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Abstract
Objective—To test the hypothesis that vitamin D receptor polymorphism is associated with cal-
cific aortic valve stenosis.
Design—The distribution of one polymorphism of the vitamin D receptor (BsmI B/b) was
examined in 100 consecutive patients with calcific valvar aortic stenosis and compared with a
control group of 100 patients (paired match for age, sex, and the presence of coronary artery dis-
ease from a total of 630 patients without calcified aortic valves). Polymerase chain reaction and
restriction fragment length polymorphism were used to determine genotypes.
Results—There was a significant diVerence in vitamin D receptor allele and genotype frequen-
cies between the two groups. The allele B had a higher prevalence in patients with calcific aortic
stenosis (B = 0.56, b = 0.44) than in the control cohort (B = 0.40, b = 0.60) (p = 0.001).
Conclusions—There is a significant association of vitamin D receptor polymorphism with cal-
cific aortic valve stenosis. The B allele of the vitamin D receptor is more common in patients with
calcific aortic valve stenosis. It now needs to be evaluated whether other genes that control cal-
cium homeostasis are involved in the pathogenesis of this disorder.
(Heart 2001;85:635–638)
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Degenerative calcification of the aortic valve is
the most common cause of valvar aortic steno-
sis and is becoming even more frequent with
the increasing age of our population.1 2 Clinical
factors associated with atherosclerosis are also
associated with calcification of the aortic valve,
and early lesions in calcific aortic valves show
similarities to atherosclerosis.3 However, ap-
proximately 50% of patients with severe aortic
stenosis have no coronary artery disease.
Although calcification of the aortic valve is a
disease of the elderly population, there is
evidence that it is not simply a consequence of
aging.4 Additional and as yet undefined factors
are likely to have an important impact on
degenerative calcification of the aortic valve.

The influence of genetic polymorphism of
the vitamin D receptor on bone metabolism
has been investigated in several studies in the
past decade. BsmI polymorphism of the
vitamin D receptor gene is a predictor of bone
mineral mass.5–9 As bone metabolism is not just
a function of bone cells but a complex interac-
tion of hormones and organs—bone, intestine,
kidney, thyroid, parathyroid, and so on—
controlling calcium homeostasis, we postulated
that alterations in the latter might influence
calcification of extraosseous structures such as
the aortic valve. The present case–control
association study (matched for age, sex, and the
prevalence of coronary artery disease) was
designed to test the hypothesis that the BsmI
vitamin D receptor polymorphism is associated
with calcific aortic valve stenosis.

Methods
STUDY POPULATION

One hundred consecutive patients with calcific
aortic stenosis in whom cardiac catheterisation
was undertaken formed the case group.

Calcific aortic stenosis was diagnosed when
calcification of the aortic valve was visible by
fluoroscopy, and if the aortic valve area was
< 1.0 cm2 or the mean transvalvar gradient
> 40 mm Hg, determined by invasive meas-
urements.

A control group of 100 patients, matched for
age, sex, and the presence of coronary artery
disease, was formed from among 630 patients
who underwent left heart catheterisation for
suspected coronary artery disease and had no
gradient across the aortic valve.

All patients gave written informed consent.
The study was approved by the local ethics
committee of the University Hospital of
Aachen.

CARDIAC CATHETERISATION

All patients underwent invasive examination.
Retrograde left sided cardiac catheterisation
was performed using fluid filled catheters. The
mean gradient across the aortic valve was
determined by simultaneous measurement of
aortic and left ventricular pressures. Measure-
ments were averaged over three beats. Cardiac
output was determined by thermodilution (five
measurements averaged). Aortic valve area was
calculated using Gorlin’s equation.10

GENOTYPING

Genomic DNA of patients was extracted from
whole blood using the QIAmp blood kit 250
(Qiagen, Valencia, California, USA). Polymer-
ase chain reaction (PCR) of genomic DNA
segments was achieved using a standard PCR
thermocycler (Hybaid PCR express, Hybaid,
Ashford, Kent, UK). Details of the amplifica-
tion protocol have been described previously.6

Genotyping was independently performed by
two investigators.
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STATISTICAL ANALYSIS

Statistical analysis was done using the compu-
ter program Graph Pad Instat tm V2.05. Data
are presented as mean (SD). The diVerences of
the frequencies of alleles and genotypes
between case patients and controls were
analysed by the ÷2 test and analysis of variance
(ANOVA). A probability value of p < 0.05 was
considered significant.

