & HHSN2682018000071),
Northwestern University (HHSN268201800003I), University of Minnesota
(HHSN2682018000061), and Kaiser Foundation Research Institute (HHSN2682018000041).
CARDIA was also partially supported by the Intramural Research Program of the National

Institute on Aging (NIA) and an intra-agency agreement between NIA and NHLBI (AG0005).

CFS

The Cleveland Family Study (CFS) was designed to examine the genetic basis of sleep apnea in
2,534 African-American and European-American individuals from 356 families. Index probands
with confirmed sleep apnea were recruited from sleep centers in northern Ohio, supplemented
with additional family members and neighborhood control families [4]. Four visits occurred

between 1990 and 2006; in the first 3, data were collected in participants’ homes while the last
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occurred in a clinical research center (2000 - 2006). Measurements included sleep apnea
monitoring, blood pressure, anthropometry, spirometry and other related phenotypes. Blood
samples (overnight fasting, before bed and following an oral glucose tolerance test), nasal and
oral ultrasound, and ECG were also obtained during the 4th exam. Institutional Review Board

approval and signed informed consent was obtained for all participants.

Ethics statement:

Cleveland Family Study was approved by the Institutional Review Board (IRB) of Case Western
Reserve University and Mass General Brigham (formerly Partners HealthCare). Written

informed consent was obtained from all participants.

CHS

The Cardiovascular Health Study (CHS) is a population-based cohort study initiated by the
National Heart, Lung and Blood Institute (NHLBI) in 1987 to determine the risk factors for
development and progression of cardiovascular disease (CVD) in older adults, with an emphasis
on subclinical measures. The study recruited 5,888 adults aged 65 or older at entry in four U.S.
communities and conducted extensive annual clinical exams between 1989-1999 along with
semi-annual phone calls, events adjudication, and subsequent data analyses and publications.
Additional data are collected by studies ancillary to CHS. In June 1990, four Field Centers
(Sacramento, CA; Hagerstown, MD; Winston-Salem, NC; Pittsburgh, PA) completed the
recruitment of 5201 participants. Between November 1992 and June 1993, an additional 687

adults of primarily African Americans ethnicity were recruited using similar methods.

Blood samples were drawn from all participants at their baseline examination and during
follow-up clinic visits and DNA was subsequently extracted from available samples. CHS
analyses were limited to participants with available DNA who consented to genetic studies. The
baseline examinations consisted of a home interview and a clinic examination that assessed not

only traditional risk factors but also measures of subclinical disease, including carotid
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ultrasound, echocardiography, electrocardiography, and pulmonary function. Between
enrollment and 1998-99, participants were seen in the clinic annually, and contacted by phone
at 6-month intervals to collect information about hospitalizations and potential cardiovascular
events. Major exam components were repeated during annual follow-up examinations through
1999. Cranial MRI scans, retinal photography, and tests of endothelial function were added as
new components. Standard protocols for the identification and adjudication of events were
implemented during follow-up. The adjudicated events are CHD, angina, heart failure (HF),
stroke, transient ischemic attack (TIA), claudication and mortality. Adjudication of cause of
death continues using a streamlined protocol; adjudication of other events ended in June 2015.
Deep venous thrombosis and pulmonary embolism events from baseline through 2001 were
adjudicated in an ancillary study: the Longitudinal Investigation of Thromboembolism Etiology
(LITE). Since 1999, participants have been contacted every 6 months by phone, primarily to
ascertain health status and for events follow-up. The study was initially approved by
institutional review boards at the Field Centers (Wake Forest, University of California — Davis,
Johns Hopkins University, University of Pittsburgh), the Core Laboratory (University of Vermont)
and at the Coordinating Center (University of Washington). The University of Washington now

handles CHS Data Repository approvals.

Ethics statement:

All CHS participants provided informed consent, and the study was approved by the

Institutional Review Board [or ethics review committee] of University Washington.

CHS acknowledgements:

Cardiovascular Health Study: This research was supported by contracts HHSN268201200036C,
HHSN268200800007C, HHSN268201800001C, NO1HC55222, NO1HC85079, NO1HC85080,
NO1HC85081, NO1HC85082, NO1HC85083, NO1HC85086, 75N92021D00006, and grants
U01HL080295, U0O1HL130114, and HL105756 from the National Heart, Lung, and Blood Institute
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(NHLBI), with additional contribution from the National Institute of Neurological Disorders and
Stroke (NINDS). Additional support was provided by R0O1AG023629 from the National Institute
on Aging (NIA). A full list of principal CHS investigators and institutions can be found at CHS-
NHLBI.org. The content is solely the responsibility of the authors and does not necessarily

represent the official views of the National Institutes of Health.

