Journal of the American Heart Association

ORIGINAL RESEARCH

Association of Established Blood Pressure
Loci With 10-Year Change in Blood
Pressure and Their Ability to Predict
Incident Hypertension

Alaitz Poveda "=, PhD; Naeimeh Atabaki-Pasdar, MS; Shafgat Ahmad, PhD; Géran Hallmans, MD, PhD;
Frida Renstrém, PhD; Paul W. Franks, PhD

BACKGROUND: Genome-wide association studies have identified >1000 genetic variants cross-sectionally associated with
blood pressure variation and prevalent hypertension. These discoveries might aid the early identification of subpopulations at
risk of developing hypertension or provide targets for drug development, amongst other applications. The aim of the present
study was to analyze the association of blood pressure-associated variants with long-term changes (10 years) in blood pres-
sure and also to assess their ability to predict hypertension incidence compared with traditional risk variables in a Swedish
population.

METHODS AND RESULTS: We constructed 6 genetic risk scores (GRSs) by summing the dosage of the effect allele at each locus
of genetic variants previously associated with blood pressure traits (systolic blood pressure GRS (GRSggp): 554 variants;
diastolic blood pressure GRS (GRSygp): 481 variants; mean arterial pressure GRS (GRS,,,p): 20 variants; pulse pressure
GRS (GRSgp): 478 variants; hypertension GRS (GRS,,;): 22 variants; combined GRS (GRS, ,,,): 11562 variants). Each GRS
was longitudinally associated with its corresponding blood pressure trait, with estimated effects per GRS SD unit of 0.50 to
1.21 mm Hg for quantitative traits and odds ratios (ORs) of 1.10 to 1.35 for hypertension incidence traits. The GRS_,,, was
also significantly associated with hypertension incidence defined according to European guidelines (OR, 1.22 per SD; 95% Cl,
1.10-1.35) but not US guidelines (OR, 1.11 per SD; 95% ClI, 0.99-1.25) while controlling for traditional risk factors. The addition
of GRS, to @ model containing traditional risk factors only marginally improved discrimination (Aarea under the ROC curve
=0.001-0.002).

CONCLUSIONS: GRSs based on discovered blood pressure-associated variants are associated with long-term changes in
blood pressure traits and hypertension incidence, but the inclusion of genetic factors in a model composed of conventional
hypertension risk factors did not yield a material increase in predictive ability.
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coronary artery disease, cerebrovascular dis-
ease, kidney disease, and heart failure' and
causes around 13% of all deaths worldwide.* Blood
pressure is influenced by age, sex, lifestyle (eg, smok-
ing, alcohol, physical activity, and obesity) and genetic

High blood pressure is the leading risk factor for

factors.®~8 More than 1000 genetic variants have been
associated with blood pressure variation and hyper-
tension in cross-sectional analyses.®'? However, few
studies have analyzed the association of genetic vari-
ants in relationship to longitudinal changes in blood
pressure or incident hypertension,”®~'” and those that
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CLINICAL PERSPECTIVE
What Is New?

e Genetic variants discovered in blood pressure
Genome Wide Association Studies showed a
significant association with long-term blood
pressure changes.

e The addition of a set of genetic variants to
traditional risk factors does not materially im-
prove the accuracy on the prediction of future
hypertension.

What Are the Clinical Implications?

e A genetic risk score based on cross-sectionally
associated blood pressure genetic variants
was also associated with a longitudinal effect
on blood pressure but it did not significantly
enhance predictions of incident hypertension
obtained from traditional risk factor models.

Nonstandard Abbreviations and Acronyms

AHA American Heart Association
AUC area under the ROC curve
BMI body mass index

CADM2 cell adhesion molecule 2 gene

DBP diastolic blood pressure

GLACIER GenexLifestyle Interactions and
Complex Traits Involved in Elevated
Disease Risk

GRS genetic risk score

GWAS Genome Wide Association Study

HTN-EUR hypertension according to European
guidelines

HTN-US hypertension according to US
guidelines

MAP mean arterial pressure

OR odds ratio

PP pulse pressure

SBP systolic blood pressure

did focused on small subsets of all known blood pres-
sure-associated loci.

Genetic markers that allow early detection of
people at risk of developing hypertension might be
clinically relevant if they facilitate the identification of
subpopulations in need of early monitoring and/or
intervention. Previous prospective studies have eval-
uated the improvement on the predicted ability of hy-
pertension incidence of a set of genetic variants but
this has not been reported for the corpus of blood
pressure loci. In 2013, a Swedish study showed that
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a genetic risk score (GRS) composed of 29 blood
pressure-associated single nucleotide polymor-
phisms marginally improved the predictive ability of
a set of anthropometric, clinical, socioeconomic, and
lifestyle variables on hypertension incidence, from an
area under the ROC curve (AUC) of 0.662 for non-ge-
netic factors to an AUC of 0.664 for the joint model.”®
In the same year, a study conducted in 32 669
Finnish individuals showed that a GRS constructed
on 32 genetic variants associated with systolic and
diastolic blood pressure (SBP and DBP, respectively)
did not significantly improve cardiovascular disease
risk discrimination over the Framingham risk score
variables.'® Another study in a Korean population
showed that a GRS composed of 4 single nucleo-
tide polymorphisms did not substantially improve
the accuracy to predict incident hypertension when
added to a model composed of traditional risk fac-
tors (AAUC=0.001).""

The aims of the present study were: (1) to assess
the association of previously identified blood pres-
sure-associated loci with long-term (10-year) changes
in blood pressure traits and (2) to examine the pre-
dictive ability of these genetic variants in relation to
well-known predictors of incident hypertension. The
current analyses were performed within the context
of a European Research Council project called Novel
Approaches to Systematically Characterise Exercise
and Nutrient-Responsive Genes in Type 2 Diabetes
and Cardiovascular Disease (NASCENT).

METHODS

To conform to informed consent requirements, ap-
plications for access to individual level data must first
be reviewed and approved by the Northern Sweden
Biobank. Further information about the apphcatlon
process can be obtained from Ms. Asa Agren (asa.
agren@umu.se).

Study Participants

The analyses were conducted in the GLACIER
(GenexLifestyle Interactions and Complex Traits
Involved in Elevated Disease Risk) study cohort (N
~19 000), which is nested within the Vasterbotten Health
Survey (Vésterbottens hélsoundersckning; VHU),1920 a
prospective, population-based cohort study based in
the population of Vasterbotten in Northern Sweden.
In VHU, residents within the county have since 1985
been invited to attend a comprehensive health exami-
nation within the years of their 40th, 50th, and 60th
birthdays. Initially, residents aged 30 years were also
invited, but this was later discontinued. For the pre-
sent analyses, 4603 GLACIER participants had avail-
able genotype and baseline blood pressure data and,
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of these, 3925 participants had 10-year follow-up data
available. Baseline examinations were performed be-
tween 1989 to 2001 and follow-up examinations be-
tween 2000 to 2011. All participants provided written
informed consent and the study was approved by the
Regional Ethical Review Board in Umed, Sweden.

Blood Pressure Phenotypes

Clinical measures in the GLACIER study are de-
scribed in detail elsewhere.'® SBP and DBP assessed
before September 2009 were obtained once, after
5-minute rest, with the participant in a recumbent
position. Thereafter, blood pressures were meas-
ured twice with the participant seated; the average
of these 2 values being used in analyses. Thus, vali-
dated conversion algorithms were used to align the
blood pressure measurements taken before and after
September 2009.2" Mean arterial pressure (MAP) is
defined as the average pressure throughout the car-
diac cycle and was calculated as 1/3(SBP)+2/3(DBP).
Pulse pressure (PP), which is a proxy for arte-
rial stiffness, was also calculated (PP=SBP-DBP).
According to hypertension definitions provided by the
American College of Cardiology and the American
Heart Association (AHA),?? participants were defined
as having hypertension according to US guidelines
(HTN-US) if they satisfied at least 1 of the 3 following
criteria: (1) being on antihypertensive treatment, (2)
SBP >130 mm Hg or (3) DBP >80 mm Hg. As hy-
pertension definition is slightly different in European
2018 Guidelines?® a second hypertension phenotype
(HTN-EUR) was created following these thresholds.
In this case, participants were categorized as hyper-
tensive if (1) they were on antihypertensive treatment,
(2) their SBP was >140 mm Hg or (3) their DBP was
>90 mm Hg. Participants using blood pressure low-
ering medication were excluded from the associa-
tion analyses where SBP, DBP, PP, or MAP were the
outcomes.

Traditional Risk Factors

Prediction algorithms for hypertension typically in-
clude the following predictor variables: age, sex,
body mass index (BMI), blood pressure, glycemic
variables, smoking, and physical activity.?* These
predictors were also included in the current predic-
tion analyses and were considered “traditional” risk
factors. Weight (to the nearest 0.1 kg) and height (to
the nearest 1 cm) were measured with a calibrated
balance-beam scale and a wall-mounted stadiom-
eter, respectively, with participants wearing indoor
clothing without shoes. BMI was calculated as weight
(kg)/height (m)2. Plasma glucose was measured with
a Reflotron bench-top analyzer (Roche Diagnostics
Scandinavia, Umed, Sweden) in capillary blood after
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an overnight fast and 2 hours later following the ad-
ministration of a standard 75 g oral glucose load. In
prediction analyses including fasting and 2 hours glu-
cose, a variable indicating the duration of fasting was
added to the model; among the participants included
in the prediction analyses, 94% had fasted for a mini-
mum of 8 hours before the baseline visit. Participants
using antihyperglycemic medications were excluded
from the prediction analyses. Smoking status was
assessed using a self-administered questionnaire
that participants completed at the time of the health
examination; participants were categorized as “cur-
rent smokers,” “former smokers,” “non-smokers,”
“occasional smokers,” and “former occasional smok-
ers.” Leisure time physical activity during the past
3 months was assessed through a modified version
of the International Physical Activity Questionnaire?2
and categorized as “never,”“occasionally,” “1 to 2
times/week,” “2 to 3 times/week,” or “>3 times/
week.” Both smoking status and leisure time physical
activity were treated as categorical variables.

Genotyping and Imputation

DNA was extracted from peripheral white blood cells.
Genotyping was performed using lllumina’s Infinium
HumanCore-24v11 BeadChip genotyping array?’
at SciLife Lab, Uppsala, Sweden. Quality control of
the genotyped data was conducted following pub-
lished recommendations.?®2° Following these rec-
ommendations, related participants with identity by
descent values >0.1875 (n=440 participants) were
excluded.

The genotype data were subsequently imputed
using the 1000 Genome imputation panel®® on the
Michigan imputation server (https:/imputationserver.
sph.umich.edu).’’

Genetic Risk Scores

A review of the published literature on GWAS
(Genome Wide Association Studies) for blood pres-
sure traits (ie, SBP, DBP, MAP, PP, and hypertension)
was performed to find loci associated at a genome-
wide level of statistical significance in European an-
cestry populations with the index traits. A total of
1405 genetic variants was obtained from 22 differ-
ent papers published until the end of 20189-12.82-49
(Table S1). Of all the reviewed studies, multiple blood
pressure-associated variants within single loci were
identified using LDIink%%; to maximize the efficiency
of subsequent analyses, we selected the variant with
the highest functionality score from each block of
variants (defined as those in linkage disequilibrium
at r°>0.8) using 3DSNP.5" In 3DSNP, each variant
is scored based on data on 6 functional categories
(ie, 3-dimensional interacting genes, enhancer state,
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promoter state, transcription factor binding sites, se-
quence motifs altered, and conservation score). This
score quantitatively measures the functionality of the
genetic variants, which helps select important vari-
ants from a large pool. The obtained subset totaled
1226 genetic variants, 1177 of them being present
in the GLACIER 1000 Genome-imputed genetic data
set. Twenty-two variants were excluded owing to: (1)
deviations from Hardy-Weinberg expectations (P<1E-
06), (2) a minor allele frequency <1% and/or (3) having
an imputation quality score <0.3. Three variants were
also excluded as their alleles in the GLACIER data set
did not match with the ones in the literature review.
Thus, 1152 variants passed the quality control steps
and were used to construct the genetic risk scores
(GRS) used in the subsequent association and pre-
diction analyses described below.

Five unweighted GRSs were generated by summing
the dosage of the effect allele (ie, the allele associated
with a higher blood pressure value or increased risk
of hypertension) at each established locus for: (1) SBP
(GRSggp: 554 variants), (2) DBP (GRSygp: 481 variants),
(3) MAP (GRS, ,p: 20 variants), (4) PP (GRSg: 478 vari-
ants) and (5) hypertension (GRS, ;: 22 variants). In
addition, a sixth GRS including all the genetic variants
associated with any of the 5 blood pressure traits was
created (GRS,,,,; 1152 variants). All the GRSs gener-
ated in this article were unweighted (ie, the magnitude
of the effect of each genetic variant was not considered
in their construction). To properly weight the GRSs in
the present article we would need a set of coefficients
from previous studies aiming to test the association of
genetic variants with change in blood pressure over
time, as the main aim of the present analyses is fo-
cused on longitudinal effects of the genetic variables.
However, such coefficients are not available at the
moment as the original GWAS analyses from which
the genetic variants were extracted were cross-sec-
tional analyses. The minimum theoretical value of all
6 GRSs is 0 and the maximum theoretical values are
1108 for GRSggp, 962 for GRS,gp, 40 for GRS,z 956
for GRSpp, 44 for GRS, and 2304 for GRS,,,,. A
participant with the maximum theoretical value of a
GRS would have 2 effect alleles for all the genetic vari-
ants included in each GRS. The population distribution
of the number of blood pressure increasing alleles is
normally distributed, as each genetic variant is inher-
ited independently. Of note, the probability that any-
one carries all or none of the risk alleles within a GRS
of this nature is vanishingly small (Figure S1); indeed,
the ranges of values for the 6 GRSs in the GLACIER
cohort are: GRS¢g=500 to 608, GRS 5,=451 to 547,
GRS, =12 to 32, GRS=415 to 513, GRS, =14 to
34, and GRS,_,,,=1065 to 1232. Two genetic variants
(rs169287 and rs78378222) showed discordant effect
alleles for DBP and PP. The effect allele associated with
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DBP was selected when creating the GRS, and the
effect allele associated with each trait was selected to
create GRS,g, and GRS,,.