Results
STUDY POPULATION

The case patients represent a normal cross sec-
tion of elderly patients with degenerative
calcific aortic valve stenosis. Their mean (SD)
age was 69.4 (9.3) years. Forty eight per cent of
the case patients had additional coronary
artery disease. The diagnosis of coronary
artery disease was not established in all cases
before cardiac catheterisation. The mean
gradient across the aortic valve was 59
(20) mm Hg, corresponding to a mean valve
area of 0.8 (0.3) cm . Cardiac risk factors in
patients with calcific aortic stenosis were as
follow: 66% had arterial hypertension, 36%
had hypercholesterolaemia, 31% had a positive
history of coronary artery disease, 18% were
current smokers, and 15% had type 2 diabetes
mellitus.

The control group was matched for age, sex,
and the presence of coronary artery disease.
Hence the mean age, prevalence of coronary
artery disease, and distribution of male and
female subjects were identical to the case
group. The distribution of cardiac risk factors
(with the exclusion of hypercholesterolaemia)
was similar in the control group and the case
group. In the control group 64% had arterial
hypertension, 63% had hypercholesterolaemia,
27% had a positive history of coronary artery
disease, 25% were current smokers, and 11%
had type 2 diabetes mellitus. Table 1 summa-
rises the clinical characteristics of the case and
control groups.

GENOTYPES

In the case group the allele frequency was 0.54
for the B allele and 0.46 for the b allele: 24
patients were homozygous for the B allele, 15
patients were homozygous for the b allele, and
61 patients were heterozygous. In the control
group the allele frequency was 0.40 for the B
allele and 0.60 for the b allele: 20 patients were

homozygous for the B allele, 40 patients were
homozygous for the b allele, and 40 patients
were heterozygous. Thus the allele frequency
of the B allele was 35% higher in the case
group than in the control group. This was sig-
nificant (allele frequency diVerence in the ÷2

analysis, p = 0.001; genotype diVerences in
the ANOVA analysis, p = 0.023). Table 2
summarises allele and genotype frequencies of
the two groups.

Discussion
Aortic valve stenosis caused by degenerative
calcification of the valvar structures has be-
come the most common valvar pathomorphol-
ogy requiring cardiac surgery.1 2 Clinical fac-
tors associated with atherosclerosis are also
associated with calcification of the aortic valve,
but 50% of patients with severe aortic stenosis
do not have coronary artery disease, and there
is evidence that calcific aortic stenosis is not
simply a consequence of aging.3 4 Other factors
must be important for the pathogenesis of this
disease. This case–control study showed an
association between a polymorphism of the
vitamin D receptor gene and the prevalence of
calcific aortic stenosis: there was a significant
association between the B allele of the vitamin
D receptor and calcific aortic stenosis; and the
B allele was more frequent in case patients than
in controls.

The contribution of vitamin D receptor
polymorphism to bone metabolism has often
been evaluated during the last decade. Vitamin
D receptor polymorphism seems to predict
bone density or bone mineral mass. Bone
mineral mass is less in individuals with the B
allele than in those with the b allele.6–9

Furthermore, people with the B allele have
more rapid bone loss with advancing age,7

whereas those with the b allele have greater
calcium absorption11 and a better correlation
between 1,25 dihydroxyvitamin D concentra-
tions and the 45Ca absorption index.12 In addi-
tion to the lower bone mineral density, more
rapid bone loss, and blunted calcium absorp-
tion, raised parathormone concentrations have
been found in subjects with the BB genotype.13

However, other studies have produced con-
flicting data. While one study detected an
influence of the vitamin D receptor genotype
on bone metabolism only in the presence of a
certain genotype of the oestrogen receptor,14

another found an inverse correlation between

Table 1 Clinical characteristics of patients with calcific aortic stenosis and controls

Calcific aortic stenosis
(n=100)

Controls
(n=100)

Gradient across aortic valve (mm Hg)* 59 (20) No gradient
Aortic valve area (cm2)* 0.8 (0.3) Not determined
Age (years)* 69.4 (9.3) 67.1 (6.7)
Sex (male/female) (n) 55/45 55/45
Coronary artery disease 48% 48%
No coronary artery disease 52% 52%
History of

Hypertension 66% 64%
Hypercholesterolaemia 36% 63%
Smoking 18% 25%

Positive family history of coronary artery disease 31% 27%
Diabetes mellitus 15% 11%
BMI (kg/m2)* 26.8 (4.0) 26.9 (3.2)

*Mean (SD).
BMI, body mass index.

