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BACKGROUND Causal risk factors for aortic valve stenosis are poorly understood, limiting the possibility of preventing

the most common heart valve disease.

OBJECTIVES The hypothesis was tested that genetically based obesity measured by body mass index is causally

associated with risk of aortic valve stenosis and replacement.

METHODS The authors included 108,211 individuals from the Copenhagen General Population Study. Participants had

measurements of body mass index, waist-hip ratio, and waist circumference, and information on 5 genetic variants

associated with obesity. A Mendelian randomization design was used to investigate genetic and observational associa-

tions of obesity with incident aortic valve stenosis (n ¼ 1,215) and replacement (n ¼ 467) for a median follow-up time of

8.7 years.

RESULTS Genetically increased body mass index was causally associated with increased risk of aortic valve stenosis.

Compared with an unweighted allele score of 0 to 3, individuals with an allele score 7 to 10 had a mean increase in body

mass index of 0.87 kg/m2, and the age and sex–adjusted hazard ratio for aortic valve stenosis was 1.3 (95% confidence

interval [CI]: 1.0 to 1.7) for allele score 4, 1.4 (95% CI: 1.1 to 1.8) for allele score 5 to 6, and 1.6 (95% CI: 1.3 to 2.1) for

allele score 7 to 10 (p for trend: 9 � 10�5). A 1-kg/m2 increase in body mass index was associated with causal risk ratios

for aortic valve stenosis and replacement, respectively, of 1.52 (95% CI: 1.23 to 1.87) and 1.49 (95% CI: 1.07 to 2.08)

genetically, and with corresponding hazard ratios of 1.06 (95% CI: 1.05 to 1.08) and 1.06 (95% CI: 1.03 to 1.08)

observationally.

CONCLUSIONS Obesity from human genetics was causally associated with higher risk of aortic valve stenosis and

replacement. (J Am Coll Cardiol 2020;75:163–76) © 2020 by the American College of Cardiology Foundation.
A ortic valve stenosis is the most common
heart valve disease, where the prevalence in-
creases from 0.2% in those 50 to 59 years of

age to 9.8% in those 80 to 89 years of age (1). With
aging populations worldwide, the disease is expected
to be an increasing burden on public health (2). In un-
treated individuals with symptomatic aortic valve
stenosis, the survival is only a couple of years from
onset of heart failure symptoms. The only available
treatment is aortic valve replacement or transcatheter
aortic valve implantation (3). These procedures are
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comprehensive and expensive (4), which emphasizes
the need for identifying modifiable causal risk factors.

Aortic valve stenosis shares some risk factors with
atherosclerotic cardiovascular disease, including age,
smoking, cholesterol levels, lipoprotein(a), and dia-
betes mellitus (5–12), but the pathogenesis and causal
pathways are not entirely understood. Obesity is
another factor that could possibly increase the risk of
aortic valve stenosis; however, previous smaller
studies have shown conflicting results (1,9,13–15).
Nevertheless, a recent study with 71,817 individuals
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ICD = International

Classification of Diseases

SNP = single nucleotide
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showed a clear observational association be-
tween both high body mass index and waist
circumference and risk of aortic valve ste-
nosis (16).

We tested the hypothesis that genetically
based obesity measured by body mass index
is causally associated with risk of aortic valve
stenosis and replacement. For genetic analyses, we
used the top 5 single nucleotide polymorphisms
(SNPs) causally associated with increased body mass
index (17), that is, the best genetic instruments
available rather than using all SNPs associated with
body mass index, thereby minimizing weak instru-
ment bias (18).
SEE PAGE 177
METHODS

For an expanded Methods section, see the Online
Appendix.

STUDY COHORT. We used data from the Copenhagen
General Population Study, which is a prospective
cohort study that recruited from 2003 through 2015.
White individuals of Danish descent 20 to 100 years of
age were invited randomly from the general popula-
tion of the greater Copenhagen area. The study was
conducted in accordance with the Declaration of
Helsinki and approved by local institutional reviews
and a Danish ethical committee (H-KF-01-144/01).
Information on health and lifestyle was obtained
from questionnaires and from physical examinations.
Blood samples were drawn for biochemical measure-
ments, including DNA analyses. The participation
rate was 43%, and 108,304 individuals were included.

