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IMPORTANCE Modifiable risk factors for valvular heart disease remain largely unknown,
which limits prevention and treatment.

OBJECTIVE To assess the association between systolic blood pressure (BP) and major valvular
heart disease.

DESIGN, SETTING, AND PARTICIPANTS A UK Biobank population-based cohort of 502 602 men
and women aged 40 to 96 years at baseline was evaluated through mendelian randomization
using individual participant data. Inclusion criteria were valid genetic data and BP
measurements. The participants were recruited between 2006 and 2010; data analysis was
performed from June 2018 to January 2019.

EXPOSURES Systolic BP was measured during clinical assessment and instruments for the
genetic effect of high BP were identified from variants that were independently (linkage
disequilibrium threshold of r2<0.1) associated with systolic BP with minor allele frequency
greater than 0.01. A total of 130 single-nucleotide polymorphisms that have been shown to
be associated with systolic BP in a genome-wide association meta-analysis involving 1 million
participants of European ancestry were selected.

MAIN OUTCOMES AND MEASURES Incident aortic stenosis, aortic regurgitation, and mitral
regurgitation, individually and combined. Cases were largely based on hospital records linked
to the UK Biobank with International Classification of Diseases and Health Related Problems,
Tenth Revision codes.

RESULTS Of the 502 602 individuals screened, 329 237 participants (177 741 [53.99%]
women; mean [SD] age, 56.93 [7.99] years) had valid genetic data and BP measurements;
of this cohort, 3570 individuals (1.08%) had a diagnosis of valvular heart disease (aortic
stenosis, 1491 [0.45%]; aortic regurgitation, 634 [0.19%]; and mitral regurgitation, 1736
[0.53%]). Each genetically associated 20–mm Hg increment in systolic BP was associated
with an increased risk of aortic stenosis (odds ratio [OR], 3.26; 95% CI, 1.50-7.10), aortic
regurgitation (OR, 2.59; 95% CI, 0.75-8.92), and mitral regurgitation (OR, 2.19; 95% CI,
1.07-4.47), with no evidence for heterogeneity by type of valvular heart disease (P = .90).
Sensitivity analyses confirmed the robustness of the association.

CONCLUSIONS AND RELEVANCE Lifetime exposure to elevated systolic BP appears to be
associated with an increased risk of major valvular heart disease.
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I n the past century, a substantial change in the spectrum of
valvular heart disease (VHD) has occurred. Age-related
valve degeneration replaced rheumatic valvular disease as

the predominant cause of valve dysfunction in high-income
countries, and it typically presents as aortic stenosis or mitral
regurgitation.1,2 In particular, the prevalence of aortic steno-
sis has been rapidly increasing owing to population aging, with
poor patient outcomes and high health care costs associated
with the only effective treatment available: valve repair or
replacement.3,4 Therefore, there is an unmet need to identify
modifiable risk factors for VHD to develop effective preven-
tion and treatment strategies.

Given the shared pathways between several cardiovascu-
lar conditions, it has been suggested that elevated blood pres-
sure (BP) increases the risk of VHD as it does with stroke or is-
chemic heart disease.5 Initial supportive evidence for this
hypothesis came from cross-sectional studies showing a posi-
tive association between elevated systolic BP and risk of aortic
stenosis6-8 and aortic regurgitation.9 These findings were re-
cently confirmed and extended in large-scale cohort studies,
which showed that long-term exposure to elevated systolic BP
was associated with an increased risk of aortic stenosis,10,11 aor-
tic regurgitation,10 and mitral regurgitation.12 However, those
nonrandomized studies were unable to rule out residual con-
founding.

