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Abstract

Elevated blood pressure (BP), a leading cause of global morbidity and mortality, is influenced by both genetic and lifestyle
factors. Cigarette smoking is one such lifestyle factor. Across five ancestries, we performed a genome-wide gene-smoking
interaction study of mean arterial pressure (MAP) and pulse pressure (PP) in 129913 individuals in stage 1 and follow-up
analysis in 480 178 additional individuals in stage 2. We report here 136 loci significantly associated with MAP and/or PP. Of
these, 61 were previously published through main-effect analysis of BP traits, 37 were recently reported by us for systolic BP
and/or diastolic BP through gene-smoking interaction analysis and 38 were newly identified (P <5 x 10~8, false discovery
rate < 0.05). We also identified nine new signals near known loci. Of the 136 loci, 8 showed significant interaction with
smoking status. They include CSMD1 previously reported for insulin resistance and BP in the spontaneously hypertensive
rats. Many of the 38 new loci show biologic plausibility for a role in BP regulation. SLC26A7 encodes a chloride/bicarbonate
exchanger expressed in the renal outer medullary collecting duct. AVPR1A is widely expressed, including in vascular smooth
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muscle cells, kidney, myocardium and brain. FHAD1 is a long non-coding RNA overexpressed in heart failure. TMEM51 was
associated with contractile function in cardiomyocytes. CASP9 plays a central role in cardiomyocyte apoptosis. Identified
only in African ancestry were 30 novel loci. Our findings highlight the value of multi-ancestry investigations, particularly in
studies of interaction with lifestyle factors, where genomic and lifestyle differences may contribute to novel findings.

Introduction

Elevated blood pressure (BP), a leading cause of morbidity and
mortality worldwide, is known to be influenced by both genetic
and lifestyle factors. To date genome-wide association studies
(GWAS) have identified over 1000 loci associated with BP and
hypertension (1-10). The effects of genetic variants on BP may
manifest differently depending on lifestyle exposures. There-
fore, incorporating gene-environment (GxE) interactions may
identify additional loci (11,12). We established the Gene-Lifestyle
Interactions Working Group within the Cohorts for Heart and
Aging Research in Genomic Epidemiology (CHARGE) Consor-
tium in order to assess the impact of interactions with multiple
lifestyle factors on the genetics of cardiovascular traits (13).
Among many lifestyle factors, cigarette smoking influences BP
in both acute (14) and chronic (15) fashion, motivating genetic
association studies of gene-by-smoking interactions.

Recently we reported findings from a genome-wide associa-
tion meta-analysis incorporating gene-smoking interactions for
systolic BP (SBP) and diastolic BP (DBP) (16). In addition to SBP
and DBP, BP can also be characterized as having both steady and
pulsatile components, each determined by different physiologic
properties of the heart and vasculature and differently related to
cardiovascular outcomes. Mean arterial pressure (MAP) reflects
the steady component of BP, which is predominantly determined
by cardiac output and systemic vascular resistance and regu-
lated by small artery and arteriole tone (17). MAP has been found
to be more ‘informative’ than SBP and DBP in predicting mortal-
ity from cardiovascular disease including stroke and ischemic
heart disease (18,19). Pulse pressure (PP) represents the pulsatile

component of BP and is largely determined by cardiac stroke
volume and large artery stiffness (17,20). PP has been found to
be predictive of coronary heart disease risk and, in some cases,
superior to both SBP and DBP, in particular for older adults (21,22).
Thus, while SBP is prioritized as the primary treatment target for
hypertension (23), MAP and PP continue to be relevant BP traits
for investigation. Understanding their biological underpinnings
may lead to discovery of new BP pathways.

In this study, we performed a genome-wide association meta-
analysis of MAP and PP incorporating gene-smoking interactions
(Fig. 1). The aim is to evaluate whether any of the previously
identified BP loci are modified by smoking, whether interactions
can be identified using a genome-wide approach and whether
additional novel BP loci can be identified by accounting for
potential single nucleotide polymorphism (SNP)-smoking inter-
actions. Here, we report our findings through two degrees of free-
dom (DF) test that jointly evaluates genetic main and interaction
effects (24) based on 610091 individuals across five ancestries.

Results
Overview

Across five ancestries, we performed a genome-wide gene-
smoking interaction study of MAP and PP in 129913 individuals
in stage 1 and follow-up analysis in 480178 additional indi-
viduals in stage 2: summary information is in Table 1 (Supple-
mentary Materials, Tables S1-S6). Through genome-wide search
in stage 1, we identified 1692 significant (P <5 x 10~%) and 2681
suggestive (P <107°) variants associated with MAP and/or PP.

All analyses for 2 traits (MAP, PP) x 2 exposures (current smoker, ever smoker)

Genome-wide analyses of genetic variants imputed using the 1000 Genomes Project reference panel
MAP (or PP) ~ SNP + Smk + Smk * SNP + age + sex (+ PC’s) (in all subjects)
MAP (or PP) ~ SNP + age + sex (+ PC’s) (in each group stratified by smoking status)

Stage 1

EUR AFR ASN
n=80,552 n=27,118

n=13,438

HSP TRANS
n=8,805 :> n=129,913

.

/ /
1,692 significant (P < 5x10-8) and 2,681 suggestive (P < 10%) variants

| MAP (or PP) ~ SNP + Smk + Smk * SNP + age + sex (+ PC’s) (in all subjects)

EUR AFR ASN
n=305,513 n=7,786 n=148,932

Stage 2

HSP BRZ == TRANS
n=13,533 n=4,414 n=480,178

U

2%

(if) P < 0.05/300 in Stage 2
(iii) concordant direction of effects

Traditional 2-step discovery followed by replication
(i) genome-wide significant (P < 5 x 10-%) in Stage 1

Combined analysis of Stages 1 & 2
(i) genome-wide significant in Stages 1 & 2
(ii) FDR g value < 0.05

Figure 1. Study design. Summary of data included in this study. Smk: smoking status (considering either current smoking or ever smoking status separately); PC:
principal component; EUR: European; AFR: African; ASN: Asian; HIS: Hispanic; BRZ: Brazilian; TRANS; trans-ancestry (i.e. combining all ancestry groups through meta-

analysis).
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Table 1. Basic characteristics of cohorts in stages 1 and 2 in each ancestry

Current Former Never smoker Male HTN HT meds Age MAP PP

smoker smoker

N % N % N % % % % Mean SD Mean SD Mean SD
Stage 1
EUR 14607 18.1 28409 353 37535 46.6 32,6 382 254 5463 8 94.63 129 5202 133
AFR 5545 21.5 7185 27.8 13121 50.8 26.5 559 395 5449 9.1 99.96 149 5467 164
ASN 2465 183 1677 12.5 929 69.2 512 469 27 5542 97 98.70 134 5786 158
HIS 1068 121 2160 245 5577 633 249 435 133 55.5 11 94.80 139 5355 164
Stage 1 total 23685 184 39431 30.7 65529 509 328 431 277 5474 86 96.17 134 5328 144
Stage 2
EUR 48198 17 89597 31.6 145914 514 478 448 25 5591 86 102.17 135 5529 139
AFR 1971 29.8 1579 23.8 3075 464 40.9 543 428 53.66 10.2 101.21 14.7 53.68 148
ASN 29485 19.8 40850 27.4 78597 52.8 549 50.3 331 60.76 123 98.31 13.9 5491 140
HIS 2739 20.3 2559 189 8231 60.8 41 269 163 4586 13.8 91.36 13.7 4899 133
BRZ 998 226 514 11.6 2902 65.8 48 155 6.3 27.78 3.2 89.75 12.3 4523 98
Stage 2 total 83391 182 135099 29.6 238719 522 497 459 274 56.84 9.9 100.54 13.7 5488 139
TOTAL 107076 18.3 174530 29.8 304248 519 46.1 453 274 56.4 9.6 99.61 13.6 54.54 14.0

The cell entries for the covariates and BP traits correspond to sample-size-weighted averages across all cohorts in each category. EUR: European; AFR: African; ASN:
Asian; HIS: Hispanic; BRZ: Brazilian; ALL: trans-ancestry (i.e. combining all ancestry groups through meta-analysis); HTN: hypertension; MAP: mean arterial pressure;

PP: pulse pressure.

Of these 4373 variants, 2982 variants were replicated in stage
2 with P <0.05/4373 (to an aggregate replication rate of 68.2%).
Of the 1692 significant variants in stage 1, a total of 1449 were
replicated in stage 2 with P <0.05/1692 to a replication rate of
85.6%. Among the genome-wide significant variants in stage 1,
which resided in 112 loci (defined by physical distance + 1 Mb),
53 loci were formally replicated in stage 2 using Bonferroni-
adjusted significance levels (P < 0.05/112). Most of the remaining
59 loci were identified in African or Hispanic ancestries in stage
1, which quite plausibly failed to replicate in stage 2 due to
these smaller sample sizes and hence lack of power. For 10 loci,
no additional data were available in stage 2, and therefore, it
was not possible to check for replication. All of these formally
replicated loci had been identified previously: 44 through main
effects GWAS (1-8) and 9 through gene-smoking interaction
analysis we reported recently for SBP and DBP (16). For these nine
formally replicated loci, estimates of the genetic main effects
were all consistent between stages 1 and 2; estimates of SNP-
smoking interaction effects were not statistically significant
(Supplementary Material, Table S7).

We performed meta-analysis combining stages 1 and 2 (Man-
hattan plots, Supplementary Material, Fig. S1; quantile-quantile,
QQ, plots, Supplementary Material, Fig. S2). Through this com-
bined analysis with 610091 individuals, we identified 136 loci
that were associated with MAP and/or PP at genome-wide sig-
nificance (P <5 x 1078). Of these, 61 loci were previously pub-
lished through main effects GWAS for any BP trait (1-8), 37 loci
(presented in Supplementary Material, Table S7) were recently
reported by us for SBP and/or DBP through gene-smoking inter-
action analysis (16) and the remaining 38 loci are newly reported
here (Table 2).

Among the 136 loci associated with MAP and/or PP, 38 loci
are completely new and at least 1 Mb away from any of known
BP loci. A total of 16 novel loci passed a more stringent thresh-
old (P<6.25x107°, adjusted for two smoking exposures, two
tests and two BP traits). We also identified nine additional new
signals within the known BP loci but not in linkage disequilib-
rium (LD), r? < 0.1, with known BP loci (Table 3). Among the nine
identified signals, four signals were identified in trans-ancestry,
and the remaining five were ancestry-specific (two European,
two African and one Hispanic signals). The LocusZoom plots

for these completely novel 38 loci and 9 signals are shown in
Supplementary Material, Figure S3. As shown in Venn diagram
(Fig. 2), among 38 new loci and 9 signals, 38 were newly PP
associated and 12 were newly MAP associated (with 3 common
between PP and MAP). These were not associated with SBP
or DBP. False discovery rate (FDR) g-values provided additional
evidence for these newly identified loci (FDR < 0.01 for 43 of the
47 and FDR < 0.05 for all 47 loci or signals).

Supplementary Material, Table S8 presents more detailed
results for the lead variants representing the 136 loci and the
9 signals associated with MAP and PP: ancestry-specific and
trans-ancestry meta-analysis results within each stage (1 and 2)
and ancestry-specific and trans-ancestry meta-analysis results
combining stages 1 and 2. Scatterplots comparing ancestry-
specific genetic effects at these variants are presented in
Supplementary Material, Figure S4. Genetic effects between
European and Hispanic ancestries had the highest correlation
(0.79), whereas those between African and Hispanic ancestries
had the lowest correlation (0.29).

The role of interactions

Among the 136 loci and 9 new signals associated with MAP
and/or PP, variants at 8 loci showed genome-wide significant
interactions (1 DF interaction P <5 x 10%) with smoking status
(Fig. 3). All eight loci were identified with current smoking status;
these variants have larger effects in current smokers than in
non-current smokers. Of the eight loci, six loci showed increas-
ing effects on BP in current-smokers. Five interactions were
newly identified (Table 2), and the other three were previously
reported for SBP or DBP (Supplementary Material, Table S7).
These variants showing interaction effects were identified only
in individuals of African ancestry in stage 1. These variants
were not present in stage 2 because of the limited sample size
(ranges from 418 to 1993) of stage 2 African ancestry cohorts,
and therefore, replication of these interactions was not possible.

BP variance explained

Within each of the smoking strata, we computed the variance of
MAP and PP explained by genome-wide results (25) in European
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Table 3. Nine new signals associated with MAP and/or PP that are near known BP loci (but not in LD, r? <0.1)

Locus rsID Nearest gene Position EAF  Race Trait/ G G GxE GxE Interaction Joint P FDR q
exposure effect StdErr effect StdErr P value
1 15140881076 KAZN 1:15364113  0.01 AFR PP/CS 0.45 1.13 —-11.95 1.85 2.30E-03 3.29E-14* 4.16E-10
2 rs2071405  AGT 1:230850658 0.13 Trans MAP/CS 028 0.04 -0.18 0.09 0.20 3.02E-12* 1.62E-08
3 15143802076 C3orf38 3:88646080 0.01 AFR  PP/CS —0.50 0.90 -854 1.68 8.97E-04 1.33E-09* 9.81E-06
4 rs1009382  TNXB 6:32026107  0.71 EUR  PP/CS 0.26 004 -0.16 0.08 0.15 4.84E-13* 3.30E-09
5 1s7005363  MSRA 8:10283748 0.54 EUR MAP/ES -0.34 004 0.15 0.06  0.02 3.13E-17* 1.59E-13
6 15187148391 TXN 9:112998518 0.99  HIS MAP/ES 0.09 0.69 448 1.03 1.01E-03 1.95E-08 0.013302
7 1510894198 ADAMTSS8 11:130285493 0.38  Trans PP/CS 0.27  0.03 -0.12 0.07 0.33 1.38E-19* 3.19E-15
8 rs1010064  LOC100506393 12:20000315 0.75  Trans MAP/ES 024 0.04 -0.12 0.06 0.03 5.91E-11* 6.64E-10
PDE3A
9 15201028933 LOC338758 12:90111249 0.79 Trans MAP/ES 032 0.08 0.16 0.11  0.28 1.73E-11* 9.75E-08

A new signal is defined as a significantly associated variant within 1 Mb of known BP loci but in weak LD r2 <0.1 with the known BP loci. LD for the trans-ancestry
signals was based on the entire 1000 Genomes cosmopolitan data, whereas LD for ancestry-specific signals was based on ancestry-specific population (e.g. LD for
European signals were based on 1000 Genomes European data). Each locus is genome-wide significant (P < 5 x 10°8) in the combined analyses of stages 1 and 2 and had
FDR q value < 0.05. Positions are based on human genome build 37. EA: effect allele; EAF: effect allele frequency; G effect: the estimate of the genetic main effect(SG);

GxE effect: the estimate of genetic-smoking interaction effect(BGE); Interaction P: P-value for testing the GxE interaction effect with one DF; Joint P: P-value for jointly

testing G main and GxE interaction effects with two DF; EUR: European ancestry. Trans: trans-ancestry (i.e. combining all ancestry groups through meta-analysis); MAP:
mean arterial pressure; PP: pulse pressure; CS: current-smoking; ES: ever-smoking.

*Findings with an asterisk indicate statistical significance using a stricter P-value threshold, after Bonferroni correction for two smoking traits, two tests, and two BP
traits (5 x 1078/8=6.25 x 1079).
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Figure 2. Venn diagram of loci/signals associated with the four BP traits. The diagram shows 133 loci and/or signals that were identified through gene-smoking
interactions. In this paper, we newly identified 38 loci (Table 2) and 9 signals near known BP loci (Table 3) that are unique to MAP and/or PP (to a total of 49 new
loci/signals). We had reported 81 loci associated with SBP/DBP (16), among which 37 showed association with MAP or PP. SBP: systolic blood pressure; DBP, diastolic
blood pressure; MAP: mean arterial pressure; PP: pulse pressure.

ancestry (Fig. 4). The independent set of variants, 38 for MAP
and 12 for PP, with P <5 x 108 explained 1.9% of variance in MAP
and 0.5% of variance in PP. The difference in explained variance
between the smokers and non-smokers was not significant,
suggesting that BP variance explained by interaction effects is
very small. Similar inference was observed with the results from
ever-smoking status (data not shown).

Functional inferences

To obtain functional annotations from HaploReg (26), we focused
on the index variants representing the 84 loci (38 novel loci,
9 new signals near known loci and 37 recently reported) that
showed association with MAP and/or PP. There was one missense
variant, rs1009382. Of the remaining non-coding variants (37
intronic and 51 intergenic), 15 were in promoter histone marks,
47 in enhancer histone marks, 28 in DNase I marks and 8 altered
the binding sites of regulatory proteins (Supplementary Material,
Table S9). Using GERP (27), five variants were identified as being

conserved among vertebrates, with three variants identified as
such using SiPhy (28). For 27 variants, cis-expression quantitative
trait loci (eQTL) evidence was available with varying degrees of
association with expression probes. In particular, 10 of them
were identified by GTEx (29) as cis-eQTLs across various tissues
(Supplementary Material, Table S9). In addition, we obtained
information on microarray-based gene and exon expression lev-
els in whole blood from over 5000 individuals of the Framingham
Heart Study (30) (Supplementary Material, Table S10). There were
109 variant-transcript pairs (representing 26 variants) with cis-
eQTL evidence (at P < 8.9 x 10, FDR < 0.002). Among 26 variants
(Supplementary Material, Table S10), the 3 variants had the
most abundant evidence of cis-eQTL association: rs112947839,
rs1009382 and rs7753826 associated with 21, 18, and 10 tran-
scripts, respectively.

The analyses using data-driven expression prioritized inte-
gration for complex traits (DEPICT) prioritized genes (FDR < 5%)
at 40 loci, including 16 genes that did not match the nearest gene

of the identified lead variant (Supplementary Material, Table S11).
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Figure 3. Smoking-specific genetic effect sizes in African ancestry for MAP or PP. Among the 138 loci significantly associated with MAP and/or PP, 8 loci show significant
interactions with smoking exposure status in African ancestry. Smoking-specific effect estimates and 95% confidence intervals for variants associated with BP traits
are shown as red and blue squares for current-smokers and non-current smokers, respectively. SNP effects between two strata are significantly different (one DF
interaction P <5 x 1078). These results were based on African-specific results in stage 1. MAP: mean arterial pressure; PP: pulse pressure; CS: current-smoking.
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Figure 4. Smoking-specific estimates of variance explained in European ancestry. The variants with P < 5 x 108 explained 1.9% of variance in MAP and 0.5% of variance
in PP, whereas variants with P < 104 explained 16% of variance in MAP and 11% of variance in PP. The vertical line corresponds to FDR=0.1.

Furthermore, the analyses highlighted 56 significantly (FDR < 5%)
enriched gene sets. Many of these highlight cardiovascular
mechanisms, such as ‘abnormal blood vessel morphology’, ‘thin
myocardium’ or ‘abnormal heart development’ (Supplementary
Material, Table S12). We also observed that genome-wide
significant MAP and PP loci are enriched for genes expressed
in the ileum (Supplementary Material, Table S13).

Associations of BP loci with cardiometabolic traits

We obtained association results of the 84 index variants associ-
ated with MAP or PP (representing 38 novel loci, 9 new signals
near known loci and 37 recently reported loci) with multiple
cardiometabolic traits: coronary artery disease (CAD), stroke,
adiposity, diabetes and renal function (Supplementary Materi-
als, Tables S14-S19). For 36 out of 47 scenarios (highlighted in
red, Supplementary Material, Table S20), the observed number
of variants with nominal evidence of association (P <0.05) was

higher than that expected by chance alone (Pginomial <0.05/11,
corrected for 11 traits used in the lookups). For example, we
observed 7 and 11 such associations with CAD and myocardial
infarction, respectively, where the expected count is 2.2 for both
traits. Corroborating evidence of the multiple cardiometabolic
traits were found for the 2 of the 38 new loci: (rs146622638,
GPM6A; rs12156238, FAM167A) and the 5 of the 9 new signals
near known BP loci (rs2071405, AGT; rs1009382, TNXB; rs7005363,
MSRA; rs1010064, LOC100506393; rs201028933, LOC338758). These
overlapping signals support that these traits may share a com-
mon pathophysiology.

Loci overlapping with previously reported SBP or DBP
loci

Among the loci that were reported by us recently as significantly
associated with SBP and/or DBP based on gene-by-smoking
interaction analysis (16), 37 loci were also associated with MAP
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and/or PP (Supplementary Material, Table S7). Among them,
nine loci were formally replicated in stage 2 and showed
association with all four BP traits. Variants at these nine loci were
all also genome-wide significant in the combined analysis of
stages 1 and 2 in individuals of European ancestry. For variants at
six of the nine loci, there was supporting evidence of association
in individuals of non-European ancestry, which resulted in
stronger statistical significance from trans-ancestry analysis.
One such locus was rs351364 (in WNT2B), where only trans-
ancestry analysis reached genome-wide significance in stage 1;
the direction of the genetic effect was consistent across all
ancestries (with 2DF P=2.8 x 10-3!; Supplementary Material,
Table S7).

New signals near known BP loci

Nine new signals were identified near known BP loci (but not
in LD, r? <0.1). One such signal was rs140881076 (chr1:15364113,
2DF P=3.3 x 10", Fig. 5A) in association with PP in individ-
uals of African ancestry. This signal is 434 kb away and in
complete linkage equilibrium with CELA2A locus (rs3820068,
chr1:15798197) that was recently identified in individuals of
European ancestry (7,8). Several nearby genes have been impli-
cated in cardiovascular traits. FHAD1 is a long non-coding RNA
overexpressed in heart failure (31), TMEM51 has been associated
with contractile function in cardiomyocytes (32) and CASP9 plays
a central role in cardiomyocyte apoptosis (33). A candidate gene
study identified a missense mutation in CASP9 as associated
with ischemic stroke in Koreans (34). Differential methylation
patterns in TMEMS51 have also been described in peripheral blood
leukocytes of smokers (35,36).

Through trans-ancestry analysis, we identified one locus
(rs1010064) associated with both MAP and PP (2DF P=5.9 x 10°1%).
This is located approximately 500 kb upstream of, but not in
LD with, PDE3A, a known BP gene with a role in regulating
growth in vascular smooth muscle cells (4,37). Missense
mutations in PDE3A have been linked with autosomal dominant
syndrome characterized by treatment-resistant hypertension
and brachydactyly (38,39). SNPs in this locus have also shown
suggestive associations with aortic root diameter (40), resistant
hypertension (41) and SBP in a SNP-alcohol consumption
interaction analysis (42).

Biological relevance of newly identified BP loci

Several genes near the 38 novel loci show biologic plausibility
for a role in BP regulation. One such gene is CSMD1 (rs140994551,
chr8:4449086, associated with PP in individuals of African ances-
try while considering interaction with current smoking status,
2DF P=2.1 x 10"}, Fig. 5B). In animal models, variants in CSMD1
were associated with both insulin resistance and BP in the
spontaneously hypertensive rats (SHRs) (43). In humans, there
was suggestive evidence of association with hypertension in
two Korean cohorts (44), with peripheral artery disease in a
Japanese population (45), with waist-hip ratio adjusted for BMI
in men (46), with insulin resistance in African Americans (47)
and with studies of addiction and related disorders (48). Another
new locus is LRRC69 (rs11991823, chr8:92188440, associated with
PP, identified through trans-ancestry analysis, 2DF P=1.3 x 105,
Fig. 5C). A copy number variant in this gene has been shown to
be weakly associated (P=0.04) with BP in a Korean population
(49). The nearby gene SLC26A7 encodes a chloride/bicarbonate
exchanger expressed specifically in the renal outer medullary
collecting duct (50). Two PP loci include genes involved in the
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NFkB signaling pathway (TNFRSF11A and NFIB). This inflam-
matory pathway has been implicated in hypertension-induced
renal dysfunction in murine models (51) and with endothelial
dysfunction in overweight/obese and older humans (52). There
was suggested evidence of association of variants in TNFRSF11A
with BP traits in Chinese women (53).

A new locus near AVPR1A (rs146924684 chr12:63437286, asso-
ciated with MAP, 2DF P=5.3 x 10, Fig. 5D) also has strong bio-
logic plausibility. Vasopressin is an antidiuretic hormone and a
potent vasoconstrictor that exerts its effect through activation of
a family of receptors, including the arginine vasopressin recep-
tor subtype 1A (AVPR1A) that is widely expressed including in
vascular smooth muscle cells, kidney, myocardium and brain
(54). In glomerular macula densa cells, AVPR1A facilitates activa-
tion of the renin-angiotensin-aldosterone system and increases
expression of the aquaporin 2 water channel (55). AVPR1A stim-
ulation is also necessary for maintaining normal BP; in murine
knockout models, basal BP is significantly decreased and the
arterial baroreceptor reflex markedly impaired (56). Notably,
there are data to support a role for vasopressin not only in
the maintenance, but also in the development, of hypertension.
Vasopressin receptor 1A blockade in young, still normotensive,
SHR attenuates the later development of hypertension in adult
SHR despite withdrawal of drug therapy (57).

We identified several loci with potential relevance to the
structure and function of primary cilia, in addition to those
we reported recently (16). Three PP-associated loci were near
genes implicated with nephronophthisis, including those with
mutations linked to Bardet-Biedl Syndrome (BBS7 and MYO3A)
and with Joubert Syndrome (AHI1). Another PP-associated
locus was near NEDD4L, which encodes the E3 ubiquitin
ligase NEDD4-2 and has been shown to regulate a renal
epithelial sodium channel (ENaC/SCNN1) that is critical for
maintenance of sodium homeostasis (58). ENaC is the channel
responsible for the monogenetic disorder of BP regulation, Liddle
Syndrome. Loss of NEDD4-2 in the renal tubules results in
increased activity of the ENaC channel, resulting in salt-sensitive
hypertension (59). Candidate gene studies identified variants in
NEDDA4L as associated with sodium lithium countertransport
(60), hypertension (61), treatment response to B-blockers and
diuretics in hypertensive patients (61-63).

We identified two additional loci with potential relevance
to the dopaminergic system, in addition to those we reported
recently (16). Dopamine signaling plays a key role in both
central and peripheral BP regulation (64-66). A regulatory subunit
(PPP2R2A) of the dopamine receptor 2R (D2R) was associated
with MAP. In murine renal proximal tubule cells, inhibition
of this regulatory protein leads to increased expression of
markers of renal inflammation and injury (67). A newly
identified MAP-associated locus SESN2 is also related to the
dopaminergic system; activation of the D2R has been shown
to increase the expression of SESN2, which protects the
kidney against renal oxidative stress (68). SESN2 also protects
endothelial cell lines against angiotensin II-induced endothelial
toxicity (69). Two additional loci include genes involved in
dopamine signaling: ATP13A2 (70) and ARPP21 (71). Activation
of dopamine centers of the brain has also been implicated in
drug and nicotine abuse (72).