COPDGene

COPDGene [5] is a cohort study for respiratory disease research, recruiting more than 10,000
subjects between the ages of 45 and 80 who had at least 10 pack-years of smoking during
January 2008 - June 2011 at 21 clinical centers. Participants were characterized using
spirometry, six-minute walk, inspiratory and expiratory chest CT scans, respiratory symptoms,
medical history, medication history and 36-Item short form health survey. In the current

analysis, we only used COPDGene control participants (meaning, individuals without COPD).

Ethics statement:

All COPDGene participants provided written informed consent, and the study was approved by

the Institutional Review Boards of the participating clinical centers.

COPDGene acknowledgements:

The COPDGene project described was supported by Award Number U01 HL0O89897 and Award
Number UO1 HLO89856 from the National Heart, Lung, and Blood Institute. The content is solely
the responsibility of the authors and does not necessarily represent the official views of the
National Heart, Lung, and Blood Institute or the National Institutes of Health. The COPDGene
project is also supported by the COPD Foundation through contributions made to an Industry

Advisory Board comprised of AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Novartis,
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Pfizer, Siemens and Sunovion. A full listing of COPDGene investigators can be found at:

http://www.copdgene.org/directory

FHS

The Framingham Heart Study (dbGaP accession phs000007) began in 1948 with the recruitment
of an original cohort of 5,209 men and women (mean age 44 years; 55 percent women). In
1971 a second generation of study participants was enrolled; this cohort (mean age 37 years;
52% women) consisted of 5,124 children and spouses of children of the original cohort. A third-
generation cohort of 4,095 children of offspring cohort participants (mean age 40 years; 53
percent women) was enrolled in 2002-2005 and are seen every 4 to 8 years. Details of study
designs for the three cohorts are summarized elsewhere [6-8]. At each clinic visit, a medical
history was obtained, and participants underwent a physical examination. Only study
participants consented for genetic and non-genetic data are included. FHS has been approved

by the Boston University IRB

Ethics statement:

The Framingham Heart Study was approved by the Institutional Review Board of the Boston

University Medical Center. All study participants provided written informed consent.

FHS acknowledgements:

The Framingham Heart Study (FHS) acknowledges the support of contracts NO1-HC-25195,
HHSN2682015000011 and 75N92019D00031 from the National Heart, Lung and Blood Institute
and grant supplement RO1 HL092577-06S1 for this research. We also acknowledge the
dedication of the FHS study participants without whom this research would not be possible. Dr.
Vasan is supported in part by the Evans Medical Foundation and the Jay and Louis Coffman

Endowment from the Department of Medicine, Boston University School of Medicine.
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GENOA

The Genetic Epidemiology Network of Arteriopathy (GENOA) study (dbGaP accession
phs000379), a part of the Family Blood Pressure Program (FBPP Investigators, 2002), consists of
hypertensive sibships that were recruited for linkage and association studies in order to identify
genes that influence blood pressure and its target organ damage (Daniels, 2004). In the initial
phase of the GENOA study (Phase I: 1996-2001), all members of sibships containing > 2
individuals with essential hypertension clinically diagnosed before age 60 were invited to
participate, including both hypertensive and normotensive siblings. In the second phase of the
GENOA study (Phase II: 2000-2004), 1,239 non-Hispanic white and 1,482 African American
participants were successfully re-recruited to measure potential target organ damage due to

hypertension.

Ethics statement:

Written informed consent was obtained from all subjects and approval was granted by
participating institutional review boards (University of Michigan, University of Mississippi

Medical Center, and Mayo Clinic).