In the absence of randomized clinical trials of BP-
lowering treatment on the risk of incident VHD, we aimed to
test the hypothesis that systolic BP is associated with the risk
of aortic stenosis, aortic regurgitation, and mitral regurgita-
tion, using a mendelian randomization study design. This ap-
proach uses the naturally occurring randomized exposure of
individuals to genetic variants that are highly associated with
lifetime systolic BP. Mendelian randomization is similar to ran-
dom allocation of intervention in randomized clinical trials and
can thus overcome the problems of reverse causation and con-
founding that are typical of nonrandomized observational
studies.13

Methods
Study Population
The UK Biobank is a large prospective cohort study of 502 602
men and women aged 40 to 96 years who were recruited be-
tween 2006 and 2010 from 22 assessment centers across the
United Kingdom. Details of the study design and cohort pro-
file have been published elsewhere.14-16 Data analysis for the
present study was conducted from June 2018 to January 2019.
The protocol of the present mendelian randomization study
was approved by the UK Biobank. The UK Biobank has ethical
approval from the Northwest Multi-Center Research Ethics
Committee, and written informed consent was obtained from
all participants.

Of 487 381 participants who were genotyped in the UK Bio-
bank, we included 419 056 white, British descent partici-
pants with valid baseline blood measurements. Racial/ethnic
background information was requested through a touch-
screen questionnaire during the UK Biobank initial assess-

ment center visit (UKB data-field 21000). Participants did not
receive financial compensation.

The analysis was restricted to homologous racial/ethnic
background because of possible significant different allele fre-
quencies in racial/ethnic groups that can induce bias in ge-
netic analysis. eFigure 1 in the Supplement shows partici-
pants’ selection, including initial inclusion and exclusion
criteria and genetic data quality check. We used the last up-
dated genetic (imputed data set, version 3) and baseline data
(March 16, 2018).

Exposure and Outcomes
Systolic BP was measured twice, using automated measure-
ment (Omron Digital monitor; OmronHealthcare Inc). There
was significant variation in the mean (SD) systolic BP be-
tween the first and second measurements (mean first, 139.8
[19.6] mm Hg; mean second, 135.9 [18.6] mm Hg; mean dif-
ference: 3.9 [9.1] mm Hg; P < .001 for difference). We there-
fore analyzed systolic BP as the mean of the 2 measurements.

Outcomes were occurrence of the following VHDs indi-
vidually and as a composite: aortic stenosis, aortic regurgita-
tion, and mitral regurgitation. We used binary classification of
valvular disease (present or not present) that was identified
from electronic hospital records that were linked to the UK Bio-
bank, as well as self-reports collected in the assessment cen-
ter verbal interview at cohort entry. The diagnostic codes re-
lated to congenital and rheumatic valve causes were excluded.
The following diagnostic codes were used for definition of
outcomes: aortic stenosis (International Diagnostic Classifica-
tion of Diseases and Health Related Problems, Tenth Revision
[ICD-10]: I35.2; I35.0; UK Biobank self-report code: 1490), aor-
tic regurgitation (ICD-10: I35.1; UK Biobank self-report code:
1587), and mitral regurgitation (ICD-10: I34.0; UK Biobank self-
report code: 1585).

Other Measurements
Standing height and weight measured at the initial assessment
visitwereusedtocalculatebodymassindex(calculatedasweight
in kilograms divided by height in meters squared).2 Values were
set as missing if either of these readings were omitted. Age was
derived based on date of birth when participants attended the
initial assessment center. Self-reported smoking status was cat-
egorized as never, previous, current, and prefer not to answer.

Key Points
Question Is elevated systolic blood pressure a risk factor for major
valvular heart disease?

Findings In this mendelian randomization study of 329 237
individuals, genetically associated 20–mm Hg increments of
elevated systolic blood pressure appeared to be associated with a
higher risk of aortic stenosis, aortic regurgitation, and mitral
regurgitation.

Meaning Lifetime exposure to elevated systolic blood pressure
may be associated with an increased risk of major valvular heart
disease, suggesting that blood pressure lowering might be a useful
strategy for prevention of this condition.
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Self-reported alcohol intake was classified as never, occasionally,
1 to 3 times a month, 1 to 2 times a week, 3 to 4 times a week, daily,
and prefer not to answer. Participants reported their racial/ethnic
background at the first assessment and we classified them as
white, British, or Irish ethnic background vs mixed or nonwhite
background.