OBESITY FROM HUMAN GENETICS. The following 5
SNPs were chosen for individual genotyping because
these are known to have the largest effect on body
mass index (19): FTO (rs9939609), MC4R (rs17782313),
TMEM18 (rs6548238), BDNF (rs10767664), and
GNPDA2 (rs10938397). An unweighted allele score of
0 to 10 was created by counting the number of alleles
associated with increase in body mass index (20). The
unweighted allele score was categorized as 0 to 3 (9%
of population), 4 (19%), 5 to 6 (52%), and 7 to 10 alleles
(20%) to improve statistical power.

Furthermore, internally and externally weighted
allele score groups were created on the basis of the
specific polymorphisms’ effect on body mass index
(21), using the magnitude of individual beta-coefficients
for the individual genotypes (Online Tables 1 and 2).

To identify genetic instruments for waist-hip
ratio adjusted for body mass index, we found SNPs
with a known association in the GIANT (Genetic
Investigation of Anthropometric Traits) consortium
(p < 1 � 10�6) (22). Of these, 30 SNPs were available on
a subset of the present population (Online Table 3).

OBESITY. Weight, height, hip circumference, and
waist circumference were all measured at the time of
attendance. Body mass index was calculated as
weight (in kg) divided by height squared (in m2).
Individuals were grouped into 5 World Health
Organization categories of body mass index
(kg/m2): <18.5, 18.5 to 24.9, 25.0 to 29.9, 30.0 to 34.9,
and $35.0 (23).

AORTIC VALVE STENOSIS AND REPLACEMENT. Di-
agnoses were obtained from the nationwide Danish
Causes of Death Registry and the nationwide Danish
Patient Registry, using the individuals’ unique Danish
Civil Registration Number. Aortic valve stenosis was
defined as International Classification of Diseases
(ICD) 10th edition (ICD-10) codes I35.0 and I35.2
either registered during hospital visits or on the death
certificate; individuals with these codes or corre-
sponding ICD-8 codes before study entry were
excluded in statistical analyses. Aortic valve
replacement was defined as surgery on the aortic
valve, thereby including open aortic valve replace-
ment and transcatheter aortic valve replacement.
Codes used for aortic valve replacement are shown in
Online Table 4.

Individuals were enrolled from 2003 to 2015 and
followed until event (n ¼ 1,215 for incident aortic
valve stenosis and n ¼ 467 for aortic valve replace-
ment), emigration (n ¼ 459), death (n ¼ 10,236), or
April 2018, whichever occurred first.

COVARIATES. For multivariable adjustment in
observational analyses, risk factors for aortic valve
stenosis were included: age (underlying time-scale),
sex, smoking status (current, previous, never), pack-
years smoked, systolic blood pressure (mm Hg),
years of education, low-density lipoprotein choles-
terol (mmol/l), lipoprotein(a) (mg/dl), and dia-
betes mellitus.

STATISTICAL ANALYSES. We used Stata version 13.1
software (StataCorp, College Station, Texas). Cuzick’s
nonparametric test for trend assessed trend across
genetic and observational categories.

Genetic allele score associations were calculated
using Cox regression with sex as a covariate and age
as timescale (¼age adjustment) and left truncation at
examination. As done previously (20), causal, genetic
associations were assessed for body mass index using
instrumental variable analysis; the effect size was
normalized to a 1-kg/m2 genetic increase in body mass
index to allow direct comparison with a 1-kg/m2 body
mass index increase in observational analyses.
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Restricted cubic splines were used to evaluate the
relationships of body mass index, waist-hip ratio, and
waist circumference with aortic valve stenosis.
Observational associations of body mass index, waist-
hip ratio, and waist circumference with aortic valve
stenosis were calculated adjusted for age and sex or
multivariable, using Cox regression as for genetic
analyses. Cumulative incidences excluding other
death and emigration as competing risks were calcu-
lated with Fine and Gray regression (24).

RESULTS

We included 108,304 individuals from the white
Danish general population. During a median follow-
up of 8.7 years (range 0 to 14 years), 1,215 in-
dividuals were diagnosed with aortic valve stenosis,
and 467 with aortic valve replacement. Baseline
characteristics are shown in Table 1. For allele score
groups by body mass index, systolic blood pressure,
diabetes, and status as current smoker differed
slightly between groups. For individuals with obesity
(body mass index $30), 92% had >3 obesity-
associated alleles compared with 90% of nonobese
individuals (Online Table 5).

