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Cardiovascular risk factors in patients with aortic stenosis
predict prevalence of coronary artery disease but not of
aortic stenosis: an angiographic pair matched
case–control study
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Background: Traditional cardiovascular risk factors have been associated with aortic stenosis and
coronary artery disease. As these two conditions often co-exist, the association of cardiovascular risk
factors with aortic stenosis may reflect confounding.
Objective: To compare the cardiovascular risk profile in patients with severe aortic stenosis under-
going elective coronary angiography with that of patients without aortic stenosis or calcification under-
going coronary angiography for suspected coronary artery disease.
Methods: 523 patients referred for elective diagnostic left heart catheterisation because of severe aor-
tic stenosis formed the case population; 3925 patients without valve disease referred for elective diag-
nostic left heart catheterisation formed the base control population. Of the latter, 523 were pair
matched to the case population for sex, age, and prevalence of relevant coronary artery disease, form-
ing a pair matched control population. Cardiovascular risk factors (male sex, hypertension, hypercho-
lesterolaemia, smoking, diabetes mellitus, family history of coronary artery disease) were assessed in
all the patients.
Results: None of the cardiovascular risk factors was more prevalent in patients with aortic stenosis than
in the base control population or in the pair matched control population. However, male sex, hyper-
cholesterolaemia, smoking, diabetes mellitus, and a family history of coronary artery disease were
significantly associated with the presence of additional coronary artery disease in patients with
aortic stenosis.
Conclusions: Cardiovascular risk factors are commonly present in patients with aortic stenosis. How-
ever, when compared with controls matched for age, sex, and angiographically defined coronary
artery disease, no risk factor was significantly associated with the prevalence of aortic stenosis. Thus
other factors are likely to be more important in the pathogenesis of aortic stenosis.

Generally accepted cardiovascular risk factors for coron-
ary artery disease are age, hypertension, hypercholes-
terolaemia, smoking, and diabetes mellitus.1 2 Calcific

aortic stenosis is the most frequent acquired valvar disease
and has a serious prognosis when it becomes symptomatic.3

Calcific aortic stenosis and coronary artery disease share many
similarities. Both increase in prevalence with age, but they are
not simply a normal consequence of aging.4 5

Calcific aortic stenosis is associated with the same risk
factors as coronary artery disease.4 6 7 Furthermore aortic scle-
rosis is itself associated with a 50% increased risk of cardiovas-
cular mortality and myocardial infarction.8 The large cardiovas-
cular health study (CHS) showed that raised serum cholesterol
is associated with the presence of aortic valve disease.4 Recent
smaller studies have provided evidence of the importance of
high concentrations of low density lipoprotein (LDL) choles-
terol for the development of aortic stenosis,9 and lowering LDL
cholesterol with statins might be an option to retard the
progression of this disease.10 However, despite their similarities
the two diseases are likely to have a different pathogenesis.

Aortic stenosis and coronary artery disease often co-exist,
so an association of cardiovascular risk factors with aortic ste-
nosis might be confounded by this association. Moreover,
influences other than cardiovascular risk factors—genetic11 12

or inflammatory,11 13 for example—could trigger the pathogen-
esis of aortic stenosis. Most earlier studies4–7 9 have lacked cor-
onary angiographic data in control patients and thus the

prevalence of coincidental coronary artery disease may have
been underestimated.

Our hypothesis in this study was that cardiovascular risk
factors may be associated with aortic stenosis because of their
confounding association with coronary artery disease. We
therefore compared the cardiovascular risk profile in patients
with severe aortic stenosis undergoing elective diagnostic cor-
onary angiography with that in patients without aortic steno-
sis or calcification who were undergoing elective diagnostic
coronary angiography for suspected coronary artery disease.

METHODS
Study population
Within an area of approximately 300 000 inhabitants, the study
centre is the only reference centre undertaking coronary angio-
graphy. Consecutive patients with calcific aortic stenosis formed
the case population. Inclusion criteria were first elective
diagnostic coronary angiography and an invasively determined
mean gradient across the aortic valve of > 40 mm Hg.
Exclusion criteria were mild or moderate aortic stenosis, severe
aortic regurgitation, or other relevant valvar disease. In all, 523
patients fulfilled these criteria and formed the case population.