GENOA acknowledgements:

Support for the Genetic Epidemiology Network of Arteriopathy (GENOA) was provided by the
National Heart, Lung and Blood Institute (U0O1 HLO54457, U0O1 HLO54464, U01 HL0O54481, RO1
HL119443, and RO1 HLO87660) of the National Institutes of Health. DNA extraction for “NHLBI
TOPMed: Genetic Epidemiology Network of Arteriopathy” (phs001345) was performed at the
Mayo Clinic Genotyping Core, and WGS was performed at the DNA Sequencing and Gene
Analysis Center at the University of Washington (3R01HL055673-18S1) and the Broad Institute
(HHSN268201500014C). We would like to thank the GENOA participants.
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GenSalt

The GenSalt study (dbGaP accession phs000784) is a unique NHLBI- sponsored family feeding-
study designed to examine the interaction between genes and dietary sodium and potassium
intake on BP. A detailed description of the GenSalt study design and participants has been
reported previously [9]. Briefly, 3,142 participants from 633 Han families from rural, north
China were ascertained through a proband with untreated pre-hypertension or stage-1
hypertension identified from a population-based BP screening. A total of 1,906 GenSalt
probands and their siblings, spouses, and offspring were eligible. Among them, 1,818 took part
in the TOPMed WGS program and had BP and covariable data available for the current analysis.
Three morning BP measurements were obtained according to a standard protocol during each
of the 3-days of baseline observation. All BP readings were measured by trained and certified
observers using a random—zero sphygmomanometer using a standard protocol [10]. BP was
measured with the participant in the sitting position after 5 minutes of rest. In addition,
participants were advised to avoid alcohol, cigarette smoking, coffee/tea, and exercise for at
least 30 minutes prior to their BP measurements. Systolic and diastolic BP measures were taken
in triplicate during each day of the three-day baseline observation. After throwing out the first
measure, the subsequent two measures obtained on the first day of baseline observation were

averaged and used in this analysis.

Ethics statement:

All subjects provided informed consent and the GenSalt study was approved by the Institutional

Review Board (IRB) of all participating institutes in the US and China.

GenSalt acknowledgements:

The Genetic Epidemiology Network of Salt-Sensitivity (GenSalt) was supported by research
grants (U0O1HLO72507, RO1HL087263, and RO1HL090682) from the National Heart, Lung and

Blood Institute, National Institutes of Health, Bethesda, MD.
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HCHS/SOL

The Hispanic Community Health Study/Study of Latinos (dbGaP accession phs000810) is a
community-based longitudinal cohort study of 16,415 self-identified Hispanic/Latino persons
aged 18-74 years and selected from households in predefined census-block groups across four
US field centers (in Chicago, Miami, the Bronx, and San Diego). The census-block groups were
chosen to provide diversity among cohort participants with regard to socioeconomic status and
national origin or background [11, 12]. The HCHS/SOL cohort includes participants who self-
identified as having a Hispanic/Latino background; the largest groups are Central American (n =
1,730), Cuban (n = 2,348), Dominican (n = 1,460), Mexican (n = 6,471), Puerto Rican (n = 2,728),
and South American (n = 1,068). The HCHS/SOL baseline clinical examination occurred between
2008 and 2011 and included comprehensive biological, behavioral, and sociodemographic
assessments. Visit 2 took place between 2014 and 2017, which re-examined 11,623 participants
from the baseline sample. Visit 3 has started in 2020 and will last 4 years, ending on January
2024. In addition to clinic visit, participants are contacted annually to assess clinical outcomes.
The study was approved by the Institutional Review Boards at each participating institution and

written informed consent was obtained from all participants.

Ethics statement:

This study was approved by the institutional review boards (IRBs) at each field center, where all
participants gave written informed consent, and by the Non-Biomedical IRB at the University of
North Carolina at Chapel Hill, to the HCHS/SOL Data Coordinating Center. All IRBs approving the
study are: Non-Biomedical IRB at the University of North Carolina at Chapel Hill. Chapel Hill, NC;
Einstein IRB at the Albert Einstein College of Medicine of Yeshiva University. Bronx, NY; IRB at

Office for the Protection of Research Subjects (OPRS), University of lllinois at Chicago. Chicago,
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IL; Human Subject Research Office, University of Miami. Miami, FL; Institutional Review Board

of San Diego State University. San Diego, CA.

HCHS/SOL acknowledgements:

The Hispanic Community Health Study/Study of Latinos is a collaborative study supported by
contracts from the National Heart, Lung, and Blood Institute (NHLBI) to the University of North
Carolina (HHSN268201300001! / NO1-HC-65233), University of Miami (HHSN268201300004I /
NO1-HC- 65234), Albert Einstein College of Medicine (HHSN2682013000021 / NO1-HC-65235),
University of Illinois at Chicago — HHSN2682013000031 / NO1- HC-65236 Northwestern Univ),
and San Diego State University (HHSN268201300005! / NO1-HC-65237). The following
Institutes/Centers/Offices have contributed to the HCHS/SOL through a transfer of funds to the
NHLBI: National Institute on Minority Health and Health Disparities, National Institute on
Deafness and Other Communication Disorders, National Institute of Dental and Craniofacial
Research, National Institute of Diabetes and Digestive and Kidney Diseases, National Institute of

Neurological Disorders and Stroke, NIH Institution-Office of Dietary Supplements.