OBESITY AND AORTIC VALVE STENOSIS: GENETIC

ANALYSES. We calculated an unweighted allele
score by counting the number of body mass index–
increasing alleles, that is, each allele had the same
weight (Online Table 1). Further, we also calculated a
weighted allele score where each allele was weighted
on the basis of the influence on body mass index, that
is, by multiplying the number of alleles with the beta-
coefficient from linear regression for each genotype
separately, and then adding all individual contribu-
tions into a single score.

Individuals with an unweighted allele score of 7 to
10, compared with an allele score of 0 to 3, had a
mean increase in body mass index of 0.87 kg/m2

(Figure 1). Compared with individuals with un-
weighted body mass index allele score of 0 to 3, the
age and sex–adjusted hazard ratio for aortic valve
stenosis was 1.3 (95% confidence interval [CI]: 1.0 to
1.7) for allele score 4, 1.4 (95% CI: 1.1 to 1.8) for allele
score 5 to 6, and 1.6 (95% CI: 1.3 to 2.1) for allele score
7 to 10 (p for trend ¼ 9 � 10�5).

Using the internally weighted allele score cate-
gories, individuals in group 4, the group with the
highest allele score, had a mean increase in body
mass index of 0.93 kg/m2 compared with group 1, the
group with the lowest allele score (Figure 1).
Compared with individuals in internally weighted
allele score group 1, the age and sex–adjusted hazard
ratio for aortic valve stenosis was 1.3 (95% CI: 1.0 to
1.7) for group 2, 1.4 (95% CI: 1.1 to 1.9) for group 3, and
1.6 (95% CI: 1.2 to 2.0) for group 4 (p for trend ¼ 2 �
10�4). When adjusting analyses for systolic blood
pressure, smoking status, pack-years, and diabetes,
results were similar (Online Figure 1). Results for
aortic valve replacement are shown in Online
Figure 2. In analyses including genetic variants
associated with waist-hip ratio adjusted for body
mass index on a subset of the population including
11,226 individuals, the age and sex–adjusted hazard
ratio for aortic valve stenosis was 1.5 (95% CI: 0.8 to
2.6) for weighted allele score group 4 compared with
group 1 (p for trend ¼ 0.27) (Online Figure 3). For the
combined weighted allele score (both body mass index
and waist-hip ratio adjusted for body mass index), the
age and sex–adjusted hazard ratio for aortic valve ste-
nosis was 1.7 (95% CI: 0.9 to 3.2) for group 4 compared
with group 1 (p for trend ¼ 0.28) (Online Figure 4).

OBSERVATIONAL AND GENETIC ANALYSES. In
instrumental variable analysis, the age and sex–
adjusted causal risk ratio for aortic valve stenosis
based on the unweighted allele score was 1.52
(95% CI: 1.23 to 1.87) per 1-kg/m2 increase in body
mass index (Figure 2). For aortic valve replacement,
the corresponding causal risk ratio was 1.49 (95% CI: 1.07
to 2.08). These results were similar in models whether
allele scores were weighted internally or externally.

Observational hazard ratio for aortic valve stenosis
per 1-kg/m2 increase in body mass index was 1.07
(95% CI: 1.06 to 1.09) in the age and sex–adjusted
model and 1.06 (95% CI: 1.05 to 1.08) in the
multivariable-adjusted model (Figure 2). The corre-
sponding hazard ratios for aortic valve replacement
were 1.07 (95% CI: 1.04 to 1.09) in the age and sex–
adjusted model and 1.06 (95% CI: 1.03 to 1.08) in the
multivariable-adjusted model. Observational results
without correction for regression dilution bias are
shown in Online Figure 5.