In addition, we found a PP-associated locus near SDHB, which
encodes the mitochondrial protein succinate dehydrogenase.
Variants in this gene have been identified in individuals with
carotid body tumors and pheochromocytomas/paragangliomas,
endocrine tumors that secrete dopamine and/or norepinephrine
and can modulate BP regulation even when tumors are not
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Figure 5. LocusZoom plots for four selected loci associated with MAP and/or PP. (A) rs140881076 (chr1:15364113) was identified in an analysis of individuals of African
ancestry and is intronic to KAZN; neighboring genes have been implicated in cardiovascular traits. FHAD1 is a long non-coding RNA overexpressed in heart failure,
TMEMS51 has been associated with contractile function in cardiomyocytes and CASP9 plays a central role in cardiomyocyte apoptosis. (B) rs140994551 (chr8:4449086),
intronic to CSMD1, shows interaction with current smoking in individuals of African ancestry. CSMD1 are shown to be associated with insulin resistance and BP in the
spontaneously hypertensive rats. CSMD1 is also suggestively associated with studies of addiction and related disorders. (C) rs11991823 (chr8:92188440) was associated
with PP in trans-ancestry analyses and in intronic to LRRC69. The nearby gene SLC26A7 encodes a chloride/bicarbonate exchanger expressed specifically in the renal
outer medullary collecting duct. (D) rs146924684 (chr12:63437286) was associated with MAP in individuals of African ancestry. The nearby gene AVPR1A is widely
expressed including in vascular smooth muscle cells, kidney, myocardium and brain. CurSmk: current smoking status; EverSmk: ever smoking status; MAP: mean
arterial pressure; PP: pulse pressure. The plots were created using LocusZoom (http://locuszoom.sph.umich.edw/).

clinically apparent (73,74). Variants near this locus have been
marginally associated with DBP in pre-pubertal European chil-
dren (75). Tyrosinase (with its related protein, TYRP1) catalyzes
the first rate-limiting step in pathway in the formation of L-Dopa
(76). Although variants in TYRP1 were suggestively associated
with SBP by the International Consortium for Blood Pressure (77),
we identified this locus as associated with PP at genome-wide
significance.

Discussion

MAP measures the steady component, which is a function of the
left ventricular contractility, heart rate, small-artery resistance
and vascular elasticity averaged over time (17). PP measures the
pulsatile component, which is a function of the left ventricular
stroke volume, large-artery stiffness, early pulse wave reflectio,
and heart rate (19). These BP traits not only differ in their
physiologic properties but are also differently related to cardio-
vascular outcomes (17,19,78,79). Our genome-wide association
meta-analysis incorporating gene-smoking interactions identi-
fied 136 loci significantly associated with MAP and/or PP: 61 were
previously published through main-effect GWAS analysis (1-8),

37 were recently reported by us for SBP and/or DBP through gene-
smoking interaction analysis (16) and 38 are newly reported here.
Our analysis also identified nine new signals near known BP loci
(but not in LD, 12 <0.1).

Among the loci significantly associated with MAP and/or PP,
eight loci showed significant interaction with smoking status
from the one DF interaction tests. At these eight loci, the joint
two DF P-values ranged from 1 x 107 to 5 x 1011, indicating that
loci were identified mostly because of their interaction with
smoking status. We observed that the genetic effect at these
loci is negligible in non-smokers but larger in smokers. As such,
a drug that targets this locus with strong interactions may
achieve a greater treatment effect among smokers than non-
smokers; elevated BP may be treated in smokers using such
a drug, whereas the same drug is unlikely to be effective in
non-smokers. Alternatively, physicians may counsel patients on
specific antihypertensive drugs that they may obtain greater
treatment effect if they modify their exposure (e.g. smoking ces-
sation). While precision medicine interventions are still emerg-
ing in cardiovascular care, a consideration of interaction effects
lays an important foundation. In addition to drug targeting, a
smoking interaction can also help us to identify novel biological
mechanisms underlying BP traits.
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One such locus showing significant interaction with smoking
status is CSMD1. While variants of this gene were previously
suggested for addiction and related disorders (48), we identified
this locus at genome-wide significance (1DF P=4.3 x 10~°, 2DF
P=2.1x1071). In our study, another locus near AHR showed
weak evidence of interaction with smoking (1DF P=1.6 x 1074,
2DF P=1.7 x 10~° associated with MAP). Variants in AHR are
shown to interact with variants in CYP1A1, a detoxifying enzyme,
to explain BP differences between smokers and non-smokers
(80). AHR encodes a ligand-activated transcription factor, and
AHR knock-out mice have increased MAP and ventricular hyper-
trophy/fibrosis with increased plasma levels of angiotensin II
(81). Given the evidence that environmental toxins, including
tobacco smoke, activate AHR, it is pertinent to note that AHR,
in turn, activates tyrosinase activity, the rate limiting step for L-
dopa biosynthesis (76). Activation of the AHR protein represses
T-cadherin expression, which functions as a negative growth
regulator in vascular smooth muscle cells (82,83). T-cadherin
(encoded by CDH13) has been previously identified as a BP sus-
ceptibility locus (84). Notably, while the endogenous ligand for
AHR remains uncertain (85), exogenous ligands include poly-
cyclic aromatic hydrocarbons that are found in tobacco smoke
and other environmental pollutants (86).

We found that most of MAP-associated loci were previously
associated with SBP and/or DBP. This is not surprising given
that MAP is closely related physiologically to SBP and DBP. In
contrast, analysis of PP yielded a greater number of novel signif-
icant loci that are unique to PP. Loci associated with PP may be
identifying different physiologic processes than loci associated
with MAP, SBP and DBP. For example, the steady component
of BP can be effectively targeted by p-adrenergic receptor and
calcium-channel blockers that both modulate arteriolar tone.
Angiotensin converting enzyme inhibitors, which favor remod-
eling of vascular connective tissue, may impact PP to a greater
extent (87). This is a clinically important concept since hyper-
tension is often more effectively treated by combination drug
therapy to target different physiologic pathways (23).

We identified 30 loci that were statistically significant only in
the meta-analyses of African ancestry individuals (forest plots
in Supplementary Material, Fig. S5). Due to many prior BP GWAS
discoveries, mostly based on European or Asian ancestries, iden-
tifying new BP loci in European and Asian ancestries may be
challenging. There are also more opportunities to identify lower
frequency variants in African ancestry individuals because there
are more of these variants in this genetically more diverse
population (with correspondingly smaller LD blocks, allowing
closer identification of multiple underlying causal variants). The
observed effect sizes (in African ancestry, Fig. 3) may be larger
than their true values due to winners’ curse (88). All identified
loci were in low frequency [with minor allele frequency (MAF)
ranging from 1.2% to 3.1%] but had good imputation quality
scores ranging from 0.62 to 0.95 (presented in Supplementary
Material, Fig. S5). In many of these loci, forest plots show con-
sistent association across the contributing African cohorts. Out
of 30, 23 loci were only present in African ancestry, and there-
fore, these associations could not be effectively evaluated in
other ancestry groups as a result of their inter-ancestry dif-
ferences in MAF. Because of the limited sample sizes avail-
able for African ancestry in stage 2, genome-wide significant
loci in stage 1 African ancestry could not be formally repli-
cated in stage 2; only the largest African cohort in stage 2
(Health and Retirement Study, N=1993) provided association
results for a subset of 23 loci (Supplementary Material, Fig. S5).
For the remaining seven loci, we found evidence of association
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in African ancestry but not in meta-analyses in other ances-
tries, despite comparable or higher allele frequencies, such as
those observed with rs11587661 (COG2) or rs72723039 (IRX2). We
found similar smoking-specific effects on lipid traits that were
unique to African ancestry (89). They may relate at least in part
to inter-ancestry differences, including preference of menthol
cigarettes. Therefore, African-specific loci should be treated cau-
tiously since they require further validation.

This large-scale multi-ancestry study has some limitations.
First, because most of the known BP loci were identified in
European and Asian ancestries, considerable effort was made to
recruit most of the available studies from the other ancestries
into stage 1. Although we were able to identify several new loci
in African ancestry, the relatively smaller stage 2 sample size
of African ancestry (N=7786) has limited our ability to replicate
these new loci. Second, some of our new loci identified through
the 2DF joint test may have been identified due to a main effect
because of a larger sample size and more diverse ancestries,
not necessarily from gene-smoking interaction. Unfortunately,
we are unable to verify this because analysis of main effects
alone, without regard to smoking status, was not performed.
Third, conditional analysis (such as genome-wide complex trait
analysis, GCTA) based on summary statistics was not performed
because valid methods do not currently exist for GxE interac-
tions. Therefore, we relied on a relatively more stringent LD
threshold (2 <0.1) for identifying additional signals within the
know BP loci. Fourth, if there is a GxE correlation, a potential
confounding of GxE with interaction between covariate and
smoking exposure may exist. This can inflate Type I error of the
GxE interaction test (90).

In summary, this study identified 38 new loci and 9 new
signals near known BP loci that are uniquely associated with
MAP and/or PP (and not associated with SBP or DBP), demon-
strating the promise of gene-lifestyle interactions for genetic
and environmental dissection of BP traits. Of our 38 loci, 10 were
within 1 Mb of those recently reported by both Evangelou et al. (9)
and Giri et al. (10); 6 loci were African-specific. Additional seven
loci (including four African-specific loci) were within 1 Mb of
those reported by Evangelou et al. (9). Variants in several loci were
identified in individuals of African ancestry, highlighting the
importance of genetic studies in diverse populations. Many of
these new loci (including CSMD1, TMEM51, SLC26A7, TNFRSF11A
and AVPR1A) show biologic plausibility for a role in BP regulation.
They include additional loci of potential relevance to the struc-
ture and function of primary cilia and the dopaminergic system.
Understanding underlying mechanisms for the newly identi-
fied loci and biological insights into the genetics of BP traits
will require further investigation. Out of 136 significant loci,
8 showed significant interaction with smoking status. Because
some interactions may be driven by other lifestyle factors that
are correlated with smoking, a follow-up study such as Tyrrell
and her colleague (91) that jointly examines multiple lifestyle
factors can shed light on further understanding of the nature
of the smoking interaction effects on BP. Our findings highlight
the value of multi-ancestry investigations, particularly in studies
of interaction with lifestyle factors, where genomic and lifestyle
differences may contribute to novel findings.

Materials and Methods
Participating studies

Analyses included men and women between 18 and 80 years
of age from European (EUR), African (AFR), Asian (ASN),
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Hispanic (HIS) and Brazilian (BRZ) ancestries. A total of 48
cohorts consisting of 129913 individuals (80552 EUR; 27118
AFR; 13438 ASN; 8.805 HSP; Supplementary Material, Table S1)
participated in stage 1 and performed genome-wide analyses.
Studies that included data from multiple ancestries (cohorts)
contributed multiple analyses, one for each ancestry/cohort.
For example, multi-ethinc study of atherosclerosis has four
cohorts. A total of 76 additional cohorts consisting of 480178
individuals (305513 EUR; 7826 AFR; 148 932 ASN; 13 533 HSP; 4414
BRZ; Supplementary Material, Table S2) participated in stage
2 and performed association analyses of 4373 variants that
were identified in stage 1 as either genome-wide significant
(P<5x10%) or suggestive (P <10®). ASN participants include
both south Asian and east Asians. Stage 1 ASN includes 7873 East
Asians and 5566 South Asians, whereas stage 2 ASN includes
136961 East Asians and 12481 South Asians. All participating
studies are described in the Supplementary Material. Since
discoveries of BP loci to date were largely from EUR populations,
considerable effort was made for recruiting most of the available
non-EUR cohorts into stage 1 (which limited the availability
of non-EUR cohorts in stage 2). Each study obtained informed
consent from participants and approval from the appropriate
institutional review boards.

Phenotypes and lifestyle variables

Resting SBP and DBP were measured using standard clinical
procedures that produce comparable measurements (specific
methods per study were described more in Supplementary Mate-
rial). Even with some difference in measurement across studies,
the measures were standardized, through previous main effect
BP GWAS studies, as much as possible for BP. For individuals on
any anti-hypertensive (BP lowering) medications, 15 mmHg and
10 mmHg were added to their SBP and DBP values, respectively
(1). PP was computed as SBP minus DBP (PP=SBP—DBP), and
MAP was computed as the sum of DBP and one-third of PP
(MAP =DBP + PP/3). To reduce the influence of possible outliers,
each BP value was winsorized at six standard deviations (SD)
away from the mean (i.e. values greater than six SD away from
the mean were set at six SD).

Obtained through interview-based or self-reported ques-
tionnaire, varying levels of smoking information were available
across studies, some with a simple binary variable and others
with repeated data. We considered two of the most widely
available smoking variables: ‘current smoking’ status (CurSmk)
and ‘ever smoking’ status (EverSmk) (Table 1). Current smoking
status was defined as 1 if the individual smoked regularly in past
year (and as O for non-current smokers, which includes both
never and former smokers). Ever smoking status was defined
as 1 if the individual smoked at least 100 cigarettes during
his/her lifetime (and as 0 for the never smokers). Smoking
status was assessed at the time of the BP measurements.
Covariates include age, sex, field center (for multi-center studies)
and principal components (PCs) (to account for population
stratification and admixture). No additional covariates were
included. Individuals with missing data for BP, the smoking
variable or any covariates were excluded from analysis. Study-
specific summary statistics on phenotypes are presented in
Supplementary Materials, Tables S3 and S4.

Genotype data

Genotyping was obtained using Illumina (San Diego, CA, USA) or
Affymetrix (Santa Clara, CA, USA) genotyping arrays. Each study

performed genotype imputation at SNPs, short insertions and
deletions (indels), and larger deletions that were not genotyped
directly but are available from the 1000 Genomes Project (92).
For imputation, most studies used the 1000 Genomes Project
Phase I Integrated Release Version 3 Haplotypes (2010-11 data
freeze, 2012-03-14 haplotypes), which contain haplotypes of
1092 individuals of all ancestry backgrounds. Study-specific
information on genotyping and imputation is presented in
Supplementary Materials, Tables S5 and S6.

Cohort-specific analysis

We identified loci through the two DF test that jointly test the
genetic main effect and the gene-smoking interaction jointly.
This approach has previously enabled identification of new loci
associated with insulin resistance, including how the effect of
variants differs with levels of BMI (11). The method is described
in detail for single studies in Kraft et al. (93) and for implemen-
tation in meta-analyses in Manning et al. (24).

Participating studies performed association analyses sep-
arately within each ancestry for MAP and PP incorporating
CurSmk and EverSmk. All studies performed regression analysis
using a model with both genetic main and GxE interaction
effects (93): IE[Y] = Bo + PeSMEK + cG + oeSMR # G + BC.

Y is the medication-adjusted BP value, Smk is the smok-
ing variable (with 0/1 coding for the absence/presence of the
smoking exposure), G is the dosage of the imputed genetic
variant coded additively (from 0 to 2) and C is the vector of all
other covariates, which include age, sex, field center (for multi-
center studies) and PCs (to account for population stratification
and admixture). No additional cohort-specific covariates were
included. From this model, the studies provided the estimated
genetic main and interaction effects and a robust estimate of
the corresponding covariance matrix. In addition, studies in
stage 1 performed regression analyses with the genetic main-
effect model, in the exposed (Smk=1) and unexposed strata
(Smk=0) separately, and provided estimates of the stratum-
specific effects and robust estimates of their standard errors (SE).

Either sandwich (94) or ProbABEL (95) packages were used
to obtain robust estimates of covariance matrices and robust
SEs for samples of unrelated individuals. Family studies used
the generalized estimating equations approach, treating each
family as a cluster, or the linear mixed effect model approach
with a random polygenic component (for which the covariance
matrix depends on the kinship matrix). Robust estimates of
covariance matrices and SEs were used to safeguard against mis-
specification of the mean model and violation of the assumption
of constant BP variance across smoking groups (heteroscedastic-

ity) (96,97).

Quality control

Each study performed standard genotype quality control (QC)
that includes excluding SNPs with call rate (<95% or higher) and
Hardy-Weinberg equilibrium P < 10~®. In addition, we performed
extensive QC using the R package EasyQC (98) for all cohort-
specific results. For GWAS results in stage 1, each cohort applied
a preliminary filter on their imputed data excluding variants
with MAF < 1%. Variants with imputation quality measure of
<0.5 were subsequently excluded. We performed the ‘study-
level’ QC, which included carefully checking the observed allele
frequencies against the corresponding ancestry-specific 1000
Genomes Project data and harmonizing marker names to ensure
consistencies across cohorts. In addition, in stage 1, we com-
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pared results from the joint and stratified models, as explained
elsewhere (99). To identify cross-study issues, we then performed
the ‘meta-level’ QC by checking result files across all cohorts
for each analysis. This included visually comparing summary
statistics (mean, median, inter-quartile range, etc.) on all effect
estimates, SEs and P-values, and examining SE-N (i.e., inverse of
the median standard error versus the square root of the sample
size) plots and QQ plots to reveal issues with trait transformation
(98) or other analytical problems. Encountered QC problems were
communicated and resolved with the individual cohorts. More
detailed information about QC is described elsewhere (13,16).

Meta-analyses

After selecting high-quality variants through extensive QC,
~18.8 million SNPs and small indels variants were included in
the meta-analysis (the number of variants varied across the
ancestry groups). To combine cohort-specific results within
each ancestry, we first performed ancestry-specific meta-
analyses; the results were then combined through meta-analysis
to obtain evidence of ‘trans-ancestry’ association. Inverse-
variance-weighted meta-analysis with METAL (100) was used
for the one DF test of interaction effect (with Hp: Bge=0). For
two DF test of both SNP main and interaction effects (with Ho:
Bc =Bce =0), the joint meta-analysis of Manning et al. (24) was
used. In the stratified model, we performed meta-analysis using
the approach of Randall et al. (101) for the one DF test and the
approach of Aschard et al. (102) for the two DF test using the
R package EasyStrata (103). Additional details about the meta-
analytic approach are described elsewhere (99).

In stage 1, genomic control correction (104) was applied twice,
first for cohort-specific GWAS results if their genomic control
lambda value was greater than 1 and again after the meta-
analysis. Variants that passed QC were excluded if they were rep-
resented in fewer than 5000 samples or fewer than three cohorts.
Variants that were genome-wide significant (P <5 x 108) or
suggestive (P<1x10°) in stage 1 were pursued in stage 2.
Heterogeneity P-values at the selected variants were >1 x 107,
indicating limited heterogeneity (data not shown). In stage 2,
genomic control correction was not applied to the replication
statistics as association analysis was performed only at select
variants. Meta-analysis combining results of stages 1 and 2 was
also performed. In addition, genome-wide significant variants
in stage 1 were tested for formal replication in stage 2 using
Bonferroni-corrected significance threshold.

Genome-wide significant variants

We considered a variant with P <5 x 108 (the standard threshold
in the field) to be genome-wide significant. We also identified
novel loci that pass a more stringent threshold (P <6.25 x 1077,
P <5 x 1078 adjusted for two smoking exposures, two tests and
two BP traits, where this correction is somewhat conservative
given dependence between the various test statistics). Loci that
pass the stricter P-value are indicated in main tables. FDR g-
values were computed using the R function p.adjust using the
step-up method by Benjamini and Hochberg (105). A new locus
was identified if it was 1 Mb away from any previously identified
BP locus. A new signal was identified if it is within 1 Mb of known
BP loci but not in LD r2 < 0.1 with the known BP loci. Since valid
methods do not exist for conditional analysis involving inter-
actions across multi-ancestry studies, we relied on a relatively
more stringent LD threshold (r? < 0.1) for identifying additional
signals. For LD reference, ancestry-specific 1000 Genomes Project
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data (106) were used for ancestry-specific results, and the entire
cosmopolitan data set was used for trans-ancestry results.

BP variance explained

We computed BP variance explained by genome-wide results,
based on stage 1 stratified results with current-smoking status
in European ancestry (25). Within each of the smoking strata, we
computed the variance of MAP and PP explained by subsets of
variants selected using 15 significance thresholds ranging from
1x10%to 0.1

Functional inferences

We conducted DEPICT analyses (107) based on genome-wide
significant (P <5 x 1078) variants from the combined analysis of
stages 1 and 2. DEPICT performs three consecutive analyses: i)
gene prioritization at the identified loci, ii) gene set enrichment
analyses and iii) tissue- and cell-type-specific expression analy-
ses. To obtain input for the analyses, DEPICT applied a combined
distance and LD-based threshold (500 kb flanking regions and LD
r2 > 0.1) between the identified variants and the 1000 Genomes
reference data (106). A further clumping (LD r? > 0.5 between the
non-overlapping variants and known functional coding or cis-
acting regulatory variants) was used to obtain a list of genes
overlapping with the identified variants. The major histocom-
patibility complex region on chromosome 6 (25—35 Mb) was
removed for further analyses.

For gene prioritization, DEPICT compared functional simi-
larity of genes across identified loci using a gene score, which
was adjusted for confounders like gene length. To obtain FDR,
the scoring was repeated 50x based on 500 pre-compiled null
GWAS. For gene-set enrichment analyses, DEPICT used 14461
pre-compiled reconstituted gene sets; they include 737 Reac-
tome pathways, 2473 phenotypic gene sets (derived from the
Mouse Genetics Initiative), 184 Kyoto Encyclopedia of Genes
and Genomes pathways, 5083 Gene Ontology terms and 5984
protein molecular pathways (derived from protein-protein inter-
actions). For tissue- and cell-type enrichment analyses, DEPICT
used expression data from the 209 MeSH annotations for 37 427
microarrays of the Affymetrix U133 Plus 2.0 Array platform.

Supplementary Material

Supplementary Material is available at HMG online.

Acknowledgements

We thank anonymous reviewers for critical reading and provid-
ing constructive and insightful comments, which substantially
improved the article. This project, like several other projects, was
carried out as part of the CHARGE Gene-Lifestyle Interactions
Working Group.

Conflict of Interest statement. The authors declare no competing
financial interests except for the following: B.M.P. serves on the
Data and Safety Monitoring Board of a clinical trial funded by the
manufacturer (Zoll LifeCor) and on the Steering Committee of
the Yale Open Data Access Project funded by Johnson & Johnson,;
O.H.F. received grants from Metagenics (on women’s health and
epigenetics) and from Nestle (on child health); L.J.B.is listed as an
inventor on Issued U.S. Patent 8,080,371,'Markers for Addiction’
covering the use of certain SNPs in determining the diagnosis,
prognosis and treatment of addiction; P.S. has received research

6102 AeIN 62 U0 Josn Areidr HIN AQ $8S6ES/020ZPP/BWIU/EE0L 0 L/I0P/A0RISGE-S]0lE-00UBADE/BWL/WO0 dNO"dlWspese)/:SA]jY Wolj papPEojuMoq



16 | Human Molecular Genetics, 2019, Vol. 00, No. 00

awards from Pfizer Inc; J.BJ. is a consultant for Mundipharma
Co. (Cambridge, UK), Patent holder with Biocompatibles UK Ltd
(Franham, Surrey, UK) (title: treatment of eye diseases using
encapsulated cells encoding and secreting neuroprotective fac-
tor and/or anti-angiogenic factor; Patent number: 20120263794)
and Patent application with University of Heidelberg (Heidelberg,
Germany) (title: agents for use in the therapeutic or prophylactic
treatment of myopia or hyperopia; Europdische Patentanmel-
dung 15000771.4); PW.F. has been a paid consultant for Eli Lilly
and Sanofi Aventis and has received research support from
several pharmaceutical companies as part of a European Union
Innovative Medicines Initiative project; M.A.N.’s participation
is supported by a consulting contract between Data Tecnica
International and the National Institute on Aging, National Insti-
tutes of Health, Bethesda, MD, USA; M.A.N. also consults for
Illumina Inc, the Michael J. Fox Foundation and University of
California Healthcare among others; and M.J. C. is chief scientist
for Genomics England, a UK government company.

Funding

U.S. National Heart, Lung, and Blood Institute (NHLBI) (K25HL1
21091 to Y.J.S.); National Institutes of Health (RO1HL118305).

References

1. Newton-Cheh, C., Johnson, T., Gateva, V., Tobin, M.D.,
Bochud, M., Coin, L., Najjar, S.S., Zhao, J.H., Heath, S.C,
Eyheramendy, S. et al. (2009) Genome-wide association
study identifies eight loci associated with blood pressure.
Nat. Genet., 41, 666-676.

2. Levy, D., Ehret, G.B,, Rice, K., Verwoert, G.C., Launer, L],
Dehghan, A., Glazer, N.L.,, Morrison, A.C., Johnson, A.D,,
Aspelund, T. et al. (2009) Genome-wide association study of
blood pressure and hypertension. Nat. Genet., 41, 677-687.

3. Ehret, G.B., Munroe, P.B., Rice, K.M.,, Bochud, M., Johnson,
A.D,, Chasman, D.I., Smith, A.V,, Tobin, M.D., Verwoert, G.C.,
Hwang, S.J. et al. (2011) Genetic variants in novel pathways
influence blood pressure and cardiovascular disease risk.
Nature, 478, 103-1009.

4. Ehret, G.B., Ferreira, T. Chasman, D.I, Jackson, A.U.,
Schmidt, E.M., Johnson, T., Thorleifsson, G. Luan, ],
Donnelly, L.A., Kanoni, S. et al. (2016) The genetics of blood
pressure regulation and its target organs from association
studies in 342415 individuals. Nat. Genet., 48, 1171-1184.

5. Liu, C,, Kraja, A.T,, Smith, J.A,, Brody, J.A., Franceschini,
N, Bis, J.C., Rice, K., Morrison, A.C., Lu, Y., Weiss, S. et al.
(2016) Meta-analysis identifies common and rare variants
influencingblood pressure and overlapping with metabolic
trait loci. Nat. Genet., 48, 1162-1170.

6. Surendran, P, Drenos, F, Young, R., Warren, H., Cook, J.P,,
Manning, A K., Grarup, N, Sim, X., Barnes, D.R., Witkowska,
K. et al. (2016) Trans-ancestry meta-analyses identify rare
and common variants associated with blood pressure and
hypertension. Nat. Genet., 48, 1151-1161.

7. Hoffmann, TJ., Ehret, G.B., Nandakumar, P,, Ranatunga, D.,
Schaefer, C., Kwok, PY., Iribarren, C., Chakravarti, A. and
Risch, N. (2016) Genome-wide association analyses using
electronic health records identify new loci influencing
blood pressure variation. Nat. Genet., 49, 54-64.

8. Warren, H.R,, Evangelou, E., Cabrera, C.P, Gao, H,, Ren, M,,
Mifsud, B., Ntalla, I., Surendran, P, Liu, C., Cook, J.P. et al.
(2017) Genome-wide association analysis identifies novel

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

blood pressure loci and offers biological insights into car-
diovascular risk. Nat. Genet., 49, 403-415.

Evangelou, E., Warren, H.R., Mosen-Ansorena, D., Mifsud,
B., Pazoki, R., Gao, H., Ntritsos, G., Dimou, N., Cabrera, C.P,
Karaman, I. et al. (2018) Genetic analysis of over 1 million
people identifies 535 new loci associated with blood pres-
sure traits. Nat. Genet., 50, 1412-1425.

Giri, A., Hellwege, J.N., Keaton, J.M.,, Park, J., Qiu, C., Warren,
H.R,, Torstenson, E.S., Kovesdy, C.P, Sun, Y.V, Wilson, O.D.
et al. (2019) Trans-ethnic association study of blood pres-
sure determinants in over 750000 individuals. Nat. Genet.,
51, 51-62.

Manning, AXK. Hivert, M.F, Scott, R.A., Grimsby, J.L.,
Bouatia-Naji, N., Chen, H., Rybin, D, Liu, C.T, Bielak,
L.F,, Prokopenko, I. et al. (2012) A genome-wide approach
accounting for body mass index identifies genetic variants
influencing fasting glycemic traits and insulin resistance.
Nat. Genet., 44, 659-669.

Kirk, E.P. (2017) Genes, environment, and the heart: putting
the pieces together. Circ. Cardiovasc. Genet., 10, 1-2.