Statistical Analysis

All statistical analyses were performed in R (version
3.4.1).%2

Association Analyses

Generalized linear regression models were used to
test the association of the GRSs and individual genetic
variants (assuming an additive mode of inheritance)
with the corresponding blood pressure traits. A gen-
eralized linear regression model with a binomial family
specification and a logit link function was used when
the outcomes of interest were binary (eg, hypertension
incidence) while a generalized linear regression model
with a gaussian family and an identity link was used
when outcomes were continuous variables (eg, SBP).
In cross-sectional analyses, the baseline blood pres-
sure measure or hypertension prevalence was used as
the dependent variable and the models were adjusted
for baseline values of age, age?, sex, BMI, and first 4
genetic principal components for genetic markers ac-
counting for population substructure. In longitudinal
analyses of continuous blood pressure traits, change
in blood pressure was modeled using the follow-up
measurement of the blood pressure trait as the de-
pendent variable, while adjusting the model for the re-
spective trait’s baseline value:

Yr = o+ By genetic variant/GRS + f,yg + Bsageg
+ B4age§ + B5sex+ Pgfollowup duration

+ ﬁ?BMlaverage +Psg_11PCi_s+e

where Y, represents a blood pressure trait at follow-up
and yg at baseline, a is the intercept, {3, represent the
estimated effect size parameters for each correspond-
ing variable, ageg is the age at baseline, BMI, ;e 1S
the average between baseline and follow-up values of
BMI, PC1-4 are the first 4 principal components, and
€ represents error. This model was chosen over the
delta model (ie, follow-up value minus baseline value
as dependent variable) as the follow-up blood pressure
value varies as a function of the baseline blood pres-
sure measurement (ie, participants with higher base-
line blood pressure values will presumably have higher
blood pressure values in the follow-up compared with
participants with lower baseline blood pressure values),
which requires the baseline blood pressure measure-
ment to appear in the right-hand side of the equa-
tion.®® In the longitudinal models for the hypertension
phenotypes, the prevalent cases of hypertension were
excluded and incident hypertension (ie, hypertension
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yes/no at the 10-year follow-up visit) was used as the
dependent variable. The models were adjusted for
age, age?, sex, follow-up duration, average BMI (of
the BMI measured at the baseline and follow-up visit),
and the first 4 genetic principal components. The
Benjamini and Hochberg®* false discovery rate (FDR)
was used to correct for multiple testing. All GRSs were
standardized by subtracting each trait’s mean value
and dividing by its SD. The coefficients obtained in the
cross-sectional and longitudinal analyses for each of
the genetic variants were paired and compared using
a dependent samples sign test in the BSDA® package
to test for differences between longitudinal and cross-
sectional genetic effects.

Analyses Assessing Predictive Ability

For each of the hypertension phenotypes, participants
defined as having hypertension at baseline were ex-
cluded for these analyses and the predictive abilities of 3
models (a genetic model, a traditional risk factor model,
and a joint model) for incident hypertension were as-
sessed using logistic regression analyses. The genetic
model included baseline age, baseline age?, sex, follow-
up duration, and GRS, as predictor variables; the
traditional risk factor model included the baseline values
(where relevant) for age, age?®, sex, follow-up duration,
BMI, fasting and 2 hours glucoses, SBP and DBP, fast-
ing status, smoking status, and leisure time physical
activity; the joint model included the variables in the tra-
ditional risk factor model plus the GRS, ,,, variable. Age
and sex were included in all models as both are strong
predictors of hypertension. Continuously distributed
traditional risk factors and GRS, were standardized
subtracting the variable mean and dividing by the vari-
able SD to make effect sizes comparable.

To evaluate if there was a statistically significant im-
provement in the prediction performance by adding
blood pressure-associated genetic variants to the tra-
ditional risk factors, logistic regression was used to test
the statistical significance of the GRS, regression
coefficient while controlling for traditional risk factors,
as recommended elsewhere.’%5 We also evaluated
the magnitude of the improvement by calculating the
change in the AUC (AAUC) using the pROC®® pack-
age. According to the literature, there are no valid sig-
nificance tests AAUC when estimates are derived from
the same data used to fit the models.®® Thus, P values
of AAUC were not calculated. Calibration (ie, over- or
under-estimation of the predicted responses relative to
the observed responses) was evaluated by compar-
ing predicted probabilities and observed probabilities
using calibration plots. Internal validation of discrimina-
tion and calibration was performed using bootstrapping
analysis on the logistic regression with 1500 iterations
in the rms package.®® For discrimination analyses, a

J Am Heart Assoc. 2020;9:e014513. DOI: 10.1161/JAHA.119.014513

Longitudinal Association of Blood Pressure Loci

corrected discrimination index value was obtained that
was transformed to the corrected AUC value.
Underlying GRSxenvironment interactions were
assessed following the method describe in a pre-
vious article.b' For that purpose, continuous blood
pressure traits were initially adjusted for their co-
variates and the residuals were standardized by
an inverse-normal transformation. Thereafter, the
standardized residuals were regressed on the GRS
corresponding to each trait to test for association
of the GRS with trait variability. Besides, as we hy-
pothesized that genetic factors could exert a differ-
ent effect specially depending on sex, age, BMI, and
baseline blood pressure, these specific interactions
were tested by adding the following interaction terms
to the joint model: GRS, xsex, GRS, ,xage,
GRS, pxBMI, GRS, ,,,.xSBP and GRS_,,,xDBP.

com com

RESULTS

Participant characteristics are summarized in Table S2
and Figure S2 displays the delta blood pressure values
by quartiles of the GRSs. At baseline, 2548 participants
were classified as having hypertension according to US
guidelines (HTN-US) and 1183 according to European
guidelines (HTN-EUR). During the 10-year follow-up
(mean=9.9+0.4 vyears), 42.7% and 28.1% of the co-
hort that was initially not classified as hypertensive ac-
cording to US and European guidelines, respectively,
developed hypertension. A statistically significant
(P<0.0001) overall increase in all 4 continuous blood
pressure traits (SBP, DBP, PP, and MAP) was observed
from baseline to follow-up.

Association Analyses
Continuous Blood Pressure Traits

All GRSs (ie GRSggp, GRSpgp, GRS, and GRSp)
were positively associated with 10-year changes
in their respective traits (Table 1 and Table S3).
Differences of 1 SD in each GRS were associated
with a 1.21, 0.81, 0.50, and 0.97 mm Hg increase
in SBP, DBP, MAP, and PP per decade follow-up,
respectively. Average BMI and baseline blood pres-
sure measurement were also significantly asso-
ciated with increases in SBP, DBP, MAP, and PP
(Table S3). Compared with those participants in first
GRS quartiles, participants in the fourth quartiles
of the GRSs had 3.58, 1.90, 1.55, and 2.06 mm Hg
greater increases in SBP, DBP, MAP, and PP per
decade follow-up, respectively (Figure 1). In individ-
ual genetic variant analyses (Tables S4 through S7),
1 variant (rs62250714) showed a significant longitu-
dinal association with PP after multiple-test correc-
tion (B=1.17 mm Hg per allele per 10-year follow-up,
SE=0.28, Prpr=1.61E-02) (Table S7). The same
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Table 1. Cross-Sectional and Longitudinal Associations of the Trait-Specific GRSs for Blood Pressure Traits

Cross-Sectional Analysis Longitudinal Analysis
Beta or OR Beta or OR (Per 1
Phenotypes n (Per 1 SD) 95% CI P Value n SD per decade) 95% ClI P Value
SBP, mm Hg 4354 2.49 2.07-2.92 <2E-16 3626 1.21 0.73-1.68 5.68E-07
DBP, mm Hg 4354 1.58 1.29-1.86 <2E-16 3626 0.81 0.52-1.10 5.00E-08
MAP, mm Hg 4354 0.85 0.54-1.16 6.09E-08 3626 0.50 0.19-0.81 1.39E-03
PP, mm Hg 4353 117 0.86-1.47 9.53E-14 3623 0.97 0.61-1.32 1.564E-07
HTN-US (GRS,;p) 4603 1.16 1.09-1.24 1.85-06 2054 112 1.02-1.23 1.86E-02
HTN-US (GRS,,.,) 4603 1.35 1.27-1.44 <2E-16 2054 1.20 110-1.32 1.04E-04
HTN-EUR (GRS,;7) 4603 1.21 1.13-1.30 1.64E-07 3418 1.10 1.02-1.19 1.63E-02
HTN-EUR (GRS,,,,,) 4603 1.45 1.35-1.56 <2E-16 3418 1.35 1.256-1.47 2.84E-13

The covariates for the cross-sectional regression model were: baseline values of age, age?, and BMI, plus sex, and the first 4 genetic principal components.
The covariates for the longitudinal regression model were: baseline values of age, age?, and the dependant variable, plus sex, follow-up duration, average BMI
between the 2 visits, and the first 4 genetic principal components. DBP indicates diastolic blood pressure; GRS, genetic risk score; GRS, GRS including
all the genetic variants associated with any blood pressure trait; GRSy, hypertension GRS; HTN-US, hypertension according to US guidelines; HTN-EUR,
hypertension according to European guidelines; MAP, mean arterial blood pressure; OR, odds ratio; PP, pulse pressure; and SBP, systolic blood pressure.

genetic variant showed a nominally significant asso-
ciation with long-term change in SBP (P=4.92E-04;
Table S4). In addition, 27 other SBP-associated ge-
netic variants, 34 DBP-associated variants, 1 MAP-
associated variant, and 32 PP-associated variants
were nominally associated with long-term changes
in their respective trait (Tables S4 through S7). The
genetic effects on baseline (cross-sectional) blood
pressure differed significantly from the effects on
change in blood pressure during follow-up (longitudi-
nal) for SBP (P=2E-03) and DBP (P=2.2E-02) but not
for MAP (P=0.82) and PP (P=0.61).

Hypertension

GRS,;;y and GRS, were both significantly asso-
ciated with incidence of the 2 hypertension pheno-
types. GRS,y Was associated with a 12% increase in
the odds of developing hypertension according to US
guidelines and 10% according to European guidelines;
while GRS, associated with increases of 20% for
HTN-US and 35% for HTN-EUR (Table 1). Participants
in the highest quartile of the GRS, had roughly twice
the odds of developing HTN-EUR (OR, 2.28; 95% ClI,
1.82, 2.86) compared with those in the lowest quartile
(Figure 2B), while the OR of developing HTN-US in the
highest versus lowest quartile is 1.48 (95% CI, 1.13-1.94;
Figure 2A). Fifty-six genetic variants were nominally as-
sociated with incidence of HTN-US (Table S8) and 64
with incidence of HTN-EUR (Table S9), 6 of these vari-
ants being associated with both hypertension traits.

Contribution of GRS
Prediction

To evaluate if the predictive ability of incident hyperten-
sion improves with the inclusion of genetic risk variants,

to Hypertension

comb
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we tested the significance of the GRS, variable when
added to the traditional model (Figure 3; Tables S10
and S11). The GRS_,,,, variable significantly contrib-
uted to the risk of HTN-EUR incidence while control-
ling for the traditional risk factors (OR, 1.22 per SD;
95% Cl, 110, 1.35). The estimated effect of GRS,
was comparable in magnitude with that of DBP and
was larger than the estimated effect of BMI and fasting
or 2 hours glucose (Figure 3C; Table S11). HTN-EUR
incidence increased across deciles of GRS, from
19% in the lowest decile to 34% in the highest decile
(Figure 3D). However, the GRS, variable did not sig-
nificantly contribute to the risk of HTN-US incidence
(Figure 3A; Table $10).

Discrimination

After internal validation using bootstrapping, the
traditional risk factor model showed higher predic-
tive accuracy of incident hypertension (AUCs=0.721
for HTN-US and 0.764 for HTN-EUR) than the ge-
netic model (AUCs=0.649 for HTN-US and 0.653
for HTN-EUR) (Table 2). The AUCs of the tradi-
tional risk factor models were not materially im-
proved when adding the genetic factors for any of
the hypertension incidence phenotypes (joint model
AUCs=0.722 for HTN-US and 0.766 for HTN-EUR;
AAUC=0.001-0.002).

Calibration

Calibration was assessed using calibration plots
(Figure 4), which were internally validated through boot-
strapping. A slope of 1 and an intercept of O represent
perfect calibration. After internal validation, the joint
model showed calibration slopes of 0.913 and 0.949
and intercepts of —0.023 and -0.037 for HTN-US and
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Figure 1. Associations of quartiles of the GRSs with their corresponding traits’ change during follow-up; systolic blood
pressure (A) diastolic blood pressure (B) mean arterial blood pressure, (C) and pulse pressure (D).

DBP indicates diastolic blood pressure; GRS, genetic risk score; GRSy, GRS including genetic variants associated with DBP; GRS,
GRS including genetic variants associated with MAP; GRS, GRS including genetic variants associated with PP; GRSgg,,, GRS including
genetic variants associated with SBP; MAP, mean arterial blood pressure; PP, pulse pressure; and SBP, systolic blood pressure.

HTN-EUR, respectively. In general, the models exhib-
ited good calibration.

GenexEnvironment Interactions

None of the GRSs was associated with their cor-
responding continuous trait’s variation (Table S12),
suggesting an absence of major interactions with en-
vironmental factors. In explicit interaction tests, no sig-
nificant interactions between GRS, and either sex
(Table S13), age (Table S14), BMI (Table S$15), baseline
SBP (Table S16), or baseline DBP (Table S17) were
detected for any of the hypertension phenotypes.