Genotype Data
The genetic variants and single-nucleotide polymorphisms
(SNPs) used in the present study were extracted from the UK
Biobank imputation data set.17 Genotype data were imputed
with IMPUTE4 using the Haplotype Reference Consortium and
the UK10K + 1000 Genomes panel18 to identify approxi-
mately 96 million variants for 487 381 participants. From
419 056 self-reported white, British-descent individuals with
valid genetic and BP measurements, we excluded those with-
out a genetic racial/ethnic grouping as white (n = 46 071), miss-
ingness rate (variant call rate) higher than 1% (n = 42 773), mis-
match between reported and genetic sex (n = 257), sex
chromosome aneuploidy (n = 311), and recommended ge-
nomic analysis exclusions (n = 407). In total, 329 237 white Brit-
ish individuals were included in the final analysis (eFigure 1
in the Supplement).

Instrumental Variable for Systolic BP
We built genetic instruments for systolic BP using SNPs with
minor allele frequency greater than 0.01 that were indepen-
dently (linkage disequilibrium r2<0.1) associated with sys-
tolic BP (at P < 5 × 10−8) in the European population genome-
wide association studies. We selected 130 SNPs that have been
shown to be associated with systolic BP in a genome-wide as-
sociation meta-analysis, including more than 1 million par-
ticipants of European ancestry (eTable 1 in the Supplement).19

All 130 SNPs had imputation quality above 0.9 and collec-
tively explained 0.48% of the variance in the mean of 2
systolic BP measurements in the present analysis. PLINK, ver-
sion 2,20 was used for genotype data management and extrac-
tion of variants from the UK Biobank version 3 imputed data
set.

The SNPs were used to develop a genetic risk score (GRS)
for systolic BP. First, each variant was recoded additively (0,
1, and 2) according to the number of systolic BP–increasing
alleles. Then, after harmonization in a positive direction (in-
creased systolic BP), each variant was weighed according to
the regression coefficient obtained from a previous genome-
wide association meta-analysis to give more weight to SNPs
with stronger effects.19 A weighted GRS was constructed using
the following formula:

(β1 × SNP1[+]β2 × SNP2[+…]βn × SNPn),

where βi was the regression coefficient associated with SNPi

and obtained from the previous genome-wide association
meta-analysis. The weighted score was then rescaled to indi-
cate the number of trait-increasing alleles: rescaled GRS =
(weighted score × number of selected SNPs)/sum of regres-
sion coefficients. An unweighted GRS was constructed to
further assess the effect between the weighting method and
the estimations.

Statistical Analysis
Instrumental variable analysis was performed using an ad-
justed, 2-stage predictor substitution method that used the GRS
as an instrument variable.21 In this analysis, a serial regres-
sion method was done by performing 2 regression models con-
secutively. In the first stage, measured systolic BP was re-
gressed on the GRS as an instrumental variable using a multiple
linear regression model. The predicted probability and residu-
als from this model were saved for the next stage. In the sec-
ond stage, binary outcomes of valvular diseases were re-
gressed on the predicted probability from the first stage, which
served as an independent variable (this predicted value was a
proxy for unconfounded estimate of systolic BP), in a multi-
adjusted, binary logistic regression model with robust SEs. All
statistical analyses were performed using Stata Statistical Soft-
ware, release 14 (StataCorp LP). PASS software, version 15
(NCSS) was used to calculate statistical power (eTable 2 and
eMethods in the Supplement). Statistical significance was de-
termined using 2-tailed testing.

Mendelian Randomization Assumptions
We used 1-sample mendelian randomization, which makes the
following general assumptions: (1) the GRS that is used as an
instrument is reliably associated with the measured systolic
BP, (2) the GRS is only associated with the outcomes through
the exposure of interest (ie, no pleiotropic effects), and (3) the
GRS is not associated with any confounding factors.22 We fur-
ther assumed that the association between the GRS and systolic
BP was linear and there was no modification of the associa-
tion.