JHS

The Jackson Heart Study (dbGaP accession phs000286) is a longitudinal investigation of genetic
and environmental risk factors associated with the disproportionate burden of cardiovascular
disease in African Americans [13, 14]. At baseline, the JHS recruited 5306 African American
residents of the Jackson, Mississippi Metropolitan Statistical Area, which included
approximately 6.6% of all African American adults aged 35-84 residing in the area. Participants
were recruited via random sampling (17% of participants), volunteers (30%), prior participants
in the Atherosclerosis Risk in Communities (ARIC) study (31%), and secondary family members
(22%). Among these participants, approximately 3400 gave consent that allows genetic
research. JHS participants received three back-to-back clinical examinations (Exam 1, 2000-

2004; Exam 2, 2005-2008; and Exam 3, 2009-2013), and a fourth clinical examination started in
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2020. Participants are also contacted annually by telephone to update personal and health
information including vital status, interim medical events, hospitalizations, functional status and

sociocultural information.

Ethics statement:

The Institutional Review Boards at Jackson State University, Tougaloo College, and the
University of Mississippi Medical Center approved the study, and all participants provided

written informed consent.

JHS acknowledgements:

The Jackson Heart Study (JHS) is supported and conducted in collaboration with Jackson State
University (HHSN268201800013I), Tougaloo College (HHSN2682018000141), the Mississippi
State Department of Health (HHSN2682018000151) and the University of Mississippi Medical
Center (HHSN2682018000101, HHSN2682018000111 and HHSN2682018000121) contracts from
the National Heart, Lung, and Blood Institute (NHLBI) and the National Institute for Minority
Health and Health Disparities (NIMHD). The authors also wish to thank the staffs and

participants of the JHS.

Genome sequencing (dbGap accession phs000964) was performed at the Northwest Genomics
Center (HHSN268201100037C). Core support including centralized genomic read mapping and
genotype calling, along with variant quality metrics and filtering were provided by the TOPMed
Informatics Research Center (RO1HL117626; contract HHSN2682018000021). Core support
including phenotype harmonization, data management, sample-identity QC, and general
program coordination were provided by the TOPMed Data Coordinating Center (R01HL120393;
U01HL120393; contract HHSN2682018000011).
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MESA

The Multi-Ethnic Study of Atherosclerosis (dbGaP accession phs000209) 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 [15]. MESA
consisted of a diverse, population-based sample of an initial 6,814 asymptomatic men and
women aged 45-84. 38 percent of the recruited participants were white, 28 percent African
American, 22 percent Hispanic, and 12 percent Asian, predominantly of Chinese descent.
Participants were recruited from six field centers across the United States: Wake Forest
University, Columbia University, Johns Hopkins University, University of Minnesota,
Northwestern University and University of California - Los Angeles. Participants are being
followed for identification and characterization of cardiovascular disease events, including
acute myocardial infarction and other forms of coronary heart disease (CHD), stroke, and
congestive heart failure; for cardiovascular disease interventions; and for mortality. The first

examination took place over two years, from July 2000 - July 2002. It was followed by five

examination periods that were 17-20 months in length. Participants have been contacted every

9 to 12 months throughout the study to assess clinical morbidity and mortality.

Ethics statements:

All MESA participants provided written informed consent, and the study was approved by the
Institutional Review Boards at The Lundquist Institute (formerly Los Angeles BioMedical
Research Institute) at Harbor-UCLA Medical Center, University of Washington, Wake Forest
School of Medicine, Northwestern University, University of Minnesota, Columbia University,

and Johns Hopkins University.

MESA acknowledgements:
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MESA and the MESA SHARe project are conducted and supported by the National Heart, Lung,
and Blood Institute (NHLBI) in collaboration with MESA investigators. Support for MESA is
provided by contracts HHSN268201500003I1, NO1-HC-95159, NO1-HC-95160, NO1-HC-95161,
NO1-HC-95162, NO1-HC-95163, NO1-HC-95164, NO1-HC-95165, NO1-HC-95166, NO1-HC-95167,
NO1-HC-95168, NO1-HC-95169, UL1-TR-000040, UL1-TR-001079, UL1-TR-001420. MESA Family
is conducted and supported by the National Heart, Lung, and Blood Institute (NHLBI) in
collaboration with MESA investigators. Support is provided by grants and contracts
RO1HLO71051, RO1HLO71205, RO1HLO71250, RO1HL071251, RO1HLO71258, RO1HL071259, and
by the National Center for Research Resources, Grant ULLRR033176. The provision of
genotyping data was supported in part by the National Center for Advancing Translational
Sciences, CTSI grant UL1ITR001881, and the National Institute of Diabetes and Digestive and
Kidney Disease Diabetes Research Center (DRC) grant DK063491 to the Southern California

Diabetes Endocrinology Research Center.

