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Abstract
An increase in the incidence of cardiovascular
disease has generally been observed in postmenopausal women, but there have been few studies of
the association between menopausal state and
atherosclerosis. In this study 294 premenopausal
and 319 postmenopausal women aged 45 to 55 were
examined radiographically for calcified deposits in
the abdominal aorta, which have been shown to
represent intimal atherosclerosis. Aortic atherosclerosis was present in eight (3%) of the premenopausal women and in 38 (12%) of the postmenopausal
women. After adjustments for age and other
indicators of cardiovascular risk women with a
natural menopause had a 3*4 times greater risk of
atherosclerosis than premenopausal women (95%
confidence interval 1-2 to 9-7; p<O0O5); women who
had had a bilateral oophorectomy had a 5*5 times
greater risk (1-9 to 15-8; p<O0OO5). No excess risk of
atherosclerosis was observed among women who
had had a hysterectomy without removal of both
ovaries.
These results suggest that when oestrogen
production stops, either naturally or after surgery,
the risk of atherosclerosis is increased.

Introduction
An increase in the incidence of cardiovascular
disease after the menopause has generally been
observed, though not all studies agree with this
finding.' 2 Non-invasive assessment of atherosclerosis

may help to clarify this issue. Information on the extent
of atherosclerosis in premenopausal and postmenopausal women has been gained mainly from necropsy
studies. Compared with women with intact ovaries
women who had had bilateral oophorectomy had an
excess of coronary atherosclerosis, which approached
that in men. We investigated the association between
menopausal state and the presence of calcified deposits
in the abdominal aorta as seen on lateral radiographs of
the lumbar spine. The presence of such deposits
represents true intimal atherosclerosis5 and is a strong
predictor of death from cardiovascular causes.6

Subjects and methods
A population study on chronic diseases was
conducted in Zoetermeer, a suburb of The Hague
in The Netherlands, between 1975 and 1978. All
inhabitants of one rural and one urban district who
were aged 5 years and over were invited for a medical
examination. The response rate among middle aged
women was 77%. Details of the initial study have been
reported.7 All women aged 45 to 55 without a history of
cardiovascular disease (n=676) were eligible for our
study. The lower age limit was 45 because radiography
of the lumbar spine was performed from this age
onwards. The upper age limit of 55 was chosen to
include sufficient premenopausal and postmenopausal
women of similar ages.
We diagnosed atherosclerosis by radiographic
detection of calcified deposits in the abdominal aorta.6
Lateral radiographs of the lumbar spine were available
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for 638 (94%) of the women. Calcification was scored as
definitely present when linear densities were clearly
visible in an area parallel and anterior to the lumbar
spine. No attempt was made to estimate the extent of
atherosclerosis. Menopausal state was assessed by a self
administered questionnaire. It asked whether the
menses had stopped; if so, at what age; and the reason
for them stopping (natural or artificial). The type
of artificial menopause was ascertained during an
interview by a doctor. No differentiation was made
between hysterectomy alone and hysterectomy with
unilateral oophorectomy. Menopause was defined as
no menstruation for at least one year.
Twenty five women had last menstruated within one
year before the examination, and these women were
excluded from the analysis. This left 613 women,
of whom 294 were premenopausal and 319 postmenopausal. In 178 women the menopause had
occurred spontaneously, 73 had had a bilateral
oophorectomy, and 55 had had a hysterectomy without
removal of both ovaries. Other reasons for the
menopause were reported by five women. Information
on the type of artificial menopause was missing
for eight women. Information on current use of
postmenopausal oestrogens was obtained by a
questionnaire and was checked during an interview.
(Subjects were asked to take all current drugs on
a visit to the research centre.) At the time of the
study no information was collected on past use of
postmenopausal oestrogens.
Blood pressure was measured in the sitting position
with a random zero sphygmomanometer. Serum
total cholesterol concentration was measured by an
automated enzymatic method.7 Body mass index was
calculated as weight divided by height squared.
Smoking behaviour was assessed by a self administered
questionnaire.
TABLE I-Indicators of cardiovascular risk (adjusted for age) in
premenopausal and postmenopausal women
Premenopausal Postmenopausal
women
women
(n=319)
(n=294)
51-9 (02)*

Mean (SE) age (years)
Mean (SE) systolic blood pressure
(mmHg)
Mean (SE) diastolic blood pressure
(mm Hg)
Miean (SE) serum total cholesterol

132 9(1-1)

131 5(1-1)

82-3 (0-7)