Assessment of Instrumental Variable Assumptions
We estimated the F statistic from the first-stage regression of
the systolic BP per 20-mm Hg increase on the GRS to check the
strength of the instrument.23

A genetic instrumental variable is referred to as pleiotropic
when it is in association with other confounders or exposure vari-
ables through a separate causal pathway.24 To test this assump-
tion, we conducted a sensitivity analysis, using the mendelian
randomization Egger intercept test. In this method, zero inter-
cept indicates that the pleiotropic effect is, on average, null.25

The MendelianRandomization package for R, version 3.4.3
(R Foundation) was used to implement the mendelian random-
ization Egger methods for multiple genetic variants.26

We assessed the association between the GRS and pos-
sible confounders using the Pearson correlation coefficient test
and scatterplot. In addition, to address population stratifica-
tion and genetic relatedness, all of the models were adjusted
for the first 10 genetic principal components and relatedness
of up to the third degree using kinship coefficients (>0.044)
calculated using the KING toolset.27

Sensitivity Analyses
To test the validity of the instrumental variable, we performed
a positive control analysis, with stroke, heart failure (HF) and
coronary heart disease (CHD) as the outcomes. In addition, we
conducted a negative control analysis using chronic obstructive
pulmonary disease, expecting a null finding. To further test for
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a possible association with pleiotropy, we reconstructed a GRS
excluding SNPs associated with any type of well-known cardio-
vascular risk factors or disease. We performed a sensitivity analy-
sis to check that the association between elevated systolic BP and
VHD is not an epiphenomenon of the known association with
CHD and HF. To investigate the validity of the outcome defini-
tion and potential association between disease severity and es-
timations, we performed the following 2 analyses. First, we con-
ducted stratified analyses by cases determined using ICD-10
codes only vs cases defined with ICD-10 codes or self-report. Sec-
ond, we provided additional analysis by restricting cases to those
with valve replacement surgery serving as a proxy for VHD se-
verity. We then further adjusted the final models for BP-lowering
treatment to assess the potential association of BP-lowering
medications with the estimations.

Results
Descriptive Statistics and Observational Findings
Baseline characteristics of the 329 237 participants of white Brit-
ish ancestry with valid genetic data and BP measurements over-

all and by sex are listed in Table 1. Of these, 177 741 were women
(53.99%); mean (SD) age was 56.93 (7.99) years. A total of 3570
participants (1.08%) had a diagnosis of VHD. We identified 1491
cases (0.45%) of aortic stenosis, 634 cases (0.19%) of aortic re-
gurgitation, and 1736 cases (0.53%) of mitral regurgitation. In
addition, eTable 3 in the Supplement reports the correlation
between systolic BP GRS, measured systolic BP, and potential
confounders. We did not find an observable correlation be-
tween GRS and well-known confounders.

Mendelian Randomization Findings
Table 2 provides the mendelian randomization estimates for
the associations between systolic BP and VHD. We found that
each genetically associated, 20-mm Hg higher systolic BP was
associated with approximately 3-fold higher odds of aortic ste-
nosis in an age- and sex-adjusted model (odds ratio [OR], 3.29;
95% CI, 1.52-7.12; P = .002). Adjustment for additional vari-
ables minimally changed the results. We found a similar, but
statistically less robust, association between systolic BP and
aortic regurgitation both in the age-and sex-adjusted model
(OR, 2.56; 95% CI 0.73-8.85; P = .13) and in the fully adjusted
model (OR, 2.59; 95% CI, 0.75-8.92; P = .13). A similar pattern

Table 1. Summary of Characteristics of 329 237 Participants of White British Ancestry Included in the Final Analysis

Characteristic

No. (%)

All (N = 329 237) Men (n = 151 496) Women (n = 177 741)
Age, mean (SD), y 56.93 (7.99) 57.16 (8.09) 56.73 (7.91)