THRV

The THRV-TOPMed study comprises 2,353 Taiwan Chinese participants in three cohorts: The
SAPPHIRe (Stanford-Asian Pacific Program in Hypertension and Insulin Resistance) Family
cohort of approximately 300 hypertensive sibships (N=1,271) and two hospital-based cohorts,
the TSGH (Tri-Service General Hospital) cohort (N=160) and the TCVGH (Taichung Veterans
General Hospital) cohort (N=922) that provide population-based controls (unrelated
hypertensive or non-hypertensive) matched to SAPPHIRe samples. All three cohorts are based
in Taiwan. The 1,271 SAPPHIRe subjects were previously recruited as part of the SAPPHIRe
Network of the NHLBI-sponsored Family Blood Pressure Program (FBPP). The SAPPHIRe families
were recruited to have two or more hypertensive sibs, with some families having one
normotensive/hypotensive sib. The two Hospital-based cohorts (TSGH and TCVGH) both
recruited unrelated subjects at the SAPPHIRe field centers/hospitals in Taiwan, that matched
with the SAPPHIRe subjects for age, sex, and BMI category. Several metabolic variables
associated with blood pressure and insulin resistance were measured in the first 5-year

SAPPHIRe funding from the NHLBI (1995-2000). Additional phenotyping through return visits
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and regular follow ups occurred between 2001 and 2008 which included echocardiographic and

multi-detector row CT imaging procedures.

Ethics statements:

All THRV participants provided informed consent, and the study was approved by the
Institutional Review Board at The Lundquist Institute (formerly Los Angeles BioMedical
Research Institute, or LA BioMed) at Harbor-UCLA Medical Center, and at Washington

University in St. Louis.

THRV acknowledgments:

The Rare Variants for Hypertension in Taiwan Chinese (THRV) is supported by the National
Heart, Lung, and Blood Institute (NHLBI) grant (RO1HL111249) and its participation in TOPMed
is supported by an NHLBI supplement (RO1HL111249-04S1). THRV is a collaborative study
between Washington University in St. Louis, LA BioMed at Harbor UCLA, University of Texas in
Houston, Taichung Veterans General Hospital, Taipei Veterans General Hospital, Tri-Service
General Hospital, National Health Research Institutes, National Taiwan University, and Baylor
University. THRV is based (substantially) on the parent SAPPHIRe study, along with additional
population-based and hospital-based cohorts. SAPPHIRe was supported by NHLBI grants
(UO1HL54527, U01HL54498) and Taiwan funds, and the other cohorts were supported by

Taiwan funds.

WHI

The Women’s Health Initiative (WHI) cohort. The WHI is a prospective national health study
focused on identifying optimal strategies for preventing chronic diseases that are the major

causes of death and disability in postmenopausal women. The WHI initially recruited 161,808
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women between 1993 and 1997 with the goal of including a socio-demographically diverse
population with diversity background groups proportionate to the total minority population of
US women aged 50-79 years. The WHI consists of two major parts: a set of randomized Clinical
Trials and an Observational Study. The WHI Clinical Trials (CT; N=68,132) includes three
overlapping components, each a randomized controlled comparison: the Hormone Therapy
Trials (HT), Dietary Modification Trial, and Calcium and Vitamin D Trial. A parallel prospective
observational study (OS; N = 93,676) examined biomarkers and risk factors associated with
various chronic diseases. While the HT trials ended in the mid-2000s, active follow-up of the
WHI-CT and WHI-OS cohorts has continued for over 25 years, with the accumulation of large
numbers of diverse clinical outcomes, risk factor measurements, medication use, and many

other types of data.

Ethics statement:

All WHI participants provided informed consent and the study was approved by the

Institutional Review Board (IRB) of the Fred Hutchinson Cancer Research Center.