Rao, D.C,, Sung, Y.J., Winkler, T.W,, Schwander, K., Borecki,
L., Cupples, L.A., Gauderman, W], Rice, K., Munroe, P.B. and
Psaty, B. (2017) A multi-ancestry study of gene-lifestyle
interactions for cardiovascular traits in 610475 individuals
from 124 cohorts: design and rationale. Circ. Cardiovasc.
Genet., 10, e001649.

Mann, SJ., James, G.D., Wang, R.S. and Pickering, T.G.
(1991) Elevation of ambulatory systolic blood pressure in
hypertensive smokers. A case—control study. JAMA, 265,
2226-2228.

Primatesta, P, Falaschetti, E., Gupta, S., Marmot, M.G. and
Poulter, N.R. (2001) Association between smoking and blood
pressure: evidence from the health survey for England.
Hypertension, 37, 187-193.

Sung, YJ., Winkler, TW.,, de Las Fuentes, L., Bentley, AR,
Brown, M.R,, Kraja, A.T., Schwander, K., Ntalla, I, Guo, X,
Franceschini, N. et al. (2018) A large-scale multi-ancestry
genome-wide study accounting for smoking behavior iden-
tifies multiple significant loci for blood pressure. Am. J.
Hum. Genet., 102, 375-400.

Franklin, S.S., Gustin, W.T., Wong, N.D., Larson, M.G., Weber,
M.A,, Kannel, W.B. and Levy, D. (1997) Hemodynamic pat-
terns of age-related changes in blood pressure. The Fram-
ingham heart study. Circulation, 96, 308-315.

Lewington, S., Clarke, R., Qizilbash, N., Peto, R., Collins, R.
and Prospective Studies Collaboration (2002) Age-specific
relevance of usual blood pressure to vascular mortality: a
meta-analysis of individual data for one million adults in
61 prospective studies. Lancet, 360, 1903-1913.

Sesso, H.D., Stampfer, M.J,, Rosner, B., Hennekens, C.H.,,
Gaziano,].M.,Manson, J.E. and Glynn, R.J. (2000) Systolic and
diastolic blood pressure, pulse pressure, and mean arterial
pressure as predictors of cardiovascular disease risk in
men. Hypertension, 36, 801-807.

Dart, A.M. and Kingwell, B.A. (2001) Pulse pressure—a
review of mechanisms and clinical relevance. J. Am. Coll.
Cardiol., 37, 975-984.

Franklin, S.S., Khan, S.A., Wong, N.D., Larson, M.G. and
Levy, D. (1999) Is pulse pressure useful in predicting risk
for coronary heart disease? The Framingham heart study.
Circulation, 100, 354-360.

Millar, J.A., Lever, A.F. and Burke, V. (1999) Pulse pressure
as a risk factor for cardiovascular events in the MRC mild
hypertension trial. J. Hypertens., 17, 1065-1072.

6102 AeIN 62 U0 Josn Areidr HIN AQ $8S6ES/020ZPP/BWIU/EE0L 0 L/I0P/A0RISGE-S]0lE-00UBADE/BWL/WO0 dNO"dlWspese)/:SA]jY Wolj papPEojuMoq



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Whelton, PK., Carey, R.M., Aronow, W.S, Casey, D.E., ],
Collins, K.J.,, Dennison Himmelfarb, C., DePalma, S.M.,,
Gidding, S., Jamerson, K.A., Jones, D.W. et al. (2018)
2017  ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA guideline for the prevention, detection,
evaluation, and management of high blood pressure in
adults: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice
Guidelines. J. Am. Coll. Cardiol., 71, e127-e248.

Manning, A.K. LaValley, M,, Liu, C.T, Rice, K., An, P, Liu,
Y., Miljkovic, I., Rasmussen-Torvik, L., Harris, T.B., Province,
M.A. et al. (2011) Meta-analysis of gene-environment inter-
action: joint estimation of SNP and SNP x environment
regression coefficients. Genet. Epidemiol., 35, 11-18.

Kutalik, Z., Whittaker, J., Waterworth, D., Consortium, G.,
Beckmann, J.S. and Bergmann, S. (2011) Novel method to
estimate the phenotypic variation explained by genome-
wide association studies reveals large fraction of the miss-
ing heritability. Genet. Epidemiol., 35, 341-349.

Ward, L.D. and Kellis, M. (2012) HaploReg: a resource for
exploring chromatin states, conservation, and regulatory
motif alterations within sets of genetically linked variants.
Nucleic Acids Res., 40, D930-D934.

Davydov, E.V,, Goode, D.L,, Sirota, M., Cooper, G.M., Sidow,
A. and Batzoglou, S. (2010) Identifying a high fraction of
the human genome to be under selective constraint using
GERP++. PLoS Comput. Biol., 6, €1001025.

Garber, M., Guttman, M., Clamp, M., Zody, M.C., Friedman, N.
and Xie, X. (2009) Identifying novel constrained elements by
exploiting biased substitution patterns. Bioinformatics, 25,
154-162.

Consortium, G.T. (2015) Human genomics. The genotype-
tissue expression (GTEx) pilot analysis: multitissue gene
regulation in humans. Science, 348, 648-660.

Joehanes, R., Zhang, X., Huan, T, Yao, C., Ying, S.X., Nguyen,
Q.T., Demirkale, C.Y., Feolo, M.L., Sharopova, N.R., Sturcke,
A. et al. (2017) Integrated genome-wide analysis of expres-
sion quantitative trait loci aids interpretation of genomic
association studies. Genome Biol., 18, 16.

di Salvo, T.G., Yang, K.C., Brittain, E., Absi, T., Maltais, S. and
Hemnes, A. (2015) Right ventricular myocardial biomarkers
in human heart failure. J. Card. Fail., 21, 398-411.

Cingolani, O.H,, Kirk, J.A.,, Seo, K., Koitabashi, N., Lee, D.I,,
Ramirez-Correa, G., Bedja, D., Barth, A.S., Moens, A.L. and
Kass, D.A. (2011) Thrombospondin-4 is required for stretch-
mediated contractility augmentation in cardiac muscle.
Circ. Res., 109, 1410-1414.

Han, Y., Chen, Y.S,, Liu, Z., Bodyak, N., Rigor, D., Bisping, E.,
Pu, W.T. and Kang, P.M. (2006) Overexpression of HAX-1 pro-
tects cardiac myocytes from apoptosis through caspase-9
inhibition. Circ. Res., 99, 415-423.

Lee, B.Y,, Chon, J.,, Kim, H.S., Lee, ]J.H., Yun, D.H,, Yoo, S.D,,
Kim, D.H.,, Lee, S.A., Han, YJ., Lee, H. et al. (2017) Association
between a polymorphism in CASP3 and CASP9 genes and
ischemic stroke. Ann. Rehabil. Med., 41, 197-203.

Elliott, H.R,, Tillin, T., McArdle, W.L., Ho, K., Duggirala, A.,
Frayling, T.M., Davey Smith, G., Hughes, A.D., Chaturvedi, N.
and Relton, C.L. (2014) Differences in smoking associated
DNA methylation patterns in South Asians and Europeans.
Clin. Epigenetics, 6, 4.

Markunas, C.A., Xu, Z., Harlid, S., Wade, P.A,, Lie, R.T., Taylor,
J.A. and Wilcox, AJ. (2014) Identification of DNA methy-
lation changes in newborns related to maternal smoking
during pregnancy. Environ. Health Perspect., 122, 1147-1153.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Human Molecular Genetics, 2019, Vol. 00, No. 00 | 17

Begum, N., Hockman, S. and Manganiello, V.C. (2011) Phos-
phodiesterase 3A (PDE3A) deletion suppresses proliferation
of cultured murine vascular smooth muscle cells (VSMCs)
via inhibition of mitogen-activated protein kinase (MAPK)
signaling and alterations in critical cell cycle regulatory
proteins. J. Biol. Chem., 286, 26238-26249.

Maass, P.G, Aydin, A., Luft, EC., Schachterle, C., Weise,
A, Stricker, S, Lindschau, C., Vaegler, M., Qadri, F, Toka,
H.R. et al. (2015) PDE3A mutations cause autosomal dom-
inant hypertension with brachydactyly. Nat. Genet., 47,
647-653.

Toka, O., Tank, J.,, Schachterle, C., Aydin, A., Maass, P.G,,
Elitok, S., Bartels-Klein, E., Hollfinger, 1., Lindschau, C., Mai,
K. et al. (2015) Clinical effects of phosphodiesterase 3A
mutations in inherited hypertension with brachydactyly.
Hypertension, 66, 800-808.

Vasan, R.S., Glazer, N.L,, Felix, J.F, Lieb, W.,, Wild, P.S., Felix,
S.B., Watzinger, N., Larson, M.G., Smith, N.L., Dehghan, A.
et al. (2009) Genetic variants associated with cardiac struc-
ture and function: a meta-analysis and replication of
genome-wide association data. JAMA, 302, 168-178.
Fontana, V., McDonough, C.W., Gong, Y., El Rouby, N.M,, Sa,
A.C, Taylor, K.D,, Chen, Y.D,, Gums, J.G., Chapman, A.B,,
Turner, S.T. et al. (2014) Large-scale gene-centric analysis
identifies polymorphisms for resistant hypertension.J. Am.
Heart Assoc., 3, e001398.

Simino, J., Sung, YJ., Kume, R., Schwander, K. and Rao,
D.C. (2013) Gene-alcohol interactions identify several novel
blood pressure loci including a promising locus near
SLC16A9. Front. Genet., 4, 277.

Coan, PM., Hummel, O., Garcia Diaz, A., Barrier, M,
Alfazema, N., Norsworthy, PJ.,, Pravenec, M., Petretto, E.,
Hubner, N. and Aitman, TJ. (2017) Genetic, physiological
and comparative genomic studies of hypertension and
insulin resistance in the spontaneously hypertensive rat.
Dis. Model. Mech., 10, 297-306.

Hong, K.W,, Go, M ], Jin, H.S,, Lim, J.E,, Lee, ].Y,, Han, B.G,,
Hwang, S.Y,, Lee, S.H. Park, HK., Cho, Y.S. et al. (2010)
Genetic variations in ATP2B1, CSK, ARSG and CSMD1 loci
are related to blood pressure and/or hypertension in two
Korean cohorts. J. Hum. Hypertens., 24, 367-372.

Koriyama, H., Nakagami, H., Katsuya, T, Sugimoto, K.,
Yamashita, H., Takami, Y., Maeda, S., Kubo, M., Takahashi,
A.,Nakamura, Y. et al. (2010) Identification of evidence sug-
gestive of an association with peripheral arterial disease
at the OSBPL10 locus by genome-wide investigation in the
Japanese population. J. Atheroscler. Thromb., 17, 1054-1062.
Liu, C.T,, Monda, K.L., Taylor, K.C., Lange, L., Demerath,
E.W, Palmas, W.,, Wojczynski, M.K., Ellis, J.C., Vitolins, M.Z.,
Liu, S. et al. (2013) Genome-wide association of body fat
distribution in African ancestry populations suggests new
loci. PLoS Genet., 9, e1003681.

Irvin, M.R,, Wineinger, N.E.,, Rice, TK., Pajewski, N.M.,,
Kabagambe, E.X., Gu, C.C., Pankow, J., North, K.E., Wilk, ].B.,
Freedman, B.I. et al. (2011) Genome-wide detection of allele
specific copy number variation associated with insulin
resistance in African Americans from the HyperGEN study.
PLoS One, 6, €24052.

Uhl, G.R,, Drgon, T, Johnson, C, Li, C.Y., Contoreggi, C.,
Hess, J.,, Naiman, D. and Liu, Q.R. (2008) Molecular genetics
of addiction and related heritable phenotypes: genome-
wide association approaches identify ‘connectivity con-
stellation’ and drug target genes with pleiotropic effects.
Ann. N.Y. Acad. Sci., 1141, 318-381.

6102 AeIN 62 U0 Josn Areidr HIN AQ $8S6ES/020ZPP/BWIU/EE0L 0 L/I0P/A0RISGE-S]0lE-00UBADE/BWL/WO0 dNO"dlWspese)/:SA]jY Wolj papPEojuMoq



18 | Human Molecular Genetics, 2019, Vol. 00, No. 00

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Moon, S.H., Kim, YJ., Kim, YK, Kim, DJ.,, Lee, ].Y., Go, M.],,
Shin, Y.A,, Hong, C.B. and Kim, BJ. (2011) Genome-wide
survey of copy number variants associated with blood pres-
sure and body mass index in a Korean population. Genomics
Informatics 9, 152-160.

Petrovic, S., Barone, S., Xu, J,, Conforti, L., Ma, L., Kujala,
M, Kere, J. and Soleimani, M. (2004) SLC26A7: a basolateral
cl-/HCO3- exchanger specific to intercalated cells of the
outer medullary collecting duct. Am. J. Physiol. Renal Physiol.,
286, F161-F1609.

Henke, N., Schmidt-Ullrich, R., Dechend, R., Park, J.K., Qadri,
F, Wellner, M., Obst, M., Gross, V., Dietz, R., Luft, EC. et al.
(2007) Vascular endothelial cell-specific NF-kappaB sup-
pression attenuates hypertension-induced renal damage.
Circ. Res., 101, 268-276.

Pierce, G.L., Lesniewski, L.A., Lawson, B.R,, Beske, S.D. and
Seals, D.R. (2009) Nuclear factor-{kappa}B activation con-
tributes to vascular endothelial dysfunction via oxidative
stress in overweight/obese middle-aged and older humans.
Circulation, 119, 1284-1292.

Duan, P,, Wang, Z.M,, Liu, J.,, Wang, L.N,, Yang, Z. and Tu,
P. (2015) Association of gene polymorphisms in RANKL/
RANK/OPG system with hypertension and blood pressure
in Chinese women. J. Hum. Hypertens., 29, 749-753.

Woods, R.L. and Johnston, C.I. (1983) Contribution of vaso-
pressin to the maintenance of blood pressure during dehy-
dration. Am. J. Physiol., 245, F615-F621.

Aoyagi, T, Izumi, Y., Hiroyama, M., Matsuzaki, T., Yasuoka,
Y., Sanbe, A, Miyazaki, H., Fujiwara, Y., Nakayama, Y., Kohda,
Y. et al. (2008) Vasopressin regulates the renin-angiotensin-
aldosterone system via Vla receptors in macula densa
cells. Am. J. Physiol. Renal Physiol., 295, F100-F107.
Koshimizu, T.A., Nasa, Y., Tanoue, A., Oikawa, R., Kawahara,
Y., Kiyono, Y., Adachi, T., Tanaka, T, Kuwaki, T., Mori, T.
et al. (2006) Vla vasopressin receptors maintain normal
blood pressure by regulating circulating blood volume and
baroreflex sensitivity. Proc. Natl. Acad. Sci. U. S. A., 103,
7807-7812.

Burrell, L.M., Phillips, P.A,, Risvanis, J., Aldred, K.L., Hutchins,
A M. and Johnston, C.I. (1995) Attenuation of genetic hyper-
tension after short-term vasopressin V1A receptor antago-
nism. Hypertension, 26, 828-834.

Ronzaud, C., Loffing-Cueni, D., Hausel, P, Debonneville,
A., Malsure, S.R., Fowler-Jaeger, N., Boase, N.A., Perrier, R.,
Maillard, M., Yang, B. et al. (2013) Renal tubular NEDD4-
2 deficiency causes NCC-mediated salt-dependent hyper-
tension. J. Clin. Invest., 123, 657-665.

Debonneville, C., Flores, S.Y.,, Kamynina, E., Plant, PJ,
Tauxe, C., Thomas, M.A., Munster, C., Chraibi, A., Pratt, J.H.,
Horisberger, J.D. et al. (2001) Phosphorylation of Nedd4-
2 by Sgk1 regulates epithelial Na(+) channel cell surface
expression. EMBO ], 20, 7052-7059.

Zheng, X., Morrison, A.C., Feingold, E., Turner, S.T. and
Ferrell, R.E. (2011) Association between NEDD4L gene and
sodium lithium countertransport. Am. J. Hypertens., 24,
145-148.

Luo, F, Wang, Y., Wang, X., Sun, K., Zhou, X. and Hui, R.
(2009) A functional variant of NEDDAL is associated with
hypertension, antihypertensive response, and orthostatic
hypotension. Hypertension, 54, 796-801.

Svensson-Farbom, P,, Wahlstrand, B., Almgren, P, Dahlberg,
J., Fava, C., Kjeldsen, S., Hedner, T. and Melander, O. (2011)
A functional variant of the NEDD4L gene is associated
with beneficial treatment response with beta-blockers

63.

64.

65.

66.

67.

68.

69.

71.

72.

73.

74.

75.

76.

and diuretics in hypertensive patients. . Hypertens., 29,
388-395.

McDonough, C.W., Burbage, S.E., Duarte, J.D., Gong, Y.,
Langaee, T.Y,, Turner, S.T.,, Gums, J.G., Chapman, A.B., Bailey,
K.R., Beitelshees, A.L. et al. (2013) Association of variants in
NEDD4L with blood pressure response and adverse cardio-
vascular outcomes in hypertensive patients treated with
thiazide diuretics. J. Hypertens., 31, 698-704.

Goldberg, L.I. (1972) Cardiovascular and renal actions of
dopamine: potential clinical applications. Pharmacol. Rev.,
24,1-29.

Li, X.X., Bek, M., Asico, L.D., Yang, Z., Grandy, D.K., Goldstein,
D.S., Rubinstein, M., Eisner, G.M. and Jose, P.A. (2001) Adren-
ergic and endothelin B receptor-dependent hypertension in
dopamine receptor type-2 knockout mice. Hypertension, 38,
303-308.

Armando, I, Wang, X, Villar, VA, Jones, J.E, Asico,
L.D, Escano, C. and Jose, P.A. (2007) Reactive oxygen
species-dependent hypertension in dopamine D2 receptor-
deficient mice. Hypertension, 49, 672-678.

Zhang, Y, Jiang, X., Qin, C., Cuevas, S, Jose, PA. and
Armando, I. (2016) Dopamine D2 receptors’ effects on renal
inflammation are mediated by regulation of PP2A function.
Am. ]. Physiol. Renal Physiol., 310, F128-F134.

Yang, Y., Cuevas, S., Yang, S., Villar, V.A,, Escano, C., Asico,
L., Yu, P, Jiang, X., Weinman, E.J., Armando, I. et al. (2014)
Sestrin?2 decreases renal oxidative stress, lowers blood
pressure, and mediates dopamine D2 receptor-induced
inhibition of reactive oxygen species production. Hyperten-
sion, 64, 825-832.

Yi, L. Li, F, Yong, Y, Jianting, D., Liting, Z., Xuansheng, H., Fei,
L.and Jiewen, L. (2014) Upregulation of sestrin-2 expression
protects against endothelial toxicity of angiotensin II. Cell
Biol. Toxicol., 30, 147-156.

. Paisan-Ruiz, C., Guevara, R., Federoff, M., Hanagasi, H., Sina,

F, Elahi, E., Schneider, S.A., Schwingenschuh, P, Bajaj, N.,
Emre, M. et al. (2010) Early-onset L-dopa-responsive parkin-
sonism with pyramidal signs due to ATP13A2, PLA2GS,
FBXO7 and spatacsin mutations. Mov. Disord., 25, 1791-1800.
Ouimet, C.C., Hemmings, H.C., Jr. and Greengard, P. (1989)
ARPP-21, a cyclic AMP-regulated phosphoprotein enriched
in dopamine-innervated brain regions. II. Immunocyto-
chemical localization in rat brain. J. Neurosci., 9, 865-875.
Pierce, R.C. and Kumaresan, V. (2006) The mesolimbic
dopamine system: the final common pathway for the rein-
forcing effect of drugs of abuse? Neurosci. Biobehav. Rev., 30,
215-238.

King,K.S. and Pacak, K. (2014) Familial pheochromocytomas
and paragangliomas. Mol. Cell. Endocrinol., 386, 92-100.

Hes, FJ., Weiss, M.M., Woortman, S.A., de Miranda, N.F,, van
Bunderen, P.A, Bonsing, B.A., Stokkel, M.P., Morreau, H.,
Romijn, J.A., Jansen, J.C. et al. (2010) Low penetrance of a
SDHB mutation in a large Dutch paraganglioma family. BMC
Med. Genet., 11, 92.

Parmar, P.G, Taal, H.R, Timpson, NJ, Thiering, E,
Lehtimaki, T. Marinelli M. Lind, P.A. Howe, LD,
Verwoert, G., Aalto, V. et al. (2016) International genome-
wide association study consortium identifies novel
loci associated with blood pressure in children and
adolescents. Circ. Cardiovasc. Genet., 9, 266-278.

Luecke, S., Backlund, M., Jux, B., Esser, C., Krutmann, J. and
Rannug, A. (2010) The aryl hydrocarbon receptor (AHR),
a novel regulator of human melanogenesis. Pigment Cell
Melanoma Res., 23, 828-833.

6102 AeIN 62 U0 Josn Areidr HIN AQ $8S6ES/020ZPP/BWIU/EE0L 0 L/I0P/A0RISGE-S]0lE-00UBADE/BWL/WO0 dNO"dlWspese)/:SA]jY Wolj papPEojuMoq



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Wang, L., Chu, A, Buring, J.E.,, Ridker, PM., Chasman, D.I.
and Sesso, H.D. (2014) Common genetic variations in the
vitamin D pathway in relation to blood pressure. Am. J.
Hypertens., 27, 1387-1395.

Blacher, J., Staessen, J.A., Girerd, X., Gasowski, J., Thijs, L.,
Liu, L., Wang, ].G., Fagard, R.H. and Safar, M.E. (2000) Pulse
pressure not mean pressure determines cardiovascular
risk in older hypertensive patients. Arch. Intern. Med., 160,
1085-1089.

Gasowski, J., Fagard, R.H. Staessen, J.A., Grodzicki, T.,
Pocock, S., Boutitie, F., Gueyffier, F, Boissel, J.P. and Collab-
orators, L.P. (2002) Pulsatile blood pressure component as
predictor of mortality in hypertension: a meta-analysis of
clinical trial control groups. J. Hypertens., 20, 145-151.
Gambier, N., Marteau, J.B., Batt, A.M., Marie, B., Thompson,
A, Siest, G., Foernzler, D. and Visvikis-Siest, S. (2006) Inter-
action between CYP1A1 T3801C and AHR G1661A polymor-
phisms according to smoking status on blood pressure in
the Stanislas cohort. J. Hypertens., 24, 2199-2205.

Lund, A K., Goens, M.B., Nunez, B.A. and Walker, M.K. (2006)
Characterizing the role of endothelin-1 in the progression
of cardiac hypertrophy in aryl hydrocarbon receptor (AhR)
null mice. Toxicol. Appl. Pharmacol., 212, 127-135.
Niermann, T., Schmutz, S., Erne, P. and Resink, T. (2003) Aryl
hydrocarbon receptor ligands repress T-cadherin expres-
sion in vascular smooth muscle cells. Biochem. Biophys. Res.
Commun., 300, 943-949.

Kuzmenko, Y.S.,, Kern, F, Bochkov, V.N., Tkachuk, V.A.
and Resink, TJ. (1998) Density- and proliferation status-
dependent expression of T-cadherin, a novel lipoprotein-
binding glycoprotein: a function in negative regulation of
smooth muscle cell growth? FEBS Lett., 434, 183-187.

Org, E., Eyheramendy, S., Juhanson, P, Gieger, C., Lichtner,
P, Klopp, N., Veldre, G., Doring, A., Viigimaa, M., Sober, S.
et al. (2009) Genome-wide scan identifies CDH13 as a novel
susceptibility locus contributing to blood pressure determi-
nation in two European populations. Hum. Mol. Genet., 18,
2288-2296.

Nguyen, L.P. and Bradfield, C.A. (2008) The search for
endogenous activators of the aryl hydrocarbon receptor.
Chem. Res. Toxicol., 21, 102-116.

Martey, C.A., Baglole, CJ., Gasiewicz, T.A., Sime, PJ. and
Phipps, R.P. (2005) The aryl hydrocarbon receptor is a reg-
ulator of cigarette smoke induction of the cyclooxygenase
and prostaglandin pathways in human lung fibroblasts.
Am. ]. Physiol. Lung Cell. Mol. Physiol., 289, L391-1399.
Blacher, J. and Safar, M.E. (2005) Large-artery stiffness,
hypertension and cardiovascular risk in older patients. Nat.
Clin. Pract. Cardiovasc. Med., 2, 450-455.

Zollner, S. and Pritchard, J.K. (2007) Overcoming the win-
ner’s curse: estimating penetrance parameters from case-
control data. Am. J. Hum. Genet., 80, 605-615.

Bentley, A.R,, Sung, Y.J.,, Brown, M.R., Winkler, TW,, Kraja,
AT, Ntalla, I., Schwander, K., Chasman, D.I,, Lim, E., Deng,
E. et al. (2019) Multi-ancestry genome-wide gene-smoking
interaction study of 387,272 individuals identifies new loci
associated with serum lipids.. Nature genetics, 51, 636-648.
Keller, M.C. (2014) Gene x environment interaction studies
have not properly controlled for potential confounders:
the problem and the (simple) solution. Biol. Psychiatry, 75,
18-24.

Tyrrell, ], Wood, AR. Ames, RM., Yaghootkar, H,
Beaumont, R.N., Jones, S.E, Tuke, M.A., Ruth, K.,
Freathy, R.M., Davey Smith, G. et al. (2017) Gene-obesogenic

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Human Molecular Genetics, 2019, Vol. 00, No. 00 | 19

environment interactions in the UK biobank study. Int. J.
Epidemiol., 46, 559-575.

1000 Genomes Project Consortium, Abecasis, G.R., Auton,
A., Brooks, L.D., DePristo, M.A., Durbin, R.M., Handsaker,
R.E, Kang, HM.,, Marth, G.T. and McVean, G.A. (2012) An
integrated map of genetic variation from 1092 human
genomes. Nature, 491, 56-65.

Kraft, P, Yen, Y.C., Stram, D.O., Morrison, J. and Gauder-
man, WJ. (2007) Exploiting gene-environment interaction
to detect genetic associations. Hum. Hered., 63, 111-119.
Zeileis, A. (2006) Object-oriented computation of sandwich
estimators. J. Stat. Softw., 16, 1-16.

Aulchenko, Y.S., Struchalin, M.V. and van Duijn, C.M. (2010)
ProbABEL package for genome-wide association analysis of
imputed data. BMC Bioinformatics, 11, 134.

Tchetgen Tchetgen, E.J. and Kraft, P. (2011) On the robust-
ness of tests of genetic associations incorporating gene-
environment interaction when the environmental expo-
sure is misspecified. Epidemiology, 22, 257-261.

Voorman, A., Lumley, T., McKnight, B. and Rice, K. (2011)
Behavior of QQ-plots and genomic control in studies of
gene-environment interaction. PLoS One, 6, e19416.
Winkler, T.W.,, Day, F.R., Croteau-Chonka, D.C., Wood, AR,
Locke, A.E.,Magi, R., Ferreira, T., Fall, T., Graff, M., Justice, A.E.
et al. (2014) Quality control and conduct of genome-wide
association meta-analyses. Nat. Protoc., 9, 1192-1212.

Sung, YJ., Winkler, TW, Manning, AXK. Aschard, H,
Gudnason, V., Harris, T.B., Smith, A.V,, Boerwinkle, E., Brown,
M.R., Morrison, A.C. et al. (2016) An empirical comparison of
joint and stratified frameworks for studying G x E interac-
tions: systolic blood pressure and smoking in the CHARGE
gene-lifestyle interactions working group. Genet. Epidemiol.,
40, 404-415.