Sex

Men 151 496 (46.01)

Women 177 741 (53.99)

BMI, mean (SD) 27.38 (4.71) 27.83 (4.22) 27.00 (5.07)

Smoking status

Never 178 969 (54.36) 73 775 (48.70) 105 194 (59.18)

Previous 116 116 (35.27) 59 424 (39.22) 56 692 (31.90)

Current 33 009 (10.03) 17 765 (11.73) 15 244 (8.58)

Prefer not to answer 1143 (0.35) 532 (0.35) 611 (0.34)

Alcohol intake frequency

Never 21 463 (6.52) 7326 (4.84) 14 137 (7.95)

Special occasion only 34 888 (10.60) 9943 (6.56) 24 945 (14.03)

1-3 times/mo 36 402 (11.06) 13 185 (8.70) 23 217 (13.06)

1-2 times/wk 86 741 (26.35) 39 735 (26.23) 47 006 (26.45)

3-4 times/wk 79 339 (24.10) 41 075 (27.11) 38 264 (21.53)

Daily or almost daily 70 188 (21.32) 40 126 (26.49) 30 062 (16.91)

Prefer not to answer 216 (0.07) 106 (0.07) 110 (0.06)

Systolic BP, mean (SD), mm Hg 138.24 (18.59) 141.32 (17.38) 135.62 (19.17)

Aortic valve stenosis 1491 (0.45) 988 (0.65) 503 (0.28)

Aortic valve regurgitation 634 (0.19) 411 (0.27) 223 (0.13)

Mitral valve regurgitation 1736 (0.53) 1039 (0.69) 697 (0.39)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
BP, blood pressure.

Table 2. Associations Between Systolic Blood Pressure (per 20 mm Hg) and 3 Major Outcomes
of Valvular Disease Using Mendelian Randomization Approach

Valve Disease

Age and Sex Adjusted Fully Adjusteda

No. of Cases OR (95% CI) P Value OR (95% CI) P Value
Aortic valve stenosis 1491 3.29 (1.52-7.12) .002 3.26 (1.50-7.10) .002

Aortic valve regurgitation 634 2.56 (0.73-8.85) .13 2.59 (0.75-8.92) .13

Mitral valve regurgitation 1736 2.22 (1.09-4.52) .02 2.19 (1.07-4.47) .03

All cases 3570 2.86 (1.70-4.80) <.001 2.85 (1.69-4.78) <.001

Abbreviation: OR, odds ratio.
a Adjusted for age, sex, body mass

index, UK Biobank assessment
center, genotype measurement
batch, alcohol intake frequency,
smoking status, genetic kinship to
other participants, and 10 genetic
principal components.
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of association was observed for mitral regurgitation (age- and
sex-adjusted model: OR, 2.22; 95% CI, 1.09 to 4.52; P = .02; fully
adjusted model: OR, 2.19; 95% CI, 1.07-4.47; P = .03). The ob-
served associations were broadly consistent across indi-
vidual valvular diseases (P = .90 for heterogeneity) and the
odds for any of the 3 valvular diseases under study increased
almost 3-fold per 20-mm Hg increase in systolic BP (OR, 2.85;
95% CI, 1.69-4.78; P < .001). Figure 1 shows that the direction
of associations was similar for both systolic BP exposures: an
increasing risk of valvular disease per 20 mm Hg higher sys-
tolic BP based on clinically measured readings (aortic steno-
sis, hazard ratio [HR], 1.41; 95% CI, 1.38-1.45; P < .001; aortic
regurgitation, HR, 1.38; 95% CI, 1.31-1.45; P < .001; and mitral
regurgitation, HR, 1.26; 95% CI, 1.23-1.29; P < .001), and based
on estimations from the genotype data in the present mende-
lian randomization analysis (aortic stenosis, OR, 3.26; 95% CI,
1.50-7.10; P = .002; aortic regurgitation, OR, 2.59; 95% CI, 0.75-
8.92; P = .13; and mitral regurgitation, OR, 2.19; 95% CI, 1.07-
4.47; P = .03]), although the magnitude of risks using the men-
delian randomization approach was stronger than those based
on observational clinical data.