WHI acknowledgements:

The WHI program is funded by the National Heart, Lung, and Blood Institute, National Institutes
of Health, U.S. Department of Health and Human Services through contracts 75N92021D00001,
75N92021D00002, 75N92021D00003, 75N92021D00004, 75N92021D00005.

Supplementary Note 2: Removal of overlap GWAS

Inverse-variance fixed effects meta-analysis (usually performed by large GWAS meta-analysis

efforts) when combining two studies:
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Let B.I, Z?; be the effect estimates from study 1 and study 2. Let 73, 7, be their estimated

. 1 1
variances. Let w; = — Wy ==, Then:
1 2

5 w1+ wof,

wy +w,
And

w%ﬁ}+w%17§_ witw, 1

U= var(ﬁ) =

(Wq+w3)?2 (W1+wy)?2 wi+wy'

The same formula straightforwardly extends for an arbitrary number of studies. Further, it can
be easily shown that the meta-analytic estimator over m studies will be the same regardless of
the order of the meta-analysis, meaning, that one can first meta-analyze statistics from studies
1 and 2, next from studies 3 and 4, and finally meta-analyze the results of these two meta-
analyses, and receive the same results as from a meta-analysis of the four studies at the same

time.

Therefore, if we have meta-analysis results from m studies, and we can obtain (or compute) the
meta-analysis results from a subset of m; studies, we can “back compute” the results from the
m — m, studies. We also assume that the meta-analysis results from m, studies are the same
as a pooled-summary statistics GWAS results for the same m, studies (even though likely the

results are not precisely the same due to different modelling).

Suppose that we had ,[?, ¥ (the meta-analytic estimator of all studies), and Z%:, v, estimates from

m, studies, a subset of these studies, together. We want to compute the estimates Z’;, v,

36



because these are independent of our m, studies and using them will prevent overfitting when

computing polygenic risk models.

Clearly:

And:

= B(Wl +w,) — le;:
B = o .

These can be used to compute p-values of the variants based on the non-overlapping sample of

m, studies from the original meta-analysis.

Using these summary statistics, we selected SNPs and their weights to calculate Polygenic Risk
Scores (PRS) and included them in the Machine Learning (ML) models as features to predict the

phenotypes.

Supplementary Note 3: Sensitivity analysis using PRS-CSx-based global
PRS

For comparison, we developed global SBP and DBP PRSs, using PRS-CSx [16]. We used the same
GWAS summary statistics used for the main analysis, and coupled BBJ with the UKB East Asian
LD reference panel, UKB+ICBP (summary statistics after “removing” the estimated effects of
overlapping TOPMed White participants) with the UKB European reference panel, and MVP

with the UKB African reference panel. Reference panels are implemented in the PRS-CSx
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software. We required that SNPs have MAF= 0.01 in the source GWAS, and used the
overlapping SNPs between the GWAS and the reference panel, as well as other default
parameters and the “auto” option, as in previous publication [17] (though note that the GWAS
summary statistics are different than the ones used in Kurniansyah et al., 2023). The application
of PRS-CSx resulted in three ancestry-specific PRSs for each BP trait. For each BP trait, we
constructed the three PRSs in the TOPMed dataset using PRSice but without any clumping and
thresholding. The three PRSs were then scaled to have mean 0 and variance, and summed. We
next trained the genetic model component of the ensemble using conventional linear
regression and non-linear ML (implemented using XGBoost), and compared its performance to
that of the main analysis model. Supplementary Table 6 reports the complete performance
results as attained PVEs from the genetic models (PVEs of predicting residuals from the baseline
model) and ensemble models (PVEs of predicting the raw trait) estimated in cross validation on
the training dataset, and from the independent test dataset. Overall, performance of prediction
models using a single PRS developed by PRS-CSx showed had PVE in comparison to models

trained using PRSs developed using PRSice2.

Supplementary Note 4: Descriptions of MGB biobank dataset

Samples, genomic data, and health information were obtained from the Mass General Brigham

(MGB) Biobank, a biorepository of consented patient samples at Mass General Brigham.
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DNA samples

DNA samples are processed from whole blood that was collected as a dedicated research draw
or as a clinical discard. Dedicated research samples are aimed to be processed within four hours
of collection. Clinical discards are processed 24+ hours after collection. Whole blood is spun to
buffy coat with a centrifuge and the buffy coat is stored in a freezer up to several months. The
buffy coat is then extracted to DNA. The DNA is then placed in an ultralow freezer (-800C). Each

DNA aliquot contains a minimum of 2 ug of DNA. The concentration varies.