Table 2 Allele and genotype frequencies of the BsmI
vitamin D receptor polymorphism in patients with calcified
aortic stenosis and controls

Gene polymorphism

Patients with
calcific aortic
stenosis (n=100)

Controls
(n=100)

p Valuen % n %

VDR Bsml allele B 109 54.5 80 40.0 0.001*
b 91 45.5 120 60.0

Genotype BB 24 24.0 20 20.0 0.023†
Bb 61 61.0 40 40.0
bb 15 15.0 40 40.0

Cases and controls were from the same geographic region.
Two sided p values: *÷2 analysis; †analysis of variance.
VDR, vitamin D receptor.
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vitamin D receptor genotypes and bone
mineral density, indicating that vitamin D
receptor polymorphism could also be a marker
of linkage disequilibrium with another relevant
gene.15 Other studies were unable to detect any
association between the vitamin D receptor
genotypes and bone metabolism.16–19 However,
there is a high level of confidence in published
reports that vitamin D receptor polymorphism
is associated with bone mineral density.20

In this study we found an association
between the B allele—which seems to predis-
pose gene carriers to blunted calcium absorp-
tion, more rapid bone loss, reduced bone min-
eral density, and raised parathormone
secretion—and the prevalence of calcific aortic
valve stenosis. There might be several hypoth-
eses to explain the relation between genotype
and the development of aortic stenosis. Calcifi-
cation of the aortic valve is believed to be a
process taking years or decades.1–4 Individuals
with a slightly unfavourable bone mineral den-
sity might develop mechanisms to overcome
this alteration of calcium homeostasis. Like
parathormone, other hormones, proteins, or
second messengers might trigger calcification
of extraosseous structures like the aortic valve.
Another possible explanation is the hypothesis
that vitamin D receptor polymorphism is
merely a marker of linkage disequilibrium with
another gene involved in calcium metabolism;
this as yet unknown gene might be important
for osseous and extraosseous calcification. The
aortic valve is likely to be one of the first extra-
osseous structures involved because of the high
level of mechanical stress to which it is
subjected.

We are aware that no firm pathophysiological
conclusions can be drawn from a genetic
association study. Nevertheless an interaction
between genes controlling calcium metabolism
or calcification and the development of calcific
aortic stenosis is intriguing and requires further
study.

LIMITATIONS

In the light of recently suggested criteria that
should be met by a high quality association
study,21 this study had certain limitations. It is
proposed that association studies should have
large sample sizes, small p values, and report
associations that make biological sense and
alleles that aVect the gene product in a
physiologically meaningful way. Furthermore,
they should include an initial study with a sub-
sequent independent replication, and the
association should be observed both in family
based and population based studies. The
author of these recommendations admitted
that most studies do not meet all these
criteria.21 Our study included a relatively small
number of case and control patients, a
limitation which is mitigated by the fact that
case and control patients were carefully pheno-
typed and matched. Furthermore, the results
of our study have not yet been analysed in a
second replication study. Thus it is desirable
that our results should be confirmed in a larger
study in the near future. The diVerence in the
allele frequencies between the case and control

groups reported in this study was high at 0.14,
and is similar to diVerences of alleles reported
in other genetic association studies.22–24 Moreo-
ver the reported association makes biological
sense and alleles aVect the phenotype in a
physiologically meaningful way.

CONCLUSIONS

The vitamin D receptor genotype is associated
with the prevalence of calcific aortic stenosis.
This is the first report on a genetic association
with aortic valve stenosis. Further larger
studies are required to prove the influence of
the vitamin D receptor gene on the develop-
ment of calcific aortic stenosis.

This study was supported by a grant of the START program of
the University Hospital of Aachen.
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IMAGES IN CARDIOLOGY

A 63 year old man presented with exertional
dyspnoea and fatigue. Twelve years previously
he had undergone quadruple coronary artery
bypass surgery. On clinical examination there
were no palpable pulses in the left arm. Cardiac
catheterisation performed via the right femoral
artery revealed occluded native vessels and
three patent saphenous vein grafts. It was not
possible to identify the left internal mammary
artery (LIMA) graft as the left subclavian
artery was occluded.

A gadolinium contrast enhanced magnetic
resonance angiogram (MRA) was performed
to identify the anatomy. Maximum intensity
projection reformatting of the MRA demon-
strated occlusion of the left subclavian artery
(below, arrow). A phase contrast velocity map
was performed after handgrip exercise, at the
level of the vertebral arteries, to assess for the
possibility of vertebral steal syndrome. The
velocity encoded image (top right) acquired in
systole, with cranial blood flow displayed as
black and caudal flow white, demonstrated ret-
rograde flow down the left vertebral artery
during systole (white arrow) with normal
cranial flow up the left internal carotid (black
arrow) and right sided vessels. This was
confirmed by the mean velocity profile over
time for each artery (bottom right). Positive
velocity indicates cranial flow in the right
internal carotid artery (RICA), the left internal

carotid artery (LICA) and the right vertebral
artery (RVA). Negative velocity indicates cau-
dal flow in the left vertebral artery (LVA). MRA
also demonstrated patency of the LIMA graft
(not shown).

An exercise myocardial SPECT perfusion
scan documented no reversible myocardial
ischaemia and the patient is currently asympto-
matic with medical management. Contrast
enhanced MRA with velocity mapping is a
robust minimally invasive technique that
should be used when subclavian artery steal
syndrome is suspected.
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Magnetic resonance of vertebral steal syndrome
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