Evidence of Instrumental Variable Robustness
The F statistic (F = 1574) from the first-stage regression of the
measured systolic BP on the GRS supported that our GRS was
a strong instrument. Estimates using the unweighted GRS also
produced similar estimates to the main analyses (eTable 4 in
the Supplement). We found a strong linear correlation be-
tween the GRS and measured systolic BP (regression coeffi-
cient, 0.199; P < .001) (eFigure 2 in the Supplement). The men-
delian randomization–Egger intercept test showed that, on
average, there was no significant pleiotropic effect (inter-
cept, 0.001; SE, 0.017; P = .94) (eFigure 3 in the Supple-

ment). eResults 1 in the Supplement compares the estima-
tions using an alternative case definition. The results showed
that the estimations are similar and robust to case definitions
based on ICD-10 vs ICD-10 plus self-report for aortic stenosis
(OR, 3.28 [95% CI, 1.46-7.36] vs 3.26 [95% CI, 1.50-7.10]);
for aortic regurgitation (OR, 2.60 [95% CI, 0.71-9.49] vs 2.59
[95% CI, 0.75-8.92]); and for mitral regurgitation (OR, 1.85
[95% CI, 0.87-3.94)]vs 2.19 ([95% CI, 0.07-4.47]). In addition,
we restricted the outcome definition to patients who have had
aortic valve replacement or mitral valve replacement surgery
and the results were consistent with the main findings for aor-
tic stenosis (OR, 4.31 [95% CI, 1.35-13.75]), aortic regurgita-
tion (OR, 2.15 [95% CI, 0.26-17.33]), and mitral regurgitation
(OR, 1.74 [95% CI 0.32-9.24]) (eResults 2 in the Supplement).
Sensitivity analysis using GRS that excluded SNPs known to
be associated with any of the established cardiovascular risk
factors did not show any significant change in the estima-
tions for aortic stenosis (OR, 3.82 [95% CI, 1.70-8.56]), aortic
regurgitation (OR, 2.42 [95% CI 0.66-8.84]), and mitral regur-
gitation (OR, 1.90 [95% CI, 0.89-4.02]) (eResults 3 in the Supple-
ment). Further adjustment for use of BP-lowering treatment
did not have a substantial association with the effect sizes for
aortic stenosis (OR, 3.21 [95% CI, 1.47-6.98]), aortic regurgita-
tion (OR, 2.31 [95% CI, 0.67-7.97]), and mitral regurgitation (OR,
2.10 [95% CI, 1.03-4.28]) (eResults 4 in the Supplement). Fur-
thermore, the positive and negative control analysis using our
main GRS revealed strong associations between systolic BP and
stroke (OR, 3.59 [95% CI, 2.12-6.06]), HF (OR, 2.57 [95% CI,
0.99-6.64]), and CHD (OR, 2.51 [95% CI, 1.86-3.39], and a null
association with COPD (OR, 1.00 [95% CI, 0.66-1.51]) further
suggests that our instrumental variable was valid (Figure 2).
In addition, sensitivity analysis was associated with no mate-
rial change in the risk estimates after exclusion of patients with
a diagnosis of CHD for aortic stenosis (OR, 3.76 [95% CI, 1.55-
9.09]), aortic regurgitation (OR, 3.40 [95% CI, 0.90-12.83]), and
mitral regurgitation (OR, 2.15 [95% CI 0.94-4.93]) or HFfor aor-
tic stenosis (OR, 2.92 [95% CI 1.30-6.53]), aortic regurgitation

Figure 1. Observational Hazard Ratio Derived From Previous Large-Scale
Cohort Studies vs Odds Ratio Derived From the Present 1-Sample
Mendelian Randomization for the Association Between Systolic Blood
Pressure per 20–mm Hg and Valvular Heart Disease Outcomes
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Mendelian randomization was adjusted for age, sex, body mass index, UK
Biobank assessment center, genotype measurement batch, alcohol intake
frequency, smoking status, genetic kinship to other participants, and 10 genetic
principal components. Dark blue circles represent point estimation and vertical
lines represent 95% CIs. Odds ratio indicates hazard ratio in observational
cohort studies and odds ratio in mendelian randomization estimation.