Genotyping

Samples have been genotyped using three versions of the biobank SNP array offered by
[llumina that is designed to capture the diversity of genetic backgrounds across the globe. The
first batch of data was generated on the Multi-Ethnic Genotyping Array (MEGA) array, the first
release of this SNP array. The second, third, and fourth batches were generated on the
Expanded Multi-Ethnic Genotyping Array (MEGA Ex) array. All remaining data were generated

on the Multi-Ethnic Global (MEG) BeadChip.

Imputation

Prior to performing imputation, files were converted to VCF format, separated by
chromosomes. When multiple probes measured the same genotypes, they were checked for

concordance and were set to a missing value if the genotypes did not match. Files were
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uploaded to the Michigan Imputation Server, and Genotypes were imputed using TOPMed

reference panel. Genomic coordinates are provided in GRCh38.

Quality control

We performed quality control using PLINK (v2.0. We filtered SNPs with low-quality imputation
(r < 0.5), with missing call rates > 0.1, HWE p-value less than 1x10®°and MAF <1%. We computed
principal component (PC) using PLINK: we pruned the genotype data using a window size of
1000 variants, sliding across the genome with a step size of 250 variants at a time, filtering out
any SNPs with LD R>0.1. We used unrelated individuals (3rd degree, identified using PLINK) to

compute the loadings for the first 10 PCs.

PRS construction

We constructed PRS using PRSice2, using the same SNPs as those based on clumping performed

on the TOPMed dataset, and otherwise the same methodology.

Hypertension status based on Curated Disease Populations

We used the hypertension outcome from the “curated disease populations” provided by the
MGB Biobank team. These phenotypes were developed by the Biobank Portal team using both
structured and unstructured electronic medical record (EMR) data and clinical, computational
and statistical methods. Natural Language Processing (NLP) was used to extract data from

narrative text. Chart reviews by disease experts helped identify features and variables
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associated with particular phenotypes and were also used to validate results of the algorithms.
The process produced robust phenotype algorithms that were evaluated using metrics such as
sensitivity, the proportion of true positives correctly identified as such, and positive predictive
value (PPV), the proportion of individuals classified as cases by the algorithm [16]. The high

throughput phenotyping algorithm is as follows:

1. Create an initial phenotype definition using ICD-9 diagnosis codes.

2. Broaden the definition by determining the most up-to-date features (comorbidities,
symptoms, medications) that create a more accurate profile of the phenotype when
combined with ICD-9 codes. Features are extracted from online medical literature and
knowledge bases via an Automated Feature Extraction Protocol (AFEP).

3. Narrow and refine the definition by determining the features that occur most often in
the Biobank data. Extract, code, and rank features contained in clinical narratives with
Natural Language Processing (NLP).

4. Create a gold-standard patient set for training the method. Query coded EMR data for
the set of patients having at least one ICD-9 code for the phenotype. Apply a statistical
sampling algorithm to select a random subset of those patients for full chart review. A
clinical expert performs a full chart review to classify the patients as positive or negative
for the phenotype.

5. Train a statistical model that incorporates all features in the definition to predict the
presence or absence of the phenotype against the gold-standard patient set.

6. Apply the trained model to the entire Biobank Population.
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The prevalence of hypertension in the MGB Biobank in general at the time of phenotype
development (not restricted to the set of individuals used in our analysis) was 42% and the AUC

computed based on the 4 steps above was 0.912.

Ethics statement

All Biobank subjects have provided their consent to join the MGB Biobank, which includes
agreeing to provide a blood sample linked to the electronic medical record. Subjects also agree

to be recontacted by the Partners Biobank staff as needed.

Acknowledgements

We thank Mass General Brigham Biobank for providing samples, genomic data, and health

information data.

Supplementary Note 5: TOPMed and CCDG acknowledgements

Molecular data for the Trans-Omics in Precision Medicine (TOPMed) program was supported by
the National Heart, Lung and Blood Institute (NHLBI). Genome sequencing for “NHLBI TOPMed:
Genetics of Cardiometabolic Health in the Old Order Amish Study” (phs000956) were