OBESITY AND AORTIC VALVE STENOSIS:

OBSERVATIONAL ANALYSES. On continuous scales
in multivariable-adjusted analyses, higher body mass
index, waist-hip ratio, and waist circumference were
associated with increased risk of aortic valve stenosis
(Figure 3). These results were similar for both sexes
separately (Online Figure 6). Results for aortic valve
replacement are shown in Online Figure 7. Taking
competing risk of death and emigration into account,
the cumulative incidence of aortic valve stenosis was
stepwise higher in groups with higher body mass in-
dex (p for trend ¼ 3 � 10�20), waist-hip ratio (p for
trend ¼ 9 � 10�16), and waist circumference (p for
trend ¼ 7 � 10�13) (Figure 4). Results were similar for
aortic valve replacement.
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TABLE 1 Baseline Characteristics

Genetic, Causal Analyses

p Value

Internally Weighted Allele Score Group for Body Mass Index

1 2 3 4

Individuals, n 8,518 17,791 57,833 21,277

Age, yrs 58 (48–67) 58 (48–68) 58 (48–67) 58 (48–68) 0.57

Women 55 55 55 55 0.40

Smoking status

Never 43 43 42 42 0.03

Previous 41 40 41 41 0.94

Current 16 17 17 18 0.001

Cumulative smoking, current and previous smokers only, pack-yrs 15 (6–30) 16 (6–30) 15 (6–30) 16 (6–30) 0.03

Systolic blood pressure, mm Hg 139 (126–154) 140 (126–155) 140 (126–155) 140 (127–155) 9 � 10�5

LDL cholesterol, mmol/l 3.2 (2.6–3.8) 3.2 (2.6–3.8) 3.2 (2.6–3.8) 3.2 (2.6–3.8) 0.03

Lipoprotein(a), mg/dl 9.7 (4.6–29) 9.9 (4.8–30) 9.7 (4.8–29) 9.6 (4.7–28) 0.41

Education, yrs 11 (10–12) 11 (9–12) 11 (10–12) 11 (9–12) 0.43

Diabetes 4.0 3.9 4.1 4.8 2 � 10�5

Observational Analyses

Body Mass Index, kg/m2

18.5–24.9 25.0–29.9 30.0–34.9 ‡35.0 p Value

Individuals, n 46,698 43,059 13,472 3,886

Age, yrs 56 (46–66) 60 (50–68) 61 (51–68) 58 (49–66) 1 � 10�204

Women 66 44 48 64 <1 � 10�300

Smoking status

Never 45 40 39 41 7 � 10�41

Previous 37 44 45 43 1 � 10�77

Current 18 16 16 16 3 � 10�12

Cumulative smoking, current and previous smokers only, pack-yrs 13 (5–26) 17 (7–31) 20 (10–36) 20 (9–36) 3 � 10�277

Systolic blood pressure, mm Hg 134 (121–150) 142 (130–156) 147 (134–160) 150 (137–164) <1 � 10�300

LDL cholesterol, mmol/l 3.0 (2.5–3.7) 3.3 (2.7–4.0) 3.3 (2.7–4.0) 3.3 (2.6–4.0) 8 � 10�296

Lipoprotein(a), mg/dl 9.6 (4.8–29) 10 (4.8–30) 9.5 (4.6–30) 9.3 (4.3–27) 0.81

Education, yrs 12 (10–12) 10 (9–12) 10 (9–12) 10 (9–12) <1 � 10�300

Diabetes 1.9 4.4 8.7 15.4 <1 � 10�300

Continued on the next page
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Compared with individuals with body mass index
of 18.5 to 24.9 kg/m2, the multivariable-adjusted
hazard ratio for aortic valve stenosis was 1.3
(95% CI: 1.1 to 1.5) for individuals with a body mass
index of 25.0 to 29.9 kg/m2, 1.8 (95% CI: 1.5 to 2.2) for
30.0 to 34.9 kg/m2, and 2.6 (95% CI: 2.0 to 3.5) for
individuals with body mass index $35.0 kg/m2

(Figure 5). Corresponding hazard ratios for aortic
valve replacement were 1.3 (95% CI: 1.0 to 1.7), 1.8
(95% CI: 1.3 to 2.4), and 2.1 (95% CI: 1.3 to 3.5),
respectively.

Compared with individuals with waist-hip
ratio #0.80 for women and #0.91 for men, the
multivariable-adjusted hazard ratio for aortic valve
stenosis was 1.5 (95% CI: 1.2 to 1.9) for women/men
with a waist-hip ratio of 0.81 to 0.89/0.92 to 0.99, 2.0
(95% CI: 1.5 to 2.6) for 0.90 to 0.96/1.00 to 1.06, and
3.2 (95% CI: 2.2 to 4.6) for women/men with waist-hip
ratio $0.97/$1.07 (Figure 5). Corresponding hazard
ratios for aortic valve replacement were 1.0 (95% CI:
0.7 to 1.4), 1.4 (95% CI: 0.9 to 2.2), and 1.9 (95% CI: 1.0
to 3.5), respectively.