Figure 2. Mendelian Randomization Estimates for the Association
Between Systolic Blood Pressure per 20-mm Hg and Stroke, Heart
Failure, and Coronary Heart Disease (CHD) as Positive Controls and
Chronic Obstructive Pulmonary Disease (COPD) as Negative Outcome

1O
R,

 p
er

 2
0-

m
m

 H
g 

In
cr

ea
se

Stroke Heart
Failure

CHD COPD

Positive control
Negative control

0.6

2

4

7

3

The control analyses showed that the instrumental variable is valid.
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(OR, 2.53 [95% CI 0.70-9.09]), and mitral regurgitation (OR,
2.45 [95% CI 1.15-5.23]) (Figure 3).

Discussion
This mendelian randomization study suggests that elevated
systolic BP is associated with an increased risk of aortic ste-
nosis, mitral regurgitation, and aortic regurgitation. When con-
sidered together as a composite outcome, each 20-mm Hg
higher genetically associated systolic BP was found to in-
crease the odds of VHD by nearly 3-fold.

A few prospective studies have reported positive associa-
tions between higher BP and risk of VHD. In 2 large-scale
studies that used data from electronic health records with BP
as a continuous variable as in our study, over a median of 9
years’ follow-up, exposure to 20-mm Hg higher BP was asso-
ciated with a 41% greater risk of aortic stenosis, 38% greater
risk of aortic regurgitation, and 26% greater risk of mitral
regurgitation.10,12 Our estimates are stronger than those re-
ported in those large cohort studies. This difference might be
related to residual confounding in earlier studies, which can
bias associations toward the null.28 In addition, mendelian ran-
domization studies often show stronger associations be-
cause they capture lifetime exposure instead of assessing risk
exposure at a specific time.29 The stronger risk estimates that
we observed are in keeping with epidemiologic studies that
have shown that cumulative risk exposure has better predic-
tive ability than typically measured associations based on single
measures of risk exposure.30,31

Considering that the association between high BP and VHD
was similar to that of other cardiovascular diseases, such as
stroke, HF, and CHD, for which BP-lowering treatment has been
shown to be effective in primary and secondary prevention
trials,32,33 it is reasonable to assume that BP reduction may ac-
crue similar relative effects in patients at risk for VHD. Con-
sidering the paucity of therapeutic options currently avail-

able for prevention of VHD, BP–lowering treatment may
potentially play a role in the prevention of this condition. To
date, clinical guidelines make no specific recommendations
for medical prevention of VHD,3,34 and no drugs have dem-
onstrated compelling efficacy in reversing or curbing disease
progression.7 In addition, the current epidemic of hyperten-
sion may herald a significant increase in the incidence of VHD,
which is already on the rise owing to population aging.

The heavy health care burden and cost associated with valve
replacement therapy, which is the only treatment currently avail-
able for end-stage valvular disease, underscore the importance
of VHD prevention. Our findings suggest that BP-lowering treat-
ment might be a useful strategy to prevent VHD. However, fur-
ther research is warranted to clarify the underlying mechanisms
for the observed association between elevated systolic BP and
VHD. As previously suggested, it is possible that elevated BP ex-
ertsitsstructuraleffectsonvalvesthroughdifferentmechanisms.
For instance, for aortic stenosis, a cascading cycle of arterioscle-
rosis, left ventricular hypertrophy, and elevated BP might lead
to mechanical stress and calcification, whereas BP-induced aor-
tic root dilation might be the pathophysiologic consequence of
elevated BP in aortic regurgitation.35 As for mitral regurgitation,
a process of direct valve leaflet damage and indirect ring dilata-
tion might be involved.36,37 Further mechanistic research could
explore the different pathways.