Willer, CJ., Li, Y. and Abecasis, G.R. (2010) METAL: fast and
efficient meta-analysis of genomewide association scans.
Bioinformatics, 26, 2190-2191.

Randall, J.C., Winkler, T.W,, Kutalik, Z., Berndt, S.I., Jackson,
AU, Monda, K.L,, Kilpelainen, T.O., Esko, T., Magi, R,, Li, S.
et al. (2013) Sex-stratified genome-wide association stud-
ies including 270000 individuals show sexual dimorphism
in genetic loci for anthropometric traits. PLoS Genet., 9,
€1003500.

Aschard, H., Hancock, D.B., London, SJ. and Kraft, P. (2010)
Genome-wide meta-analysis of joint tests for genetic and
gene-environment interaction effects. Hum. Hered., 70,
292-300.

Winkler, TW,, Kutalik, Z., Gorski, M., Lottaz, C., Kronenberg,
F.and Heid, I.M. (2015) EasyStrata: evaluation and visualiza-
tion of stratified genome-wide association meta-analysis
data. Bioinformatics, 31, 259-261.

Devlin, B. and Roeder, K. (1999) Genomic control for associ-
ation studies. Biometrics, 55, 997-1004.

Benjamini, Y. and Hochberg, Y. (1995) Controlling the false
discovery rate—a practical and powerful approach to mul-
tiple testing.]. R. Stat. Soc. Series B Stat. Methodol., 57, 289-300.
Genomes Project, C., Abecasis, G.R., Altshuler, D., Auton,
A., Brooks, L.D., Durbin, R.M,, Gibbs, R.A., Hurles, M.E. and
McVean, G.A. (2010) A map of human genome variation
from population-scale sequencing. Nature, 467, 1061-1073.
Pers, T.H., Karjalainen, J.M., Chan, Y., Westra, H.-J., Wood,
AR, Yang, J, Lui, J.C,, Vedantam, S., Gustafsson, S., Esko,
T. et al. (2015) Biological interpretation of genome-wide
association studies using predicted gene functions. Nat.
Commun., 6, 5890-5890.

6102 AeIN 62 U0 Josn Areidr HIN AQ $8S6ES/020ZPP/BWIU/EE0L 0 L/I0P/A0RISGE-S]0lE-00UBADE/BWL/WO0 dNO"dlWspese)/:SA]jY Wolj papPEojuMoq



A multi-ancestry genome-wide study incorporating gene-
smoking interactions identifies multiple new loci for pulse
pressure and mean arterial pressure: Supplementary Material

Table of Contents

Supplementary Notes
Stage 1 Study Descriptions

Stage 2 Study Descriptions
Stage 1 Study Acknowledgments

Stage 2 Study Acknowledgments

Supplementary Figures
Supplementary Figure 1: Manhattan plots of the combined analyses of Stages 1 and 2

Supplementary Figure 2: QQ plots of the combined analyses of Stages 1 and 2

Supplementary Figure 3: LocusZoom plots for the 38 new loci (Table 2) and 9 new signals near
known BP loci (Table 3)

Supplementary Figure 4: Scatterplots comparing ancestry-specific genetic effects of the 136 loci
and the 9 signals.

Supplementary Figure 5: Forest plots that examine consistencies across African cohorts at 30
African-specific loci (from Table 2). These 30 loci were statistically significant only in the meta-
analyses of African ancestry individuals

Supplementary Tables
The following Supplementary Tables are provided in the separate Excel file.

Supplementary Table 1: Sample sizes used in Stage 1 analyses

Supplementary Table 2: Sample sizes used in Stage 2 analyses

Supplementary Table 3: Descriptive statistics for Stage 1 analyses

Supplementary Table 4: Demographic statistics and descriptive statistics for Stage 2 analyses
Supplementary Table 5: Genotyping, imputation, and statistical analysis for Stage 1 analyses
Supplementary Table 6: Genotyping, imputation, and statistical analysis for Stage 2 analyses

Supplementary Table 7: Thirty-seven SBP and/or DBP loci significantly associated with MAP
and/or PP in the combined analyses of Stages 1 and 2



Supplementary Table 8: Stage 1, stage 2, and combined results of ancestry-specific and trans-
ancestry meta-analysis at 136 loci (61 known loci; 37 loci overlapped with SBP and DBP; 37 new
loci in Table 2) and 9 signals near known loci (in Table 3).

Supplementary Table 9: Regulation information of the 89 index variants representing novel loci
obtained from HaploReg; GTEx provided eQTL evidence for the 10 index variants (eQTL evidence
was available mostly in known BP-associated genes).

Supplementary Table 10: eQTL evidence in the Framingham Heart Study

Supplementary Table 11: DEPICT gene prioritization results for the genome-wide significant
(based on P_2df < 5e-8) MAP- or PP loci

Supplementary Table 12: DEPICT gene set enrichment analysis results for the genome-wide
significant (based on P_2df < 5e-8) MAP or PP loci

Supplementary Table 13: DEPICT tissue and cell type enrichment analysis results for the
genome-wide significant (based on P_2df < 5e-8) MAP or PP loci

Supplementary Table 14: Look-up information for coronary artery disease traits at the 89 index
variants

Supplementary Table 15: Look-up information for stroke traits at the 89 index variants

Supplementary Table 16: Look-up information for adiposity traits (by itself and stratified by
gender) at the 89 index variants.

Supplementary Table 17: Look-up information for diabetes traits at the 89 index variants.
Supplementary Table 18: Look-up information for kidney traits at the 89 index variants.

Supplementary Table 19: Look-up information for adiposity traits stratified by smoking at the 89
index variants

Supplementary Table 20: Summary of lookup information (SupplementaryTables 14-18).
Boldfaced red are those for which the number of variants with observed nominal significant
association (P < 0.05) is higher than that expected by chance alone (PBinomial < 0.05/11,
corrected for 11 traits used in the lookups: coronary artery disease, myocardial infarction,
stroke, body mass index, height, waist circumferrence, waist-hip ratio, fasting glucose, fasting
insulin, T2D, eGFR).



Supplementary Notes

Brief descriptions are provided below for each of the discovery studies some of which are based
outside the United States.:

AGES (Age Gene/Environment Susceptibility Reykjavik Study): The AGES Reykjavik study
originally comprised a random sample of 30,795 men and women born in 1907-1935 and living
in Reykjavik in 1967. A total of 19,381 people attended, resulting in a 71% recruitment rate. The
study sample was divided into six groups by birth year and birth date within month. One group
was designated for longitudinal follow up and was examined in all stages; another was
designated as a control group and was not included in examinations until 1991. Other groups
were invited to participate in specific stages of the study. Between 2002 and 2006, the
AGESReykjavik study re-examined 5,764 survivors of the original cohort who had participated
before in the Reykjavik Study. The midlife data blood pressure measurement was taken from
stage 3 of the Reykjavik Study (1974-1979), if available. Half of the cohort attended during this
period. Otherwise an observation was selected closest in time to the stage 3 visit. The supine
blood pressure was measured twice by a nurse using a mercury sphygmomanometer after 5
minutes rest following World Health Organization recommendations.

ARIC (Atherosclerosis Risk in Communities): The ARIC study 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, and a sixth exam in 2016-2017. The ARIC study has
been described in detail previously (The ARIC Investigators.The Atherosclerosis Risk in
Communities (ARIC) study: Design and objectives. Am J Epidemiol. 1989;129:687-702).. Blood
pressure was measured using a standardized Hawksley random-zero mercury column
sphygmomanometer with participants in a sitting position after a resting period of 5 minutes. The
size of the cuff was chosen according to the arm circumference. Three sequential recordings for
systolic and diastolic blood pressure were obtained; the mean of the last two measurements
was used in this analysis, discarding the first reading. Blood pressure lowering medication use
was recorded from the medication history.

Baependi Heart Study (Brazil): The Baependi Heart Study, is an ongoing family-based cohort
conducted in a rural town of the state of Minas Gerais. The study has enrolled approximate
2,200 individuals (over 10% of the town’s adult population) and 10-year follow up period of
longitudinal data. Briefly, probands were selected at random across 11 out of the 12 census
districts in Baependi. After enrolment, the proband's first-degree (parents, siblings, and
offspring), second-degree (half-siblings, grandparents/grandchildren, uncles/aunts,
nephews/nieces, and double cousins), and third-degree (first cousins, great uncles/aunts, and
great nephews/nieces) relatives, and his/her respective spouse's relatives resident both within
Baependi (municipal and rural area) and surrounding towns were invited to participate. Only
individuals age 18 and older were eligible to participate in the study. The study is conducted
from a clinic/office in an easily accessible sector of the town, where the questionnaires were
completed. A broad range of phenotypes ranging from cardiovascular, neurocognitive,
psychiatric, imaging, physiologic and several layers of endophenotypes like metabolomics and



lipidomics have been collected throughout the years Details about follow-up visits and available
data can be found in the cohort profile paper (PMID: 18430212). DNA samples were genotyped
using the Affymetrix 6.0 genechip. After quality control, the data were prephased using
SHAPEIT and imputed using IMPUTEZ2 based on 1000 Genomes haplotypes.

BioMe Biobank (BiolMe Biobank of Institute for Personalized Medicine at Mount Sinai):
The BioMe Biobank, founded in September 2007, is an ongoing, consented electronic medical
record (EMR)-linked bio- and data repository that enrolls participants non-selectively from the
Mount Sinai Medical Center patient population. The BioMe Biobank currently (Winter 2015)
comprises over 31,000 participants from diverse ancestries characterized by a broad spectrum
of (longitudinal) biomedical traits. On average 400 new participants are consented each month.
BioMe participants represent the broad ancestral, ethnic and socioeconomic diversity with a
distinct and population-specific disease burden, characteristic of Northern Manhattan
communities served by Mount Sinai Hospital. Enrolled participants consent to be followed
throughout their clinical care (past, present, and future) at Mount Sinai in real-time, integrating
their genomic information with their electronic health record for discovery research and clinical
care implementation. BioMe participants are predominantly of African, Hispanic/Latino, and
European ancestry. Participants who self-identify as Hispanic/Latino further report to be of
Puerto Rican (39%), Dominican (23%), Central/South American (17%), Mexican (5%) or other
Hispanic (16%) ancestry. More than 40% of European ancestry participants are genetically
determined to be of Ashkenazi Jewish ancestry.

The IRB-approved BioMe Biobank consent permits use of samples and de-identified linkable
past, present and future clinical information from EMRSs; re-contacting participants for enroliment
in future research; unlimited duration of storage, and access to clinical information from the
entire medical records, as well as local and external sharing of specimens and data.

The BioMe Biobank has a longitudinal design as participants consent to make any EMR data
from past (dating back as far as 2003), present and future inpatient or outpatient encounters
available for research. The median number of clinical encounters per participant is 21, reflecting
predominant enroliment of participants with common chronic conditions from primary care
facilities. Mount Sinai’s system-wide Epic EMR implementation captures a full spectrum of
biomedical phenotypes, including clinical outcomes, covariate and exposure data. This clinical
information is complemented by detailed information on ancestry, residence history, familial
medical history, education, socio-economic status, physical activity, smoking, alcohol use, and
weight history being collected in a systematic manner by interview-based questionnaire at time
of enrollment. Phenotype harmonization and validation is critical to facilitate consortium-wide
analyses. By applying advanced medical informatics and data mining tools, high-quality and
validated phenotype data can be culled from Mount Sinai’s Epic EMR. Fully-implemented
phenotype algorithms include; T2D, CKD, CAD, lipid disorders, peripheral artery disease,
resistant hypertension, blood cell traits, abdominal aortic aneurism, venous thromboembolism
among others (see also Phenotype KnowledgeBase (PheKB) of the eMERGE Network
(http://lemerge.mc.vanderbilt.edu/emerge-network).

A total of 14,017 participants have been genotyped for both GWAS (11,150 lllumina
OmniExpress BeadChip, 2,867 Affymetrix Human SNP Array 6.0) and ExomeChip (lllumina



HumanExome v1.0 BeadChip) arrays funded by institutional sources. An additional 16,000
BioMe participants are scheduled for genotyping using the lllumina MEGA Chip (by April 2015),
funded by NHGRI through our PAGEII grant (U01HG007417) (n=12,500) and through
institutional funds (n=3,500).

CARDIA (Coronary Artery Risk Development in Young Adults): CARDIA is a prospective
multicenter study with 5,115 adults Caucasian and African American participants of the age
group 18-30 years, recruited from four centers at the baseline examination in 1985-1986. 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. The details of the study design for the CARDIA study have been previously
published'. Eight examinations have been completed since initiation of the study, respectively in
the years 0, 2, 5, 7, 10, 15, 20 and 25. Written informed consent was obtained from participants
at each examination and all study protocols were approved by the institutional review boards of
the participating institutions. Systolic and diastolic blood pressure was measured in triplicate on
the right arm using a random-zero sphygmomanometer with the participant seated and following
a 5-min. rest. The average of the second and third measurements was taken as the blood
pressure value. Blood pressure medication use was obtained by questionnaire.

Reference: Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SM, Jacobs DR Jr, Liu
K, Savage PJ. CARDIA: study design, recruitment, and some characteristics of the examined
subjects. J Clin Epidemiol. 1988; 41(11):1105-16

CHS (Cardiovascular Health Study): CHS is a population-based cohort study of risk factors
for cardiovascular disease in adults 65 years of age or older conducted across four field centers
[PMID: 1669507]. The original predominantly European ancestry cohort of 5,201 persons was
recruited in 1989-1990 from random samples of the Medicare eligibility lists and an additional
predominately African-American cohort of 687 persons was enrolled in 1992-93 for a total
sample of 5,888. Research staff with central training in blood pressure measurement assessed
repeated right-arm seated systolic and diastolic blood pressure levels at baseline with a
Hawksley random-zero sphygmomanometer. Blood samples were drawn from all participants at
their baseline examination and DNA was subsequently extracted from available samples.
European ancestry participants were excluded from the GWAS study sample due to prevalent
coronary heart disease, congestive heart failure, peripheral vascular disease, valvular heart
disease, stroke, or transient ischemic attack at baseline. After QC, genotyping was successful
for 3271 European ancestry and 823 African-American participants. CHS was approved by
institutional review committees at each site and individuals in the present analysis gave
informed consent including consent to use of genetic information for the study of cardiovascular
disease.

CROATIA-Korcula: The CROATIA-Korcula study is a family-based, cross-sectional study in
the isolated island of Korcula that included 965 examinees aged 18-95. Blood samples were
collected in 2007 along with many clinical and biochemical measures and lifestyle and health
questionnaires.

CROATIA-Vis: The CROATIA-Vis study is a family-based, cross-sectional study in the isolated
island of Vis that included 1,056 examinees aged 8-93. Blood samples were collected in 2003
and 2004 along with many clinical and biochemical measures and lifestyle and health
questionnaires.



ERF (Erasmus Rucphen Family study): Erasmus Rucphen Family is a family based study that
includes inhabitants of a genetically isolated community in the South-West of the Netherlands,
studied as part of the Genetic Research in Isolated Population (GRIP) program. The goal of the
study is to identify the risk factors in the development of complex disorders. Study population
includes approximately 3,000 individuals who are living descendants of 22 couples who lived in
the isolate between 1850 and 1900 and had at least six children baptized in the community
church. All data were collected between 2002 and 2005. All participants gave informed consent,
and the Medical Ethics Committee of the Erasmus University Medical Centre approved the
study.

FamHS (Family Heart Study): The NHLBI FamHS study design, collection of phenotypes and
covariates as well as clinical examination have been previously described
(https://dsgweb.wustl.edu/fhscc/; PMID: 8651220). In brief, the FamHS recruited 1,200 families
(approximately 6,000 individuals), half randomly sampled, and half selected because of an
excess of coronary heart disease (CHD) or risk factor abnormalities as compared with age- and
sex-specific population rates. The participants were sampled from four population-based parent
studies: the Framingham Heart Study, the Utah Family Tree Study, and two centers for the
Atherosclerosis Risk in Communities study (ARIC: Minneapolis, and Forsyth County, NC).
These individuals attended a clinic exam (1994-1996) and a broad range of phenotypes were
assessed in the general domains of CHD, atherosclerosis, cardiac and vascular function,
inflammation and hemostasis, lipids and lipoproteins, blood pressure, diabetes and insulin
resistance, pulmonary function, diet, education, socioeconomic status, habitual behavior,
physical activity, anthropometry, medical history and medication use. Approximately 8 years
later, study participants belonging to the largest pedigrees were invited for a second clinical
exam (2002-04). The most important CHD risk factors were measured again, including lipids,
parameters of glucose metabolism, blood pressure, anthropometry, and several biochemical
and hematologic markers. In addition, a computed tomography examination provided measures
of coronary and aortic calcification, and abdominal and liver fat burden. Medical history and
medication use was updated. A total of 2,756 European ancestry subjects in 510 extended
random and high CHD risk families were studied. Also, 633 African ancestry subjects were
recruited at ARIC field center at the University of Alabama in Birmingham. Informed consent
was obtained from all participants.

FHS (Framingham Heart Study): FHS 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. At each clinic visit, a medical history was obtained
with a focus on cardiovascular content, and participants underwent a physical examination
including measurement of height and weight from which BMI was calculated. Systolic and
diastolic blood pressures were measured twice by a physician on the left arm of the resting and
seated participant using a mercury column sphygmomanometer. Blood pressures were
recorded to the nearest even number. The means of two separate systolic and diastolic blood
pressure readings at each clinic examination were used for statistical analyses.



GENOA (Genetic Epidemiology Network of Arteriopathy): GENOA is one of four networks in
the NHLBI Family-Blood Pressure Program (FBPP). [The FBPP Investigators, 2002; Daniels et
al., 2004] GENOA's long-term objective is to elucidate the genetics of target organ
complications of hypertension, including both atherosclerotic and arteriolosclerotic complications
involving the heart, brain, kidneys, and peripheral arteries. The longitudinal GENOA Study
recruited European-American and African-American sibships with at least 2 individuals with
clinically diagnosed essential hypertension before age 60 years. All other members of the
sibship were invited to participate regardless of their hypertension status. Participants were
diagnosed with hypertension if they had either 1) a previous clinical diagnosis of hypertension
by a physician with current anti-hypertensive treatment, or 2) an average systolic blood pressure
= 140 mm Hg or diastolic blood pressure = 90 mm Hg based on the second and third readings
at the time of their clinic visit. Exclusion criteria were secondary hypertension, alcoholism or
drug abuse, pregnancy, insulin-dependent diabetes mellitus, or active malignancy. During the
first exam (1995-2000), 1,583 European Americans from Rochester, MN and 1,854 African
Americans from Jackson, MS were examined. Between 2000 and 2005, 1,241 of the European
Americans and 1,482 of the African Americans returned for a second examination. Because
African-American probands for GENOA were recruited through the Atherosclerosis Risk in
Communities (ARIC) Jackson field center participants, we excluded ARIC participants from
analyses.

References:The FBPP Investigators. Multi-center genetic study of hypertension: The Family
Blood Pressure Program (FBPP). Hypertension 2002;39:3-9. PubMed PMID: 11799070.

Daniels PR, Kardia SL, Hanis CL, Brown CA, Hutchinson R, Boerwinkle E, Turner ST; Genetic
Epidemiology Network of Arteriopathy study. Familial aggregation of hypertension treatment and
control in the Genetic Epidemiology Network of Arteriopathy (GENOA) study. Am J Med.
2004;116:676-81. PubMed PMID: 15121494,

GenSalt (Genetic Epidemiology Network of Salt Sensitivity): GenSalt is a multi-center,
family based study designed to identify, through dietary sodium and potassium intervention,
salt-sensitivitivity susceptibility genes which may underlie essential hypertension in rural Han
Chinese families. Approximately 629 families with at least one ‘proband’ with high blood
pressure were recruited and tested for a wide variety of physiological, metabolic and
biochemical measures at baseline and at multiple times during the 3-week intervention. The
intervention consisted of one week on a low sodium diet, followed by one week on a high
sodium diet, and finally one week on a high sodium diet with a potassium supplement.

GOLDN (Genetics of Diet and Lipid Lowering Network): GOLDN is a multi-center family
pharmacogenetic study that is investigating gene- environment interactions on lipid profiles.
1,200 subjects in extended pedigrees were measured before and after two environmental
exposures: 1) a dietary fat challenge to assess genetic regulators of fat uptake and clearance
and 2) a 3 week clinical trial of fenofibrate to assess pharmacogenetic influences on response to
treatment. The goals of the study are to identify and characterize genetic loci that predict the
lipid profile treatment responses. hitps://dsgweb.wustl.edu/PROJECTS/MP5.html

GS:SFHS: The Generation Scotland (www.generationscotland.org) Scottish Family Health
Study (GS:SFHS) is a family-based genetic epidemiology cohort with DNA, other biological
samples (serum, urine and cryopreserved whole blood) and socio-demographic and clinical data
from approximately 24,000 volunteers, aged 18-98 years, in ~7,000 family groups. An important



feature of GS:SFHS is the breadth of phenotype information, including detailed data on
cognitive function, personality traits and mental health. Although data collection was cross-
sectional, GS:SFHS becomes a longitudinal cohort as a result of the ability to link to routine
NHS data, using the community health index (CHI) number.

HANDLS (Healthy Aging in Neighborhoods of Diversity across the Life Span): HANDLS is
a community-based, longitudinal epidemiologic study examining the influences of race and
socioeconomic status (SES) on the development of age-related health disparities among a
sample of socioeconomically diverse African Americans and whites. This unique study will
assess over a 20-year period physical parameters and also evaluate genetic, biologic,
demographic, and psychosocial, parameters of African American and white participants in
higher and lower SES to understand the driving factors behind persistent black-white health
disparities in overall longevity, cardiovascular disease, and cognitive decline. The study
recruited 3,722 participants from Baltimore, MD with a mean age of 47.7 years, 2,200 African
Americans and 1,522 whites, with 41% reporting household incomes below the 125% poverty
delimiter.

Genotyping was done on a subset of self-reporting African American participants by the
Laboratory of Neurogenetics, National Institute on Aging, National Institutes of Health (NIH). A
larger genotyping effort included a small subset of self-reporting European ancestry samples.
This research was supported by the Intramural Research Program of the NIH, NIA and the
National Center on Minority Health and Health Disparities.

Health ABC (Health, Aging, and Body Composition): Cohort description: The Health ABC
study is a prospective cohort study investigating the associations between body composition,
weight-related health conditions, and incident functional limitation in older adults. Health ABC
enrolled well-functioning, community-dwelling black (n=1281) and white (n=1794) men and
women aged 70-79 years between April 1997 and June 1998. Participants were recruited from
a random sample of white and all black Medicare eligible residents in the Pittsburgh, PA, and
Memphis, TN, metropolitan areas. Participants have undergone annual exams and semi-annual
phone interviews. The current study sample consists of 1559 white participants who attended
the second exam in 1998-1999 with available genotyping data.

Genotyping: Genotyping was performed by the Center for Inherited Disease Research (CIDR)
using the Illlumina Human1M-Duo BeadChip system. Samples were excluded from the dataset
for the reasons of sample failure, genotypic sex mismatch, and first-degree relative of an
included individual based on genotype data. Genotyping was successful in 1663 Caucasians.
Analysis was restricted to SNPs with minor allele frequency = 1%, call rate 297% and HWE
p=10-6. Genotypes were available on 914,263 high quality SNPs for imputation based on the
HapMap CEU (release 22, build 36) using the MACH software (version 1.0.16). A total of
2,543,888 imputed SNPs were analyzed for association with vitamin D levels.

Association analysis: Linear regression models were used to generate cohort-specific residuals
of naturally log transformed vitamin D levels adjusted for age, sex, BMI and season defined as
summer (June-August), fall (September-November), winter (December to February) and spring
(March to May) standardized to have mean 0 and variance of 1. Association between the
additively coded SNP genotypes and the vitamin D residuals standardized was assessed using
linear regression models. For imputed SNPs, expected number of minor alleles (i.e. dosage)
was used in assessing association with the vitamin D residuals.



HERITAGE (Health, Risk Factors, Exercise Training and Genetics): The HERITAGE is the
only known family-based study of exercise intervention to evaluate the role of genes and
sequence variants involved in the response to a physically active lifestyle. The current study is
based on the data collected at baseline of the study from 99 White families (244 males, 255
females). All subjects were required to be sedentary and free of chronic diseases at baseline.
There are over 18 trait domains (e.g. dietary, lipids and lipoproteins, glucose and insulin
metabolism [fasting and IVGTT], steroids, body composition and body fat distribution,
cardiorespiratory fitness), for a grand total of over one thousand variables. Moreover, most of
the outcome traits were measured twice on two separate days both at baseline and after
exercise training was completed. Marker data include a genome-wide linkage scan and GWAS,
in addition to a large number of candidate genes.

HUFS (Howard University Family Study): HUFS followed a population-based selection
strategy designed to be representative of African American families living in the Washington, DC
metropolitan area. The major objectives of the HUFS were to study the genetic and
environmental basis of common complex diseases including hypertension, obesity and
associated phenotypes. Participants were sought through door-to-door canvassing,
advertisements in local print media and at health fairs and other community gatherings. In order
to maximize the utility of this cohort for the study of multiple common traits, families were not
ascertained based on any phenotype. During a clinical examination, demographic information
was collected by interview.

HyperGEN (Hypertension Genetic Epidemiology Network): HyperGEN is a family-based
study that looks at the genetic causes of hypertension and related conditions in EA and AA
subjects. HyperGEN recruited hypertensive sibships, along with their normotensive adult
offspring, and an age-matched random sample. HyperGEN has collected data on 2,471
Caucasian-American subjects and 2,300 African-American subjects, from five field centers in
Alabama, Massachusetts, Minnesota, North Carolina, and Utah.

JHS (Jackson Heart Study): The Jackson Heart Study is a longitudinal, community-based
observational cohort study investigating the role of environmental and genetic factors in the
development of cardiovascular disease in African Americans. Between 2000 and 2004, a total
of 5,306 participants were recruited from a tri-county area (Hinds, Madison, and Rankin
Counties) that encompasses Jackson, MS. Details of the design and recruitment for the
Jackson Heart Study cohort has been previously published.1-3 Briefly, approximately 30% of
participants were former members of the Atherosclerosis Risk in Communities (ARIC) study.
The remainder were recruited by either 1) random selection from the Accudata list, 2)
commercial listing, 3) a constrained volunteer sample, in which recruitment was distributed
among defined demographic cells in proportions designed to mirror those in the overall
population, or through the Jackson Heart Study Family Study.

1. Wyatt SB, Diekelmann N, Henderson F, Andrew ME, Billingsley G, Felder SH et al. A
community-driven model of research participation: the Jackson Heart Study Participant
Recruitment and Retention Study. Ethn Dis 2003; 13(4):438-455.

2. Taylor HA, Jr., Wilson JG, Jones DW, et al. Toward resolution of cardiovascular health
disparities in African Americans: design and methods of the Jackson Heart Study. Ethn Dis
2005; 15:S6-17.



3. Fuqua SR, Wyatt SB, Andrew ME, et al. Recruiting African-American research
participation in the Jackson Heart Study: methods, response rates, and sample description.
Ethn Dis 2005; 15:S6-29.