Compared with individuals with waist
circumference #81 cm for women and #94 cm for
men, the multivariable-adjusted hazard ratio for
aortic valve stenosis was 1.3 (95% CI: 1.1 to 1.5) for
women/men with waist circumference 82 to 96/95 to
106 cm, 1.5 (95% CI: 1.2 to 1.8) for 97 to 109/107 to
117 cm, and 2.4 (95% CI: 1.8 to 3.2) for women/men
with waist circumference $110/$118 cm (Figure 5).
Corresponding hazard ratios for aortic valve replace-
ment were 1.1 (95% CI: 0.8 to 1.4), 1.4 (95% CI: 1.0 to
1.9), and 1.8 (95% CI: 1.1 to 2.8), respectively. Results
without correction for regression dilution bias are
shown in Online Figure 8.

INCREMENTAL VALUE OF WAIST-HIP RATIO AND

WAIST CIRCUMFERENCE. In observational analyses

https://doi.org/10.1016/j.jacc.2019.10.050


TABLE 1 Continued

Waist-Hip Ratio

Women £0.80 0.81–0.89 0.90–0.96 ‡0.97
Men £0.91 0.92–0.99 1.00–1.06 ‡1.07 p Value

Individuals, n 46,498 42,093 14,337 3,893

Age, yrs 53 (45–64) 60 (51–69) 63 (55–71) 65 (57–72) <1 � 10�300

Women 55 56 51 55 8 � 10�5

Smoking status

Never 48 39 34 31 <1 � 10�300

Previous 37 43 47 46 2 � 10�132

Current 15 18 20 23 2 � 10�73

Cumulative smoking, current and previous smokers only, pack-yrs 12 (5–24) 17 (7–30) 23 (10–39) 28 (13–45) <1 � 10�300

Systolic blood pressure, mm Hg 135 (123–150) 141 (128–156) 146 (133–160) 149 (135–164) <1 � 10�300

LDL cholesterol, mmol/l 3.1 (2.5–3.7) 3.3 (2.6–3.9) 3.3 (2.6–4.0) 3.2 (2.5–3.9) 8 � 10�138

Lipoprotein(a), mg/dl 9.6 (4.8–28) 10.0 (4.8–30) 9.7 (4.6–30) 9.3 (4.3–28) 0.96

Education, yrs 12 (10–12) 10 (9–12) 10 (9–12) 10 (8–12) <1 � 10�300

Diabetes 1.7 4.1 9.4 16.5 <1 � 10�300

Waist Circumference, cm

Women £81 82–96 97–109 ‡110
Men £94 95–106 107–117 ‡118 p Value

Individuals, n 47,902 41,235 13,651 4,068

Age, yrs 54 (45–65) 60 (50–69) 63 (54–70) 62 (53–69) <1 � 10�300

Women 55 55 54 54 0.22

Smoking status

Never 46 39 37 36 5 � 10�127

Previous 37 44 46 46 7 � 10�122

Current 17 17 17 18 0.27

Cumulative smoking, current and previous smokers only, pack-yrs 12 (5–25) 17 (7–30) 22 (10–38) 24 (11–40) <1 � 10�300

Systolic blood pressure, mm Hg 135 (122–150) 142 (130–157) 147 (134–160) 150 (137–164) <1 � 10�300

LDL cholesterol, mmol/l 3.0 (2.5–3.7) 3.3 (2.7–4.0) 3.3 (2.7–4.0) 3.2 (2.5–3.9) 3 � 10�225

Lipoprotein(a), mg/dl 9.4 (4.7–28) 10 (4.9–31) 9.6 (4.6–29) 9.3 (4.4–29) 0.06

Education, yrs 12 (10–12) 10 (9–12) 10 (9–12) 10 (8–12) <1 � 10�300

Diabetes 1.7 4.2 8.8 18.3 <1 � 10�300

Values are median (interquartile range) or %, unless otherwise indicated. If corrected using the Bonferroni method, a p value of 0.05 ¼ 0.001 (0.05/44). The number of
individuals varies slightly according to availability of the variable (data are without imputation).