Consecutive patients with clinically suspected coronary
artery disease referred for coronary angiography formed the
control population. Inclusion criteria were first elective
diagnostic coronary angiography and a normal aortic valve on
fluoroscopy. Exclusion criteria were known valvar disease, cal-
cification of the aortic valve on fluoroscopy, and a gradient of
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more than 5 mm Hg across the aortic valve during left heart
catheterisation. In all, 3925 patients fulfilled these criteria.
From this control population, 523 patients were pair matched
for age, sex, and the presence of coronary artery disease and
formed the matched control population.

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

Left heart catheterisation
Coronary angiography, including at least four views of each
coronary artery, was carried out in all patients. Coronary angi-
ograms were classified as showing either no significant coron-
ary artery disease—that is, clear coronary arteries or coronary
sclerosis (signs of atherosclerosis with stenosis less than
50%)—or definite coronary artery disease (stenosis greater
than 50% in at least one vessel). The gradient across the aortic
valve was measured by pull back of the catheter from the left
ventricle into the ascending aorta. The mean gradient was
calculated by a computer assisted program (Metek, Roetgen,
Germany).

Cardiovascular risk factors
Cardiovascular risk factors were as follows:

• hypercholesterolaemia: serum cholesterol > 5.2 mmol/l
(200 mg/dl) or medically treated

• arterial hypertension: blood pressure > 140/90 mm Hg or
medically treated

• diabetes mellitus: overnight fasting serum glucose
> 7.0 mmol/l (126 mg/dl) on at least two occasions or
medically treated

• smoking: regular smoking habit

• positive family history of coronary artery disease: a first
degree relative with known coronary artery disease at any
age.

Data collection
The cardiovascular risk profile was assessed by physicians
unaware of the study, and data were added to the computer
record of the individual patient before angiography was
done. Angiograms were interpreted by two experienced
physicians.

Statistical analysis
Continuous data are presented as mean (SD), and qualitative
data as frequencies. Differences between frequencies of cardio-
vascular risk factors were assessed by cross tabulation χ2 analy-
sis. For estimation of chance, the odds ratios for single
cardiovascular risk factors were calculated by χ2 analysis. Calcu-
lations were done using SPSS for windows, version 10.0.
Significant differences were defined as a probability value of
p < 0.05.

Table 1 Traditional cardiovascular risk factors in patients with severe aortic stenosis and in controls with normal aortic
valves (not matched)

Severe aortic stenosis Normal aortic valve p Value Odds ratio (95% CI)

n 523 3925
Age (years) (mean (SD)) 70 (8) 61 (11) <0.001
Clear coronaries or coronary sclerosis 246 (47%) 1426 (36%)
Stenosis of >50% in at least one coronary vessel 277 (53%) 2499 (64%)
Cardiovascular risk factors
Male sex 287 (55%) 2642 (67%) 0.001 0.59 (0.49 to 0.71)
Hypertension 308 (59%) 2282 (58%) 0.777 1.03 (0.86 to 1.24)
Hypercholesterolaemia 258 (49%) 2623 (67%) 0.001 0.49 (0.40 to 0.58)
Smoking 213 (41%) 1807 (46%) 0.022 0.81 (0.67 to 0.97)
FH of coronary artery disease 144 (28%) 1289 (33%) 0.015 0.78 (0.63 to 0.95)
Diabetes mellitus 106 (20%) 699 (18%) 0.183 1.17 (0.93 to 1.47)

Values are n (%) unless stated.
CI, confidence interval; FH, family history.