Maywood-Loyola Study: Participants were self-identified African Americans from a working
class suburb of Chicago, lllinois, USA who were enrolled in studies of BP at the Loyola
University Medical Center in Maywood, lllinois, USA as part of the International Collaborative
Study on Hypertension in Blacks (ICSHIB) which is described in detail elsewhere (PMID:
9103091). Briefly, nuclear families were identified through middle-aged probands who were not
ascertained based on any phenotype. Thereafter all available first-degree relatives 18 years old
and above were enrolled into the study cohort of families. A screening exam was completed by
trained and certified research staff using a standardized protocol (PMID: 9103091 & 10234089).
Information was obtained on medical history, age, body weight and height. Protocols were
reviewed and approved by the IRB at the Loyola University Chicago Stritch School of Medicine
prior to recruitment activities. This present study included unrelated adults sampled and for
whom information on anthropometrics, BP and use of antihypertensive medication was
available. BP measurements were obtained using an oscillometric device, previously evaluated
in our field settings (PMID: 10234089). Three measurements were taken three minutes apart
and the average of the final two was used in the analysis. Individuals with SBP 2140 mmHg,
DBP =290 mmHg or on anti-hypertensive medication at time of exam were defined as
hypertensive. Participants with hypertension were offered treatment after detection at the
screening exam.

Maywood-Nigeria Study: The sampling frame for the Nigeria cohort was also provided by the
International Collaborative Study on Hypertension in Blacks (ICSHIB) as described in detail
elsewhere (PMID: 9103091). Study participants were recruited from Igbo-Ora and Ibadan in
southwest Nigeria as part of a long-term study on the environmental and genetic factors
underlying hypertension. The base cohort consists of over 15,000 participants with information
available on anthropometrics, BP and use of antihypertensive medication. BP measurements
followed the same protocol described in the Loyola-Maywood study. This present study included
unrelated adults samples from the cohort and some hypertensive participants who were
recruited as controls in the Africa-America Diabetes Mellitus (AADM) Study recruited from
Ibadan in similar neighborhoods (PMID: 11164120). Both projects were reviewed and approved
by the sponsoring US institutions (Loyola University Chicago and Howard University) and the
University of Ibadan. All participants signed informed consent administered in either English or
Yoruba. BP measurements were obtained using an oscillometric device, previously evaluated in
our field settings (PMID: 10234089). Three measurements were taken three minutes apart and
the average of the final two was used in the analysis. Individuals with SBP =140 mmHg, DBP
290 mmHg or on anti-hypertensive medication at time of exam were defined as hypertensive.
Participants with hypertension were offered treatment after detection at the screening exam.

MESA (Multi-Ethnic Study of Atherosclerosis): The Multi-Ethnic Study of Atherosclerosis
(MESA) is a study of the characteristics of subclinical cardiovascular disease and the risk
factors that predict progression to clinically overt cardiovascular disease or progression of the
subclinical disease. 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 four
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.

Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, Greenland P, Jacob
DR Jr, Kronmal R, Liu K, Nelson JC, O'Leary D, Saad MF, Shea S, Szklo M, Tracy RP. Multi-
ethnic study of atherosclerosis: objectives and design. Am J Epidemiol. 2002 Nov 1;156(9):871-
81. PubMed PMID: 12397006.

NEO (The Netherlands Epidemiology of Obesity study): 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 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 lllumina
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. In random subsamples of participants, magnetic resonance imaging of
abdominal fat, pulse wave velocity of the aorta, heart, and brain, magnetic resonance
spectroscopy of the liver, indirect calorimetry, dual energy X-ray absorptiometry, or
accelerometry measurements were performed. 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.

Pelotas Birth Cohort Study (The 1982 Pelotas Birth Cohort Study, Brazil): The maternity
hospitals in Pelotas, a southern Brazilian city (current population ~330,000), were visited daily in
the year of 1982. The 5,914 liveborns whose families lived in the urban area were examined
and their mothers interviewed. Information was obtained for more than 99% of the livebirths.
These subjects have been followed-up at the following mean ages: 11.3 months (all children
born from January to Abril 1982; n=1457), 19.4 months (entire cohort; n=4934), 43.1 months
(entire cohort; n=4742), 13.1 years (random subsample; n=715), 14.7 years (systematic
subsample; n=1076); 18.2 (male cohorts attending to compulsory Army recruitment
examination; n=2250), 18.9 (systematic subsample; n=1031), 22.8 years (entire cohort; n=4297)
and 30.2 years (entire cohort; n=3701). Details about follow-up visits and available data can be
found in the two Cohort Profile papers (PMID: 16373375 and 25733577). DNA samples
(collected at the mean age of 22.8 years) were genotyped for ~2.5 million of SNPs using the
lllumina HumanOmni2.5-8v1 array (which includes autosomal, X and Y chromosomes, and
mitochondrial variants). After quality control, the data were prephased using SHAPEIT and
imputed using IMPUTE2 based on 1000 Genomes haplotypes.

RS (Rotterdam Study): The Rotterdam Study is a prospective, population-based cohort study
among individuals living in the well-defined Ommoord district in the city of Rotterdam in The



Netherlands. The aim of the study is to determine the occurrence of cardiovascular,
neurological, ophthalmic, endocrine, hepatic, respiratory, and psychiatric diseases in elderly
people. The cohort was initially defined in 1990 among approximately 7,900 persons, aged 55
years and older, who underwent a home interview and extensive physical examination at the
baseline and during follow-up rounds every 3-4 years (RS-I). Cohort was extended in 2000/2001
(RS-II, 3,011 individuals aged 55 years and older) and 2006/2008 (RS-Ill, 3,932 subjects, aged
45 and older). Written informed consent was obtained from all participants and the Medical
Ethics Committee of the Erasmus Medical Center, Rotterdam, approved the study.

SCHS-CHD (Singapore Chinese Health Study - Coronary Heart Disease): SCHS-CHD is a
case-control study of coronary heart disease that was nested within the Singapore Chinese
Health Study (SCHS), a prospective cohort study of 63,257 Singaporean Chinese men and
women aged 45-74 years living in Singapore. We selected cases and controls from participants
that provided blood samples and were free of coronary heart disease and stroke at the time of
blood collection (N=24,454). Cases (N=760) had acute myocardial infarction (AMI) or died of
coronary heart disease. AMI was identified through the Singapore Myocardial Infarction Registry
or through the nationwide hospital discharge database followed by confirmation of AMI by
cardiologists’ review of medical records using the Multi-Ethnic Study of Atherosclerosis criteria
(available at: http://www.mesa-nhlbi.org/manuals.aspx). Coronary heart disease deaths were
identified through the Singapore Registry of Births and Deaths (ICD9 410-414 as first stated
cause of death). Matched controls (N=1,491) were selected using a risk-set sampling strategy.
Controls were participants who were alive and free of coronary heart disease at the time of the
diagnosis or death of the index cases and were matched for age, sex, dialect group, year of
recruitment and date of blood collection. In-person interviews and phlebotomy were conducted
before the onset of disease and non-fasting venous blood was stored at -80°C for extraction of
DNA and blood biochemistry.

Singapore: SCES (Singapore Chinese Eye Study): SCES is a population-based, cross-
sectional study of Chinese adults aged 40-80+ years residing in the South-Western part of
Singapore, which is part of the Singapore Epidemiology of Eye Disease (SEED). Age stratified
random sampling was used to select 6,350 eligible participants, of which 3,300 participated in
the study (73% response rate). Detailed methodology has been published. Two readings of
blood pressure were taken from participants after 5 minutes of rest, seated, using an automated
blood pressure monitor (Dinamap Pro100V2; Criticon, Norderstedt, Germany) by trained
observers. One of two cuff sizes (regular, large) was chosen on the basis of the circumference
of the participant’s arm. A third reading was performed if the difference between two readings of
either the systolic blood pressure was greater than 10mmHg or the diastolic blood pressure was
greater than 5mmHg. The mean values of the closest two readings were calculated. SIMES
(Singapore Malay Eye Study): SIMES is a population-based cross-sectional epidemiological
study of 3,280 individuals from one of the three major ethnic groups residing in Singapore.
SIMES is part of the Singapore Epidemiology of Eye Disease (SEED) study. In summary, 5,600
individuals have been selected by an age-stratified sampling strategy. Among these 4,168
individuals are eligible for this study. 3,280 individuals finally participated in the study. All
subjects were Malay and aged 40-79 years [PMID: 17365815]. Two readings of blood pressure
were taken from participants after 5 minutes of rest, seated, using an automated blood pressure
monitor (Dinamap Pro100V2; Criticon, Norderstedt, Germany) by trained observers. One of two
cuff sizes (regular, large) was chosen on the basis of the circumference of the participant’s arm.
A third reading was performed if the difference between two readings of either the systolic blood



pressure was greater than 10mmHg or the diastolic blood pressure was greater than 5mmHg.
The mean values of the closest two readings were calculated. SINDI (Singapore Indian Eye
Study): SINDI is a population-based, cross-sectional study of Asian Indian adults aged 40-80+
years residing in the South-Western part of Singapore, which is part of the Singapore
Epidemiology of Eye Disease (SEED). Age stratified random sampling was used to select 6,350
eligible participants, of which 3,400 participated in the study (75.6% response rate). Detailed
methodology has been published [PMID: 19995197]. Two readings of blood pressure were
taken from participants after 5 minutes of rest, seated, using an automated blood pressure
monitor (Dinamap Pro100V2; Criticon, Norderstedt, Germany) by trained observers. One of two
cuff sizes (regular, large) was chosen on the basis of the circumference of the participant’s arm.
A third reading was performed if the difference between two readings of either the systolic blood
pressure was greater than 10mmHg or the diastolic blood pressure was greater than 5mmHg.
The mean values of the closest two readings were calculated. SP2 (Singapore Prospective
Study Program): The SP2 is a population-based study of diabetes and cardiovascular disease
in Singapore. It first surveyed subjects (Chinese, Malay and Indian) from four cross-sectional
studies that were conducted in Singapore between 1982 and 1998. Subjects were between the
ages of 24-95 years and represented a random sample of the Singapore population. Subjects
were re-visited between 2003 and 2007. Among the 10,747 individuals who were eligible, 5,157
subjects completed a questionnaire and the subsequent clinical examinations. Data from this re-
visit were utilized for this study [PMID: 19406920]. Two readings of blood pressure were taken
from participants after 5 min of rest, seated, using an automated blood pressure monitor
(Dinamap Pro100V2; Criticon, Norderstedt, Germany) by trained observers. One of two cuff
sizes (regular, large) was chosen on the basis of the circumference of the participant’'s arm. A
third reading was performed if the difference between two readings of either the systolic blood
pressure was greater than 10mmHg or the diastolic blood pressure was greater than 5mmHg.
The mean values of the closest two readings were calculated.

WGHS (Women’s Genome Health Study): WGHS is a prospective cohort of female North
American health care professionals representing participants in the Women’s Health Study
(WHS) trial who provided a blood sample at baseline and consent for blood-based analyses.
Participants in the WHS were 45 years or older at enroliment and free of cardiovascular
disease, cancer or other major chronic illness. The current data are derived from 23,294 WGHS
participants for whom whole genome genotype information was available at the time of analysis
and for whom self-reported European ancestry could be confirmed by multidimensional scaling
analysis of 1,443 ancestry informative markers in PLINK v. 1.06. At baseline, BP and lifestyle
habits related to smoking, consumption of alcohol, and physical activity as well as other general
clinical information were ascertained by a self-reported questionnaire, an approach which has
been validated in the WGHS demographic, namely female health care professionals.
Questionnaires recorded systolic BP in 9 categories (<110, 110-119, 120-129, 130-139, 140-
149, 150-159, 160-169, 170-179, 2180 mmHg), and diastolic BP in 7 categories (<65, 65-74,
75-84, 85-89, 90-94, 95-104, 2105 mmHg). All analyses treated these BP responses as
guantitative variables representing each category with its midpoint value. Hypertension was
defined as one or more of reported physician diagnosis, systolic BP 2140 mmHg, or diastolic BP
290 mmHg.

WHI (Women’s Health Initiative): WHI is a long-term national health study that focuses on
strategies for preventing common diseases such as heart disease, cancer and fracture in
postmenopausal women. A total of 161,838 women aged 50-79 years old were recruited from



40 clinical centers in the US between 1993 and 1998. WHI consists of an observational study,
two clinical trials of postmenopausal hormone therapy (HT, estrogen alone or estrogen plus
progestin), a calcium and vitamin D supplement trial, and a dietary modification trial . Study
recruitment and exclusion criteria have been described previously '. Recruitment was done
through mass mailing to age-eligible women obtained from voter registration, driver’s license
and Health Care Financing Administration or other insurance list, with emphasis on recruitment
of minorities and older women 2. Exclusions included participation in other randomized trials,
predicted survival < 3 years, alcoholism, drug dependency, mental iliness and dementia. For the
CT, women were ineligible if they had a systolic BP > 200 mm Hg or diastolic BP > 105 mm Hg,
a history of hypertriglyceridemia or breast cancer. Study protocols and consent forms were
approved by the IRB at all participating institutions. Socio-demographic characteristics, lifestyle,
medical history and self-reported medications were collected using standardized questionnaires
at the screening visit. Physical measures of height, weight and blood pressure were measured
at a baseline clinical visit 2. BP was measured by certified staff using standardized procedures
and instruments 3. Two BP measures were recorded after 5 minutes rest using a mercury
sphygmomanometer. Appropriate cuff bladder size was determined at each visit based on arm
circumference. Diastolic BP was taken from the phase V Korotkoff measures. The average of
the two measurements, obtained 30 seconds apart, was used in analyses. The genome wide
association study (GWAS) non-overlapping samples are composed of a case-control study
(WHI Genomics and Randomized Trials Network — GARNET, which included all coronary heart
disease, stroke, venous thromboembolic events and selected diabetes cases that happened
during the active intervention phase in the WHI HT clinical trials and aged matched controls),
women selected to be "representative" of the HT trial (mostly younger white HT subjects that
were also enrolled in the WHI memory study - WHIMS) and the WHI SNP Health Association
Resource (WHI SHARe), a randomly selected sample of 8,515 African American and 3,642
Hispanic women from WHI. GWAS was performed using Affymetrix 6.0 (WHI-SHARe),
HumanOmniExpressExome-8v1_B (WHIMS), lllumina HumanOmni1-Quad v1-0 B (GARNET).
Extensive quality control (QC) of the GWAS data included alignment (“flipping”) to the same
reference panel, imputation to the 1000G data (using the recent reference panel -
v3.20101123), identification of genetically related individuals, and computations of principal
components (PCs) using methods developed by Price et al. (using EIGENSOFT software 53),
and finally the comparison with self-reported ethnicity. After QC and exclusions from analysis
protocol, the number of women included in analysis is 4,423 whites for GARNET, 5,202 white
for WHIMS, 7,919 for SHARe African American and 3,377 for SHARe Hispanics.

1. Hays J, Hunt JR, Hubbell FA, Anderson GL, Limacher M, Allen C, Rossouw JE. The
women's health initiative recruitment methods and results. Ann Epidemiol. 2003;13:S18-77

2. Design of the women's health initiative clinical trial and observational study. The
women's health initiative study group. Control Clin Trials. 1998;19:61-109

3. Hsia J, Margolis KL, Eaton CB, Wenger NK, Allison M, Wu L, LaCroix AZ, Black HR.
Prehypertension and cardiovascular disease risk in the women's health initiative. Circulation.
2007;115:855-860



Brief descriptions are provided below for each of the replication studies/cohorts:

AA-DHS (African American Diabetes Heart Study): AA-DHS objectives are to improve
understanding of ethnic differences in CAC and CP in populations of African and European
ancestry. The AA-DHS consists of self-reported African Americans with T2D recruited from two
Wake Forest School of Medicine (WFSM) studies: the family-based Diabetes Heart Study
(DHS) and unrelated individuals in the AA-DHS. DHS is a cross-sectional study of European
American and African American families with siblings concordant for T2D. AA-DHS started after
DHS and enrolled unrelated African Americans. The AA-DHS GWAS utilized the lllumina 5M
chip with imputation to 1,000 Genomes.

Airwave (The Airwave Health Monitoring Study): The Airwave Health Monitoring Study (22)
was established to evaluate possible health risks associated with use of TETRA, a digital
communication system used by police forces and other emergency services in Great Britain
since 2001. The study has been broadened to investigate more generally the health of the work
force. From 2004, participants from each force who agreed to participate were enrolled either
with an enrolment questionnaire or a comprehensive health screening performed locally. This
includes questionnaire, 7-day food diaries, anthropometry, measurements of cardiovascular and
cognitive function, blood chemistry, coagulation and hematology. Systolic and diastolic blood
pressures were measured as three consecutive readings using a digital blood pressure monitor
(Omron HEM 705-CP digital BP monitor). By March 2015, the study had recruited 53,606
participants, of whom 45,433 had attended the health screening, and 14,002 have genotype
data (1000G imputed).

Ref: Elliott, P. et al. The Airwave Health Monitoring Study of police officers and staff in Great
Britain: rationale, design and methods. Environ Res 134, 280-5 (2014).

ASCOT (Anglo-Scandinavian Cardiac Outcomes Trial): ASCOT is a randomised control
clinical trial investigating the cardiac outcomes of blood pressure lowering and lipid lowering
treatments. Of 19,342 hypertensive patients (40-79 years of age with at least three other
cardiovascular risk factors) who were randomized to one of two antihypertensive regimens in
ASCOT (atenolol, Beta-Blocker vs amlodipine, Calcium-Channel-Blocker), 10,305 patients with
non-fasting total cholesterol concentrations of 6.5 mmol/l or less (measured at the non-fasting
screening visit) had been randomly assigned additional atorvastatin 10 mg or placebo. Only a
proportion of United Kingdom, Irish, Sweden, Norway, Finland and Denmark consented to
contribute DNA and participate in genetic studies. PMID 11685901

BBJ (Biobank Japan Project): The Biobank Japan (BBJ) Project was established in 2003 with
the aim of the implementation of personalized medicine as a leading project of Ministry of
Education, Culture, Sports, Science and Technology (MEXT). In collaboration with twelve
cooperating institutes, the BBJ has recruited a total of 200,000 people, suffering from at least
one of the 47 target common diseases, in the first phase (5-year period). BBJ has collected
biospecimens including DNA and serum as well as various clinical and lifestyle information
through interview or medical records by using standardized questionnaire. All participants gave
written informed consent to this project and this study was approved by ethical committees of
RIKEN and participating institutes.



BES (Beijing Eye Study): The Beijing Eye Study is a population-based study that assesses the
associated and risk factors of ocular and general diseases in a Chinese population. The study
was initialized in 2001 and collected data from 4439 subjects aged = 40 years and living in
seven communities in the Beijing area. Three of these communities were located in a rural
district and four were located in an urban district. The BES was followed-up in 2006, with 3251
of the original subjects participating, and in 2011, with 2695 subjects returning for the follow-up
examination. At the examinations in 2006 and 2011, trained research staffs asked the subjects
questions from a standard questionnaire providing information on the family status, level of
education, income, quality of life, psychic depression, physical activity, and known major
systemic diseases. Fasting blood samples were taken for measurement of concentrations of
substances such as blood lipids, glucose, and glycosylated hemoglobin. Individuals were
classified as self-reported non-smokers or self-reported current smokers. Alcohol consumption
habits based on number of drinks per day were collected. Physical activity was assessed in
questions on the number of hours per day and number of days per week spent on intensively or
moderately performed sport activities, spent on walking, on riding a bicycle, and spent on sitting.
All variables used in analyses were taken from examinations in 2006 or in 2011. The BES
subjects were genotyped on two arrays, lllumina Human610-Quad (N = 832) and lllumina
OmniExpress (N = 814).

BRIGHT (British Genetics of Hypertension): Participants of the BRIGHT Study are 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. BRIGHT is focused on recruitment of
hypertensive individuals with BMI<30. Sample selection for GWAS was based on DNA
availability and quantity. PMID 12826435

CAGE-Amagasaki (Cardio-metabolic Genome Epidemiology Network, Amagasaki Study):
The Amagasaki Study (CAGE-Amagasaki) is an ongoing population-based cohort study of
5,743 individuals (3,435 males and 2,310 females), aged >18 years and recruited for a baseline
examination between September 2002 to August 2003. Participants were interviewed by trained
personnel to obtain information on medical and lifestyle variables, and consented to provide
DNA for genotyping of molecular variants to investigate genetic susceptibility for so-called
lifestyle-related diseases such as hypertension and cardiovascular disorder.

CFS (Cleveland Family Study): The Cleveland Family Study (CFS) is a family-based,
longitudinal study designed to characterize the genetic and non-genetic risk factors for sleep
apnea. In total, 2534 individuals (46% African American) from 352 families were studied on up
to 4 occasions over a period of 16 years (1990-2006). The initial aim of the study was to
quantify the familial aggregation of sleep apnea. 632 African Americans were genotyped on the
Affymetrix array 6.0 platform through the CARe Consortium with suitable genotying quality
control. A further 122 African-Americans had genotyping based on the lllumina OmniExpress +
Exome platform. Genomes were imputed separately for each chip based on a 1000 Genomes
Project Phase 3 Version 5 cosmopolitan template using SHAPEIT and IMPUTEZ2. Participants
had three supine BP measurements each performed after lying quietly for 10 minutes, before
bed (10:00 P.M.) and upon awakening (7:00 A.M.), and another three sitting at 11 am, following
standardized guidelines using a calibrated sphygmomanometer. Cuff size was determined by



the circumference of the upper arm and the appropriate bladder size from a standard chart. BP
phenotypes were determined from the average of the nine measurements.

Colaus (Cohorte Lausannoise): The cohort is a random population sample of the city of
Lausanne aged 35-75 years. Recruitment began in June 2003 and ended in May 2006, and the
first follow-up was conducted between April 2009 and September 2012. The ColLaus study was
approved by the Institutional Ethics Committee of the University of Lausanne and informed
consent was appropriately obtained by all participants. Both at baseline and follow-up, all
participants attended the outpatient clinic of the University Hospital of Lausanne in the morning
after an overnight fast. Data were collected by trained field interviewers in a single visit lasting
about 60 min.

DESIR (Data from an Epidemiological Study on the Insulin Resistance): The DESIR cohort
study aims to: describe and understand the relations between the abnormalities of the
syndrome, their evolution, according to age and sex; search for risk factors of insulin resistance,
in particular factors associated with the environment, lifestyle and genetic markers; quantify the
links between the syndrome and both cardiovascular disease and diabetes; evaluate the
frequency of the syndrome in terms of its consequences on public health.

DFTJ (Dongfeng-Tongji Cohort Study): The DFTJ-cohort study includes 27,009 retired
employees from a state-owned automobile enterprise in China. This study was launched in
2008 and will be followed up every 5 years. In 2013 we conducted the first follow-up. By using
semi-structural questionnaire and health examination, those having cancer or severe diseases
were excluded. Fasting blood samples and detailed epidemiology data were collected. The main
goal of the cohort was to identify the environmental and genetic risk factors and the gene-
environment interactions on chronic diseases, and to find novel biomarkers for chronic disease
and mortality prediction. Finally, 1,461 included in the present study with GWAS data. All of the
participants wrote informed consent and the ethical committees in the Tongji Medical College
approved this research project. Detailed information has been described in elsewhere(1).

QC criteria and imputation methods:

We did the GWAS scan on the DFTJ-cohort with Affymetrix Genome-Wide Human SNP Array
6.0 chips. In total, we genotyped 906,703 SNPs among 1,461 subjects. After stringent QC
filtering, SNPs with MAF < 0.01, Hardy-Weinberg Equilibrium (HWE) < 0.0001, and SNP call
rate < 95% were excluded. Individuals with call rates < 95% were also not included for further
analysis. In total, we retained 1,452 subjects with 658,288 autosomal SNPs for statistical
analyses, with an overall call rate of 99.68%. We used MACH 1.0 software to impute untyped
SNPs using the LD information from the HapMap phase Il database (CHB+JPT as a reference
set (2007-08_rel22, released 2007-03-02). Imputed SNPs with high genotype information
content (Rsq > 0.3 for MACH) were kept for the further association analysis.

1) Wang, F., Zhu, J., Yao, P., Li, X., He, M., Liu, Y., Yuan, J., Chen, W., Zhou, L., Min, X. et al.
(2012) Cohort profile: The Dongfeng-Tongji cohort study of retired workers. International journal
of epidemiology.

DHS (Diabetes Heart Study): The Diabetes Heart Study (DHS) is an ongoing family-based
cohort study investigating the epidemiology and genetics of cardiovascular disease (CVD) in a
population-based sample. The DHS recruited T2D-affected siblings without advanced renal
insufficiency from 1998 through 2005 in western North Carolina. DHS has collected genetic data



on 1,220 self-described European American (EA) individuals from 475 families. Genotyping was
completed using an Affymetrix Genome-Wide Human SNP Array 5.0 with imputation of 1,000
Genomes project SNPs from this array using IMPUTEZ2 and the Phase | v2, cosmopolitan
(integrated) reference panel, build 37.

DR’s EXTRA (Dose-Responses to Exercise Training): The Dose-Responses to Exercise
Training (DR’s EXTRA) Study is a 4-year RCT on the effects of regular physical exercise and
healthy diet on endothelial function, atherosclerosis and cognition in a randomly selected
population sample (n=3000) of Eastern Finnish men and women, identified from the national
population register, aged 55-74 years. Of the eligible sample, 1410 individuals were randomized
into one of the 6 groups: aerobic exercise, resistance exercise, diet, combined aerobic exercise
and diet, combined resistance exercise and diet, or reference group following baseline
assessments. During the four year intervention the drop-out rate was 15%.

EGCUT (Estonian Genome Center - University of Tartu (Estonian Biobank)): The Estonian
Biobank is the population-based biobank of the Estonian Genome Center at the University of
Tartu (www.biobank.ee; EGCUT). The entire project is conducted according to the Estonian
Gene Research Act and all of the participants have signed the broad informed consent. The
cohort size is up to 51535 individuals from 18 years of age and up, which closely reflects the
age, sex and geographical distribution of the Estonian population. All of the subjects are
recruited randomly by general practitioners and physicians in hospitals. A Computer Assisted
Personal interview is filled within 1-2 hours at a doctor’s office, which includes personal,
genealogical, educational, occupational history and lifestyle data. Anthropometric
measurements, blood pressure and resting heart rate are measured and venous blood taken
during the visit. Medical history and current health status is recorded according to ICD-10
codes.

EPIC (European Prospective Investigation into Cancer and Nutrition): The European
Prospective Investigation of Cancer (EPIC) began as a large multi-centre cohort study primarily
looking at the connection between diet, lifestyle factors and cancer, although the study was
broadened from the outset to include other conditions. The EPIC-Norfolk participants are men
and women who were aged between 40 and 79 when they joined the study and who lived in
Norwich and the surrounding towns and rural areas. They have been contributing information
about their diet, lifestyle and health through questionnaires and health checks over two
decades. The Norwich Local Research Ethics Committee granted ethical approval for the study.
All participants gave written informed consent.

FENLAND (The Fenland Study): The Fenland study is a population-based cohort study that
uses objective measures of disease exposure to investigate the influence of diet, lifestyle and
genetic factors on the development of diabetes and obesity. The volunteers are recruited from
general practice lists in and around Cambridgeshire (Cambridge, Ely, and Wisbech) in the
United Kingdom from birth cohorts from 1950-1975.