J Am Heart Assoc. 2020;9:e014513. DOI: 10.1161/JAHA.119.014513

DISCUSSION

This is, to our knowledge, the first study to compre-
hensively assess associations with changes in blood
pressure and the prediction accuracy of incident
hypertension for the corpus of blood pressure-as-
sociated genetic variants until the end of 2018. Six dif-
ferent GRSs for 5 different blood pressure traits (SBP,
DBP, MAP, PP, and HTN) were constructed based on
published evidence. All GRSs were associated with
change in their corresponding blood pressure traits
during follow-up in this Swedish cohort. After cor-
rection for multiple testing, rs62250714 (CADMZ2; Cell
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Adhesion Molecule 2 Gene) showed a significant as-
sociation with 10-year change in PP. These findings
may aid the biological understanding of age-related
blood pressure deterioration by highlighting biologi-
cal pathways whose perturbation may cause this life-
threatening trait.

After controlling for traditional risk factors asso-
ciated with hypertension, the combined GRS, in-
cluding all blood pressure trait-associated genetic
variants (GRS_,,,,), was significantly associated with
hypertension incidence defined using European
guidelines but not with hypertension incidence de-
fined using US guidelines. This difference could be
attributable to the thresholds used to define hyper-
tension in each case. The European definition uses
higher SBP and DBP thresholds so this subgroup of
participants has by definition higher levels of blood
pressure, so it may be enriched for genetic risk vari-
ants, which ultimately will convey a stronger associ-
ation in the analyses.

Although the GRS_, , significantly improved the
predictive ability of the traditional risk model when hy-
pertension was defined using European guidelines,
there was no material increase in the predictive ability
conveyed by the genetic variants (AAUC=0.002). Thus,
according to the analyses conducted in this research
the gathered genetic evidence is unlikely to enhance
predictions of incident hypertension obtained from tra-
ditional risk factors models.

Although all the GRSs examined here demon-
strated cross-sectional and longitudinal associations
with their respective blood pressure traits, the effect

J Am Heart Assoc. 2020;9:e014513. DOI: 10.1161/JAHA.119.014513

estimates yielded from the longitudinal models were
of smaller magnitude than those derived from the
cross-sectional models. This may be because these
variants were detected in cross-sectional GWAS anal-
yses, which may have biased against the discovery of
variants that convey time-varying effects for reasons
explained elsewhere.?? Besides, the GLACIER study
contributed data to 4 out of the 22 GWAS analyses
used to select the genetic variants included in the
present study, which might have overestimated the
strength of the cross-sectional associations. It is also
plausible that amongst the hundreds of loci studied
here, subsets exist that work in concert to modulate
changes in blood pressure over time, which are not
adequately characterized using the GRSs used here.

The GRSs (per SD unit) were associated with 0.50
to 1.21 mm Hg increases in blood pressure traits over
a decade of follow-up, which although seemingly
small in magnitude may be of clinical relevance, as
even modest increments in blood pressure change
can increase the risk of cardiovascular diseases
across the lifespan.®® The odds of incident hyper-
tension ranged from 1.10 to 1.35 per SD per decade
follow-up, with the highest risk attributable to the
GRS combining all the genetic variants associated
to all the blood pressure traits (GRS,,,,; ORs, 1.20
and 1.35 per SD per decade follow-up for HTN-US
and HTN-EUR, respectively) than for the GRS cre-
ated using only the genetic variants specifically as-
sociated with hypertension (GRS, ;; ORs, 1.12 and
1.10 per SD per 10 years for HTN-US and HTN-EUR,
respectively).
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In individual genetic variant analyses corrected for
multiple testing, only one of the blood pressure-asso-
ciated genetic variants (rs62250714) was significantly
associated with long-term changes in blood pres-
sure (specifically PP). Located on chromosome 3,
rs62250714 is an intronic variant proximal to CADM2.
CADM?2 has been previously implicated in variations
in BMI,%4 physical activity®* and impulsive personality
traits®® among other phenotypes. A further 186 ge-
netic variants showed nominally significant (P<0.05)

J Am Heart Assoc. 2020;9:e014513. DOI: 10.1161/JAHA.119.014513

longitudinal associations with blood pressure vari-
ation. These variants, if independently replicated,
may shed light on genetic pathways affecting long-
term blood pressure deteriorations in blood pressure
control.

Several studies showed that including genetic in-
formation in models assessing the predictive use
of traditional risk factors in hypertension and car-
diovascular diseases was of no material predictive
value."®'"'® Subsequent GWAS meta-analyses in large
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Table 2. Discrimination and Calibration Measures for the
two Hypertension Incidence Phenotypes

Measures HTN-US HTN-EUR

Discrimination

AUC genetic model 0.658 (0.625-0.681) | 0.656 (0.633-0.680)

AUC genetic model 0.649 0.653
after internal validation

AUC traditional risk
model

0.736 (0.71-0.761) | 0.773 (0.752-0.793)

AUC traditional risk 0.721 0.764
model after internal
validation

AUC joint model 0.738 (0.712-0.763) | 0.776 (0.756-0.796)

AUC joint model after 0.722 0.766
internal validation

Calibration
Slope 0.913 0.949
Intercept -0.023 -0.037

Measures are given as value (95% Cl) when possible. AUC indicates
area under the ROC curve; HTN-EUR, hypertension according to European
guidelines; and HTN-US, hypertension according to US guidelines.

cross-sectional analyses have identified hundreds of
novel loci associated with blood pressure and hyper-
tension.'®" Nevertheless, as the present study shows,
these genetic variants, at least when characterized in
conventionally-defined GRS, do not materially improve
the predictive accuracy of a conventional risk factor
model for incident hypertension. There are numer-
ous factors that may undermine the use of genetics
in the prediction of hypertension. For example, since
GRS, is based on hundreds of common variants
with small effects on blood pressure, even those par-
ticipants with equivalently high GRS values are likely

Longitudinal Association of Blood Pressure Loci

to carry different combinations of risk alleles; this type
of heterogeneity is likely to lead to a degree of mis-
classification of genetic risk. Advances in the identi-
fication of rarer blood pressure variants with much
larger effect estimates and their inclusion in the risk
algorithms might also raise predictive ability. It is also
possible that genetic factors convey different effects
on hypertension incidence in subsets of the population
and that genetic prediction algorithms that consider
this might be more effective. This possibility was tested
in the present study for sex, age, BMI, and baseline
blood pressure values, but we found no clear evidence
that the predictive ability of the algorithms would be
improved if one were to include these interactions. A
possible exception is for BMI and HTN-EUR, where we
found tentative evidence (P=0.06 for GRS*BMI inter-
action) that genetic effects might differ conditional on
BMI level.

A potential limitation of the current analyses is that
family history of hypertension was not included in the
traditional risk factor model as this information was not
collected in the GLACIER study. The absence of lon-
gitudinal GWAS analyses on the other hand limited the
possibility to build and test a weighted GRS using ap-
propriate weights. Besides, the GLACIER cohort is of
European ancestry and additional studies will therefore
be needed to determine if our findings are generaliz-
able to other ancestries. Moreover, the environmen-
tal risk factors for hypertension in northern Sweden
may differ from other populations. It is also important
to keep in mind that longitudinal analyses with only 2
data points as the present analyses are not able to
distinguish real change from the measurement error.%®
Finally, because the follow-up examination occurred 10
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years after baseline, it is possible that people at the
highest genetic risk of cardiovascular diseases died in
the interim and therefore were excluded from the cur-
rent analyses, which may have led to an underestima-
tion of the genetic effects.
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‘Table S1. Characteristics and quality control of BP associated genetic variants in GLACIER cohort (N=4,675)

Genetic variant Associated trait/s Source Nearest Gene Chr:position i lity score Inputation quality (r2) _ Effect allele/Other allele  CEU EAF _GLACIER EAF __HWE PVAL
15139385870 SBP, DBP, PP Warren et al., 2017 GNBI, NADK 1:1685921 1.7 0.83 1D 0.51 053 0.23
17546498* SBP, DBP Hoffmann etal.,, 2017° 1:1740255 154

15260508 SBP Evangelou et al., 20182 SKI 122187085 096 G 0.62 0.55 001
12493292 SBP Liuetal, 2016” PRDMI16 1:3328659 1 TIC 017 018 022
1709209 PP Surendran et al., 2016 RNF207 1:6278414 1 AIG 0.65 0.68 053
154908678 DBP Evangelou et al., 2018 CAMTAI 1:7739250 091 < 035 037 0.08
1:8472788 T AL DBP Hoffmann et al., 2017 1:8472788

159662255 PP Hoffmann et al., 2017*; Warren et al., 2017 SPSBI 1:9441949 099 CIA 061 0.52 0.02
rs880315 SBP, DBP, MAP, PP Ganesh et al., 2014"; Ehret etal., 2016” CASZI 1:10796866 1 cr 036 04 071
154846049 DBP Johnson et al., 20116% MTHFR-NPPB 1:11850365 098 GIT 0.68 0.64 049
1517037390* SBP, DBP Ehret etal., 2016 MTHFR-NPPB 1:11860843 15.94

1517367504* SBP, DBP, HTN Ehret etal., 2011™; Newton-Cheh et al., 2009 MTHFR-NPPB 1:11862778 148.11

1513306561 SBP, DBP, MAP Ganesh etal.,, 2013"; Ganesh et al., 2014 MTHFR 1:11865804 20268 099 AIG 0.86 083 019
15202102042+ PP Giri etal, 2019 NPPA 1:11907171

153820068 SBP, PP Warren et al., 2017"%; Hoffmann et al., 2017 AGMAT, CELA2A  1:15798197 095 AIG 083 083 0.04
15848309 SBP, DBP Wain etal., 201177 1:16308447 098 cr 0.58 0.58 031
12807337 SBP Evangelou etal,, 2018 WNT4 1:22577371 1 TIC 04 039 083
15137993948 PP Hoffmann etal,, 2017° 1:23369277 095 GIT 017 017 018
156686889 DBP Warren et al., 2017"° RUNX3, CLIC4, SRRM1 1225030470 0.94 e 027 027 0.14
1575460349 SBP Giri etal., 2019 ZDHHC18 1227180088 109.36 0.94 CIA 0.02 0.05 0.64
1579598313+ SBP Evangelou etal,, 2018 Clorfl72 1:27284913 497

152504776 SBP Giri etal., 2019 WASF2 127770482 09 cr 0.88 091 01
157512595 PP Giri etal., 2019 AHDCI 127857171 0.88 AG 0.88 0.92 026
153737801 SBP Evangelou et al., 2018 FGR 1:27960832 06 /G 091 0.94 02
15143167197 SBP, PP Evangelou etal., 2018 PHACTR4 1:28734372 695

1561748637 PP Giri etal, 2019 PHACTR4 1:28793149 8.87

156689862 SBP Giri etal., 2019 RCCL 1:28837443 12971 0.74 cr 01 0.09 0.02
151565716 SBP, DBP Evangelou etal,, 2018 MECR 1:29549216 093 AIG 0.06 0.07 075
154652875 PP Evangelou et al., 2018 PHC2 1:33868469 1 /G 046 042 0.06
159729719 PP Hoffmann et al., 2017 1:38298207 0.99 AG 028 029 0.19
154360494 PP Warren et al., 2017" SF3A3, FHL3 1:38455891 095 CIG 053 055 011
1511210029 SBP Evangelou et al., 2018 FOXO06 1:41865293 0.99 GIA 035 039 0.14
1783621 SBP, PP Hoffmann etal,, 2017° 1:42368035 099 AIG 046 044 015
157515635 SBP Ehret etal., 2016 HIVEP3 1:42408070 0.96 TIC 047 05 0.58
161777387+ PP Giri etal, 2019 €CDC30 1:43001755 094

1572659998 PP Evangelou et al., 2018 €Cpe3o 1:43037556 0.99 cr 084 0.88 0.08
1512116637 SBP Giri etal. 2019% €Cpe3o 1:43066594 143 096 AG 03 033 037
15839755 SBP Evangelou et al., 2018 s712 1:43856410 0.99 CIA 037 037 001
156954 SBP Giri etal., 2019" s712 1:43916642 097 < 0.58 0.54 043
15666720 PP Giri etal, 2019 AKRIAL 1:46020795 1 cr 046 04 012
15512083 PP Evangelou etal,, 2018 AKRIAL 1:46027355 097 cr 048 044 091
1512142296 DBP Evangelou et al., 2018 PIK3R3 1:46541679 0.99 GIT 013 013 049
154926923 DBP Evangelou et al., 2018 FLI00388 1:48109225 0.52 e 091 0.94 022
1511579440 SBP Evangelou etal,, 2018 AGBL4 1:49052423 09 TIC 0.84 0.86 0.05
15147696085 PP Hoffmann etal.,, 2017* 1:51021867 095 GIA 0.9 0.9 0.04
156681713 DBP Evangelou etal., 2018 MIR4421 1:51527684 099 TG 098 098 07
15112557609 SBP, PP Warren etal., 2017" PLPP3 1:56576924 097 AIG 034 03 049
12404715 SBP, PP Hoffmann etal,, 2017° 1:57008778 089 cr 0.88 091 0.79
153889199* SBP, PP Warren et al., 2017" FGGY, HSDS2 1:59653742 1.66

1560199046 SBP, PP Hoffmann et al., 2017° 1:59663341 177 0.99 AG 076 0.69 097
157547570 SBP Giri etal., 2019" SGIP1 1:67008495 096 AG 039 035 087
156662330 PP Giri etal. 2019 SGIP1 1:67018728 092 e 023 0.14 0.06
120354 PP Evangelou etal,, 2018 SGIP1 1:67071356 099 TG 015 0.09 0.54
1534517439 DBP Evangelou et al., 2018 DNAJB4 1:78450517 0.77 C/IA 091 0.94 0.71
1512034319 PP Evangelou et al., 2018 DDAHI 1:86040107 0.99 AG 021 018 013
159658584 PP Giri etal., 2019 CYR61 1:86047311 0.78 GIC 081 08 0.52
15385437 PP Evangelou etal,, 2018 ODF2L 1:86822231 1 AG 0383 084 071
1510923038 SBP Evangelou et al., 2018 PKN2 1:88651771 091 AlC 0.62 0.63 045
15786906* SBP, PP Kraja etal.,, 2017" PKN2 1:89271574 1.64