performed at the Broad Institute of MIT and Harvard (HHSN268201500014C).
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Genome sequencing for “NHLBI TOPMed: Whole Genome Sequencing and Related Phenotypes
in the Framingham Heart Study” (phs000974.v4.p3) was performed at the Broad Institute
Genomics Platform (3R01HL092577-06S1, 3U54HG003067-12S2). Genome sequencing for the
“NHLBI TOPMed: Genetic Epidemiology Network of Arteriopathy (GENOA)” (phs001345.v2.p1)
was performed at the Broad Institute Genomics Platform (HHSN268201500014C) and the
Northwest Genomics Center (3R01HL055673-18S1). Genome sequencing for “NHLBI TOPMed:
The Jackson Heart Study” (phs000964.v1.p1) was performed at the Northwest Genomics Center
(HHSN268201100037C). Genome sequencing for the “NHLBI TOPMed: The Atherosclerosis Risk
in Communities Study” (phs001211.v3.p2) was performed at the Baylor College of Medicine
Human Genome Sequencing Center (HHSN268201500015C and 3U54HG003273-12S2) and the
Broad Institute for MIT and Harvard (3R01HL092577- 0651). Genome sequencing for “NHLBI
TOPMed: Coronary Artery Risk Development in Young Adults Study” (phs001612.v1.p1) was
performed at the Baylor College of Medicine Human Genome Sequencing Center
(HHSN268201600033I). Genome sequencing for “NHLBI TOPMed: Cleveland Family Study”
(phs000954.v3.p2) was performed at the Northwest Genomics Center (3R01HL098433-0551,
HHSN2682016000321). Genome sequencing for “NHLBI TOPMed: Genetic Epidemiology of
COPD (COPDGene) in the TOPMed Program” (phs000951) was performed at the University of
Washington Northwest Genomics Center (3R01 HL089856-0851) and the Broad Institute of MIT
and Harvard (HHSN268201500014C). Genomics sequencing for “NHLBI TOPMed: Cardiovascular
Health Study” (phs001368.v2.p1) was performed at the Baylor College of Medicine Human
Genome Sequencing Center (3U54HG003273-1252, HHSN268201500015C,

HHSN2682016000331). Genome sequencing for “NHLBI TOPMed: Hispanic Community Health
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Study/Study of Latinos” (phs001395.v1.p1) was performed at the Baylor College of Medicine
Human Genome Sequencing Center (HHSN268201600033I). Genome sequencing for “NHLBI
TOPMed: Women’s Health Initiative (WHI)” (phs001237.v2.p1) was performed at the Broad
Institute of MIT and Harvard (HHSN268201500014C). Genome sequencing for “NHLBI TOPMed:
Multi-Ethnic Study of Atherosclerosis” (phs001416.v2.p1) was performed at Broad Institute
Genomics Platform (HHSN268201500014C, 3U54HG003067-1351). Genome sequencing for
“NHLBI TOPMed: Genetic Epidemiology Network of Salt Sensitivity (GenSalt)”
(phs001217.v3.p1) was performed at the Baylor College of Medicine Human Genome
Sequencing Center (HHSN268201500015C). Genome sequencing for “NHLBI TOPMed: Rare
Variants for Hypertension in Taiwan Chinese (THRV)” (phs001387.v3.p1) was performed at the
Baylor College of Medicine Human Genome Sequencing Center (3R01HL111249-04S1,
HHSN26820150015C). Genome sequencing for “NHLBI TOPMed: Mount Sinai BioMe Biobank
(BioMe)” (phs001644.v3.p2) was performed at the Baylor College of Medicine Human Genome
Sequencing Center (HHSN268201600033I) and at McDonnell Genome Institute
(3UM1HG008853-0152, HHSN2682016000371). Core support including centralized genomic
read mapping and genotype calling, along with variant quality metrics and filtering were
provided by the TOPMed Informatics Research Center (3RO1HL-117626-02S1; contract
HHSN2682018000021). Core support including phenotype harmonization, data management,
sample-identity QC, and general program coordination were provided by the TOPMed Data
Coordinating Center (RO1HL-120393; UO1HL-120393; contract HHSN2682018000011). We
gratefully acknowledge the studies and participants who provided biological samples and data

for TOPMed. The Genome Sequencing Program (GSP) was funded by the National Human
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Genome Research Institute (NHGRI), the National Heart, Lung, and Blood Institute (NHLBI), and
the National Eye Institute (NEI). The GSP Coordinating Center (U24 HG008956) contributed to
cross-program scientific initiatives and provided logistical and general study coordination. The
Centers for Common Disease Genomics (CCDG) program was supported by NHGRI and NHLBI,
and whole genome sequencing was performed at the Baylor College of Medicine Human

Genome Sequencing Center (UM1 HG008898).
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