LDL ¼ low-density lipoprotein.
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where individuals are categorized by both body mass
index and waist-hip ratio, individuals with both
increasing body mass index and waist-hip ratio had
increased risk of aortic valve stenosis (Figure 6).
Compared with individuals with body mass index
18.5 to 24.9 kg/m2 and waist-hip ratio (women/
men) #0.80/#0.91, multivariable-adjusted hazard
ratio for aortic valve stenosis was 4.5 (95% CI: 2.8 to
7.1) for individuals with body mass index $35.0 and
waist-hip ratio (women/men) $0.97/$1.07. Results
for waist circumference are shown in Online Figure 9.
Furthermore, when adding waist-hip ratio to a
multivariable-adjusted model including body mass
index, the net reclassification index was 0.084
(95% CI: 0.051 to 0.11; p < 0.001). Analyses of C-sta-
tistics, integrated discrimination index, and net
reclassification index are provided in Online Table 6.
The percentage of aortic valve stenosis events
attributed to weighted allele score groups 3 and 4
compared with 1 and 2, that is, the population-
attributable fraction, was 16% (Online Figure 10).
The corresponding population-attributable fraction
of combined body mass index $30 or weighted allele
score groups 3 and 4 was 17%.

SENSITIVITY ANALYSES. In the observational ana-
lyses, results were also similar when excluding
individuals with <2 years of follow-up, or age
<60 years (Online Figures 11 and 12). The association
between higher body mass index and higher risk
of aortic valve stenosis was found in individuals
with the highest waist circumference (men $101 cm,
women $88 cm), but not in those with the lowest
waist circumference (p for interaction ¼ 0.07)

https://doi.org/10.1016/j.jacc.2019.10.050
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FIGURE 1 Genetic Association of BMI in Allele Score Categories With Risk of Aortic Valve Stenosis
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(Online Figure 13). If underweight individuals
were included, results were similar to those shown
(compare Figures 2 and 5 with Online Figures 14
and 15).

Further stratifications on covariates are shown in
Online Figure 16. For a 1-kg/m2 increase in body mass
index, the multivariable-adjusted hazard ratios for
aortic valve stenosis were 1.07 (95% CI: 1.05 to 1.09)
for women and 1.04 (95% CI: 1.02 to 1.06) for men (p
for interaction ¼ 0.02; p value is larger than the
Bonferroni-corrected significance level at 0.003).
Corresponding values for aortic valve replacement
were 1.07 (95% CI: 1.04 to 1.10) for women and 1.03
(95% CI: 0.99 to 1.06) for men (p for
interaction ¼ 0.06) (Online Figures 6 and 16).

DISCUSSION

In this Mendelian randomization study of the Danish
general population, obesity estimated through body
mass index was causally from human genetics and
observationally associated with higher risk of aortic

https://doi.org/10.1016/j.jacc.2019.10.050
https://doi.org/10.1016/j.jacc.2019.10.050
https://doi.org/10.1016/j.jacc.2019.10.050
https://doi.org/10.1016/j.jacc.2019.10.050
https://doi.org/10.1016/j.jacc.2019.10.050


FIGURE 2 Risk of Aortic Valve Stenosis and Replacement With Increasing BMI in Causal, Genetic Instrumental Variable and

Observational Analyses
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FIGURE 3 Risk of Aortic Valve Stenosis by BMI, Waist-Hip Ratio, and

Waist Circumference on Continuous Scales

0.20

0.015

0.00

Multivariable adjusted
N = 107,653
Events = 1,207

9

7

5

3

1

Ha
za

rd
 R

at
io

 (9
5%

 C
I)

fo
r A

or
tic

 V
al

ve
 S

te
no

sis

Fraction of Population (Density)

50 90 130
Waist Circumference, cm

170

4

2

0

Multivariable adjusted
N = 107,618
Events = 1,2079

7

5

3

1Ha
za

rd
 R

at
io

 (9
5%

 C
I)

fo
r A

or
tic

 V
al

ve
 S

te
no

sis

Fraction of Population (Density)

0.5 1.0 1.5
Waist-Hip Ratio

9 0.10

0.05

0.00

Multivariable adjusted
N = 107,916
Events = 1,214

7

5

3

Ha
za

rd
 R

at
io

 (9
5%

 C
I)

fo
r A

or
tic

 V
al

ve
 S

te
no

sis

Fraction of Population (Density)