1786919% SBP, PP Hoffmann etal,, 2017° 1:89281529 LIS

1510922502 SBP, DBP, PP, HTN Warren et al., 2017 KYAT3, GTF2B 1:89360158 2.57 1 G/A 037 03 021
152065152 DBP Evangelou et al., 2018 RPII302M64  1:90228519 0.99 e 032 036 071
1517516329 PP Evangelou et al., 2018 TGFBR3 1:92319781 0.98 AT 0.68 0.68 0.89
157514579 SBP Evangelou etal., 2018 BCAR3 1:94051350 098 AC 079 079 018
1517396055 SBP Evangelou etal, 2018'* ARHGAP29 1:94730954 097 GIA 0.64 07 055
1535041402% PP Giri etal, 2019 1:103041318

151620668 SBP, DBP Ehret et al., 2016” STTL-CAPZAI-MOVIC 1:113023980 1 GIA 0.16 024 081
152932538 SBP, DBP Ehret etal, 2011 MOV10 1113216543 1 GIA 076 076 036
1511102916 DBP Hoffmann etal.,, 2017* 1:115836746 097 AlC 001 0.03 044
1512078697 DBP Evangelou et al., 20187 RP4-655]12.4 1:117015118 0.84 GIC 0.79 0.79 0.1
157553422 DBP Evangelou et al., 2018 RPA-TI2E4.1 1119540719 0.99 < 0.59 0.6 0.75
1572704264 DBP Evangelou et al., 2018 D160 1145713305 086 /G 081 022 033
1511585169 PP Evangelou etal., 2018 SNORA40 1:150572037 098 AT 055 0.62 044
1560354484 PP Giri etal, 2019 POGZ 1:151407974 076 DI 025 02 049
15138957616 PP Giri etal. 2019 S100A4 1:153517092 0.99 DIl 0.05 0.05 021
1513796 DBP Evangelou etal, 2018'* UBAP2L 1:154245917 078 cr 012 0.09 049
1576719272 SBP Evangelou et al., 2018 SEMA4A 1:156129796 0.79 < 089 0.85 073
152171690 DBP Evangelou et al., 2018 RPII-506024.1  1:164740099 0.93 e 0.53 048 075
17524019 DBP Evangelou etal,, 2018 POU2F1 1:167367193 061 TIC 049 0.54 07
157519279 PP Hoffmann etal,, 2017° 1:169207361 097 Gic 0.66 0.65 042
1512405515 DBP Hoffmann et al., 2017*; Warren et al., 2017 DNM3 1:172357441 097 GIT 041 044 003
15567058829 DBP Hoffmann etal.,, 2017° 1:175111760 095 DI 055 0.6 0.54
1561823001 PP Hoffmann et al., 2017 1176664440 092 AG 0.93 0.93 0.12
15150816167 DBP Evangelou et al., 2018 TDRDS 1:179571862 0.83 < 0.05 0.03 039
153767199 PP Giri etal. 2019% QSOXI 1180124667 097 GIT 0.65 0.62 0.56
1510913934 PP Evangelou et al., 2018 QSOX1 1180131640 097 G 0.58 0.56 0.08
151043069 SBP Evangelou et al., 20182 XPRI 1:180859368 0.84 G 061 0.52 022
1541475048 DBP Evangelou etal., 2018 LAMCI 1:183058452 072 GIA 029 019 0.74
154651224 SBP, DBP Evangelou etal., 2018 Giri etal., 2019% Clorf21 1:184585182 092 TIC 046 043 034
1512042924 SBP, PP Evangelou etal,, 2018 CRBI 1:197297417 088 cr 048 051 075
1512037669 PP Hoffmann et al., 2017 1201721930 0.68 G 081 0.85 0.03
1533996239 SBP Evangelou et al., 2018 ADORAI 1:203109801 0.66 < 0.95 0.95 0.15
154245739 DBP Ehret etal., 2016 MDM4 1:204518842 1 AIC 0.74 0.78 0.93
152629665 DBP Evangelou et al., 2018 PFKFB2 1:207220800 0.93 CIA 0.58 0.55 027
12761436 PP Hoffmann etal,, 2017° 1:207919748 092 TIC 053 051 023
1512731740 PP Warren et al., 2017"° R29B2, CD34, LOCI48( 1:208024820 1 < 0.88 086 0.57
157555285 SBP Evangelou et al., 2018 IRF6 1:209970355 0.99 /G 078 078 042
152494184 SBP Giri etal., 2019 Clorf133 12210386892 1 o 0.56 0.58 047
1512408022* DBP Warren et al., 2017" GPATCH2 12217718789 075

1517046596 DBP Hoffmann etal,, 2017° 1:217722449 12 094 CIA 027 036 0.04
1512088448 SBP Giri etal. 2019 TGFB2 12218546170 2256 09 CIA 034 034 017
1535981664* SBP, DBP Evangelou etal., 2018 TGFB2 1:218549354 517

151415293* SBP Giri etal, 2019 1:219730006 443

12820444* PP Giri etal, 2019 1:219741820 151

152820443 SBP, PP Evangelou et al., 2018 SLC30A10 12219753509 465 0.99 e 071 072 017
159431431 SBP, DBP Evangelou et al., 20187 RP11-453022.1 1:221358796 0.95 G/A 0.71 0.7 1
1510916082 DBP Warren et al., 2017"° CDC42BPA 1:227252626 097 GIA 026 024 1.70E-03
154653889 DBP Hoffmann etal,, 2017° 1228112121 092 AG 052 051 011
152760061 SBP, DBP Warren et al., 2017 WNTIA, WNT3A 1:228191075 0.95 AT 0.54 053 045
15699* SBP Giri etal, 2019 AGT 1:230845794 51

12004776 DBP, MAP, HTN Johnson et al., 2011a"; Ganesh et al., 2014"; Johnson et al., 2011b" AGT 1:230848702 099 TIC 023 025 045
152493134 SBP, DBP Ehret etal., 2016" AGT 1:230849359 1692 0.98 < 041 043 0.08
156428947 DBP Hoffmann et al., 2017 1:236326005 0.88 /G 084 081 0.07
15953492 DBP Warren et al., 2017"° SDCCAGS 1243471192 097 AG 046 042 0.83
156429422 DBP Hoffmann etal.,, 2017* 1:243472801 097 GIT 034 027 097
154926499 SBP, DBP Evangelou et al., 2018 AL672294.1 1:249155909 0.38 /G 0.85 0.83 03
154850047 DBP Evangelou et al., 2018 COLECII 2:3634753 0.88 < 084 08 043
157586597 PP Hoffmann et al., 2017 2:9300092 0.95 G 0.65 0.6 034
1567720684 SBP, PP Evangelou et al., 2018 NTSCIB 218975439 0.99 AlC 025 017 0.75
151344653 PP Kato etal., 2015” OSR1 2:19730845 1 GIA 05 045 055
157255 PP Hoffmann etal,, 2017° 2:20878820 084 cr 053 0.54 095
152289081 PP Warren et al., 2017"° GDF7 2:20881840 0.93 GIC 0.63 0.67 021
1566774912 PP Evangelou et al., 2018 APOB 221423532 0.94 GIA 0.83 09 029

1510779936 PP Evangelou et al., 2018 KLHL29 2:23950200 0.99 G/A 0.29 03 041
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154823006 SBP Liuetal, 2016” ZNRF3 2229451671 1 AIG 057 055 084

15737721 PP Evangelou et al., 2018 UQCR10 22:30172254 097 GIC 0.05 0.08 06
155753103 PP Evangelou et al., 2018 RPI-I30HIGIS  22:30768777 0.99 AG 048 048 075
159609429 DBP Evangelou et al., 2018 APIBIPI 22:32517431 0.98 e 076 072 091
155750482 SBP, PP Evangelou et al., 20187 TRIOBP,NOL12 22:38117943 1 TIC 042 044 0.86
1512485003 PP Hoffmann et al., 2017 22:40635276 0.67 AG 0.08 01 048
1470113 PP Surendran etal.,, 2016" TNRC6B 22:40729614 1 GIA 0.16 024 1

158141699 PP Giri etal., 2019 MIRI281 22:41432544 0.69 cr 0.05 0.08 047
1573161324 PP Warren et al., 2017"° XRCC6 22:42038786 047 e 0.05 0.03 0.82
1577692990 PP Evangelou et al., 2018 BRDI 22:50219952 0.64 o 092 093 0.16
1528578714 SBP Evangelou et al., 2018 PLXNB2 22:50727921 0.99 TIC 06 0.63 0.07

Effect allele: Allele positively associated with the trait of interest. *These genetic variants were excluded from the analyses as they are in high LD (12>0.8) with other genetic variants.

LD between SNPs was calculated for 1000G CEU data using LDIink™

T Effect alleles were discordant for the different blood pressure traits. | Genetic variants not present in GLACIER 1000G imputed genetic data. ] Genetic variants excluded due to deviations from Hardy-Weinberg expectations, a minor allele frequency <1% and/or having a low imputation quality score.
‘CEU EAF frequencies were obtained from 1000G data

HWE p-values <1E-06 are marked in bold



S2. Summary of the characteristic of the GLACIER study participants

Cross-sectional
(Nmax= 4,603)

Longitudinal
(Nmax= 3,925)

Variables Baseline Baseline Follow-up P rena
Age (years) 45.746.3 45.246.5 55.1+6.5 <0.0001
Sex (%: male/female) 36.6/63.4 36.4/63.6 36.4/63.6 -
Hypertensive medication (%: no/yes) 94.6/5.4 100/0* 92.4/7.6 -
Systolic blood pressure (mmHg) 123.4£15.6 120.6£12.9 127.9£17.6 <0.0001
Diastolic blood pressure (mmHg) 77.5£10.2 75.9£9.0 78.0£10.1 <0.0001
Mean arterial pressure (mmHg) 92.8+11.2 90.849.5 94.6+11.8 <0.0001
Pulse pressure (mmHg) 45.8£10.5 44.749.5 49.9+12.1 <0.0001
BMI (kg/m’) 25.243.8 24.9+3.6 26.0+4.0 <0.0001
Fasting glucose (mmol/l) 5.3+0.7 5.2+0.7 5.6+£0.8 <0.0001
Two-hour glucose (mmol/l) 6.5+1.4 6.4+1.3 7.0+1.6 <0.0001
Smoking status
(%: smokers/former smokers/non-smokers/occasional 21.9/22.3/43.2/4.0/8.6 23.0/21.9/42.6/4.1/8.4 15.4/27.1/45.4/2.6/9.5 <0.0001
smokers/former occasional smokers
Physical activity

42.4/25.9/19.4/8.6/3.7 41.2/25.9/20.2/9.0/3.7  41.9/22.2/14.1/15.9/5.9  <0.0001

(%: never/occasionally/ 1-2 times per week/ 2-3 times per
week/ >3 times per week)

GRSspp 555.1414.9 554.3+£14.9 554.3£14.9 -
GRSpap 501.2+13.9 500.4+13.7 500.4+13.7 -
GRSyap 22.542.9 224429 22.442.9 -
GRSpp 465.913.7 465.6£13.6 465.6£13.6 -
GRSy 22.842.8 22.742.8 22.742.8 -
GRSeomb 1149.8421.5 1148.6:21.4 1148.6+21.4 .

Data are expressed as mean+standard deviation for quantitative variables and as % for qualitative variables.
GRS: genetic risk score; GRSgpp: systolic blood pressure GRS; GRSpgp: diastolic blood pressure GRS; GRSy5p: mean arterial pressure GRS;
GRSpp: pulse pressure GRS; GRSyrn: hypertension GRS; GRS, GRS including all the genetic variants associated with any blood pressure trait.
*Only individuals free of hypertensive medication at baseline were included in longitudinal analyses.



S3. Longitudinal associations using the GRSs for their respective BP trait

SBP DBP MAP PP
Variables Beta (95%CI) p-value Beta (95%CI) p-value Beta (95%CI) p-value Beta (95%CI) p-value
Age (years) 0.31 (-0.66-1.28) 0.53 0.79 (0.21-1.38) 8.17E-03 0.66 (0.01-1.30) 4.55E-02 -0.80 (-1.55--0.06)  3.52E-02
Agc2 (ycarsz) 0.00 (-0.01-0.01) 0.67 -0.01 (-0.01--0.00) 3.74E-02 -0.00 (-0.01-0.00) 0.23 0.01 (0.01-0.02) 1.32E-03
Sex (Male vs Female) 0.01 (-0.97-0.99) 0.99 -1.74 (-2.34--1.15) 9.56E-09 -0.92 (-1.58-0.27) 5.72E-03 0.93 (0.19-1.68) 1.43E-02
Follow-up time (years) 0.14 (-1.17-1.46) 0.83 0.07 (-0.73-0.86) 0.87 0.05 (-0.82-0.92) 0.91 0.09 (-0.93-1.10) 0.87
PCl -7.07 (-38.94-24.80) 0.66 -24.28 (-43.61--4.94)  1.39E-02  -19.72 (-40.83-1.39) 0.07 24.92 (0.39-49.44)  4.66E-02
PC2 12.31 (-19.07-43.69) 0.44 14.23 (-4.78-33.24) 0.14 12.16 (-8.65-32.98) 0.25 -9.85 (-34.01-14.30) 0.42
PC3 47.2 (15.34-78.98) 3.69E-03 24.11 (4.90-43.31) 1.39E-02  30.29 (9.21-51.37)  4.88E-03 29.86 (5.43-54.28)  1.66E-02
PC4 25.1 (-6.71-56.84) 0.12 -10.09 (-29.31-9.12) 0.3 5.70 (-15.38-26.78) 0.6 24.16 (-0.23-48.56) 0.05
Average BMI (kg/mz) 0.56 (0.43-0.69) 2.64E-16 0.43 (0.35-0.51) <2E-16 0.42 (0.34-0.51) <2E-16 0.28 (0.18-0.38) 4.15E-08
Baseline BP (mmHg) 0.63 (0.59-0.67) <2E-16 0.44 (0.41-0.47) <2E-16 0.59 (0.56-0.63) <2E-16 0.38 (0.34-0.41) <2E-16
GRS (SD) 1.21 (0.73-1.68) 5.68E-07 0.81 (0.52-1.10) 5.00E-08 0.50 (0.19-0.81) 1.39E-03 0.97 (0.61-1.32) 1.54E-07

PC: Principal Component; GRS: Genetic Risk Score; SD: Standard deviation. Significant estimates are marked in bold.



