
TABLE iII-Relative risks ofaortic calcification in women with natural menopause and women who had had bilateral oophorectomy according to
number ofyears after menopause

Natural menopause Bilateral oophorectomy

No of years No with 95% No with 95%
after menopause aortic calcification Relative risk* Confidence interval aortic calcification Relative risk Confidence interval

Premenopausal 8/294 10 8/294 10
1-4 11/107 2-9 0-9 to 9-5 3/23 6-0 1-3 to 28-0
5-8 6/43 5-1 1-2to22-7 5/26 8-4 2-0to36-0
>8 6/28 7-1 1-5to33-0t 4/24 5-6 13to23-6

*Adjusted for age and other indicators of cardiovascular risk.
tMantel test for trend: Xl= 17 9; p<0001.

An increase in serum cholesterol concentration of
1 mmol/l was associated with a 1- 8 times greater risk of
aortic calcification (1-3 to 2-4; p<0001). An increase
in systolic blood pressure of 20 mm Hg was associated
with a 1-5 times greater risk, but this was not
significant (0 9 to 2 5). No associations with risk of
aortic calcification were found for diastolic blood
pressure, body mass index, or diabetes mellitus.
Among women with a natural menopause the risk of

aortic calcification adjusted for age and other indicators
of cardiovascular risk showed a highly significant trend
(p<0O001) with increasing years after the menopause.
The findings among women who had had a bilateral
oophorectomy were less clear (table III).

Postmenopausal oestrogens were being taken by
three of the 25 women (12%) who had last menstruated
within one year before the study and by 14 (4%) who
had last menstruated more than one year before the
study. Aortic calcification was observed in one of these
17 women.

Discussion
We found a strong association between the meno-

pause, induced either naturally or surgically, and the
presence of calcified deposits in the abdominal aorta.
Before any inferences can be drawn from our findings
the importance of calcification in the aorta needs to be
considered. The validity of radiographic assessment of
aortic calcification in the diagnosis of atherosclerosis
has been studied by comparison with assessments
made on necropsy material.5 The method was shown
to be highly specific, and in most cases visible calcifica-
tion represented advanced atherosclerosis. Thus in
some of our subjects minor and intermediate stages of
atherosclerosis may have been present but not seen; if
they had been seen the relative risks would have been
even higher. Our observations that serum cholesterol
concentration and smoking were strongly associated
with aortic calcification further indicate that we were
measuring intimal atherosclerosis.

Arteries may vary in their susceptibility to meno-
pausal influences on atherosclerosis, and our results
may thus not be extended to the risk of coronary
atherosclerosis. Aortic calcification, however, is
strongly associated with cardiovascular disease,69 and
this association, whether mediated by concomitant
atherosclerosis in other vessel beds or not, emphasises
the importance of our findings.
Whether hysterectomy without removal of both

ovaries leads to an increased risk of cardiovascular
disease is disputable.' 2 Our results do not confirm an
atherosclerotic effect of hysterectomy and suggest that
the acceleration of atherosclerosis with the menopause
occurs after oestrogen production stops. Some of
our subjects may not have been able to report the
exact nature of their surgery. If, however, some
misclassification did take place the true difference in
atherosclerotic risk between women who had had
hysterectomies and women who had had bilateral
oophorectomy would be even more pronounced.
The trend in the risk of atherosclerosis with the

number of postmenopausal years, which was seen
among women with a natural menopause, suggests a
causal relation. The findings among women with
bilateral oophorectomy, however, were less clear.
The number of women taking postmenopausal
oestrogens was too small for analysis. Use of replace-
ment oestrogens has always been fairly low in The
Netherlands. At the time of the study replacement
oestrogens were used by about 10% of Dutch peri-
menopausal women (International Health Foundation,
Brussels, unpublished observations).
Serum total cholesterol concentration was sig-

nificantly higher among the postmenopausal women,
which agrees with previous findings.' 10 The effect of
the menopause on atherosclerosis, however, could only
partly be explained by changes in serum cholesterol
concentration or other indicators of cardiovascular
risk. Possibly, therefore, oestrogens have a direct
effect on the vessel wall, as has been seen in animals."I
Our findings suggest a strongly increased rate of

atherosclerosis after ovarian involution. Whether this
increased rate can be limited to some extent by use of
postmenopausal oestrogens remains to be ascertained.
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Correction

Prevention of atherosclerotic complications: controlled
trial of ketanserin
An editorial error occurred in this paper by the Prevention of
Atherosclerotic Complications with Ketanserin Trial Group (18
February, p 424) after the proof stage. The third sentence of the
measurements and main results section of the abstract was
changed and "were included" was substituted for the original
"exclusion of." The sentence should have read: "After patients
taking potassium losing diuretics or antiarrhythmic agents were
excluded a secondary analysis. ..."
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