Table 2 Traditional cardiovascular risk factors in patients with severe aortic stenosis and controls with normal aortic
valves (pair matched for age, sex, and the presence of stenotic coronary artery disease on angiography)

Severe aortic stenosis without CAD Normal aortic valve without CAD p Value Odds ratio (95% CI)

n 246 246
Male sex* 98 (40%) 98 (40%)
Age (years)* (mean (SD)) 69 (8) 69 (8)
Cardiovascular risk factors
Hypertension 136 (55%) 154 (63%) 0.119 0.74 (0.52 to 1.06)
Hypercholesterolaemia 94 (40%) 142 (58%) 0.001 0.45 (0.32 to 0.65)
Smoking 80 (33%) 61 (25%) 0.072 1.46 (0.98 to 2.16)
FH of CAD 52 (21%) 60 (24%) 0.452 0.83 (0.55 to 1.27)
Diabetes mellitus 39 (16%) 39 (16%) 1.000 1.00 (0.62 to 1.62)

Severe aortic stenosis with CAD Normal aortic valve with CAD
n 277 277
Male sex* 189 (68%) 189 (68*)
Age (years)* (mean (SD)) 70 (7) 70 (7)
Cardiovascular risk factors
Hypertension 172 (62%) 174 (63%) 0.930 0.97 (0.69 to 1.36)
Hypercholesterolaemia 164 (59%) 167 (60%) 0.862 0.96 (0.68 to 1.34)
Smoking 133 (48%) 117 (42%) 0.200 1.26 (0.90 to 1.76)
FH of CAD 92 (33%) 65 (24%) 0.014 1.62 (1.12 to 2.36)
Diabetes mellitus 67 (24%) 56 (20%) 0.307 1.26 (0.84 to 1.88)

Values are n (%) unless stated.
*Matched.
CAD, coronary artery disease; CI, confidence interval; FH, family history.
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RESULTS
Cardiovascular risk factors of unmatched case and
control populations
As shown in table 1, the patients referred for coronary angio-
graphy because of severe aortic stenosis were significantly
older than those referred for coronary angiography for
isolated coronary artery disease. Male sex, hypercholesterolae-
mia, smoking, and a family history of coronary artery disease
were less often present in patients with aortic stenosis than in
the those with normal aortic valves in the unmatched control
population.

Cardiovascular risk factors of case and pair matched
control populations
Comparing the cardiovascular risk profile of patients with
severe aortic stenosis and pair matched controls (matched for
sex, age, and the presence of coronary artery disease), patients
with severe aortic stenosis but without relevant coronary
artery disease less often had hypercholesterolaemia
(p = 0.001) (table 2, upper part). In patients with severe aor-
tic stenosis and coronary artery disease, the cardiovascular
risk profile was similar to the controls apart from a slightly
higher prevalence of a positive family history of coronary
artery disease (p = 0.014) (table 2, lower part).

Cardiovascular risk factors and prevalence of coronary
artery disease in patients with severe aortic stenosis
Male sex, hypercholesterolaemia, smoking, diabetes mellitus,
and a family history of coronary artery disease were
significantly associated with the presence of coronary artery
disease in patients with severe aortic stenosis (table 3). There

was only a trend for hypertension to be more frequent in
patients with coronary artery disease (p = 0.131). As shown in
fig 1, traditional cardiovascular risk factors had an additive
effect, with the lowest prevalence of coronary artery disease in
patients without these risk factors and the highest prevalence
in patients with all six cardiovascular risk factors (p < 0.0001).

DISCUSSION
Male sex, hypertension, hypercholesterolaemia, smoking,
diabetes mellitus, and a family history of the condition are
established risk factors for coronary artery disease.1 2 A large
echocardiographic study showed that the risk factors associ-
ated with the prevalence of aortic sclerosis and aortic stenosis
were similar.4 However, because of the strong linkage between
aortic stenosis and coronary artery disease,8 these risk factors
may not be related to calcification of the aortic valve but rather
to atherosclerosis of the coronary arteries. It is possible that
cardiovascular risk factors are associated with aortic stenosis
purely because of an association between aortic stenosis and
coronary artery disease. Thus, when defining risk factors for
aortic stenosis, it is essential to control for atherosclerosis of
the coronary arteries.

Our major finding in this study was that none of the
traditional cardiovascular risk factors was more prevalent in
patients with severe aortic stenosis than in controls. However,
cardiovascular risk factors predicted the presence of coronary
artery disease in patients with severe aortic stenosis. This
finding may indicate that traditional cardiovascular risk
factors are associated with aortic stenosis purely on the basis
of its link with coronary artery disease.