S4. Cross-sectional and longitudinal associations of the SBP-associated loci

Cross-sectional (N= 4,354)
Genetic variant

Longitudinal (N= 3,626)

Beta (per allele) SE P Prpr Beta (per allele) SE P Prpr
rs1004467 0.12 0.52 0.81 0.97 0.24 0.56 0.67 0.95
rs10048404 0.10 0.40 0.80 0.97 0.17 0.43 0.69 0.95
rs10057188 0.65 0.35 0.06 0.52 0.32 0.37 0.39 0.94
rs10059921 0.46 0.76 0.54 0.88 -0.66 0.83 0.43 0.94
rs10062049 0.20 0.42 0.63 0.91 -0.56 0.44 0.21 0.94
rs10069690 -0.88 0.35 1.26E-02 0.32 -0.29 0.38 0.45 0.94
rs1008058 0.55 0.39 0.16 0.70 0.38 0.42 0.37 0.94
rs10087782 0.67 0.31 2.81E-02 0.37 0.24 0.33 0.47 0.95
rs1011018 -0.20 0.40 0.62 0.90 -0.11 0.43 0.81 0.97
rs10164193 0.56 0.64 0.39 0.82 0.30 0.69 0.66 0.95
rs10182307 -0.22 0.31 0.47 0.87 -0.39 0.34 0.25 0.94
rs10184004 -0.65 0.32 4.15E-02 0.41 0.36 0.34 0.29 0.94
rs10189186 0.22 0.32 0.49 0.88 -0.31 0.34 0.36 0.94
rs10216063 -0.50 0.46 0.27 0.78 -0.16 0.49 0.75 0.95
rs10233127 -0.61 0.57 0.29 0.78 -0.39 0.62 0.53 0.95
rs10274928 0.03 0.33 0.94 1.00 0.43 0.36 0.23 0.94
rs1034906 0.33 0.46 0.47 0.87 -0.45 0.49 0.36 0.94
rs10427021 0.05 0.65 0.94 1.00 -0.67 0.70 0.34 0.94
rs1043069 0.35 0.34 0.32 0.78 0.44 0.37 0.24 0.94
rs10437954 0.53 0.64 0.41 0.82 0.04 0.69 0.95 1.00
rs1044822 1.03 0.46 2.63E-02 0.37 -0.39 0.50 0.43 0.94
rs10448275 0.10 0.32 0.75 0.97 0.04 0.35 0.91 0.99
rs1047030 -0.15 0.39 0.70 0.95 0.07 0.42 0.86 0.98
rs10477176 0.15 0.38 0.69 0.93 1.13 0.41 5.51E-03 0.72
rs1047891 -0.03 0.36 0.94 1.00 -0.03 0.39 0.93 0.99
rs1063281 0.01 0.32 0.97 1.00 0.52 0.34 0.13 0.90
rs10743086 0.56 0.39 0.15 0.68 0.10 0.42 0.81 0.97
rs10747570 0.56 0.34 0.09 0.58 -0.13 0.36 0.71 0.95
rs10760117 0.09 0.31 0.78 0.97 -0.34 0.34 0.31 0.94
rs10760260 0.09 0.47 0.85 0.98 -0.43 0.50 0.39 0.94
rs10761530 0.16 0.31 0.60 0.89 -0.05 0.34 0.89 0.98
rs10766533 -0.54 0.36 0.14 0.66 -0.30 0.40 0.46 0.95
rs10778174 0.49 0.40 0.22 0.75 0.54 0.43 0.21 0.94
rs10782230 0.38 0.32 0.23 0.75 0.24 0.34 0.49 0.95
rs10784502 0.31 0.31 0.32 0.78 0.35 0.34 0.30 0.94
rs10823136 -0.06 0.62 0.92 1.00 0.60 0.66 0.37 0.94
rs10849594 0.65 0.40 0.11 0.63 0.82 0.43 0.06 0.86
rs10850411 0.82 0.33 1.21E-02 0.32 0.32 0.35 0.36 0.94
rs10858966 0.52 0.34 0.13 0.66 0.31 0.37 0.41 0.94
rs10887914 0.74 0.31 1.77E-02 0.34 0.06 0.34 0.86 0.98
rs10922502 -0.03 0.34 0.93 1.00 0.65 0.36 0.07 0.86
rs10923038 1.11 0.34 1.05E-03 0.10 -0.19 0.37 0.60 0.95
rs10995311 0.02 0.31 0.94 1.00 0.56 0.34 0.10 0.86
rs11031051 -0.03 0.34 0.92 1.00 0.61 0.37 0.10 0.86
rs1106243 0.18 0.33 0.58 0.89 0.30 0.35 0.40 0.94
rs11072518 0.61 0.33 0.06 0.52 -0.51 0.35 0.15 0.91
rs11112548 -0.87 0.93 0.35 0.79 0.24 1.02 0.82 0.97
rs11128722 0.75 0.35 3.25E-02 0.38 -0.10 0.38 0.79 0.96
rs11145807 0.41 0.32 0.20 0.74 -0.24 0.35 0.50 0.95
rs11154334 0.32 0.33 0.33 0.78 0.19 0.35 0.59 0.95
rs11168244 0.82 0.40 3.99E-02 0.40 0.29 0.43 0.50 0.95
rs111790405 0.83 0.97 0.39 0.82 0.79 1.06 0.46 0.95
rs111791351 0.53 0.48 0.27 0.78 0.21 0.52 0.69 0.95
rs11187142 -0.29 0.64 0.64 0.92 -0.47 0.69 0.50 0.95
rs11197813 0.22 0.36 0.54 0.88 0.46 0.39 0.24 0.94
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0.64
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0.31
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0.89
0.89
0.27
0.97
0.88
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0.37
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0.34
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0.49
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0.35
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Associations reaching a p-value <0.05 are highlighted in bold



S5. Cross-sectional and longitudinal associations of the DBP-associated loci

Cross-sectional (N= 4,354)
Genetic variant

Longitudinal (N= 3,626)

Beta (per allele) SE P Prpr Beta (per allele) SE P Prpr
rs1004467 0.16 0.34 0.63 0.95 0.02 0.34 0.95 0.99
rs10062049 0.30 0.27 0.28 0.79 0.03 0.27 0.92 0.99
rs10069690 -0.38 0.23 0.10 0.64 -0.07 0.23 0.76 0.98
rs10078021 -0.05 0.22 0.84 0.98 -0.04 0.22 0.86 0.99
rs10087782 0.33 0.20 0.10 0.64 0.05 0.20 0.79 0.99
rs10103353 -0.18 0.21 0.38 0.84 -0.11 0.21 0.58 0.97
rs1015538 0.25 0.22 0.26 0.79 0.30 0.22 0.18 0.84
rs10164193 -0.19 0.42 0.65 0.95 0.63 0.42 0.13 0.80
rs10184004 -0.25 0.21 0.23 0.76 -0.01 0.21 0.94 0.99
rs10184839 -0.03 0.23 0.89 0.98 0.48 0.23 3.72E-02 0.61
rs10193543 0.11 0.29 0.69 0.97 0.30 0.29 0.30 0.91
rs10198275 0.26 0.21 0.20 0.71 0.12 0.21 0.58 0.97
rs10233127 -0.10 0.38 0.80 0.98 0.12 0.37 0.74 0.98
rs10270950 -0.41 0.21 0.05 0.53 0.13 0.21 0.52 0.97
rs10427021 -0.28 0.43 0.52 0.90 0.05 0.43 0.91 0.99
rs10437954 0.16 0.42 0.70 0.97 -0.09 0.42 0.84 0.99
rs10460108 0.07 0.21 0.74 0.97 -0.04 0.21 0.86 0.99
rs10468291 0.13 0.21 0.52 0.90 -0.10 0.21 0.61 0.97
rs1047030 -0.06 0.26 0.81 0.98 0.18 0.25 0.47 0.97
rs1047891 0.01 0.24 0.95 0.98 -0.05 0.23 0.82 0.99
rs1053711 0.04 0.22 0.87 0.98 -0.17 0.22 0.45 0.97
rs1060105 0.15 0.25 0.56 0.93 -0.48 0.25 0.06 0.70
rs1063281 0.07 0.21 0.73 0.97 0.18 0.21 0.39 0.96
rs10747570 0.48 0.22 3.02E-02 0.47 -0.05 0.22 0.83 0.99
rs10751962 -0.04 0.50 0.94 0.98 -0.22 0.50 0.65 0.98
rs10761530 0.26 0.20 0.21 0.71 0.00 0.20 1.00 1.00
rs10850411 0.43 0.21 4.36E-02 0.50 0.20 0.21 0.34 0.91
rs10858966 0.05 0.23 0.83 0.98 -0.02 0.22 0.94 0.99
rs10864859 -0.31 0.41 0.45 0.88 0.84 0.41 4.17E-02 0.63
rs10906391 0.04 0.22 0.85 0.98 0.00 0.21 0.99 1.00
rs10916082 0.01 0.24 0.97 0.99 0.24 0.24 0.30 0.91
rs10922502 0.04 0.22 0.86 0.98 -0.36 0.22 0.10 0.73
rs1098708 0.02 0.20 0.93 0.98 -0.07 0.20 0.73 0.98
rs10995311 0.31 0.21 0.13 0.67 0.00 0.20 0.99 1.00
rs11021221 -0.27 0.27 0.31 0.80 -0.09 0.27 0.75 0.98
rs11026586 0.08 0.36 0.83 0.98 0.05 0.36 0.88 0.99
rs110419 0.29 0.20 0.16 0.68 0.38 0.20 0.06 0.70
rs11080134 0.37 0.22 0.09 0.63 0.17 0.22 0.44 0.97
rs11102916 0.45 0.62 0.47 0.89 -0.61 0.63 0.33 0.91
rs11108209 -0.34 0.38 0.37 0.84 -0.44 0.38 0.24 0.84
rs11112548 -0.54 0.61 0.38 0.84 -0.63 0.62 0.31 0.91
rs11128722 0.52 0.23 2.42E-02 0.47 0.08 0.23 0.71 0.98
rs111304266 -0.25 0.65 0.70 0.97 1.85 0.64 3.72E-03 0.60
rs11141731 0.29 0.25 0.25 0.79 0.17 0.25 0.49 0.97
rs11145807 0.48 0.21 2.44E-02 0.47 -0.07 0.21 0.73 0.98
rs111630016 0.05 0.45 0.92 0.98 0.19 0.45 0.68 0.98
rs11168244 -0.10 0.26 0.72 0.97 0.56 0.26 3.29E-02 0.61
rs111777102 0.57 0.50 0.26 0.79 0.08 0.50 0.87 0.99
rs112204826 0.66 0.65 0.30 0.80 -0.21 0.64 0.75 0.98
rs1126464 0.34 0.23 0.14 0.68 0.47 0.23 3.95E-02 0.61
rs112925537 0.04 0.25 0.87 0.98 -0.01 0.25 0.98 1.00
rs113134141 0.04 0.44 0.93 0.98 0.45 0.43 0.30 0.91
rs113161639 -0.15 0.44 0.73 0.97 0.65 0.43 0.13 0.82
rs114503346 -0.29 0.56 0.61 0.94 0.39 0.57 0.50 0.97
rs11486794 -0.18 0.31 0.57 0.93 0.44 0.31 0.16 0.83
rs1152958 -0.07 0.23 0.75 0.98 -0.12 0.23 0.61 0.97
rs1154214 0.12 0.21 0.55 0.92 -0.11 0.21 0.58 0.97
rs11556924 0.37 0.20 0.07 0.55 0.09 0.20 0.67 0.98
rs1159201 -0.24 0.24 0.32 0.80 -0.18 0.24 0.45 0.97
rs11592107 -0.16 0.24 0.51 0.90 0.18 0.24 0.45 0.97
rs11623535 0.09 0.24 0.69 0.97 0.22 0.23 0.35 0.91
rs11628933 0.46 0.26 0.07 0.55 0.30 0.25 0.24 0.84
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Associations reaching a p-value <0.05 are highlighted in bold



S6. Cross-sectional and longitudinal associations of the MAP-associated loci

Genetic variant

Cross-sectional (N= 4,354)

Longitudinal (N= 3,626)

Beta (per allele) SE P Prpr Beta (per allele) SE P P rpr
rs11072518 0.48 0.23 4.21E-02 0.17 -0.25 0.23 0.29 0.61
rs12258967 0.07 0.27 0.79 0.88 0.44 0.27 0.10 0.42
rs1275988 0.21 0.23 0.36 0.56 0.39 0.23 0.09 0.42
rs13306561 0.35 0.30 0.24 0.44 0.38 0.29 0.20 0.56
rs1446468 0.00 0.22 0.99 0.99 0.01 0.22 0.96 0.96
rs1801253 0.38 0.25 0.13 0.29 0.17 0.25 0.51 0.72
rs2004776 0.13 0.26 0.62 0.78 0.15 0.26 0.58 0.77
rs2166122 0.52 0.32 0.10 0.28 0.25 0.32 0.43 0.66
rs2240736 0.03 0.25 0.91 0.96 -0.03 0.25 0.90 0.95
rs2681492 0.67 0.35 0.05 0.18 0.13 0.34 0.70 0.78
rs2782980 0.14 0.24 0.57 0.76 0.39 0.24 0.10 0.42
rs3184504 0.55 0.22 1.38E-02 0.07 0.11 0.22 0.62 0.77
rs35444 0.08 0.23 0.72 0.85 0.09 0.22 0.70 0.78
rs6092743 1.17 0.34 6.06E-04 4.04E-03 0.51 0.35 0.15 0.49
1s6227 0.92 0.23 7.12E-05 1.42E-03 0.24 0.23 0.30 0.61
rs6442101 0.35 0.25 0.17 0.35 0.20 0.25 043 0.66
rs661348 -0.25 0.24 2.94E-01 0.49 0.55 0.24 2.24E-02 0.42
rs751984 1.16 0.31 1.80E-04 1.80E-03 0.25 0.31 0.42 0.66
rs880315 0.17 0.23 0.44 0.63 0.44 0.23 0.05 0.42
1s936226 0.41 0.26 0.12 0.29 -0.32 0.26 0.23 0.56