1

10 20 30
Body Mass Index, kg/m2

40 50 60

Hazard ratios (solid lines) and 95% CIs (dashed lines) are from Cox regression using

restricted cubic splines. The 2.5 percentiles for BMI, waist-hip ratio, and waist circum-

ference were used as reference in the 3 graphs, respectively. Multivariable adjustment

was for age, sex, smoking status (current, previous, never), pack-years, low-density li-

poprotein cholesterol, lipoprotein(a), systolic blood pressure, years of education, and

diabetes. Graphs were truncated at body mass index >60 kg/m2, waist-hip ratio <0.5

and >1.5, and waist circumference <50 cm and >180 cm due to limited number of in-

dividuals and events outside these cutpoints. Density plots of population distribution

(blue) are made as kernel density estimation, in which the area under the curve is fixed

to 1, resulting in different y-axes when the x-axes are numerically different. Number of

individuals varies slightly depending on availability of data. Abbreviations as in Figure 1.

Kaltoft et al. J A C C V O L . 7 5 , N O . 2 , 2 0 2 0

Obesity and Aortic Valve Stenosis J A N U A R Y 2 1 , 2 0 2 0 : 1 6 3 – 7 6

170
valve stenosis and replacement (Central Illustration).
Our causal, genetic findings are novel.

The mechanism behind obesity causing aortic
valve stenosis may be due to either structural
changes of the heart or metabolic changes of the
obese body. Structurally, obesity causes higher blood
pressure, increasing stress on the heart, which could
lead to geometric changes of the left ventricle (25)
and aortic valve, and high blood pressure could
initiate atherosclerosis through endothelial injury
(26). Metabolically, obesity causes increased levels of
atherogenic lipoproteins (27) that are deposited on
the leaflet wall of the aortic valve (26). Ongoing
injury and lipid deposition lead to an inflammatory
response and infiltration of macrophages, T-lym-
phocytes, and mast cells (28). Inflammatory media-
tors cause valve interstitial cells to differentiate into
osteoblasts, thus leading to calcification of valve
leaflets (26). However, risk remains when adjusting
for systolic blood pressure and low-density lipopro-
tein cholesterol in our study. Thus, other mediating
causal factors from obesity to aortic valve stenosis
are yet to be discovered, but may be found within
metabolic changes of the obese. Obesity has been
linked to proinflammatory processes (29) that
triglyceride-rich remnant lipoproteins also facilitate
(30–32), and it has been indicated that high tri-
glycerides could be a genetic risk factor for aortic
valve stenosis (33); however, the precise role of tri-
glycerides and inflammation in aortic valve stenosis
is unclear.

Previous studies of the association between body
mass index and aortic valve stenosis have shown
conflicting results (5,14,15,34), but the majority of
these have been small, cross-sectional studies, some
of which focus on aortic valve calcification rather
than on actual stenosis. One study has shown that
weight loss did not decrease progression of aortic
valve stenosis in individuals who already had the
diagnosis (35), but it may be important to distinguish
between disease incidence and progression as they
follow 2 different pathways (26). In support of our
observational findings, a recent Swedish study (16)
including 71,817 individuals showed robust evidence
that body mass index is observationally associated
with aortic valve stenosis when body mass index is
above 27.5 kg/m2, with a multivariable-adjusted haz-
ard ratio of 1.34 (95% CI: 1.09 to 1.64) when compared
with individuals with a body mass index of 18.5 to
22.4 kg/m2. That study further proposed that
abdominal fat measured in waist circumference could
enhance the risk of aortic valve stenosis in overall
obese individuals estimated by body mass index,
which emphasizes the need to study the metabolic



FIGURE 4 Cumulative Incidence of Aortic Valve Stenosis and Replacement by Categories of BMI, Waist-Hip Ratio, and Waist Circumference
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state in such individuals because aortic valve stenosis
has previously been linked to the metabolic syn-
drome (36,37). Similarly, our study showed that risk
of aortic valve stenosis is higher in individuals with
both high body mass index and high waist-hip ratio or
waist circumference. However, whether the waist-hip
ratio–associated SNPs have an effect on the incidence
of aortic valve stenosis and replacement is unclear
from our data, as is the question of whether overall
and abdominal obesity would differentially influence
aortic valve stenosis and replacement.