In this study population there was a lower prevalence of
hypercholesterolaemia in patients with aortic stenosis than in
those without aortic stenosis. This is of particular interest
because there is evidence for an association between serum
cholesterol concentrations and calcification of the aortic
valve.9 10 Despite the fact that most patients with hypercholes-
terolaemia do not develop aortic stenosis, cholesterol may be
of special importance for calcification in that valve. However,
the simple presence of this cardiovascular risk factor does not
seem to be a reliable predictor of severe aortic stenosis. Other
mechanisms might be important for deposition of cholesterol
in the aortic valve. For example, a case report in 1993
described a family with immunological abnormalities and
severe aortic valve calcification.11 Furthermore it is known that
stenotic aortic valves contain infiltrates of macrophages and T
lymphocytes as well as an accumulation of plasma
lipoproteins.14 15 Genetic factors and inflammation may be key
factors in the initiation and progression of aortic stenosis.

Our study cannot fully prove that cardiovascular risk factors
are not involved in the pathogenesis of aortic stenosis, but the
study showed that many patients with the same burden of
cardiovascular risk factors as patients with aortic stenosis

Table 3 Traditional cardiovascular risk factors in patients with severe aortic stenosis
with and without coronary artery disease

Severe aortic stenosis
without CAD

Severe aortic
stenosis with CAD p Value

Odds ratio
(95% CI)

n 246 277
Age (years) (mean (SD)) 69 (8) 70 (7)
Cardiovascular risk factors
Male sex 98 (40%) 189 (68%) <0.001 3.24 (2.26 to 4.65)
Hypertension 136 (55%) 172 (62%) 0.131 1.32 (0.93 to 1.88)
Hypercholesterolaemia 94 (40%) 164 (59%) <0.001 2.35 (1.65 to 3.34)
Smoking 80 (33%) 133 (48%) <0.001 1.92 (1.34 to 2.74)
FH of CAD 52 (21%) 92 (33%) 0.002 1.86 (1.25 to 2.76)
Diabetes mellitus 39 (16%) 67 (24%) 0.022 1.69 (1.09 to 2.63)

Values are n (%) unless stated.
CAD, coronary artery disease; CI, confidence interval; FH, family history.

Figure 1 Relation between total number of traditional
cardiovascular risk factors per patient (male sex, hypertension,
hypercholesterolaemia, smoking, diabetes mellitus, and family
history of coronary artery disease) and the prevalence of stenotic
coronary artery disease on angiography (diameter stenosis > 50% in
at least one vessel).
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have normal aortic valves, whereas the association of
cardiovascular risk factors with coronary artery disease
remains strong, and in patients with severe aortic stenosis
cardiovascular risk factors are highly predictive of the
presence of coronary artery disease.

We conclude that further studies are necessary to clarify the
pathogenesis of aortic stenosis. Assessment of cardiovascular
risk factors alone is not sufficient to identify the mechanisms
of valve calcification, and further factors need to be
considered.
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IMAGES IN CARDIOLOGY.............................................................................
Synergistic anticoagulation and transoesophageal echocardiographic surveillance for persistent
left atrial appendage thrombus

A49 year old woman was referred for consideration of per-
cutaneous mitral valve commissurotomy caused by
symptoms of worsening exertional breathlessness. She

had a long history of rheumatic mitral stenosis complicated 10
years previously by a left parietal lobe embolic stroke and the
onset of permanent atrial fibrillation. She was anticoagulated
with warfarin following this but was left with some residual
disability.

Transoesophageal echocardiography (TOE) demonstrated
severe mitral stenosis with a large thrombus visible in the left
atrial appendage (below left). Anticoagulation control before
this had been good (international normalised ratio (INR) 2.5).
The patient was offered mitral valve surgery but declined. She
was initially treated with clopidogrel 75 mg daily and the
target INR increased to 3.5. Repeat TOE at both one and two

months demonstrated persistence of the thrombus. Aspirin
75 mg was added synergistically to her anticoagulation
therapy and serial TOE scanning over the subsequent six
months demonstrated a progressive reduction in size (below
right).

Although resolution of large left atrial appendage thrombi
has been previously reported, this case demonstrates the need
to assess the response of large thrombi to anticoagulation by
repeated TOE. This case also displays the potential for
synergistic antiplatelet treatment in the management of
persistent left appendage thrombi.
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