Associations reaching a p-value <0.05 are highlighted in bold



S7. Cross-sectional and longitudinal associations of the PP-associated loci

. . Cross-sectional (N= 4,353) Longitudinal (N= 3,623)

Genetic variant Beta (per allele)  SE P P ok Beta (per allele) SE P Pror
151004467 20.06 0.37 0.86 0.99 0.19 0.43 0.67 0.93
1510057188 0.16 0.25 0.52 0.91 0.24 0.29 0.41 0.93
1510069690 -0.53 0.25 3.58E-02 0.59 -0.33 0.29 0.26 0.91
1510086284 031 023 0.18 0.75 039 027 0.15 0.91
1510184004 -0.35 023 0.12 0.72 0.10 0.26 0.70 0.93
1510199082 -0.71 037 0.05 0.64 -0.29 0.44 0.51 0.93
1510245696 0.00 022 0.99 0.99 0.17 0.26 0.50 0.93
1510267979 -0.01 023 0.98 0.99 -0.68 027 1.26E-02 0.55
1510270950 0.06 022 0.78 0.99 -0.14 0.26 0.58 0.93
151027647 0.08 0.24 0.73 0.97 0.28 0.28 031 0.92
1510407022 0.47 027 0.09 0.68 0.20 032 0.53 0.93
1510418305 -0.45 0.42 0.28 0.86 -0.63 0.50 0.20 0.91
151047922 0.13 0.55 0.81 0.99 0.17 0.65 0.79 0.98
1510487988 -0.19 030 0.53 0.91 -0.20 035 0.57 0.93
151055144 0.22 030 0.46 0.91 -0.15 035 0.66 0.93
1510760260 -0.03 033 0.93 0.99 027 039 0.48 0.93
1510765211 0.15 023 051 0.91 0.24 027 037 0.93
1510778174 027 0.28 0.34 0.87 0.72 033 3.09E-02 0.63
1510779936 0.43 0.24 0.08 0.65 0.00 0.28 1.00 1.00
1510782230 0.16 0.22 0.48 0.91 -0.06 0.26 0.82 0.98
1510784502 0.16 0.22 0.48 0.91 025 0.26 033 0.92
1510823136 -0.16 0.44 0.72 0.97 0.49 0.51 0.34 0.92
1510826995 0.08 027 0.76 0.97 -0.31 032 032 0.92
1510830959 0.20 0.24 0.42 0.91 0.65 0.28 2.32E-02 0.63
1510830963 0.18 0.24 0.45 0.91 0.58 0.29 4.46E-02 0.67
1510838433 -0.14 0.25 0.57 0.91 033 0.29 0.26 0.91
1510859580 -0.38 0.22 0.09 0.68 0.62 0.26 1.83E-02 0.63
1510887914 033 022 0.14 0.72 0.04 0.26 0.86 0.99
1510913934 -0.02 023 0.91 0.99 0.23 027 038 0.93
151091811 0.73 031 1.68E-02 0.48 0.06 0.36 0.88 0.99
1510922502 -0.09 0.24 0.71 0.96 0.91 0.28 1.04E-03 0.17
1510956797 0.25 0.24 0.29 0.86 0.09 0.28 0.75 0.94
1510958717 -0.08 023 0.73 0.97 0.61 027 2.24E-02 0.63
1510982910 -0.26 0.48 0.59 0.91 0.05 0.55 0.93 0.99
1510998362 0.13 0.25 0.61 0.92 0.23 0.30 0.43 0.93
rs11008355 -0.03 030 0.91 0.99 0.16 035 0.64 0.93
1511010905 -0.15 0.22 0.50 0.91 033 0.26 021 0.91
1511139596 -0.19 031 0.54 0.91 -0.54 037 0.14 0.91
rs11154027 027 023 0.24 0.77 -0.23 027 0.40 0.93
rs111791351 0.29 034 0.40 0.90 0.49 0.40 023 0.91
rs11187142 -0.29 0.45 0.52 0.91 021 0.53 0.70 0.93
rs11191156 -0.02 023 0.92 0.99 -0.12 027 0.67 0.93
1511222084 0.39 023 0.09 0.69 0.30 027 027 0.91
1511222386 037 0.29 0.19 0.75 0.20 0.34 0.56 0.93
1511248862 -0.23 0.42 0.59 0.91 0.89 0.50 0.07 0.76
15112557609 -0.25 0.25 031 0.86 -0.57 0.29 4.49E-02 0.67
1511256837 0.02 0.29 0.94 0.99 -0.18 0.34 0.59 0.93
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0.50
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0.31
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0.78
0.32
0.31
0.57
0.33
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0.26
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0.06
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0.06
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0.17
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0.12
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0.12
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0.91
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0.91
0.98
0.99
0.99
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Associations reaching a p-value <0.05 are highlighted in bold



S8. Cross-sectional and longitudinal associations of all blood pressure traits associated loci with hypertension defined according to US guidelines

Cross-sectional (N= 4,603) Longitudinal (N= 2,054)
Genetic variant

OR (per allele) 95% CI P Prpr OR (per allele) 95% CI P Prpr
rs1004467* 1.02 0.88-1.18 0.83 0.99 0.95 0.77-1.19 0.66 0.94
rs10048404 0.99 0.89-1.11 0.87 0.99 0.92 0.77-1.08 0.30 0.93
rs10057188 1.05 0.95-1.15 0.37 0.91 1.07 0.92-1.23 0.38 0.93
rs10059921 0.98 0.79-1.21 0.83 0.99 0.99 0.72-1.36 0.93 0.98
rs10062049 1.10 0.98-1.24 0.11 0.84 0.92 0.77-1.1 0.35 0.93
rs10069690 0.94 0.85-1.03 0.18 0.90 1.06 0.91-1.23 0.46 0.93
rs10078021 1.06 0.96-1.16 0.25 0.91 1.05 0.92-1.21 0.48 0.93
rs1008058 1.01 0.9-1.13 0.88 0.99 0.97 0.82-1.15 0.74 0.96
rs10086284 0.99 0.9-1.08 0.78 0.98 1.07 0.94-1.23 0.31 0.93
rs10087782 1.03 0.95-1.12 0.48 0.94 1.12 0.99-1.28 0.08 0.93
rs10103353 1.03 0.94-1.12 0.58 0.95 1.05 0.92-1.2 0.49 0.93
rs1011018 0.99 0.89-1.11 0.91 0.99 0.96 0.81-1.13 0.61 0.93
rs1015538 1.00 0.91-1.1 0.96 0.99 1.08 0.93-1.24 0.31 0.93
rs10164193 0.93 0.78-1.11 0.41 0.92 1.03 0.79-1.34 0.85 0.98
rs10182307 1.00 0.92-1.09 0.96 0.99 0.91 0.8-1.04 0.18 0.93
rs10184004 0.99 0.91-1.08 0.86 0.99 1.03 0.9-1.18 0.65 0.94
rs10184839 0.94 0.86-1.04 0.26 0.91 1.09 0.94-1.27 0.24 0.93
rs10189186 0.96 0.88-1.05 0.39 0.91 1.06 0.93-1.21 0.39 0.93
rs10193543 1.00 0.89-1.14 0.97 0.99 1.03 0.86-1.24 0.75 0.96
rs10198275 1.06 0.97-1.16 0.21 0.90 1.17 1.02-1.33 0.02 0.93
rs10199082 0.94 0.81-1.08 0.37 0.91 1.10 0.88-1.38 0.38 0.93
rs10216063 0.99 0.87-1.13 0.90 0.99 1.02 0.84-1.23 0.85 0.98
rs10233127 0.93 0.79-1.09 0.38 0.91 0.93 0.74-1.18 0.56 0.93
rs10245696 1.01 0.92-1.1 0.86 0.99 0.95 0.84-1.09 0.49 0.93
rs10267979 0.97 0.89-1.07 0.57 0.95 0.92 0.8-1.06 0.25 0.93
rs10270950 0.88 0.8-0.96 0.00 0.32 1.01 0.88-1.15 0.89 0.98
rs10274928 0.98 0.89-1.07 0.65 0.95 0.91 0.79-1.05 0.20 0.93
rs1027647 1.00 0.91-1.1 0.96 0.99 0.94 0.82-1.08 0.37 0.93
rs1034906 1.06 0.93-1.2 0.41 0.91 0.88 0.73-1.06 0.19 0.93
rs10407022 1.01 0.9-1.12 0.93 0.99 1.04 0.89-1.23 0.60 0.93
rs10418305 0.86 0.72-1.01 0.07 0.68 0.91 0.71-1.19 0.50 0.93
rs10427021 0.99 0.82-1.19 0.89 0.99 0.98 0.74-1.28 0.86 0.98
rs1043069 1.05 0.96-1.16 0.30 0.91 1.10 0.95-1.26 0.21 0.93
rs10437954 1.05 0.88-1.26 0.56 0.95 1.01 0.77-1.32 0.94 0.99
rs1044822 1.15 1.01-1.31 0.03 0.59 0.92 0.76-1.11 0.39 0.93
rs10448275 1.00 0.91-1.09 0.92 0.99 0.83 0.72-0.95 0.01 0.72
rs10460108 1.00 0.91-1.09 1.00 1.00 0.97 0.85-1.11 0.65 0.94
rs10468291 0.99 0.9-1.08 0.75 0.98 1.02 0.9-1.17 0.75 0.96
rs1047030 0.98 0.88-1.09 0.69 0.97 0.98 0.83-1.15 0.80 0.97
rs10477176 1.02 0.92-1.13 0.73 0.98 1.24 1.06-1.46 0.01 0.73
rs1047891 1.02 0.92-1.12 0.77 0.98 1.05 0.9-1.22 0.53 0.93
rs1047922 0.92 0.74-1.14 0.45 0.92 1.14 0.82-1.57 0.43 0.93
rs10487988 0.96 0.85-1.08 0.47 0.93 1.04 0.88-1.24 0.63 0.94
rs1053711 1.01 0.92-1.11 0.83 0.99 0.99 0.86-1.14 0.92 0.98
rs1055144 0.91 0.81-1.03 0.13 0.87 1.08 0.91-1.28 0.39 0.93
rs1060105 0.97 0.87-1.08 0.61 0.95 0.91 0.77-1.07 0.25 0.93
rs1063281 1.02 0.93-1.11 0.68 0.96 1.05 0.92-1.2 0.48 0.93
rs10743086 1.06 0.95-1.18 0.33 0.91 1.04 0.88-1.22 0.67 0.95
rs10747570 1.11 1.01-1.22 0.03 0.59 1.04 0.9-1.2 0.57 0.93
rs10751962 1.04 0.84-1.29 0.70 0.97 1.04 0.76-1.44 0.80 0.97
rs10760117 0.98 0.89-1.07 0.59 0.95 1.02 0.9-1.17 0.71 0.96
rs10760260 1.11 0.97-1.27 0.12 0.84 1.12 0.92-1.35 0.26 0.93
rs10761530 1.05 0.96-1.15 0.29 0.91 1.03 0.9-1.17 0.69 0.95
rs10765211 1.00 0.92-1.1 0.98 0.99 0.93 0.81-1.06 0.27 0.93
rs10766533 0.94 0.84-1.04 0.20 0.90 0.94 0.81-1.1 0.45 0.93
rs10778174 0.98 0.88-1.1 0.75 0.98 1.05 0.89-1.25 0.53 0.93
rs10779936 0.92 0.83-1.01 0.07 0.68 0.94 0.82-1.08 0.39 0.93
rs10782230 1.04 0.95-1.14 0.35 0.91 0.94 0.82-1.07 0.35 0.93
rs10784502 1.00 0.92-1.09 1.00 1.00 1.14 1-1.3 0.05 0.93
rs10823136 1.14 0.96-1.36 0.13 0.88 0.94 0.72-1.23 0.65 0.94
rs10826995 0.92 0.83-1.03 0.15 0.89 1.04 0.89-1.22 0.62 0.94
rs10830959 1.04 0.95-1.15 0.40 0.91 0.96 0.84-1.11 0.62 0.94
rs10830963 1.06 0.96-1.16 0.27 0.91 0.97 0.84-1.12 0.68 0.95
rs10838433 0.95 0.86-1.05 0.28 0.91 1.06 0.91-1.22 0.47 0.93
rs10849594 1.03 0.92-1.16 0.56 0.95 1.13 0.96-1.33 0.15 0.93
rs10850411 1.05 0.96-1.15 0.29 0.91 1.05 0.92-1.21 0.47 0.93
rs10858966 0.93 0.85-1.03 0.17 0.89 0.94 0.82-1.09 0.40 0.93

rs10859580 1.02 0.94-1.12 0.59 0.95 1.08 0.95-1.24 0.25 0.93
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0.97
1.00
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0.94
1.08
0.99
1.03
1.05
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0.97
1.06
0.94
1.03
0.98
1.06
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1.18
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1.01
0.87
1.10
1.09
0.93
1.09
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0.94
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1.07
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rs9932220 1.11 1-1.24 0.06 0.66 1.07 0.91-1.25 0.43 0.93

1s9932866 1.07 0.97-1.17 0.16 0.89 0.94 0.82-1.07 0.33 0.93
rs9935770 0.98 0.9-1.07 0.67 0.96 1.07 0.93-1.22 0.34 0.93
1s9937309 0.95 0.85-1.06 0.40 0.91 0.87 0.74-1.02 0.09 0.93

Associations reaching a p-value <0.05 are highlighted in bold. *Genetic variants or proxies to genetic variants previously associated with hypertension



S9. Cross-sectional and longitudinal associations of all blood pressure traits associated loci with hypertension defined according to European guidelines

Cross-sectional (N= 4,603) Longitudinal (N= 3,418)