FUSION (Finland-United States Investigation of NIDDM Genetics): The Finland-United
States Investigation of NIDDM Genetics (FUSION) study is a long-term effort to identify genetic
variants that predispose to type 2 diabetes (T2D) or that impact the variability of T2D-related
quantitative traits. The FUSION GWAS sample consists of 1,161 Finnish T2D cases and 1,174
Finnish normal glucose-tolerant (NGT) controls (Scott et al. Science 2007). Cases are defined
by fasting plasma glucose = 7.0 mmol/l or 2-h plasma glucose = 11.1 mmol/l, by report of



diabetes medication use, or based on medical record review. 789 FUSION cases each reported
at least one T2D sibling; 372 Finrisk 2002 T2D cases came from a Finnish population-based
risk factor survey. NGT controls are defined by fasting glucose < 6.1 mmol/l and 2-h glucose <
7.8 mmol/l. FUSION controls include 119 subjects from Vantaa, Finland who were NGT at ages
65 and 70 years, 304 NGT spouses from FUSION families, and 651 Finrisk 2002 subjects. The
controls were approximately frequency matched to the cases by age, sex, and birth province.
Smoking and alcohol data are only available in the FUSION subset of our GWAS samples.

Scott, L.J. et al. A genome-wide association study of type 2 diabetes in Finns detects multiple
susceptibility variants. Science 316, 1341-1345, 2007.

GeneSTAR (Genetic Studies of Atherosclerosis Risk): GeneSTAR is a family-based
prospective study of more than 4000 participants begun in 1983 to determine phenotypic and
genetic causes of premature cardiovascular disease. Families were identified from 1983-2006
from probands with a premature coronary disease event prior to 60 years of age who were
identified at the time of hospitalization in any of 10 hospitals in the Baltimore, Maryland area.
Their apparently healthy 30-59 year old siblings without known coronary disease were recruited
and screened between 1983 and 2006. From 2003-2006, adult offspring over 21 years of age of
all participating siblings and probands, as well as the coparents of the offspring were recruited
and screened. Genotyping was performed in 3,232 participants on the Illlumina 1Mv1_c
platform.

GLACIER (Gene x Lifestyle Interactions and Complex Traits Involved in Elevated Disease
Risk): The Gene-Lifestyle interactions And Complex traits Involved in Elevated disease Risk
(GLACIER) Study is nested within the Vasterbotten Intervention Programme, which is part of the
Northern Sweden Health and Disease Study, a population-based prospective cohort study from
northern Sweden. Participants were genotyped with lllumina CardioMetaboChip array. This
array contains ~200,000 variants, the majority being common variants. Systolic and diastolic
blood pressures were measured once following a period of five minutes rest with the participant
in the supine position using a mercury-gauge sphygmomanometer. Analysis of serum lipids
(HDL-C, triglycerides and total cholesterol) were undertaken at the Department of Clinical
Chemistry at Umea University Hospital using routine methods. LDL-C was determined using the
Friedewald formula. All participants completed a detailed, optically readable, health and lifestyle
questionnaire including questions about smoking status and alcohol intake (FFQ). Cohort
description - PMID: 25396097

GRAPHIC (Genetic Regulation of Arterial Pressure of Humans in the Community): 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. 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.

HCHS/SOL (Hispanic Community Health Study/ Study of Latinos): The HCHS/SOL is a
community-based 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. 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. Consenting HCHS/SOL subjects were genotyped at lllumina on the HCHS/SOL
custom 15041502 B3 array. The custom array comprised the lllumina Omni 2.5M array
(HumanOmni2.5-8v.1-1) ancestry-informative markers, known GWAS hits and drug absorption,
distribution, metabolism, and excretion (ADME) markers, and additional custom content
including ~150,000 SNPs selected from the CLM (Colombian in Medellin, Colombia), MXL
(Mexican Ancestry in Los Angeles, California), and PUR (Puerto Rican in Puerto Rico) samples
in the 1000Genomes phase 1 data to capture a greater amount of Amerindian genetic variation.
QA/QC procedures yielded a total of 12,803 unique study participants for imputation and
downstream association analyses.

HRS (Health & Retirement Study): The Health and Retirement Study (HRS) is a longitudinal
survey of a representative sample of Americans over the age of 50. The current sample is over
26,000 persons in 17,000 households. Respondents are interviewed every two years about
income and wealth, health and use of health services, work and retirement, and family
connections. DNA was extracted from saliva collected during a face-to-face interview in the
respondents' homes. These data represent respondents who provided DNA samples and
signed consent forms in 2006, 2008, and 2010. Respondents were removed if they had missing
genotype or phenotype data.

Juster, F. T., Suzman, R. (1995). An Overview of the Health and Retirement Study, Journal of
Human Resources 30:Suppl: S7-S56.

Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JWR, Weir DR. Cohort Profile: the
Health and Retirement Study (HRS). Int. J. Epidemiol. 2014; 43 (2): 576-585. PMID: 24671021

Crimmins, E.M., Guyer H., Langa K.M., Ofstedal M.B., Wallace R.B., and Weir D.R. (2008).
Documentation of Physical Measures, Anthropometrics and Blood Pressure in the Health and
Retirement Study. HRS Documentation Report DR-011.
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-011.pdf

HyperGEN-AXIOM (Hypertension Genetic Epidemiology Network): HyperGEN is a family-
based study that investigates the genetic causes of hypertension and related conditions in EA
and AA subjects. HyperGEN recruited hypertensive sibships, along with their normotensive
adult offspring, and an age-matched random sample. HyperGEN has collected data on 2,471
Caucasian-American subjects and 2,300 African-American subjects, from five field centers in
Alabama, Massachusetts, Minnesota, North Carolina, and Utah. HyperGEN participates as a
discovery study using GWAS available in a large subset of the samples. The remaining AA
subjects without GWAS data were genotyped on the Affymetrix Axiom chip as part of a
HyperGEN admixture mapping ancillary study. After excluding subjects already included in the
original HyperGEN (or with family members included), this subset of approximately 450 AA
subjects are included in the HyperGEN-AXIOM study which participates in replications.

INGI-CARL and INGI-FVG (Italian Network Genetic Isolates): INGI-FVG and INGI-CARL
studies include samples coming from isolated populations and belong to the ITALIAN



NETWORK OF GENETIC ISOLATES (INGI). INGI-CARL examined about 1000 subjects
between 1998 and 2005 coming from a small village of the South of Italy situated in the extreme
northern part of Puglia Region, while INGI FVG involved about 1700 subjects between 2008 and
2011 coming from six different villages located in the North-East of Italy in Friuli Venezia Giulia
region. A questionnaire was administered to each participant to obtain socio-demographic
information, as well as data on professional activity, family history, eating habits and lifestyle,
such as smoking, coffee and alcohol consumption, physical activity. Furthermore, a medical
screening, including anamnesis, blood pressure, drugs and clinical chemistry evaluation (blood
count and different biochemical parameters, such as lipids) were made. All participants gave
their written informed consent.

InterAct (The EPIC-InterAct Case-Cohort Study): The large prospective InterAct type 2
diabetes case-cohort study is coordinated by the MRC Epidemiology Unit in Cambridge and
nested within the European Prospective Investigation into Cancer and Nutrition (EPIC). EPIC
was initiated in the late 1980s and involves collaboration between 23 research institutions
across Europe in 10 countries (Denmark, France, Germany, Greece, Italy, the Netherlands,
Norway, Spain, Sweden and the United Kingdom). The majority of EPIC cohorts were recruited
from the general population, with some exceptions. French cohorts included women who were
members of a health insurance scheme for school and university employees; Turin and Ragusa
(Italy) and the Spanish centres included some blood donors. Participants from Utrecht
(Netherlands) and Florence (ltaly) were recruited via a breast cancer screening program. The
majority of participants recruited by the EPIC Oxford (UK) centre consisted of vegetarian and
“health conscious” volunteers from England, Wales, Scotland, and Northern Ireland.

IRAS (Insulin Resistance Atherosclerosis Study): The Insulin Resistance Atherosclerosis
Study (IRAS) was an epidemiologic cohort study designed to examine the relationship between
insulin resistance and carotid atherosclerosis across a range of glucose tolerance. Individuals of
self-reported Mexican-American ethnicity were recruited in San Antonio, TX and San Luis
Valley, CO. Recruitment was balanced across age and glucose tolerance status. Inclusion of
IRAS data is limited to 194 normoglycemic individuals with genotype data from the lllumina
OmniExpress and Omni 1S arrays and imputation to the 1000 Genome Integrated Reference
Panel (phase I).

IRAS Family Study (Insulin Resistance Atherosclerosis Study): The IRASFS was a family
study designed to examine the genetic and epidemiologic basis of glucose homeostasis traits
and abdominal adiposity. Briefly, self-reported Mexican pedigrees were recruited in San
Antonio, TX and San Luis Valley, CO. Probands with large families were recruited from the
initial non-family-based IRAS, which was modestly enriched for impaired glucose tolerance and
T2D. Inclusion of IRASFS data is limited to 1040 normoglycemic individuals in 88 pedigrees with
genotype data from the lllumina OmniExpress and Omni 1S arrays and imputation to the 1000
Genome Integrated Reference Panel (phase ).

JUPITER (Justification for the Use of Statins in Primary Prevention: An Intervention Trial
Evaluating Rosuvastatin): Genetic analysis was performed in a sub-population from JUPITER
(Justification for the Use of statins in Prevention: an Intervention Trial Evaluating Rosuvastatin),
an international, randomized, placebo-controlled trial of rosuvastatin (20mg/day) in the primary
prevention of cardiovascular disease conducted among apparently healthy men and women
with LDL-C < 130 mg/dL and hsCRP =2 mg/L (1, 2). Individuals with diabetes or triglyceride
concentration >500mg/dL were excluded. The present analysis includes only individuals who



provided consent for genetic analysis, had successfully collected genotype information, and who
had either verified European or verified South African black ancestry.

1) Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein JJ, Koenig W, Libby
P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd J, Willerson JT, Glynn RJ;
JUPITER Study Group. Rosuvastatin to prevent vascular events in men and women with
elevated C-reactive protein. N Engl J Med 2008 Nov 20; 359(21):2195-207

2) Chasman DI, Giulianini F, MacFadyen J, Barratt BJ, Nyberg F, Ridker PM. Genetic
determinants of statin-induced low-density lipoprotein cholesterol reduction: the Justification for
the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) trial.
Circ Cardiovasc Genet. 2012 Apr 1;5(2):257-64. doi: 10.1161/CIRCGENETICS.111.961144.
Epub 2012 Feb 13. Erratum in: Circ Cardiovasc Genet. 2012 Jun;5(3):e27. PubMed PMID:
22331829.

KORA (Cooperative Health Research in the Augsburg Region): The KORA study is a series
of independent population-based epidemiological surveys of participants living in the region of
Augsburg, Southern Germany. All survey participants are residents of German nationality
identified through the registration office and were examined in 1994/95 (KORA S3) and
1999/2001 (KORA S4). In the KORA S3 and S4 studies 4,856 and 4,261 subjects have been
examined implying response rates of 75% and 67%, respectively. 3,006 subjects participated in
a 10-year follow-up examination of S3 in 2004/05 (KORA F3), and 3080 of S4 in 2006/2008
(KORA F4). The age range of the participants was 25 to 74 years at recruitment. Informed
consent has been given by all participants. The study has been approved by the local ethics
committee. Individuals for genotyping in KORA F3 and KORA F4 were randomly selected and
these genotypes are taken for the analysis of the phenotypes in KORA S3 and KORA S4.

LBC1921 (Lothian Birth Cohort 1921): LBC1921 consists of 550 (234 male) relatively healthy
individuals, assessed on cognitive and medical traits at a mean age of 79.1 years (SD = 0.6).
They were born in 1921, most took part in the Scottish Mental Survey of 1932, and almost all
lived independently in the Lothian region (Edinburgh City and surrounding area) of Scotland.’

LBC1936 (Lothian Birth Cohort 1936): LBC1936 consists of 1091 (548 male) relatively
healthy individuals who underwent cognitive and medical testing at a mean age of 69.6 years
(SD = 0.8). They were born in 1936, most took part in the Scottish Mental Survey of 1947, and
almost all lived independently in the Lothian region of Scotland.’

(1) Deary IJ, Gow AJ, Pattie A, Starr JM. Cohort profile: the Lothian Birth Cohorts of 1921 and
1936. Int J Epidemiol 2012;41:1576-1584.

Lifelines (Netherlands Biobank): Lifelines (https://lifelines.nl/) is a multi-disciplinary
prospective population-based cohort study using a unique three-generation design to examine
the health and health-related behaviors of 165,000 persons living in the North East region of
The Netherlands. It employs a broad range of investigative procedures in assessing the
biomedical, socio-demographic, behavioral, physical and psychological factors which contribute
to the health and disease of the general population, with a special focus on multimorbidity. In
addition, the Lifelines project comprises a number of cross-sectional sub-studies which
investigate specific age-related conditions. These include investigations into metabolic and
hormonal diseases, including obesity, cardiovascular and renal diseases, pulmonary diseases
and allergy, cognitive function and depression, and musculoskeletal conditions. All survey



participants are between 18 and 90 years old at the time of enrollment. Recruitment has been
going on since the end of 2006, and over 130,000 participants had been included by April 2013.
At the baseline examination, the participants in the study were asked to fill in a questionnaire
(on paper or online) before the first visit. During the first and second visit, the first or second part
of the questionnaire, respectively, are checked for completeness, a number of investigations are
conducted, and blood and urine samples are taken. Lifelines is a facility that is open for all
researchers. Information on application and data access procedure is summarized on
www.lifelines.nl.

Scholtens S, Smidt N, Swertz MA, Bakker SJ, Dotinga A, Vonk JM, et al. Cohort Profile:
LifeLines, a three-generation cohort study and biobank. Int J Epidemiol. 2014 Dec 14.

LLFS (The Long Life Family Study): LLFS is a family-based cohort study, including four
clinical centers: Boston University Medical Center in Boston, MA, USA, Columbia College of
Physicians and Surgeons in New York City, NY, USA, the University of Pittsburgh in Pittsburgh
PA, USA, and University of Southern Denmark, Denmark. The study characteristics,
recruitment, eligibility and enrollment have been previously described (Pedersen et al., 2006,
PMID: 17150149; Sebastiani et al., 2009, PMID: 19910380; Newman et al., 2011, PMID:
21258136). In brief, the LLFS was designed to determine genetic, behavioral, and
environmental factors related to families of exceptionally healthy, elderly individuals. Phase 1
was conducted between 2006 and 2009 recruiting 4,953 individuals from 539 families. The
probands were at least 79 years old in the USA centers, and 90 years old or above in Denmark.
The families were selected to participate in the study based on The Family Longevity Selection
Score (FL0oSS) (Sebastiani et al., 2009, PMID: 19910380), a score generated according to birth-
year cohort survival probabilities of the proband and siblings; probands and their families with
FLoSS score of 7 or higher, at least one living sibling, and at least one living offspring (minimum
family size of 3), who were able to give informed consent and willing to participate were
recruited. The individuals were genotyped using ~2.3 million SNPs from the lllumina Omni chip,
and then imputed on phased 1000 Genomes with Cosmopolitan data as a reference using
MACH and MINIMAC. After excluding participants with 80 years and older, ~3,200 individuals
have been included in the analyses for replication.

LOLIPOP (London Life Sciences Prospective Population Study): LOLIPOP is a population
based prospective study of about 28K Indian Asian and European men and women, recruited
from the lists of 58 General Practitioners in West London, United Kingdom between 2003 and
2008 [1]. Indian Asians had all four grandparents born on the Indian subcontinent. Europeans
were of self-reported white ancestry. At enrolment all participants completed an interviewer-
administered questionnaire for demographic data, medical history, and smoking and alcohol
drinking habits. Anthropometric data were collected and blood pressure measured using an
Omron 705CP with the mean of three measurements recorded. Blood samples were collected
for the measurement of lipid profile after an overnight fasting of at least 8 hours. Aliquots of
whole blood were stored at -80C for extraction of genomic DNA. The LOLIPOP study is
approved by the local Research Ethics Committees and all participants provided written
informed consent.

Loyola GxE (Kingston Gene-by-environment; subset of International Collaborative Study
of Hypertension in Blacks (ICSHIB)): The Kingston GxE cohort was obtained from a survey
conducted in Kingston, Jamaica as part of a larger project to examine gene by environment
interactions in the determination of blood pressure among adults 25-74 years [PMID: 9103091].



The principal criterion for eligibility was a body mass index in either the top or bottom third of
BMI for the Jamaican population. Participants were identified principally from the records of the
Heart Foundation of Jamaica, a non-governmental organization based in Kingston, which
provides low-cost screening services (height and weight, blood pressure, glucose, cholesterol)
to the general public. Other participants were identified from among participants in family
studies of blood pressure at the Tropical Metabolism Research Unit (TMRU) and from among
staff members at the University of the West Indies, Mona.

Loyola SPT (Spanish Town; subset of International Collaborative Study of Hypertension
in Blacks (ICSHIB)): Participants were recruited from Spanish Town, a stable, residential urban
area neighboring the capital city of Kingston, Jamaica as part of the ICSHIB [PMID: 9103091]. A
stratified random sampling scheme was used to recruit adult males and females aged 25-74
years from the general population. Spanish Town was chosen because its demographic make-
up was broadly representative of Jamaica as a whole.

METSIM (Metabolic Syndrome In Men): The METSIM Study includes 10,197 men, aged from
45 to 73 years at recruitment, randomly selected from the population register of the Kuopio
town, Eastern Finland, and examined in 2005-2010 (Stancakova A, et al. Diabetes 2009). The
aim of the study is to investigate genetic and non-genetic factors associated with type 2
diabetes and cardiovascular disease and its risk factors.

Stancakova A, Javorsky M, Kuulasmaa T, Haffner SM, Kuusisto J, Laakso M: Changes in
insulin sensitivity and insulin release in relation to glycemia and glucose tolerance in 6416
Finnish men. Diabetes 58:1212-1221, 2009.

NESDA (Netherlands Study of Depression and Anxiety): NESDA is a multi-center study
designed to examine the long-term course and consequences of depressive and anxiety
disorders (http://www.nesda.nl)'. NESDA included both individuals with depressive and/or
anxiety disorders and controls without psychiatric conditions. Inclusion criteria were age 18-65
years and self-reported western European ancestry while exclusion criteria were not being
fluent in Dutch and having a primary diagnosis of another psychiatric condition (psychotic
disorder, obsessive compulsive disorder, bipolar disorder, or severe substance use disorder).

Reference: Penninx, B.W. et al. The Netherlands Study of Depression and Anxiety (NESDA):
rationale, objectives and methods. Int J Methods Psychiatr Res 17, 121-40 (2008).

OBA (French obese cases): Study of the genetic of obesity in adults.

PREVEND(The Prevention of REnal and Vascular ENd stage Disease study): The
PREVEND 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.
Inhabitants 28 to 75 years of age (n=85,421) in the city of Groningen, The Netherlands, were
asked to complete a short questionnaire, 47% responded, and individuals were then selected
with a urinary albumin concentration of at least 10 mg/L (n = 7,768) and a randomly selected
control group with a urinary albumin concentration less than 10 mg/L (n = 3,395). Details of the
protocol have been described elsewhere (Hillege HL et al. Circulation 2002;106:1777-82).

PROCARDIS (Precocious Coronary Artery Disease): The PROCARDIS (European
collaborative study of the genetics of precocious coronary artery disease) study is a multi-centre
case-control study in which CAD cases and controls were recruited from the United Kingdom,



Italy, Sweden and Germany. Cases were defined as symptomatic CAD before age 66 years and
80% of cases also had a sibling in whom CAD had been diagnosed before age 66 years. CAD
was defined as clinically documented evidence of myocardial infarction (Ml) (80%), coronary
artery bypass graft (CABG) (10%), acute coronary syndrome (ACS) (6%), coronary angioplasty
(CA) (1%) or stable angina (hospitalization for angina or documented obstructive coronary
disease) (3%). The cases included 2,136 cases who were half or full siblings. PROCARDIS
controls had no personal or sibling history of CAD before age 66 years.

RHS (Ragama Health Study): The Ragama Health Study (RHS) is a population-based study of
South Asian men and women aged 35-64yrs living in the Ragama Medical Officer of Health
(MOH) area, near Colombo, Sri Lanka.* Consenting adults attended a clinic after a 12-h fast
with available health records, and were interviewed by trained personnel to obtain information
on medical, sociodemographic, and lifestyle variables. A 10-mL sample of venous blood was
obtained from each subject. The concurrent study was performed in two tea plantation estates
in the Lindula MOH area, near Nuwara Eliya (180 km from Colombo), to investigate the gene-
environment interaction in a community with differing lifestyles (e.g., physical activity and diet).
BP was measured using the Omron 750CP (Omron Co., Japan) in the seated position. The
average of two readings was used for the analysis. The RHS is a collaborative effort between
the Faculty of Medicine, University of Kelaniya and the National Center for Global Health and
Medicine, Japan.

*Reference: Dassanayake, A.S. et al. Prevalence and risk factors for non-alcoholic fatty liver
disease among adults in an urban Sri Lankan population. J Gastroenterol Hepatol 24, 1284-8
(2009).

SHEEP (Stockholm Heart Epidemiology Project): The SHEEP is a population based case-
control study of risk factors for first episode of acute myocardial infarction. The study base
comprised all Swedish citizens resident in the Stockholm county 1992-1994 who were 45-70
years of age and were free of previous clinically diagnosed myocardial infarction.

Cases were identified using three different sources: 1) coronary units and internal medicine
wards for acute care in all Stockholm hospitals; 2) the National Patient Register; and 3) death
certificates. For the present study, only cases who survived at least 28 days were considered
(n=1213).

First time incident myocardial infarction cases (n=1213) were identified during a 2-year period
(1992-1993) for men and during a 3-year period (1992-1994) for women. Controls (n=1561)
were randomly recruited from the study population continuously over time within 2 days of the
case occurrence and matched to cases on age (5-years interval), sex and hospital catchment
area using computerized registers of the population of Stockholm. Five control candidates were
sampled simultaneously to be able to replace potential non-respondent controls. Occasionally,
because of late response of the initial control, both the first and alternative controls were
considered resulting in the inclusion of more controls than cases. Postal questionnaires
covering a wide range of exposure areas including occupational exposures, life style factors,
social factors and health related factors were distributed to the participants. Clinical
investigations were performed at least three months after myocardial infarction of cases and
their matched controls. The investigations included blood samplings under fasting conditions
with collection of whole blood for DNA extraction, serum and plasma. A biobank was
established containing DNA, serum and plasma.



Exposure information based on both the questionnaire and biological data from the health
examination was available for 78% of the male and 67% of the female non-fatal cases; the
corresponding figures for their controls were 68% and 64%.

SHIP (Study of Health in Pomerania): The Study of Health In Pomerania (SHIP) is a
prospective longitudinal population-based cohort study in Mecklenburg-West Pomerania
assessing the prevalence and incidence of common diseases and their risk factors (PMID:
20167617). SHIP encompasses the two independent cohorts SHIP and SHIP-TREND.
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. Between 2008
and 2012 a total of 4,420 participants were recruited in the SHIP-TREND cohort. Individuals
were invited to the SHIP study centre for a computer-assisted personal interviews and extensive
physical examinations. The study protocol was approved by the medical ethics committee of the
University of Greifswald. Oral and written informed consents was obtained from each of the
study participants

Genome-wide SNP-typing was performed using the Affymetrix Genome-Wide Human SNP
Array 6.0 or the lllumina Human Omni 2.5 array (SHIP-TREND samples). Array processing was
carried out in accordance with the manufacturer’s standard recommendations. Genotypes were
determined using GenomeStudio Genotyping Module v1.0 (GenCall) for SHIP-TREND and the
Birdseed?2 clustering algorithm for SHIP. Imputation of genotypes in SHIP and SHIP-TREND
was performed with the software IMPUTE v2.2.2 based on 1000 Genomes release March 2012.

SWHS/SMHS (Shanghai Women's Health Study/ Shanghai Men's Health Study): The
Shanghai Women's Health Study (SWHS) is an ongoing population-based cohort study of
approximately 75,000 women who were aged 40-70 years at study enrollment and resided in in
urban Shanghai, China; 56,832 (75.8%) provided a blood samples. Recruitment for the SWHS
was initiated in 1997 and completed in 2000. The self-administered questionnaire includes
information on demographic characteristics, disease and surgery histories, personal habits
(such as cigarette smoking, alcohol consumption, tea drinking, and ginseng use), menstrual
history, residential history, occupational history, and family history of cancer.

The blood pressure were measured by trained interviewers (retired nurses) with a conventional
mercury sphygmomanometer according to a standard protocol, after the participants sat quietly
for 5 min at the study recruitment. Included in the current project were 2970 women who had
GWAS data and blood pressure measurements at the baseline interview.

The Shanghai Men’s Health Study (SMHS) is an ongoing population-based cohort study of
61,480 Chinese men who were aged between 40 and 74 years, were free of cancer at
enroliment, and lived in urban Shanghai, China; 45,766 (74.4%) provided a blood samples.
Recruitment for the SMHS was initiated in 2002 and completed in 2006. The self-administered
questionnaire includes information on demographic characteristics, disease and surgery
histories, personal habits (such as cigarette smoking, alcohol consumption, tea drinking, and
ginseng use), residential history, occupational history, and family history of cancer. The blood
pressure were measured by trained interviewers (retired nurses) with a conventional mercury
sphygmomanometer according to a standard protocol, after the participants sat quietly for 5 min



at the study recruitment. Included in the current project were 892 men who had GWAS data and
blood pressure measurements at the baseline interview or 298 men who had GWAS data and
lipids data.

Genotyping and imputation: Genomic DNA was extracted from buffy coats by using a Qiagen
DNA purification kit (Valencia, CA) or Puregene DNA purification kit (Minneapolis, MN)
according to the manufacturers’ instructions and then used for genotyping assays. The GWAS
genotyping was performed using the Affymetrix Genome-Wide Human SNP Array 6.0 (Affy6.0)
platform or lllumina 660, following manufacturers’ protocols. After sample quality control, we
exclude SNPs with 1) MAF <0.01; 2) call rate <95%; 2) bad genotyping cluster; and 3)
concordance rate <95% among duplicated QC samples. Genotypes were imputed using the
program MACH (http://www.sph.umich.edu/csg/abecasis/MACH/download/), which determines
the probable distribution of missing genotypes conditional on a set of known haplotypes, while
simultaneously estimating the fine-scale recombination map. Phased autosome SNP data from
HapMap Phase Il Asians (release 22) were used as the reference. To test for associations
between the imputed SNP data with BMI, linear regression (additive model) was used, in which
SNPs were represented by the expected allele count, an approach that takes into account the
degree of uncertainty of genotype imputation
(http://www.sph.umich.edu/csg/abecasis/MACH/download/).

The lipid profiles were measured at Vanderbilt Lipid Laboratory. Total cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides (TG) were measured using an ACE Clinical
Chemistry System (Alfa Wassermann, Inc, West Caldwell, NJ). Low-density lipoprotein (LDL)
cholesterol levels were calculated by using the Friedwald equation. The levels of LDL
cholesterol were directly measured using an ACE Clinical Chemistry System for subjects with
TG levels 2 400 mg/dL. Fasting status was defined as an interval between the last meal and
blood draw of 8 hours or longer.