Strengths of our study include the large number of
individuals, well-established genetic instruments for
obesity (38), and the ethnic homogeneity of the study



FIGURE 5 Observational Association of BMI, Waist-Hip Ratio, and Waist Circumference With Risk of Aortic Valve Stenosis and Replacement
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FIGURE 6 Risk of Aortic Valve Stenosis With BMI Categories Stratified by Waist-Hip Ratio
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population to avoid effects of population stratifica-
tion. Additionally, measurements of body mass in-
dex, waist-hip ratio, and waist circumference were
objectively conducted by an examiner at the day of
attendance, in contrast to using self-reported values
(16). It is also a strength that we used both hospital
visits and death certificate diagnoses of aortic valve
stenosis from nationwide Danish registries, and that
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sensitivity analysis only including the endpoint of
aortic valve replacement gave similar results. Last, no
individual was lost to follow-up.

STUDY LIMITATIONS. Mendelian randomization
studies are potentially limited by genetic pleiotropy,
and it has been described that the 5 genetic variants
used in this study are also associated with smoking,
as individuals with genetic propensity to obesity are
less likely to quit smoking, possibly due to the risk of
gaining weight (39). The distribution of systolic blood
pressure was also slightly different over the allele



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Genetically

based obesity, as assessed by body mass index, is a risk factor for

development of aortic valve stenosis.

TRANSLATIONAL OUTLOOK: Metabolic studies of obese

patients are needed to reveal the biological pathways underlying

the development and progression of aortic stenosis and identify

genetic targets amenable to therapeutic intervention.
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score groups, which is a likely effect of obesity
causing hypertension and, thus, being part of the
causal pathway (40,41), which likely is also the case
for diabetes (17). Adjusting genetic analyses for
smoking, systolic blood pressure, and diabetes did
not, however, change the study conclusions. Never-
theless, we cannot totally exclude that allele scores
are confounded by yet unidentified pleio-
tropic effects.

Because we only measured body mass index,
waist-hip ratio, and waist circumference once,
changes in these measures over time could bias our
results. If such bias was nondifferential, it would bias
the results toward the null hypothesis and, therefore,
likely cannot explain our findings. The higher effect
size for risk of aortic valve stenosis for genetically
higher body mass index compared with observation-
ally higher body mass index likely is explained by the
fact that genetic estimates typically capture lifelong
effects. Some diagnoses of aortic valve stenosis may
be caused by a congenitally abnormal bicuspid aortic
valve and should not be considered part of the calcific
etiology. However, congenital aortic valve malfor-
mations were excluded from all analyses, and further
exclusion of individuals age <60 years showed
similar results; most cases of aortic valve stenosis
before age 60 years are due to bicuspid aortic valves.
Another limitation is the relatively short median
follow-up time of 8.7 years for a slowly progressing
disease. Further, a limitation could be possible un-
derestimation of the number of individuals with
aortic valve stenosis, because many are undiagnosed
in the beginning of the disease progression. ICD codes
probably miss some cases of aortic valve stenosis
unless echocardiography is performed. Also, we have
no information on aortic valve stenosis severity,
which is a slowly progressive disease, although the
number of aortic valve replacements relative to the
diagnosis of aortic valve stenosis (467 of 1,215, 38%)
suggests that many included individuals had severe
aortic valve stenosis. If such underdiagnosis is non-
differential to obesity determined genetically and
observationally, this would bias the results toward
the null hypothesis and thus cannot explain our
results. However, it could be argued that individuals
with obesity present earlier with symptoms of aortic
valve stenosis due to already present wheezing or
dyspnea due to obesity (38), and thereby are diag-
nosed earlier. Conversely, doctors could be more
likely to blame obesity for the symptoms and thus
halt diagnostic procedures.

CONCLUSIONS

Obesity estimated through body mass index was
causally based on human genetics and observation-
ally associated with higher risk of aortic valve ste-
nosis and replacement. Further investigation of
metabolic and atherogenic alterations in the obese
body could reveal unknown causal pathways, poten-
tially leading to a treatable trait in this complex dis-
ease, with the long-term goal of preventing aortic
valve stenosis. Although most of the obesity impact
on aortic valve stenosis that can be explained is
accounted for by the genetic score, this does not
preclude potential benefit of intervention.
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