Genetic variant OR (per allele)  95% CI P P ok OR (per allele)  95% CI P P ror
rs1004467* 1.01 0.86-1.19 0.90 0.99 0.99 0.82-1.19 0.90 0.99
rs10048404 1.00 0.88-1.14 0.97 1.00 1.01 0.88-1.17 0.85 0.99
rs10057188 1.05 0.94-1.17 0.37 0.92 1.03 0.92-1.17 0.58 0.97
rs10059921 0.98 0.77-1.25 0.88 0.99 0.93 0.71-1.22 0.60 0.98
rs10062049 0.96 0.84-1.09 0.51 0.96 0.90 0.78-1.05 0.18 0.93
1s10069690 0.91 0.82-1.02 0.11 0.80 0.94 0.83-1.06 0.30 0.93
rs10078021 0.99 0.89-1.1 0.82 0.99 1.07 0.95-1.21 0.25 0.93
rs1008058 1.03 0.91-1.16 0.66 0.98 1.09 0.95-1.25 0.20 0.93
1s10086284 1.02 0.92-1.13 0.70 0.99 1.02 0.91-1.15 0.69 0.98
rs10087782 1.12 1.01-1.23 0.02 0.49 0.95 0.85-1.06 0.36 0.94
rs10103353 1.02 0.92-1.12 0.76 0.99 0.99 0.89-1.11 0.90 0.99
rs1011018 0.94 0.83-1.06 0.29 0.86 0.93 0.8-1.07 0.28 0.93
rs1015538 1.10 0.99-1.23 0.07 0.71 1.15 1.02-1.29 0.02 0.78
rs10164193 0.99 0.81-1.21 0.91 0.99 1.05 0.84-1.3 0.69 0.98
rs10182307 0.88 0.79-0.97 0.01 0.43 0.97 0.87-1.08 0.57 0.97
rs10184004 0.96 0.87-1.06 0.44 0.94 1.13 1.01-1.26 0.04 0.81
rs10184839 0.99 0.89-1.11 0.90 0.99 1.01 0.89-1.14 0.94 1.00
rs10189186 1.00 0.91-1.11 0.96 1.00 1.05 0.94-1.18 0.35 0.93
rs10193543 1.11 0.97-1.29 0.14 0.80 0.93 0.8-1.08 0.33 0.93
rs10198275 0.97 0.88-1.07 0.52 0.96 1.11 0.99-1.25 0.06 0.88
1s10199082 0.83 0.71-0.98 0.03 0.49 0.94 0.78-1.13 0.49 0.97
rs10216063 0.94 0.81-1.09 0.41 0.93 1.09 0.93-1.28 0.27 0.93
rs10233127 1.00 0.83-1.2 1.00 1.00 1.01 0.82-1.23 0.96 1.00
1s10245696 0.96 0.87-1.06 0.41 0.93 1.01 0.9-1.12 0.88 0.99
rs10267979 1.01 0.91-1.12 0.88 0.99 0.85 0.75-0.95 0.00 0.57
rs10270950 1.00 0.9-1.1 0.94 1.00 0.96 0.86-1.08 0.52 0.97
1s10274928 1.00 0.9-1.1 0.93 0.99 1.00 0.89-1.12 0.96 1.00
rs1027647 1.04 0.94-1.16 0.43 0.93 0.92 0.82-1.03 0.15 0.93
rs1034906 1.05 0.91-1.22 0.52 0.96 0.95 0.81-1.12 0.56 0.97
1s10407022 1.11 0.99-1.26 0.08 0.72 1.10 0.96-1.26 0.16 0.93
rs10418305 0.92 0.76-1.1 0.36 0.91 1.03 0.83-1.28 0.78 0.98
rs10427021 0.88 0.72-1.08 0.22 0.82 1.06 0.84-1.34 0.63 0.98
1s1043069 1.05 0.94-1.17 0.36 0.92 1.04 0.92-1.18 0.50 0.97
rs10437954 0.99 0.8-1.21 091 0.99 1.12 0.9-1.4 0.31 0.93
rs1044822 1.21 1.04-1.41 0.01 0.45 0.99 0.85-1.17 0.92 0.99
rs10448275 0.99 0.9-1.1 0.87 0.99 0.94 0.84-1.06 0.32 0.93
rs10460108 0.99 0.89-1.09 0.82 0.99 1.06 0.95-1.19 0.30 0.93
rs10468291 1.02 0.92-1.13 0.71 0.99 1.09 0.98-1.22 0.12 0.93
1s1047030 1.04 0.92-1.18 0.53 0.96 0.97 0.85-1.11 0.66 0.98
rs10477176 0.99 0.88-1.12 0.86 0.99 1.26 1.1-1.45 0.00 0.57
rs1047891 1.02 0.91-1.15 0.71 0.99 1.01 0.89-1.15 0.83 0.99
1s1047922 0.99 0.78-1.26 0.97 1.00 1.18 0.9-1.54 0.23 0.93
rs10487988 0.86 0.75-0.98 0.03 0.51 1.07 0.92-1.23 0.38 0.95
rs1053711 1.02 0.92-1.14 0.70 0.99 1.05 0.93-1.18 0.45 0.97
rs1055144 0.89 0.78-1.01 0.08 0.72 1.02 0.88-1.18 0.76 0.98
rs1060105 0.96 0.85-1.08 0.47 0.96 0.80 0.7-0.92 0.00 0.57
rs1063281 1.01 0.91-1.11 0.88 0.99 0.98 0.88-1.1 0.79 0.98
1s10743086 1.16 1.02-1.32 0.02 0.49 1.02 0.89-1.17 0.75 0.98
rs10747570 1.12 1.01-1.25 0.03 0.55 1.05 0.93-1.18 0.43 0.97
rs10751962 1.07 0.84-1.38 0.58 0.96 1.05 0.8-1.38 0.73 0.98
rs10760117 0.97 0.88-1.07 0.52 0.96 0.97 0.87-1.08 0.58 0.97
rs10760260 1.09 0.94-1.27 0.25 0.83 1.01 0.85-1.19 0.94 1.00
rs10761530 1.00 0.9-1.1 0.96 1.00 0.90 0.8-1 0.05 0.83
rs10765211 0.96 0.87-1.06 0.40 0.93 0.93 0.83-1.04 0.18 0.93
rs10766533 0.96 0.85-1.07 0.45 0.95 0.88 0.77-1 0.05 0.83
rs10778174 1.00 0.88-1.13 0.98 1.00 1.01 0.88-1.17 0.87 0.99
1s10779936 1.00 0.89-1.11 0.95 1.00 0.94 0.84-1.06 0.34 0.93
rs10782230 1.00 0.91-1.11 0.95 1.00 1.03 0.92-1.15 0.59 0.97
rs10784502 0.99 0.9-1.1 0.91 0.99 1.03 0.93-1.15 0.56 0.97
rs10823136 0.92 0.75-1.12 0.40 0.93 1.12 0.9-1.38 0.31 0.93
rs10826995 0.98 0.87-1.11 0.77 0.99 0.98 0.86-1.12 0.78 0.98
rs10830959 0.99 0.89-1.11 0.90 0.99 1.04 0.92-1.17 0.53 0.97

1510830963 0.98 0.88-1.09 0.75 0.99 1.03 0.91-1.16 0.66 0.98
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0.93-1.2
0.8-1.02
0.9-1.17
1.03-1.29
0.97-1.24
0.87-1.1
0.9-1.15
0.87-1.09
0.91-1.18
0.93-1.23
0.89-1.12
0.88-1.11
0.72-1.18
0.88-1.1
0.93-1.19
0.82-1.07
0.84-1.11
0.9-1.16
0.98-1.25
0.86-1.18
0.91-1.42
0.92-1.18
0.94-1.18
0.89-1.14
0.85-1.07
0.82-1.13
0.84-1.05
0.81-1.01
0.86-1.11
0.6-0.94
0.96-1.22
0.9-1.15
0.86-1.14
0.88-1.11
0.94-1.22
0.89-1.12
0.82-1.58
0.86-1.1
0.98-1.33
0.85-1.07
0.87-1.09
0.84-1.1
0.91-1.13
0.8-1
0.85-1.05
1.02-1.32
0.62-1.04
0.86-1.13
0.9-1.12
0.88-1.1

0.29
0.97
0.81
0.43
0.01
0.59
0.51
0.54
0.30
0.13
0.81
0.32
0.97
0.64
0.63
0.11
0.19
0.37
0.42
0.09
0.72
0.01
0.16
0.70
0.79
0.66
0.58
0.33
0.95
0.84
0.53
0.76
0.45
0.34
0.65
0.78
0.11
0.90
0.28
0.53
0.37
0.91
0.45
0.63
0.24
0.08
0.70
0.01
0.19
0.74
0.90
0.81
0.32
0.94
0.42
0.62
0.09
0.45
0.65
0.58
0.79
0.05
0.31
0.03
0.11
0.80
0.94
0.77

0.93
1.00
0.99
0.97
0.77
0.97
0.97
0.97
0.93
0.93
0.99
0.93
1.00
0.98
0.98
0.91
0.93
0.94
0.97
0.88
0.98
0.74
0.93
0.98
0.98
0.98
0.97
0.93
1.00
0.99
0.97
0.98
0.97
0.93
0.98
0.98
0.88
0.99
0.93
0.97
0.94
0.99
0.97
0.98
0.93
0.88
0.98
0.77
0.93
0.98
0.99
0.99
0.93
1.00
0.97
0.98
0.88
0.97
0.98
0.97
0.98
0.83
0.93
0.81
0.88
0.99
1.00
0.98



rs9937309 1.09 0.96-1.23 0.19 0.80 0.90 0.78-1.04 0.14 0.93

Associations reaching a p-value <0.05 are highlighted in bold. *Genetic variants or proxies to genetic variants previously associated with hypertension



$10. Odds ratio (95%CI) of independent variables in the joint model for incidence of hypertension defined according to US guidelines (N= 1,453)

Variables OR (95%CI) p-value
Age (years) 1.40 (1.09-1.81) 9.93E-03
Agé (years’) 1.00 (0.99-1.00) 3.85E-02
Sex (Male vs Female) 0.70 (0.54-0.93) 1.19E-02
Follow-up time (years) 1.16 (0.82-1.65) 0.42
BMI (SD) 1.29 (1.15-1.46) 2.15E-05
Fasting glucose (SD) 1.03 (0.91-1.16) 0.68
Two-hour glucose (SD) 1.19 (1.05-1.34) 5.29E-03
Systolic blood pressure (SD) 1.64 (1.43-1.89) 2.13E-12
Diastolic blood pressure (SD) 1.17 (1.02-1.34) 2.33E-02
Fasting status (fasted vs non-fasted) 1.06 (0.63-1.76) 0.83
Smoking status -
Smokers vs former smokers 0.99 (0.71-1.41) 1
Smokers vs non-smokers 1.00 (0.74-1.36) 0.98
Smokers vs occasional smokers 1.27 (0.70-2.26) 0.43
Smokers vs former occasional smokers 1.33 (0.84-2.08) 0.22
Physical activity -
Never vs occasionally 0.97 (0.73-1.29) 0.83
Never vs 1-2 times a week 0.87 (0.64-1.19) 0.39
Never vs 2-3 times a week 0.54 (0.34-0.84) 7.37E-03
Never vs > 3 times a week 0.96 (0.48-1.88) 0.91
GRS omb (SD) 1.11 (0.99-1.25) 0.08

OR: Odds ratio. GRS.,p: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.
SD: Standard deviation. Significant estimates are marked in bold.



S11. Odds ratio (95%CI) of independent variables in the joint model for incidence of hypertension defined according to European guidelines (N= 2,392)

Variables OR (95%CI) p-value
Age (years) 1.25 (0.96-1.63) 0.1
Agé (years’) 1.00 (1.00-1.00) 0.25
Sex (Male vs Female) 1.01 (0.81-1.27) 0.91
Follow-up time (years) 1.19 (0.88-1.61) 0.27
BMI (SD) 1.18 (1.06-1.30) 1.49E-03
Fasting glucose (SD) 1.04 (0.94-1.15) 0.44
Two-hour glucose (SD) 1.06 (0.96-1.18) 0.25
Systolic blood pressure (SD) 2.14 (1.87-2.45) <2E-16
Diastolic blood pressure (SD) 1.26 (1.10-1.44) 6.52E-04
Fasting status (fasted vs non-fasted) 0.80 (0.49-1.30) 0.38
Smoking status -
Smokers vs former smokers 0.92 (0.69-1.24) 0.6
Smokers vs non-smokers 0.79 (0.60-1.03) 0.08
Smokers vs occasional smokers 0.76 (0.41-1.38) 0.39
Smokers vs former occasional smokers 0.99 (0.66-1.47) 0.94
Physical activity -
Never vs occasionally 0.86 (0.67-1.10) 0.24
Never vs 1-2 times a week 0.84 (0.64-1.11) 0.24
Never vs 2-3 times a week 0.49 (0.32-0.74) 8.78E-04
Never vs > 3 times a week 1.26 (0.69-2.26) 0.44
GRS omb (SD) 1.22 (1.10-1.35) 1.75E-04

OR: Odds ratio. GRS,op: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.
SD: Standard deviation. Significant estimates are marked in bold.