TAICHI-G: The TaiChi consortium consists of 7 studies that collaborated initially in a large scale
metabochip study, and became an ongoing consortium for studies of cardiometabolic disease in
the Chinese population in Taiwan. The seven studies included the following: 1) HALST (Healthy
Aging Longitudinal Study in Taiwan), a population based epidemiologic study of older adults
living in all major geographic regions of Taiwan established by the Taiwan National Health
Research Institutes (NHRI); 2) SAPPHIRe (Stanford-Asian Pacific Program in Hypertension and
Insulin Resistance), a family based study established in 1995 with an initial goal of identifying
major genetic loci underlying hypertension and insulin resistance in East Asian populations, with
Taiwan subjects participating in the TaiChi consortium; 3) TCAGEN (Taiwan Coronary Artery
Disease GENetic), a cohort study that that enrolled patients undergoing coronary angiography
or percutaneous intervention at the National Taiwan University Hospital (NTUH) in the setting of
either stable angina pectoris or prior myocardial infarction; 4) TACT (TAiwan Coronary and
Transcatheter intervention), a cohort study enrolled patients with angina pectoris and
objective documentation of myocardial ischemia who underwent diagnostic coronary
angiography and/or revascularization any time after October 2000 at the National Taiwan
University Hospital (NTUH) (similar to TCAGEN but recruitment was independent of TCAGEN);
5) Taiwan DRAGON (Taiwan Diabetes and RelAted Genetic COmplicatioN), acohort study of
Type 2 diabetes at Taichung Veterans General Hospital (Taichung VGH) in Taiwan, with
participants including individuals with either newly diagnosed or established diabetes (subjects
with hyperglycemia who did not meet diagnostic criteria for Type 2 DM were not included); 6)



TCAD (Taichung CAD study), includes patients with a variety of cardiovascular diseases who
received care at the Taichung Veterans General Hospital (Taichung VGH), i.e. specifically
individuals who were hospitalized for diagnostic and interventional coronary angiography
examinations and treatment; 7) TUDR (Taiwan US Diabetic Retinopathy) enrolled subjects with
Type 2 diabetes who received care at Taichung Veteran General Hospital (Taichung VGH), and
a small number of subjects from Taipei Tri-Service General Hospital (TSGH); TUDR subjects
underwent a complete ophthalmic and fundus examination to carefully document the presence
and extent of retinopathy. From these 7 studies, samples for over 1,800 subjects were selected
based on completeness of standard metabolic phenotyping and knowledge of cardiac disease
status, to undergo GWAS genotyping with an lllumina human-omni ‘chip’ specific for Asian
population (lllumina, San Diego, CA; cat. No. 20004337), hence TAICHI-G.

THRV (Taiwan study of Hypertensives Rare Variants): THRV proposed to identify rare and
low frequency genetic variants for blood pressure and hypertension through whole exome
sequencing of a subset of highly enriched Taiwan Chinese hypertensive families and as many
matched controls. The Taiwan Chinese families (approximately N=1,200 subjects) were
previously recruited as part of the NHLBI-sponsored SAPPHIRe Network which is part of the
Family Blood Pressure Program (FBPP). The SAPPHIRe families were recruited to have
multiple hypertensive sibs and some of them also included one normotensive/hypotensive sib.
The matched controls (N=1,200) were selected from the large population-based HALST Study
and a Hospital-based population, both in Taipei, Taiwan.

TRAILS (Tracking Adolescents’ Individual Lives Survey): TRAILS is a prospective cohort
study of Dutch adolescents and young adults, with bi- or triennial measurements from age 11
onwards, which started in 2001. TRAILS consists of a general population and a clinical cohort
(https://www.trails.nl/en/home). In the population cohort, six assessment waves have been
completed to date, at mean ages 11.1 (SD = 0.6), 13.6 (SD = 0.5), 16.3 (SD = 0.7), 19.1 (SD =
0.6), 22.3 (SD = 0.6), and 25.8 (SD = 0.6). Data for the present study were collected in the
population cohort only, during the third assessment wave. The study was approved by the
Dutch Central Committee on Research Involving Human Subjects.

TUDR (Taiwan-US Diabetic Retinopathy): 2009 to present, is a cohort that enrolled subjects
with Type 2 diabetes receiving care at Taichung Veteran General Hospital (Taichung VGH), and
a small number of subjects from Taipei Tri-Service General Hospital. All TUDR subjects
underwent a complete ophthalmic and fundus examination to carefully document the presence
and extent of retinopathy.

TWINGENE (TwinGene of the Swedish Twin Registry): The aim of the TwinGene project has
been to systematically transform the oldest cohorts of the Swedish Twin Registry (STR) into a
molecular-genetic resource. Beginning in 2004, about 200 twins were contacted each month
until the data collection was completed in 2008. A total of 21 500 twins were contacted where of
12 600 participated. Invitations to the study contained information of the study and its purpose.
Along with the invitations consent forms and health questionnaire were sent to the subjects.
When the signed consent forms where returned, the subjects were sent blood sampling
equipment and asked to contact a local health facility for blood sampling. The study population
was recruited among twins participating in the Screening Across the Lifespan Twin Study
(SALT) which was a telephone interview study conducted in 1998-2002. Other inclusion criteria
were that both twins in the pair had to be alive and living in Sweden. Subjects were excluded
from the study if they preciously declined participation in future studies or if they had been



enrolled in other STR DNA sampling projects. The subjects were asked to make an appointment
for a health check-up at their local health-care facility on the morning Monday to Thursday and
not the day before a national holiday, this to ensure that the sample would reach the Kl biobank
the following morning by overnight mail. The subjects were instructed to fast from 20.00 the
previous night. By venipuncture a total of 50 ml of blood was drawn from each subject. Tubes
with serum and blood for biobanking as well as for clinical chemistry tests were sent to Kl by
overnight mail. One 7ml EDTA tube of whole blood is stored in -80°C while a second 7ml EDTA
tube of blood is used for DNA extraction using Puregene extraction kit (Gentra systems,
Minneapolis, USA). After excluding subjects in which the DNA concentration in the stock-
solution was below 20ng/ul as well as subset of 302 female monozygous twin pairs participating
in a previous genome wide effort DNA from 9896 individual subjects was sent to SNP&SEQ
Technology Platform Uppsala, Sweden for genome wide genotyping with lllumina OmniExpress
bead chip (all available dizygous twins + one twin from each available MZ twin pair).

UKB (United Kingdom Biobank, www.ukbiobank.ac.uk): UK Biobank is a major national
health resource with the aim of improving the prevention, diagnosis and treatment of a wide
range of serious and life-threatening illnesses. UK Biobank includes data from 502,682
individuals (94% of self-reported European ancestry), with extensive health and lifestyle
questionnaire data, physical measures and genetic data. A total of 152,249 participants had
genetic and phenotypic (blood pressure) data. Central genotyping quality control (QC) had been
performed by UK Biobank [The UK Biobank. UK Biobank Genotyping QC documentation.
(2015)]. Further QC was also performed locally.

UKHLS (Understanding Society / The UK Household Longitudinal Study): The United
Kingdom Household Longitudinal Study, also known as Understanding Society
(https://lwww.understandingsociety.ac.uk) is a longitudinal panel survey of 40.000 UK
households (England, Scotland, Wales and Northern Ireland) representative of the UK
population. Participants are surveyed annually since 2009 and contribute information relating to
their socioeconomic circumstances, attitudes, and behaviours via a computer assisted interview.
The study includes phenotypical data for a representative sample of participants for a wide
range of social and economic indicators as well as a biological sample collection encompassing
biometric, physiological, biochemical, and haematological measurements and self-reported
medical history and medication use. The United Kingdom Household Longitudinal Study has
been approved by the University of Essex Ethics Committee and informed consent was
obtained from every participant.

YFS (The Cardiovascular Risk in Young Finns Study): The 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
latest 30-year follow-up study was conducted in 2010-11 (ages 33-49 years) with 2,063
participants. The study was approved by the local ethics committees (University Hospitals of
Helsinki, Turku, Tampere, Kuopio and Oulu) and was conducted following the guidelines of the
Declaration of Helsinki. All participants gave their written informed consent.

NOTE: Baependi, NEO, Pelotas, and WHI (EA) also participated in replications since they did
not contribute to Smoking-BP discovery analysis.



Infrastructure for the CHARGE Consortium is supported in part by the National Heart, Lung, and
Blood Institute grant RO1HL105756. Infrastructure for the Gene-Lifestyle Working Group is
supported by the National Heart, Lung, and Blood Institute grant RO1HL118305.

AGES (Age Gene/Environment Susceptibility Reykjavik Study): This study has been funded
by NIH contract NO1-AG012100, the NIA Intramural Research Program, an Intramural Research
Program Award (ZIAEY000401) from the National Eye Institute, an award from the National
Institute on Deafness and Other Communication Disorders (NIDCD) Division of Scientific
Programs (IAA Y2-DC_1004-02), Hjartavernd (the Icelandic Heart Association), and the Althingi
(the Icelandic Parliament). The study is approved by the Icelandic National Bioethics
Committee, VSN: 00-063. The researchers are indebted to the participants for their willingness
to participate in the study.

ARIC (Atherosclerosis Risk in Communities) Study: The ARIC study is carried out as a
collaborative study supported by National Heart, Lung, and Blood Institute contracts
(HHSN268201100005C, HHSN268201100006C, HHSN268201100007C,
HHSN268201100008C, HHSN268201100009C, HHSN268201100010C,
HHSN268201100011C, and HHSN268201100012C), RO1HL087641, RO1HL59367 and
R0O1HL086694; National Human Genome Research Institute contract U0O1HG004402; and
National Institutes of Health contract HHSN268200625226C. The authors thank the staff and
participants of the ARIC study for their important contributions. Infrastructure was partly
supported by Grant Number UL1RR025005, a component of the National Institutes of Health
and NIH Roadmap for Medical Research.

Baependi Heart Study (Brazil): The Baependi Heart Study was supported by Fundagao de
Amparo a Pesquisa do Estado de Sao Paulo (FAPESP) (Grant 2013/17368-0), Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and Hospital Samaritano Society
(Grant 25000.180.664/2011-35), through Ministry of Health to Support Program Institutional
Development of the Unified Health System (SUS-PROADI).

BioMe Biobank (BioMe Biobank of Institute for Personalized Medicine at Mount Sinai):
The Mount Sinai IPM Biobank Program is supported by The Andrea and Charles Bronfman
Philanthropies.

CARDIA (Coronary Artery Risk Development in Young Adults): The CARDIA Study is
conducted and supported by the National Heart, Lung, and Blood Institute in collaboration with
the University of Alabama at Birmingham (HHSN268201300025C & HHSN268201300026C),
Northwestern University (HHSN268201300027C), University of Minnesota
(HHSN268201300028C), Kaiser Foundation Research Institute (HHSN268201300029C), and
Johns Hopkins University School of Medicine (HHSN268200900041C). CARDIA is also partially
supported by the Intramural Research Program of the National Institute on Aging. Genotyping
was funded as part of the NHLBI Candidate-gene Association Resource (NO1-HC-65226) and
the NHGRI Gene Environment Association Studies (GENEVA) (U01-HG004729, U01-HG04424,
and U01-HG004446). This manuscript has been reviewed and approved by CARDIA for
scientific content.

CHS (Cardiovascular Health Study): This CHS research was supported by NHLBI contracts
HHSN268201200036C, HHSN268200800007C, HHSN268200960009C, NO1HC55222,



NO1HC85079, NO1HC85080, NO1HC85081, NO1HC85082, NO1HC85083, NO1HC85086; and
NHLBI grants UO1HL080295, RO1HL085251, RO1HL087652, RO1HL105756, RO1HL103612,
R0O1HL120393 and RO1HL130114 with additional contribution from the National Institute of
Neurological Disorders and Stroke (NINDS). Additional support was provided through
R01AG023629 from the National Institute on Aging (NIA). A full list of principal CHS
investigators and institutions can be found at CHS-NHLBI.org. The provision of genotyping data
was supported in part by the National Center for Advancing Translational Sciences, CTSI grant
UL1TRO01881, 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. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Institutes of Health.

CROATIA-Korcula: We would like to acknowledge the staff of several institutions in Croatia
that supported the field work, including but not limited to The University of Split and Zagreb
Medical Schools and the Croatian Institute for Public Health. We would like to acknowledge the
invaluable contributions of the recruitment team in Korcula, the administrative teams in Croatia
and Edinburgh and the participants. The SNP genotyping for the CROATIA-Korcula cohort was
performed in Helmholtz Zentrum Minchen, Neuherberg, Germany. CROATIA-Korcula (CR-
Korcula) was funded by the Medical Research Council UK, The Croatian Ministry of Science,
Education and Sports (grant 216-1080315-0302), the European Union framework program 6
EUROSPAN project (contract no. LSHG-CT-2006-018947), the Croatian Science Foundation
(grant 8875) and the Centre of Competencies for Integrative Treatment, Prevention and
Rehabilitation using TMS.

CROATIA-Vis: We would like to acknowledge the staff of several institutions in Croatia that
supported the field work, including but not limited to The University of Split and Zagreb Medical
Schools, the Institute for Anthropological Research in Zagreb and Croatian Institute for Public
Health. The SNP genotyping for the CROATIA-Vis cohort was performed in the core genotyping
laboratory of the Wellcome Trust Clinical Research Facility at the Western General Hospital,
Edinburgh, Scotland. CROATIA-Vis (CR-Vis) was funded by the Medical Research Council UK,
The Croatian Ministry of Science, Education and Sports (grant 216-1080315-0302), and the
European Union framework program 6 EUROSPAN project (contract no. LSHG-CT-2006-
018947).

ERF (Erasmus Rucphen Family study): The ERF study as a part of EUROSPAN (European
Special Populations Research Network) was supported by European Commission FP6 STRP
grant number 018947 (LSHG-CT-2006-01947) and also received funding from the European
Community's Seventh Framework Programme (FP7/2007-2013)/grant agreement HEALTH-F4-
2007-201413 by the European Commission under the programme "Quality of Life and
Management of the Living Resources" of 5th Framework Programme (no. QLG2-CT-2002-
01254). The ERF study was further supported by ENGAGE consortium and CMSB. High-
throughput analysis of the ERF data was supported by joint grant from Netherlands
Organisation for Scientific Research and the Russian Foundation for Basic Research (NWO-
RFBR 047.017.043). ERF was further supported by the ZonMw grant (project 91111025). We
are grateful to all study participants and their relatives, general practitioners and neurologists for
their contributions and to P. Veraart for her help in genealogy, J. Vergeer for the supervision of
the laboratory work, P. Snijders for his help in data collection and E.M. van Leeuwen for genetic
imputation.



FamHS (Family Heart Study): The FamHS is funded by RO1HL118305 and RO1HL117078
NHLBI grants, and 5R01DK07568102 and 5R01DK089256 NIDDK grant.

FHS (Framingham Heart Study): This research was conducted in part using data and
resources from the Framingham Heart Study of the National Heart Lung and Blood Institute of
the National Institutes of Health and Boston University School of Medicine. The analyses
reflect intellectual input and resource development from the Framingham Heart Study
investigators participating in the SNP Health Association Resource (SHARe) project. This work
was partially supported by the National Heart, Lung and Blood Institute's Framingham Heart
Study (Contract Nos. NO1-HC-25195 and HHSN2682015000011) and its contract with
Affymetrix, Inc for genotyping services (Contract No. NO2-HL-6-4278). A portion of this research
utilized the Linux Cluster for Genetic Analysis (LinGA-Il) funded by the Robert Dawson Evans
Endowment of the Department of Medicine at Boston University School of Medicine and Boston
Medical Center. This research was partially supported by grant R01-DK089256 from the
National Institute of Diabetes and Digestive and Kidney Diseases (MPlIs: Ingrid B. Borecki, L.
Adrienne Cupples, Kari North).

GENOA (Genetic Epidemiology Network of Arteriopathy): Support for GENOA was provided
by the National Heart, Lung and Blood Institute (HL119443, HL118305, HL054464, HL054457,
HL054481, HLO71917 and HL087660) of the National Institutes of Health. Genotyping was
performed at the Mayo Clinic (Stephen T. Turner, MD, Mariza de Andrade PhD, Julie
Cunningham, PhD). We thank Eric Boerwinkle, PhD and Megan L. Grove from the Human
Genetics Center and Institute of Molecular Medicine and Division of Epidemiology, University of
Texas Health Science Center, Houston, Texas, USA for their help with genotyping. We would
also like to thank the families that participated in the GENOA study.

GenSalt (Genetic Epidemiology Network of Salt Sensitivity): The Genetic Epidemiology
Network of Salt Sensitivity is supported by research grants (U01HL072507, RO1HL087263, and
RO1HL090682) from the National Heart, Lung, and Blood Institute, National Institutes of Health,
Bethesda, MD.

GOLDN (Genetics of Diet and Lipid Lowering Network): Support for the genome-wide
association studies in GOLDN was provided by the National Heart, Lung, and Blood Institute
grant U01HL072524-04 and RO1HL091357.

GS:SFHS: Generation Scotland received core support from the Chief Scientist Office of the
Scottish Government Health Directorates [CZD/16/6] and the Scottish Funding Council
[HRO3006]. Genotyping of the GS:SFHS samples was carried out by the Genetics Core
Laboratory at the Wellcome Trust Clinical Research Facility, Edinburgh, Scotland and was
funded by the Medical Research Council UK and the Wellcome Trust (Wellcome Trust Strategic
Award “STratifying Resilience and Depression Longitudinally” (STRADL) Reference
104036/2/14/Z). Ethics approval for the study was given by the NHS Tayside committee on
research ethics (reference 05/S1401/89). We are grateful to all the families who took part, the
general practitioners and the Scottish School of Primary Care for their help in recruiting them,
and the whole Generation Scotland team, which includes interviewers, computer and laboratory
technicians, clerical workers, research scientists, volunteers, managers, receptionists,
healthcare assistants and nurses.

HANDLS (Healthy Aging in Neighborhoods of Diversity across the Life Span): The Healthy
Aging in Neighborhoods of Diversity across the Life Span (HANDLS) study was supported by



the Intramural Research Program of the NIH, National Institute on Aging and the National
Center on Minority Health and Health Disparities (project # Z01-AG000513 and human subjects
protocol number 09-AG-N248). Data analyses for the HANDLS study utilized the high-
performance computational resources of the Biowulf Linux cluster at the National Institutes of
Health, Bethesda, MD. (http://biowulf.nih.gov; http://hpc.nih.gov)).

Health ABC (Health, Aging, and Body Composition): Health ABC was funded by the
National Institutes of Aging. This research was supported by NIA contracts NO1AG62101,
NO1AG62103, and NO1AG62106. The GWAS was funded by NIA grant 1R01AG032098-01A1
to Wake Forest University Health Sciences and genotyping services were provided by the
Center for Inherited Disease Research (CIDR). CIDR is fully funded through a federal contract
from the National Institutes of Health to The Johns Hopkins University, contract number
HHSN268200782096C. This research was supported in part by the Intramural Research
Program of the NIH, National Institute on Aging.

HERITAGE (Health, Risk Factors, Exercise Training and Genetics): The HERITAGE Family
Study was supported by National Heart, Lung, and Blood Institute grant HL-45670.

HUFS (Howard University Family Study): The Howard University Family Study was
supported by National Institutes of Health grants SO6GM008016-320107 to Charles Rotimi and
S06GM008016-380111 to Adebowale Adeyemo. We thank the participants of the study, for
which enroliment was carried out at the Howard University General Clinical Research Center,
supported by National Institutes of Health grant 2M01RR010284. The contents of this
publication are solely the responsibility of the authors and do not necessarily represent the
official view of the National Institutes of Health. This research was supported in part by the
Intramural Research Program of the Center for Research on Genomics and Global Health
(CRGGH). The CRGGH is supported by the National Human Genome Research Institute, the
National Institute of Diabetes and Digestive and Kidney Diseases, the Center for Information
Technology, and the Office of the Director at the National Institutes of Health (Z01HG200362).
Genotyping support was provided by the Coriell Institute for Medical Research.

HyperGEN (Hypertension Genetic Epidemiology Network): The hypertension network is
funded by cooperative agreements (U10) with NHLBI: HL54471, HL54472, HL54473, HL54495,
HL54496, HL54497, HL54509, HL54515, and 2 RO1 HL55673-12. The study involves:
University of Utah: (Network Coordinating Center, Field Center, and Molecular Genetics Lab);
Univ. of Alabama at Birmingham: (Field Center and Echo Coordinating and Analysis Center);
Medical College of Wisconsin: (Echo Genotyping Lab); Boston University: (Field Center);
University of Minnesota: (Field Center and Biochemistry Lab); University of North Carolina:
(Field Center); Washington University: (Data Coordinating Center); Weil Cornell Medical
College: (Echo Reading Center); National Heart, Lung, & Blood Institute. For a complete list of
HyperGEN Investigators: http://www.biostat.wustl.edu/hypergen/Acknowledge.html

JHS (Jackson Heart Study): The Jackson Heart Study is supported by contracts
HSN268201300046C, HHSN268201300047C, HHSN268201300048C, HHSN268201300049C,
HHSN268201300050C from the National Heart, Lung, and Blood Institute on Minority Health
and Health Disparities. The authors acknowledge the Jackson Heart Study team institutions
(University of Mississippi Medical Center, Jackson State University and Tougaloo College) and
participants for their long-term commitment that continues to improve our understanding of the
genetic epidemiology of cardiovascular and other chronic diseases among African Americans.



Maywood-Loyola Study: Maywood African-American study is supported in part by the National
Institutes of Health grant numbers HL074166, RO1HL074166, RO1HG003054, R37HL45508 and
RO1HL53353.

Maywood-Nigeria Study: The Loyola-Nigeria study was supported by National Institutes of
Health grant number RO1HL053353 and the Intramural Research Program of the Center for
Research on Genomics and Global Health, National Human Genome Research Institute
(Z01HG200362). The authors acknowledge the assistance of the research staff and participants
in Ibadan and Igbo-Ora, Oyo State, Nigeria.

MESA (Multi-Ethnic Study of Atherosclerosis): This research was supported by the Multi-
Ethnic Study of Atherosclerosis (MESA) contracts HHSN2682015000031, NO1-HC-95159, NO1-
HC-95160, NO1-HC-95161, NO1-HC-95162, NO1-HC-95163, NO1-HC-95164, NO1-HC-95165,
N01-HC-95166, NO1-HC-95167, NO1-HC-95168, NO1-HC-95169, UL1-TR-000040, UL1-TR-
001079, and UL1-TR-001420. Funding for MESA Share genotyping was provided by NHLBI
Contract NO2-HL-6-4278. This publication was partially developed under a STAR research
assistance agreement, No. RD831697 (MESA Air), awarded by the U.S Environmental
Protection Agency. It has not been formally reviewed by the EPA. The views expressed in this
document are solely those of the authors and the EPA does not endorse any products or
commercial services mentioned in this publication. The provision of genotyping data was
supported in part by the National Center for Advancing Translational Sciences, CTSI grant
UL1TR001881, 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. The authors thank the participants of the MESA study, the
Coordinating Center, MESA investigators, and study staff for their valuable contributions. A full
list of participating MESA investigators and institutions can be found at http://www.mesa-

nhibi.org.

NEO (The Netherlands Epidemiology of Obesity study): The authors of the NEO study thank
all individuals who participated in the Netherlands Epidemiology in Obesity study, all
participating general practitioners for inviting eligible participants and all research nurses for
collection of the data. We thank the NEO study group, Petra Noordijk, Pat van Beelen and
Ingeborg de Jonge for the coordination, lab and data management of the NEO study. The
genotyping in the NEO study was supported by the Centre National de Génotypage (Paris,
France), headed by Jean-Francois Deleuze. The NEO study is supported by the participating
Departments, the Division and the Board of Directors of the Leiden University Medical Center,
and by the Leiden University, Research Profile Area Vascular and Regenerative Medicine.
Dennis Mook-Kanamori is supported by Dutch Science Organization (ZonMW-VENI Grant
916.14.023).

Pelotas Birth Cohort Study (The 1982 Pelotas Birth Cohort Study, Brazil): The 1982
Pelotas Birth Cohort Study is conducted by the Postgraduate Program in Epidemiology at
Universidade Federal de Pelotas with the collaboration of the Brazilian Public Health
Association (ABRASCO). From 2004 to 2013, the Wellcome Trust supported the study. The
International Development Research Center, World Health Organization, Overseas
Development Administration, European Union, National Support Program for Centers of
Excellence (PRONEX), the Brazilian National Research Council (CNPq), and the Brazilian
Ministry of Health supported previous phases of the study.



Genotyping of 1982 Pelotas Birth Cohort Study participants was supported by the Department
of Science and Technology (DECIT, Ministry of Health) and National Fund for Scientific and
Technological Development (FNDCT, Ministry of Science and Technology), Funding of Studies
and Projects (FINEP, Ministry of Science and Technology, Brazil), Coordination of Improvement
of Higher Education Personnel (CAPES, Ministry of Education, Brazil).

RS (Rotterdam Study): The Rotterdam Study is funded by Erasmus Medical Center and
Erasmus University, Rotterdam, Netherlands Organization for the Health Research and
Development (ZonMw), the Research Institute for Diseases in the Elderly (RIDE), the Ministry of
Education, Culture and Science, the Ministry for Health, Welfare and Sports, the European
Commission (DG XII), and the Municipality of Rotterdam. The authors are grateful to the study
participants, the staff from the Rotterdam Study and the participating general practitioners and
pharmacists.

The generation and management of GWAS genotype data for the Rotterdam Study was
executed by the Human Genotyping Facility of the Genetic Laboratory of the Department of
Internal Medicine, Erasmus MC, Rotterdam, The Netherlands. The GWAS datasets are
supported by the Netherlands Organisation of Scientific Research NWO Investments (nr.
175.010.2005.011, 911-03-012), the Genetic Laboratory of the Department of Internal Medicine,
Erasmus MC, the Research Institute for Diseases in the Elderly (014-93-015; RIDE2), the
Netherlands Genomics Initiative (NGI)/Netherlands Organisation for Scientific Research (NWO)
Netherlands Consortium for Healthy Aging (NCHA), project nr. 050-060-810. We thank Pascal
Arp, Mila Jhamai, Marijn Verkerk, Lizbeth Herrera, Marjolein Peters and Carolina Medina-
Gomez for their help in creating the GWAS database, and Karol Estrada, Yurii Aulchenko and
Carolina Medina-Gomez for the creation and analysis of imputed data.

SCHS-CHD (Singapore Chinese Health Study - Coronary Heart Disease): The Singapore
Chinese Health Study is supported by the National Institutes of Health, USA (RO1 CA144034
and UM1 CA182876), the nested case-control study of myocardial infarction by the Singapore
National Medical Research Council (NMRC 1270/2010) and genotyping by the HUJ-CREATE
Programme of the National Research Foundation, Singapore (Project Number 370062002).

SCES (Singapore Chinese Eye Study), SiMES (Singapore Malay Eye Study), (SINDI)
Singapore Indian Eye Study: The Singapore Malay Eye Study (SIMES), the Singapore Indian
Eye Study (SINDI), and the Singapore Chinese Eye Study (SCES) are supported by the
National Medical Research Council (NMRC), Singapore (grants 0796/2003, 1176/2008,
1149/2008, STaR/0003/2008, 1249/2010, CG/SERI/2010, CIRG/1371/2013, and
CIRG/1417/2015), and Biomedical Research Council (BMRC), Singapore (08/1/35/19/550 and
09/1/35/19/616). Ching-Yu Cheng is supported by an award from NMRC (CSA/033/2012). The
Singapore Tissue Network and the Genome Institute of Singapore, Agency for Science,
Technology and Research, Singapore provided services for tissue archival and genotyping,
respectively. SP2 (Singapore Prospective Study Program): SP2 is supported by the
individual research grant and clinician scientist award schemes from the National Medical
Research Council and the Biomedical Research Councils of Singapore.

WGHS (Women’s Genome Health Study): The WGHS is supported by the National Heart,
Lung, and Blood Institute (HL0O43851 and HL080467) and the National Cancer Institute
(CA047988 and UM1CA182913), with collaborative scientific support and funding for genotyping
provided by Amgen.