Strengths and Limitations
The main strength of this study is the fact that, by using a ro-
bust GRS as a proxy for high systolic BP, we were able to ad-
dress uncontrolled confounding and reverse causality that may
have affected previous observational studies. Thus, by rely-
ing on nature’s randomization, we demonstrate that previ-
ously observed associations are unlikely to be due to residual
confounding or reverse causality. However, we acknowledge
that mendelian randomization is a quasi-experimental study
and its findings do not necessarily provide proof of causality.

Our study findings should be interpreted in light of its limi-
tations. First, the numbers of some types of VHD investigated
were low, leading to relatively wide 95% CIs and, in particular,
limiting the statistical power for aortic regurgitation as an indi-
vidual outcome. Nonetheless, consistent with previous epide-
miologic studies that had generated the hypothesis for the pre-
sent study, the point estimates for all 3 valvular diseases were
broadly consistent and their aggregation into a single outcome
hadsufficientstatisticalpower.Second,althoughourvarioussen-
sitivity analyses supported the main study findings, we lacked
statistical power for detection of modest mediating associations.
In particular, for mitral regurgitation, one would expect a certain
degree of mediation through diseases of the left ventricle. In our
study, however, we saw no evidence of statistical heterogeneity
between our main results and mediator-adjusted results, al-
though the 95% CI crossed 1 for CHD-excluded analysis but did
not for HF-excluded analysis. In a previous epidemiologic study,
the percentage of excess risk mediated by such proximate causes
of secondary mitral regurgitation was only 13% (95% CI, 6.1%-
20%), and accounting for them showed little modification of the
long-term association between BP and mitral regurgitation
(confounder- and mediator-adjusted hazard ratio [HR], 1.22;

Figure 3. Sensitivity Analysis With Exclusion of Patients
With Coronary Heart Disease (CHD) or Heart Failure (HF)
as Possible Mediators of Valvular Disease

O
R,

 p
er

 2
0-

m
m

 H
g 

In
cr

ea
se

1

0.7

2

10

20
Main estimation
CHD excluded
HF excluded

Aortic Valve
Stenosis

Aortic Valve
Regurgitation

Mitral Valve
Regurgitation

6

4

Main estimation included all cases; with CHD and HF exclusions, all types were
excluded from the analysis.

Research Original Investigation Systolic Blood Pressure and Risk of Valvular Heart Disease

E6 JAMA Cardiology Published online July 10, 2019 (Reprinted) jamacardiology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Rochester User  on 07/20/2019

http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.2202


95% CI, 1.20-1.25 compared with confounder-adjusted HR, 1.26;
95% CI, 1.23-1.29).12 Irrespective of the outcomes of such media-
tion, however, we believe that for disease prevention consider-
ations, the overall associations are more relevant than those that
exclude potential indirect effects. Third, we acknowledge a de-
gree of misclassification owing to the fact that outcome defini-
tion relied mainly on data retrieved from linked electronic health
records with no echocardiographic data for direct case ascertain-
ment and assessment of the severity of disease. However, pre-
vious studies showed that diagnostic validity of electronic health
records is approximately 90% compared with echocardiographic
assessment and recorded cases typically represented moderate
to severe disease.38,39 Fourth, our study was restricted to a popu-
lation of European descent, which, despite the benefit of greater

genetic homogeneity, limits the generalizability of our results to
other ethnicities. It would be useful to investigate whether the
observed associations are present in populations from different
genetic backgrounds.

Conclusions
The present study suggests that lifetime exposure to el-
evated systolic BP may be associated with an increased risk of
major VHD. Our mendelian randomization study is less prone
to confounding and reverse causation and thus suggests that
BP-lowering treatment may be a useful strategy for preven-
tion of VHD.
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