S12. Longitudinal variance heterogeneity analyses of all blood pressure continuous traits and their corresponding GRS

Beta

Phenotypes (per 1SD) 95%CI p-value
SBP (mmHg) 0.02 -0.03-0.06 0.45
DBP (mmHg) -0.01 -0.06-0.04 0.69
MAP (mmHg) -0.02 -0.06-0.03 0.46

PP (mmHg) 0.01 -0.03-0.06 0.61




S13. GRS.omp by sex interaction analyses in the joint model for the two hypertension incidence phenotypes

HTN-US HTN-EUR
Variables OR (95%CI) p-value OR (95%CI) p-value
Age (years) 1.40 (1.09-1.81) 1.02E-02 1.23 (0.95-1.62) 0.12
Age2 (yearsz) 1.00 (0.99-1.00) 3.95E-02 1.00 (1.00-1.00) 0.29
Sex (Male vs Female) 0.70 (0.54-0.93) 1.19E-02 1.00 (0.80-1.25) 0.98
Follow-up time (years) 1.16 (0.82-1.65) 0.42 1.18 (0.87-1.60) 0.28
BMI (SD) 1.29 (1.15-1.46) 2.18E-05 1.18 (1.06-1.30) 1.42E-03
Fasting glucose (SD) 1.03 (0.91-1.16) 0.68 1.04 (0.94-1.15) 0.45
Two-hour glucose (SD) 1.19 (1.05-1.35) 5.20E-03 1.06 (0.96-1.18) 0.25
Systolic blood pressure (SD) 1.64 (1.43-1.89) 2.07E-12 2.14 (1.87-2.45) <2E-16
Diastolic blood pressure (SD) 1.17 (1.02-1.34) 2.36E-02 1.26 (1.10-1.44) 6.28E-04
Fasting status (fasted vs non-fasted) 1.06 (0.63-1.76) 0.83 0.81(0.49-1.31) 0.4
Smoking status - - - -
Smokers vs former smokers 1.00 (0.71-1.41) 0.99 0.92 (0.69-1.24) 0.6
Smokers vs non-smokers 1.00 (0.74-1.36) 0.99 0.78 (0.60-1.02) 0.07
Smokers vs occasional smokers 1.26 (0.70-2.26) 0.44 0.75 (0.40-1.36) 0.36
Smokers vs former occasional smokers 1.32 (0.84-2.07) 0.22 0.98 (0.65-1.46) 0.91
Physical activity - - - -
Never vs occasionally 0.97 (0.72-1.29) 0.83 0.86 (0.67-1.10) 0.24
Never vs 1-2 times a week 0.87 (0.64-1.19) 0.39 0.85 (0.64-1.12) 0.24
Never vs 2-3 times a week 0.54 (0.34-0.85) 8.13E-03 0.50 (0.32-0.75) 1.08E-03
Never vs > 3 times a week 0.96 (0.48-1.87) 0.9 1.24 (0.67-2.23) 0.47
GRSomp (SD) 1.08 (0.85-1.37) 0.53 1.09 (0.91-1.30) 0.34
GRS, omp¥sex 1.03 (0.79-1.36) 0.81 1.19 (0.96-1.48) 0.11

OR: Odds ratio. GRS,,,: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.
SD: Standard deviation. Significant estimates are marked in bold.



S14. GRS, by age interaction analyses in the joint model for the two hypertension incidence phenotypes

HTN-US HTN-EUR
Variables OR (95%CI) p-value OR (95%CI) p-value
Age (years) 1.40 (1.09-1.81) 1.02E-02 1.28 (0.98-1.68) 0.07
Age2 (yearsz) 1.00 (0.99-1.00) 3.92E-02 1.00 (0.99-1.00) 0.2
Sex (Male vs Female) 0.70 (0.54-0.93) 1.22E-02 1.01 (0.81-1.26) 0.95
Follow-up time (years) 1.16 (0.82-1.65) 0.41 1.19 (0.88-1.61) 0.27
BMI (SD) 1.29 (1.15-1.46) 2.14E-05 1.18 (1.06-1.30) 1.51E-03
Fasting glucose (SD) 1.03 (0.91-1.16) 0.68 1.04 (0.94-1.15) 0.44
Two-hour glucose (SD) 1.19 (1.05-1.35) 5.29E-03 1.06 (0.96-1.18) 0.25
Systolic blood pressure (SD) 1.64 (1.43-1.89) 2.17E-12 2.14 (1.87-2.46) <2E-16
Diastolic blood pressure (SD) 1.17 (1.02-1.34) 2.35E-02 1.26 (1.10-1.44) 7.00E-04
Fasting status (fasted vs non-fasted) 1.06 (0.63-1.75) 0.83 0.81 (0.49-1.31) 0.4
Smoking status - - - -
Smokers vs former smokers 1.00 (0.71-1.41) 1 0.92 (0.69-1.24) 0.6
Smokers vs non-smokers 1.00 (0.74-1.36) 0.98 0.79 (0.60-1.03) 0.09
Smokers vs occasional smokers 1.26 (0.70-2.26) 0.43 0.77 (0.41-1.39) 0.4
Smokers vs former occasional smokers 1.32 (0.84-2.08) 0.22 0.99 (0.66-1.47) 0.96
Physical activity - - - -
Never vs occasionally 0.97 (0.73-1.29) 0.83 0.86 (0.67-1.10) 0.24
Never vs 1-2 times a week 0.87 (0.64-1.19) 0.39 0.85 (0.64-1.12) 0.24
Never vs 2-3 times a week 0.54 (0.34-0.84) 7.31E-03 0.49 (0.32-0.75) 1.00E-03
Never vs > 3 times a week 0.96 (0.48-1.87) 0.9 1.25 (0.68-2.24) 0.46
GRS omp (SD) 1.04 (0.45-2.42) 0.92 2.06 (0.90-4.75) 0.09
GRS ,mp*age 1.00 (0.98-1.02) 0.89 0.99 (0.97-1.01) 0.21

OR: Odds ratio. GRS,,»: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.

SD: Standard deviation. Significant estimates are marked in bold.



S15. GRS, by BMI interaction analyses in the joint model for the two hypertension incidence phenotypes

HTN-US HTN-EUR
Variables OR (95%CI) p-value OR (95%CI) p-value
Age (years) 1.40 (1.09-1.82) 9.76E-03 1.25 (0.96-1.63) 0.1
Age2 (yearsz) 1.00 (0.99-1.00) 3.80E-02 1.00 (1.00-1.00) 0.25
Sex (Male vs Female) 0.70 (0.54-0.93) 1.21E-02 1.02 (0.81-1.27) 0.88
Follow-up time (years) 1.16 (0.82-1.65) 0.42 1.19 (0.88-1.62) 0.26
BMI (SD) 1.30 (1.15-1.46) 2.14E-05 1.19 (1.07-1.32) 9.54E-04
Fasting glucose (SD) 1.02 (0.91-1.16) 0.69 1.03 (0.94-1.14) 0.5
Two-hour glucose (SD) 1.19 (1.05-1.34) 5.58E-03 1.06 (0.95-1.18) 0.28
Systolic blood pressure (SD) 1.64 (1.43-1.89) 2.21E-12 2.14 (1.87-2.46) <2E-16
Diastolic blood pressure (SD) 1.17 (1.02-1.34) 2.31E-02 1.26 (1.10-1.43) 7.82E-04
Fasting status (fasted vs non-fasted) 1.06 (0.63-1.76) 0.82 0.81(0.49-1.31) 0.4
Smoking status - - - -
Smokers vs former smokers 1.00 (0.71-1.41) 0.99 0.92 (0.68-1.24) 0.59
Smokers vs non-smokers 1.00 (0.74-1.36) 0.98 0.79 (0.60-1.03) 0.09
Smokers vs occasional smokers 1.26 (0.70-2.26) 0.43 0.76 (0.41-1.38) 0.38
Smokers vs former occasional smokers 1.32 (0.84-2.08) 0.22 0.99 (0.66-1.47) 0.95
Physical activity - - - -
Never vs occasionally 0.97 (0.72-1.29) 0.82 0.86 (0.67-1.10) 0.22
Never vs 1-2 times a week 0.87 (0.64-1.19) 0.39 0.85 (0.64-1.12) 0.25
Never vs 2-3 times a week 0.54 (0.34-0.84) 7.36E-03 0.49 (0.32-0.75) 9.94E-04
Never vs > 3 times a week 0.96 (0.48-1.87) 0.9 1.26 (0.68-2.25) 0.45
GRScomb (SD) 1.11 (0.99-1.24) 0.09 1.20 (1.09-1.34) 4.67E-04
GRS¢omy*BMI 1.01 (0.90-1.14) 0.81 1.10 (1.00-1.22) 0.06

OR: Odds ratio. GRS,,,: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.
SD: Standard deviation. Significant estimates are marked in bold.



S16. GRS, by SBP interaction analyses in the joint model for the two hypertension incidence phenotypes

HTN-US HTN-EUR
Variables OR (95%CI) p-value OR (95%CI) p-value
Age (years) 1.40 (1.09-1.82) 9.42E-03  1.25(0.97-1.64) 0.1
Agé’ (years’) 1.00 (0.99-1.00) 3.67E-02  1.00 (1.00-1.00) 0.24
Sex (Male vs Female) 0.71 (0.54-0.93) 1.24E-02  1.01 (0.81-1.27) 0.91
Follow-up time (years) 1.16 (0.82-1.65) 0.41 1.19 (0.88-1.61) 0.26
BMI (SD) 1.29 (1.15-1.46) 2.25E-05 1.18(1.06-1.30) 1.47E-03
Fasting glucose (SD) 1.03 (0.91-1.16) 0.69 1.04 (0.94-1.15) 0.44
Two-hour glucose (SD) 1.19 (1.05-1.34) 5.34E-03  1.06 (0.96-1.18) 0.25
Systolic blood pressure (SD) 1.64 (1.43-1.89) 2.44E-12  2.14 (1.87-2.45) <2E-16
Diastolic blood pressure (SD) 1.17 (1.02-1.34) 2.08E-02 1.26 (1.10-1.44)  6.55E-04
Fasting status (fasted vs non-fasted) 1.06 (0.63-1.75) 0.83 0.80 (0.48-1.29) 0.38
Smoking status - - - -
Smokers vs former smokers 1.00 (0.71-1.41) 0.99 0.92 (0.68-1.24) 0.59
Smokers vs non-smokers 1.00 (0.74-1.35) 0.99 0.79 (0.60-1.03) 0.08
Smokers vs occasional smokers 1.26 (0.70-2.26) 0.43 0.77 (0.41-1.39) 0.39
Smokers vs former occasional smokers  1.32 (0.84-2.07) 0.22 0.98 (0.65-1.46) 0.92
Physical activity - - - -
Never vs occasionally 0.96 (0.72-1.29) 0.8 0.86 (0.67-1.10) 0.24
Never vs 1-2 times a week 0.87 (0.64-1.19) 0.39 0.85 (0.64-1.12) 0.24
Never vs 2-3 times a week 0.54 (0.34-0.84) 6.90E-03  0.49 (0.32-0.74)  8.40E-04
Never vs > 3 times a week 0.96 (0.48-1.86) 0.89 1.26 (0.68-2.25) 0.45
GRS omp (SD) 1.10 (0.98-1.24) 0.11 1.20 (1.08-1.35)  9.41E-04
GRS ,mp*SBP 1.05 (0.93-1.19) 0.4 1.03 (0.91-1.16) 0.64

OR: Odds ratio. GRS,,,: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.

SD: Standard deviation. Significant estimates are marked in bold.



S17. GRS.omp by DBP interaction analyses in the joint model for the two hypertension incidence phenotypes

HTN-US HTN-EUR
Variables OR (95%CI) p-value OR (95%CI) p-value
Age (years) 1.40 (1.09-1.82)  9.59E-03 1.24 (0.96-1.63) 0.1
Agé (years’) 1.00 (0.99-1.00) 3.75E-02  1.00 (1.00-1.00) 0.26
Sex (Male vs Female) 0.70 (0.54-0.93) 1.21E-02 1.01 (0.81-1.27) 0.91
Follow-up time (years) 1.15 (0.81-1.64) 0.43 1.18 (0.88-1.60) 0.27
BMI (SD) 1.29 (1.15-1.46) 2.23E-05 1.18(1.06-1.30) 1.51E-03
Fasting glucose (SD) 1.03 (0.91-1.16) 0.69 1.04 (0.94-1.15) 0.42
Two-hour glucose (SD) 1.19 (1.05-1.35)  5.10E-03 1.07 (0.96-1.18) 0.25
Systolic blood pressure (SD) 1.64 (1.43-1.88) 2.63E-12 2.14 (1.87-2.45) <2E-16
Diastolic blood pressure (SD) 1.17 (1.02-1.34)  2.29E-02 1.26(1.11-1.45) 5.47E-04
Fasting status (fasted vs non-fasted) 1.06 (0.63-1.76) 0.82 0.81 (0.49-1.31) 0.4
Smoking status - - - -
Smokers vs former smokers 1.00 (0.71-1.41) 0.99 0.92 (0.69-1.24) 0.6
Smokers vs non-smokers 1.01 (0.74-1.36) 0.96 0.79 (0.60-1.03) 0.08
Smokers vs occasional smokers 1.27 (0.70-2.26) 0.43 0.76 (0.40-1.37) 0.37
Smokers vs former occasional smokers 1.32 (0.84-2.07) 0.22 0.99 (0.66-1.47) 0.95
Physical activity - - - -
Never vs occasionally 0.97 (0.73-1.30) 0.86 0.86 (0.67-1.10) 0.24
Never vs 1-2 times a week 0.88 (0.64-1.20) 0.4 0.84 (0.64-1.11) 0.23
Never vs 2-3 times a week 0.54 (0.34-0.85)  8.12E-03  0.49 (0.32-0.74) 9.31E-04
Never vs > 3 times a week 0.96 (0.48-1.88) 0.91 1.26 (0.69-2.26) 0.44
GRSomp (SD) 1.11 (0.99-1.25) 0.07 1.24 (1.11-1.38) 1.42E-04
GRS omp¥*DBP 0.96 (0.85-1.09) 0.54 0.95 (0.85-1.07) 0.43

OR: Odds ratio. GRS,,,»: Genetic Risk Score including all the genetic variants associated with any blood pressure traits.

SD: Standard deviation. Significant estimates are marked in bold.



Figure S1. Histograms of the six GRSs showing the corresponding BP trait’s mean or

prevalence of hypertension by deciles.




GRS: Genetic risk score; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAP:
Mean arterial blood pressure. PP: Pulse pressure; HTN-US: Hypertension according to US
guidelines; HTN-EUR: Hypertension according to European guidelines; GRSsbp: GRS including
genetic variants associated with SBP; GRSdbp: GRS including genetic variants associated with
DBP; GRSmap: GRS including genetic variants associated with MAP; GRSpp: GRS including
genetic variants associated with PP; GRShTn: GRS including all the genetic variants associated
with hypertension. GRScomb: GRS including all the genetic variants associated with any blood

pressure trait.



Figure S2. Delta blood pressure by quartiles of the GRSs.
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GRS: Genetic risk score; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAP:

Mean arterial blood pressure. PP: Pulse pressure.
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