WHI (Women’s Health Initiative): 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 HHSN268201100046C, HHSN268201100001C,
HHSN268201100002C, HHSN268201100003C, HHSN268201100004C, and
HHSN271201100004C. The authors thank the WHI investigators and staff for their dedication,
and the study participants for making the program possible. A full listing of WHI investigators
can be found at:

http://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Investigator
%20Short%20List.pdf



Infrastructure for the CHARGE Consortium is supported in part by the National Heart, Lung, and
Blood Institute grant RO1HL105756. Infrastructure for the Gene-Lifestyle Working Group is
supported by the National Heart, Lung, and Blood Institute grant RO1HL118305.

AA-DHS (African American Diabetes Heart Study): The investigators acknowledge the
cooperation of our Diabetes Heart Study (DHS) and AA-DHS participants. This work was
supported by NIH R0O1 DK071891, R01 HL092301 and the General Clinical Research Center of
Wake Forest School of Medicine M01-RR-07122.

Airwave (The Airwave Health Monitoring Study): We thank all participants in the Airwave
Health Monitoring Study. The study is funded by the Home Office (Grant number 780-TETRA)
with additional support from the National Institute for Health Research (NIHR), Imperial College
Healthcare NHS Trust (ICHNT) and Imperial College Biomedical Research Centre (BRC). The
study has ethical approval from the National Health Service Multi-site Research Ethics
Committee (MREC/13/NW/0588). This work used computing resources provided by the MRC-
funded UK MEDical Bioinformatics partnership programme (UK MED-BIO) (MR/L0O1632X/1).
P.E. would like to acknowledge support from the Medical Research Council and Public Health
England for the MRC-PHE Centre for Environment and Health (MR/L01341X/1) and from the
NIHR NIHR Health Protection Research Unit in Health Impact of Environmental Hazards
(HPRU-2012-10141).

ASCOT (Anglo-Scandinavian Cardiac Outcomes Trial): The ASCOT study was supported by
Pfizer, New York, NY, USA for the ASCOT study and the collection of the ASCOT DNA
repository; by Servier Research Group, Paris, France; and by Leo Laboratories, Copenhagen,
Denmark. We thank all ASCOT trial participants, physicians, nurses, and practices in the
participating countries for their important contribution to the study. In particular we thank Clare
Muckian and David Toomey for their help in DNA extraction, storage, and handling. Genotyping
was funded by the CNG, MRC and the National Institutes of Health Research (NIHR). We would
also like to acknowledge the Barts and The London Genome Centre staff for genotyping. This
work forms part of the research programme of the NIHR Cardiovascular Biomedical Research
Unit at Barts and The London, QMUL. H.R.W, M.J.C and P.B.M. wishes to acknowledge the
NIHR Cardiovascular Biomedical Research Unit at Barts and The London, Queen Mary
University of London, UK for support.

BBJ (Biobank Japan Project): BioBank Japan project is supported by the Japan Agency for
Medical Research and Development and by the Ministry of Education, Culture, Sports, Sciences
and Technology of the Japanese government.

BES (Beijing Eye Study): BES was supported by the National Key Laboratory Fund, Beijing,
China.

BRIGHT (British Genetics of Hypertension): This work was supported by the Medical
Research Council of Great Britain (grant number G9521010D) and the British Heart Foundation
(grant number PG/02/128). The BRIGHT study is extremely grateful to all the patients who
participated in the study and the BRIGHT nursing team. This work forms part of the research
program of the National Institutes of Health Research (NIHR Cardiovascular Biomedical
Research) Cardiovascular Biomedical Unit at Barts and The London, QMUL.



CAGE-Amagasaki (Cardio-metabolic Genome Epidemiology Network, Amagasaki Study):
The CAGE Network studies were supported by grants for the Core Research for Evolutional
Science and Technology (CREST) from the Japan Science Technology Agency; the Program
for Promotion of Fundamental Studies in Health Sciences, National Institute of Biomedical
Innovation Organization (NIBIO); and the Grant of National Center for Global Health and
Medicine (NCGM).

CFS (Cleveland Family Study): The CFS was supported by the National Institutes of Health,
the National Heart, Lung, Blood Institute grant HL113338, RO1HL098433, HL46380.

CoLaus (Cohorte Lausannoise): The ColLaus study was and is supported by research grants
from GlaxoSmithKline, the Faculty of Biology and Medicine of Lausanne, and the Swiss National
Science Foundation (grants 33CSC0O-122661, 33CS30-139468 and 33CS30-148401).

DESIR (Data from an Epidemiological Study on the Insulin Resistance): The DESIR Study
Group is composed of Inserm-U1018 (Paris: B. Balkau, P. Ducimetiére, E. Eschwege), Inserm-
U367 (Paris: F. Alhenc-Gelas), CHU d’Angers (A. Girault), Bichat Hospital (Paris: F. Fumeron,
M. Marre, R. Roussel), CHU de Rennes (F. Bonnet), CNRS UMR-8199 (Lille: A. Bonnefond, P.
Froguel), Medical Examination Services (Alengon, Angers, Blois, Caen, Chartres, Chateauroux,
Cholet, LeMans, Orléans and Tours), Research Institute for General Medicine (J. Cogneau), the
general practitioners of the region and the Cross- Regional Institute for Health (C. Born, E.
Caces, M. Cailleau, N. Copin, J.G. Moreau, F. Rakotozafy, J. Tichet, S. Vol).

The DESIR study was supported by Inserm contracts with CNAMTS, Lilly, Novartis Pharma and
Sanofi-aventis, and by Inserm (Réseaux en Santé Publique, Interactions entre les déterminants
de la santé, Cohortes Santé TGIR 2008), the Association Diabéte Risque Vasculaire, the
Fédération Francaise de Cardiologie, La Fondation de France, ALFEDIAM, ONIVINS, Société
Francophone du Diabéte, Ardix Medical, Bayer Diagnostics, Becton Dickinson, Cardionics,
Merck Santé, Novo Nordisk, Pierre Fabre, Roche and Topcon.

DFTJ (Dongfeng-Tongji Cohort Study): This work was supported by grants from the National
Basic Research Program grant (2011CB503800), the Programme of Introducing Talents of
Discipline, the grants from the National Natural Science Foundation (grant NSFC-81473051,
81522040 and 81230069), and the Program for the New Century Excellent Talents in University
(NCET-11-0169).

DHS (Diabetes Heart Study): The authors thank the investigators, staff, and participants of the
DHS for their valuable contributions. This study was supported by the National Institutes of
Health through HL67348 and HL092301.

DR’s EXTRA (Dose-Responses to Exercise Training): The study was supported by grants
from Ministry of Education and Culture of Finland (722 and 627; 2004-2010); Academy of
Finland (102318, 104943, 123885, 211119); European Commission FP6 Integrated Project
(EXGENESIS), LSHM-CT-2004-005272; City of Kuopio; Juho Vainio Foundation; Finnish
Diabetes Association; Finnish Foundation for Cardiovascular Research; Kuopio University
Hospital; Paivikki and Sakari Sohlberg Foundation; Social Insurance Institution of Finland
4/26/2010.

EGCUT (Estonian Genome Center - University of Tartu (Estonian Biobank)): This study
was supported by EU H2020 grants 692145, 676550, 654248, Estonian Research Council



Grant IUT20-60 and PUT1660, NIASC, EIT — Health and NIH-BMI Grant No: 2R01DK075787-
06A1 and EU through the European Regional Development Fund (Project No. 2014-
2020.4.01.15-0012 GENTRANSMED.

EPIC (European Prospective Investigation into Cancer and Nutrition)-Norfolk: The EPIC
Norfolk Study is funded by Cancer Research, United Kingdom, British Heart Foundation, the
Medical Research Council, the Ministry of Agriculture, Fisheries and Food, and the Europe
against Cancer Programme of the Commission of the European Communities. We thank all
EPIC participants and staff for their contribution to the study.

FENLAND (The Fenland Study): The Fenland Study is funded by the Wellcome Trust and the
Medical Research Council (MC_U106179471). We are grateful to all the volunteers for their
time and help, and to the General Practitioners and practice staff for assistance with
recruitment. We thank the Fenland Study Investigators, Fenland Study Co-ordination team and
the Epidemiology Field, Data and Laboratory teams. We further acknowledge support from the
Medical research council (MC_UU_12015/1).

FUSION (Finland-United States Investigation of NIDDM Genetics): The FUSION study was
supported by DK093757, DK072193, DK062370, and ZIA-HG000024.

Genotyping was conducted at the Genetic Resources Core Facility (GRCF) at the Johns
Hopkins Institute of Genetic Medicine.

GeneSTAR (Genetic Studies of Atherosclerosis Risk): [for the smoking/lipids and
smoking/BP analyses] GeneSTAR was supported by National Institutes of Health grants from
the National Heart, Lung, and Blood Institute (HL49762, HL59684, HL58625, HL071025, U01
HL72518, and HL087698), National Institute of Nursing Research (NR0224103), and by a grant
from the National Center for Research Resources to the Johns Hopkins General Clinical
Research Center (M01-RR000052).

[for the alcohol/lipids and alcohol/BP analyses] GeneSTAR was supported by National Institutes
of Health grants from the National Heart, Lung, and Blood Institute (HL49762, HL59684,
HL58625, HL071025, U01 HL72518, HL087698, HL092165, HL099747, and K23HL105897),
National Institute of Nursing Research (NR0224103), National Institute of Neurological
Disorders and Stroke (NS062059), and by grants from the National Center for Research
Resources to the Johns Hopkins General Clinical Research Center (M01-RR000052) and the
Johns Hopkins Institute for Clinical & Translational Research (UL1 RR 025005).

GLACIER (Gene x Lifestyle Interactions and Complex Traits Involved in Elevated Disease
Risk): We thank the participants, health professionals and data managers involved in the
Vasterbotten Intervention Programme. We are also grateful to the staff of the Northern Sweden
Biobank for preparing materials and to K Enqvist and T Johansson (Vasterbottens County
Council, Umea, Sweden) for DNA preparation. The Vasterbotten Intervention Programme is
finance by Vasterbotten County Council. The current study was supported by Novo Nordisk
(PWF), the Swedish Research Council (PWF), the Swedish Heart Lung Foundation (PWF), the
European Research Council (PWF), and the Skane Health Authority (PWF).

GRAPHIC (Genetic Regulation of Arterial Pressure of Humans in the Community): The
GRAPHIC Study was funded by the British Heart Foundation (BHF/RG/2000004). This work



falls under the portfolio of research supported by the NIHR Leicester Cardiovascular Biomedical
Research Unit. CPN and NJS are funded by the BHF and NJS is a NIHR Senior Investigator.

HCHS/SOL (Hispanic Community Health Study/ Study of Latinos): The baseline
examination of HCHS/SOL was supported by contracts from the National Heart, Lung, and
Blood Institute (NHLBI) to the University of North Carolina (N01-HC65233), University of Miami
(NO1-HC65234), Albert Einstein College of Medicine (N01-HC65235), Northwestern University
(NO1-HC65236), and San Diego State University (NO1-HC65237). The National Institute on
Minority Health and Health Disparities, National Institute on Deafness and Other
Communication Disorders, National Institute of Dental and Craniofacial Research (NIDCR),
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institute of
Neurological Disorders and Stroke, and NIH Office of Dietary Supplements additionally
contributed funding to HCHS/SOL. The Genetic Analysis Center at the University of Washington
was supported by NHLBI and NIDCR contracts (HHSN268201300005C AM03 and MODO03).
Additional analysis support was provided by TR01DK101855-01 and 13GRNT16490017.
Genotyping was also supported by National Center for Advancing Translational Sciences
UL1TR000124 and NIDDK DK063491 to the Southern California Diabetes Endocrinology
Research Center. This research was also supported in part by the Intramural Research
Program of the NIDDK, contract no. HHSB268201200054C, and lllumina.

HRS (Health & Retirement Study): HRS is supported by the National Institute on Aging (NIA
UO01AG009740 and R03 AG046389). Genotyping was funded separately by NIA (RC2
AG036495, RC4 AG039029). Our genotyping was conducted by the NIH Center for Inherited
Disease Research (CIDR) at Johns Hopkins University. Genotyping quality control and final
preparation of the data were performed by the Genetics Coordinating Center at the University of
Washington.

HyperGEN-AXIOM (Hypertension Genetic Epidemiology Network): The study was support
by the National Institutes of Health, the National Heart, Lung, Blood Institute grant HL086718.

INGI-CARL (Italian Network Genetic Isolates): This study was partially supported by Regione
FVG (L.26.2008) and Italian Ministry of Health (GR-2011-02349604).

INGI-FVG (ltalian Network Genetic Isolates): This study was partially supported by Regione
FVG (L.26.2008) and Italian Ministry of Health (GR-2011-02349604).

InterAct (The EPIC-InterAct Case-Cohort Study): We thank all EPIC participants and staff for
their contribution to the study. The InterAct study received funding from the European Union
(Integrated Project LSHM-CT-2006-037197 in the Framework Programme 6 of the European
Community).

IRAS (Insulin Resistance Atherosclerosis Study): The IRAS is supported by the National
Heart Lung Institute (HL0O47887, HL047889, HL047890, and HL47902). Genotyping for this
study was supported by the GUARDIAN Consortium with grant support from the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK; DK085175) and in part by
UL1TR000124 (CTSI) and DK063491 (DRC). The authors thank study investigators, staff, and
participants for their valuable contributions.

IRAS Family Study (Insulin Resistance Atherosclerosis Study): The IRASFS is supported
by the National Heart Lung and Blood Institute (HL060944, HL061019, and HL060919).



Genotyping for this study was supported by the GUARDIAN Consortium with grant support from
the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK; DK085175) and
in part by UL1TR000124 (CTSI) and DK063491 (DRC). The authors thank study investigators,
staff, and participants for their valuable contributions.

JUPITER (Justification for the Use of Statins in Primary Prevention: An Intervention Trial
Evaluating Rosuvastatin): Support for genotype data collection and collaborative genetic
analysis in JUPITER was provided by Astra-Zeneca.

KORA (Cooperative Health Research in the Augsburg Region): The KORA study was
initiated and financed by the Helmholtz Zentrum Minchen — German Research Center for
Environmental Health, which is funded by the German Federal Ministry of Education and
Research (BMBF) and by the State of Bavaria. Furthermore, KORA research was supported
within the Munich Center of Health Sciences (MC-Health), Ludwig-Maximilians-Universitat, as
part of LMUinnovativ.

LBC1921 (Lothian Birth Cohort 1921): We thank the LBC1921 cohort participants and team
members who contributed to these studies. Phenotype collection was supported by the UK’s
Biotechnology and Biological Sciences Research Council (BBSRC), The Royal Society, and
The Chief Scientist Office of the Scottish Government. Genotyping was funded by the BBSRC
(BB/F019394/1). The work was undertaken by The University of Edinburgh Centre for Cognitive
Ageing and Cognitive Epidemiology, part of the cross council Lifelong Health and Wellbeing
Initiative (MR/K026992/1). Funding from the BBSRC and Medical Research Council (MRC) is
gratefully acknowledged.

LBC1936 (Lothian Birth Cohort 1936): We thank the LBC1936 cohort participants and team
members who contributed to these studies. Phenotype collection was supported by Age UK
(The Disconnected Mind project). Genotyping was funded by the BBSRC (BB/F019394/1). The
work was undertaken by The University of Edinburgh Centre for Cognitive Ageing and Cognitive
Epidemiology, part of the cross council Lifelong Health and Wellbeing Initiative (MR/K026992/1).
Funding from the BBSRC and Medical Research Council (MRC) is gratefully acknowledged.

LifeLines (Netherlands Biobank): 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.

The authors wish to acknowledge the services of the Lifelines Cohort Study, the contributing
research centers delivering data to Lifelines, and all the study participants.

LLFS (The Long Life Family Study): The study is supported by the National Institute on Aging
(NIA) grant UO1AG023746.

LOLIPOP (London Life Sciences Prospective Population Study): The LOLIPOP study is
supported by the National Institute for Health Research (NIHR) Comprehensive Biomedical
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Supplementary Figures

Supplementary Figure 1: Manhattan plots of the combined analyses of Stages 1 and 2
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Supplementary Figure 2: QQ plots of the combined analyses of Stages 1 and 2

EUR-MAP-CurSmk EUR-MAP-EverSmk EUR-PP-CurSmk EUR-PP-EverSmk

B 1 0 IntLambda 1 B o IntLambda 1.001 o ol Int Lambda 1 =
oo | ¥ 2dfLambda 1002 oo | o @1 * 2dfLambda 1.001. oL@ 2df Lambda 1 &
2% 2% 2 P
5 291 B2 5% /
o :c | : :

g g g o | g =
Oe 0o | oW oo
o (=R (=R ° (=R i
0 2 4 6 0 2 4 6 0 2 4 6
Expected -logP Expected -logP Expected -logP Expected -logP
AFR-MAP-CurSmk AFR-MAP-EverSmk AFR-PP-CurSmk AFR-PP-EverSmk

o —_— e w B w

" | © IntLambda 1 3 ®7 o IntLambda 0.999 o | © IntLambda 1 . o | © IntLambda1 .
o of o < 2df Lambda 1.0 ool o < 2df Lambda 1.0?.‘#‘ o 2df Lambda 1.001
g g< g ] vo| S |
E: B B Bo °
2 2 2 © 2
@ @ @ @

w w w w -
=} =} o T o
o o ™A o o)

oy o oA

(= o o

0 2 4 6 0 2 4 6 0 2 4 6
Expected -logP Expected -logP Expected -logP Expected -logP
ASN-MAP-CurSmk ASN-MAP-EverSmk ASN-PP-CurSmk ASN-PP-EverSmk

0 0 =g E =

® 1 o IntLambda 1 - 1 o IntLambda 1.002. “ 1o IntLambda 1 ) “1o Int Lambda 1.09T?A

| » 2df Lambda 1.002

r

2df Lambda 1.002 | # 2dfLambda 1 2df Lambda 1.002

25
|
25
1
15
15

Observed -logP
0 5 15

Observed -logP
0 15

@

Observed -logP
0 5 10

Observed -logP
10

0 4
-] w
o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
01 2 3 4 5 6 7 01 2 3 45 86 7 01 2 3 4 5 6 7 01 2 3 45 6 7
Expected -logP Expected -logP Expected -logP Expected -logP

HIS-MAP-CurSmk HIS-MAP-EverSmk HIS-PP-CurSmk HIS-PP-EverSmk

o IntLambda 0.992¢ o IntLambda 0996
@7 » 2df Lambda 0.999 T » 2df Lambda 1 g“

| @ IntLambda 0.991
< 2df Lambda 1

1 © IntLambda 0.98
2df Lambda

o
o

8

Observed -logP
0o 2 4
Observed -logP
0o 2 4 6
Observed -logP
01 2 3 45 6 7
Observed -logP
01 2 3 4 5 6

T w Foon o o o

T T T T T T

T
12 3 4 5 6 7

T T T T T T T T T T T T

LI
12 3 4 5 6 7 o 2 4 6

[=1
[«

0 2 4 6
Expected -logP Expected -logP Expected -logP Expected -logP

Trans-MAP-CurSmk Trans-MAP-EverSmk Trans-PP-CurSmk Trans-PP-EverSmk

o IntLambda 1 - | @ IntLambda 1 “
| » 2dfLambda 1.0 2df Lambda 1.0

@ IntLambda 1.001 N
< 2df Lambda 1.002"

4

@ IntLambda 1
2df Lambda 1.002"

F

80

Observed -logP

0 20 40 60 80
Observed -logP

0 20 40 60 80

i %
Observed -logP

0 20 40 60 80
Observed -logP

0 20 40 60

6

o
[x%]
s
@
=}
[x%]
s
@
o
[x%]
s
@
=}
[x%]
s

Expected -logP Expected -logP Expected -logP Expected -logP



Supplementary Figure 3: LocusZoom plots for the 38 new loci (Table 2) and 9 new signals

near known BP loci (Table 3)
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Supplementary Figure 4: Scatterplots comparing ancestry-specific genetic effects of the

136 loci and the 9 signals.
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Supplementary Figure5: Forest plots that

examine consistencies across African
cohorts at 30 African-specific loci (from

Table 2).

These 30 loci were statistically significant only in
the meta-analyses of African ancestry individuals.
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Trans meta-analysis 7925 0.012 5.412e-09
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B BSNP [l PBinteraction

A. AFR Cohorts N EAF  IMPU 2df P
|
WHI 7925 0.014 0.86 2.07e-11
+
AFR meta-analysis 7925  0.014 0.86  2.066e-11 ‘ ‘
B. Other Ancestries
Trans meta-analysis 7925 0.014 2.066e-11 ‘
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rs76209156 (9:7423109) and CurSmk on PP

I BSNP |l PBinteraction

A. AFR Cohorts N EAF IMPU 2df P
|
WHI 7925 0.986 0.797 2.94e-08
+
AFR meta-analysis 7925 0.986 0.797 2.936e-08
B. Other Ancestries
Trans meta-analysis 7925 0.986 2.936e-08
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M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P

»
ARIC 2862 0.982 0.899 5.77e-11

[

WHI 7925 0.979 0.89 0.148 u
AFR meta-analysis 10787 098  0.893  1.912e-08 ‘ ‘
B. Other Ancestries
Trans meta—-analysis 10787 0.98 1.912e-08 ‘ ‘
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M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P
u
ARIC 2862 0.984 0.821 1.49e-09
- =
]
WHI 7925 0.986 0.934 0.548
R

AFR meta-analysis 10787 0.986 0.904 2.795e-08 ‘ ‘

B. Other Ancestries

Trans meta—-analysis 10787 0.986 2.795e-08 ‘ ‘
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A. AFR Cohorts N EAF IMPU 2df P

ARIC 2862 0.024 0.951 0.206 -

CARDIA 945 0.024 0.987 3.33e-04 - -
HABC 1136 0.031 0.953 0.907 i
HyperGEN 1240 0.021 0.923 0.456 - "
JHS 2134 0.028 0.94 0.082 .
BioMe 3101 0.028 0.914 0.624 e
WHI 7925 0.027 0.951 2.29e-07 R — L
HRS 1993 0.028 0.957 0.617 4'.7
AFR meta—-analysis 21336 0.026 0.945 2.288e-08 “

B. Other Ancestries

Trans meta-analysis 21336 0.026 2.288e-08 “
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A. AFR Cohorts N EAF IMPU 2df P

]
ARIC 2862 0.982 0.868 0.603

N N
]
BioMe 3101 0.982 0.908 8.61e-09
[

WHI 7925 0.984 0.865 0.011 =

S
AFR meta-analysis 13888 0.983 0.875 2.164e-08 ‘ ‘
B. Other Ancestries
Trans meta-analysis 13888 0.983 2.164e-08 ‘ ’
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rs186331780 (12:61710810) and CurSmk on PP

M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P

ARIC 2862 0.021 0.883 1.30e-08 "

WHI 7925 0.015 0.813 0.057 =

AFR meta-analysis 10787 0.017 0.831 3.153e-08 “

B. Other Ancestries

HIS meta-analysis 12379 0.021 0.8392 ’
Trans meta—-analysis 23166 0.019 2.83e-05 “
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M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P

ARIC 2862 0988 0911 0.285 -

JHS 2134 0.982 0.875 5.81e-12 - u
BioMe 3101 0.986 0.904 0.654 = =

WHI 7925 0.99 0.831 0.453 - =

HRS 1993 0.984 0.883 0.149 "

AFR meta-analysis 18015 0.987 0.867 5.286e-09 ‘ ‘
B. Other Ancestries

Trans meta-analysis 18015 0.987 5.286e-09 ‘ ‘
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I BSNP l Binteraction

A. AFR Cohorts N EAF IMPU 2df P

ARIC 2862 0.989 0.756 0.335 -

BioMe 3101 0.985 0.795 7.99e-11 "

WHI 7925 0.988 0.6 0.085 "

AFR meta-analysis 13888 0.987 0.676 1.678e-08 ‘ ‘
B. Other Ancestries

EUR meta-analysis 258854 0975 0.3734 )

ASN meta-analysis 6548 0.973 0.8159 '

HIS meta-analysis 19666 0.974 0.1698 “

Trans meta-analysis 302497 0.976 0.2196 ’
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rs78265647 (15:99247941) and CurSmk on PP

M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P

ARIC 2862 0.984 0.854 0.03 "

HUFS 1686 0.977 0.651 0.214 -
HyperGEN 1240 0.97 0.895 3.09e-06 "

JHS 2134 0.974 0.85 0.463 -

WHI 7925 0.978 0.871 8.08e-04 L] -
AFR meta-analysis 15847 0.978 0.844 8.856e-09 ‘ ’
B. Other Ancestries

Trans meta-analysis 15847 0.978 8.856e-09 ‘ ’
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A. AFR Cohorts N EAF IMPU 2df P
L
ARIC 2862 0.019 0.89 5.88e-16
N

|
WHI 7925 0.014 0.858 0.183

[
AFR meta—-analysis 10787 0.016 0.866 3.655e-11 ‘ ‘
B. Other Ancestries
Trans meta—-analysis 10787 0.016 3.655e-11 ‘ ‘
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M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P
ARIC 2862 0.983 0.925 0.561 -
]
HUFS 1686 0.977 0.811 5.06e-10
: u
BioMe 3101 0.981 0.885 0.086
WHI 7925 0.984 0.932 0.027 u
. . . .
AFR meta-analysis 15574 0.982 0.908 1.628e-08 ’
B. Other Ancestries
Trans meta-analysis 15574 0.982 1.628e-08 ’
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M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P
ARIC 2862 0.968 0.843 0.424 .
CARDIA 945 0.962 0.799 2.92e-04 " -
HyperGEN 1240 0.977 0.81 0.507 -
JHS 2134 0.97 0.825 0.603 4..7
MESA 1594 0.97 0.768 0.634 - -
BioMe 3101 0.972 0.866 0.128 . _
WHI 7925 0.972 0.795 4.74e-06 L
HRS 1993 0.977 0.76 0.094 -
AFR meta-analysis 21794 0.972 0.81 2.132e-09 ”
B. Other Ancestries
Trans meta-analysis 21794 0.972 2.132e-09 "
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M BSNP |l Binteraction

A. AFR Cohorts N EAF  IMPU 2df P

L ]
ARIC 2862 0.024 0.771 3.74e-17

.

WHI 7925 0.024 0.802 0.679 u

B o

L]
HRS 1993 0031  0.835 0.379
.

AFR meta-analysis 12780  0.025 08  3.641e-10 ‘ ‘
B. Other Ancestries
Trans meta-analysis 12780  0.025 3.641e-10 ‘ ‘
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I BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P

ARIC 2862 0984 0937 0.006 - "
JHS 2134 0.985 0.945 0.247 -
MESA 1594 0.983 0.877 0.29 "
BioMe 3101 0.986 0.902 0.014 "
WHI 7925 0.985 0.934 1.91e-04 S u
AFR meta-analysis 17616 0.985 0.925 1.638e-08 ‘ ‘
B. Other Ancestries

Trans meta-analysis 17616 0.985 1.638e-08 ‘ ‘
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rs191056303 (20:32306802) and CurSmk on PP

M BSNP |l Binteraction

A. AFR Cohorts N EAF IMPU 2df P
ARIC 2862 0.978 0.826 0.751
PR
. L]
BioMe 3101 0.976 0.846 2.87e-07
P
WHI 7925 0.98 0.831 3.62e-04 ol
P
AFR meta-analysis 13888 0.979 0.833 1.772e-08 ‘ ‘
B. Other Ancestries
Trans meta-analysis 13888 0.979 1.772e-08 ‘ ‘
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