82-6 (0-7)

(mmol/l)
Mean (SE) body mass index (kg/m-)
No /%) current smokers
No N%) past smokers
No So) with diabetes mellitus

5 9(0-1)
25-1 (0-2)
111 (38)
82 (28)
8 (3)

6-3(0-1)*
25 3 (0-2)
144 (45)
76 (24)
4 (1)

49 0 (0-1)

*p<00OOl.
TABLE iI-Relative risks of aortic calcification in premenopausal and postmenopausal women by type of
menopause for two age groups and for both age groups combined
No with
aortic calcification

Type of menopause

Natural
Induced by bilateral oophorectomv
Induced by hysterectomy*

Women aged 45 to 50
6/235
3/33
6/43
0/31

Premenopausal
Natural
Induced by bilateral oophorectomy
Induced by hsterectomv*

Women aged 51 to 55
2/59
20/145
6/30
1/24

Premenopausal

All woment
8/294
23/178
12/73
1/55

Premenopausal
Natural
Induced by bilateral oophorectomy
Induced by hysterectomy*

*Includes women with unilateral oophorectomy.
tRelative risks adjusted for age group by method of Mantel-Haenszel.
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95%
Confidence interval

p Value

10
3-8
62

(0-9-16-1)
(1-9-20 3)

<0 001

1.0
45
7 1
12

(1 0-20-2)
(13-37-8)

<0 05
<001

Relative risk

1.0
43
6-6
0-6

(0-1-14-3)

(1-4-12 9)
(2 5-17 1)
(0 1-5 4)

<0 01

<0001

DATA ANALYSES

Characteristics of the premenopausal and
postmenopausal women were adjusted for age by direct
standardisation (categorical variables) and by analysis
of covariance (continuous variables). Differences in
group means were tested by two tailed t tests. Odds
ratios with confidence intervals derived according to
Woolf's method8 were used as an approximation of
relative risks for comparison of premenopausal and
postmenopausal women and of types of menopause.
After stratification by age Mantel-Haenszel odds ratios
were calculated with Miettinen's test based confidence
intervals.8 Multivariate analysis was used to adjust for
age (one year categories) and other indicators of
cardiovascular risk. Logistic regression coefficients
and their standard errors were estimated by the
method of maximum likelihood,8 from which adjusted
estimates of relative odds with 95% confidence
intervals were calculated to approximate relative risk.
If the 95% confidence interval did not include the value
one the risk estimate was regarded as significant.
Trends in relative risk for categories of postmenopausal years were tested by the Mantel test for trend.8

Results
The postmenopausal women were significantly older
than the premenopausal women (table I). There was,
however, a reasonable overlap in age between the two
groups: below the first quintile of age 147 (24%) of the
women were postmenopausal; above the fourth
quintile 55 (9%) were premenopausal. When the
characteristics of the women were adjusted for age
significant differences between the two groups were
found only for serum total cholesterol concentration
(table I). The characteristics of the women who had
had a natural menopause, women who had had a
bilateral oophorectomy, and women who had had a
hysterectomy without removal of both ovaries were not
significantly different, except for mean age (52 9, 50 7,
and 50 5 years respectively) and mean number of
postmenopausal years (4-6, 7-2, and 7 6 respectively).
Eight (3%) of the premenopausal and 38 (12%) of the
postmenopausal women had aortic calcification.
Table II gives the numbers of women with aortic
calcification according to the type of menopause for
those aged 45-50 and those aged 51-55. Estimates of
relative risks did not differ significantly between the
age groups. Although significantly raised risks were
found for women after a natural menopause or bilateral
oophorectomy, no excess risk was observed for women
after a hysterectomy without removal of both ovaries.
Women with other reasons for the menopause or
missing information (n= 13) were excluded from the
analysis.
Because age categories of five years may be too broad
to adjust adequately for age effects logistic regression
analysis was used, with age as a continuous variable.
Simultaneous adjustment for age and other indicators
of cardiovascular risk, however, resulted in only
small changes in the estimated risks: women with a
natural menopause had a 3-4 times greater risk of
aortic calcification than premenopausal women
(95% confidence interval 1-2 to 9 7; p<0 05), and
women who had had a bilateral oophorectomy had a
5-5 times greater risk (1 9 to 15-8; p<0 005). The
relative risk for women who had had a bilateral
oophorectomy was 1 7 times the risk for women who
had had a natural menopause, but this was not
significant (95% confidence interval 0 7 to 4 4).
Other variables that were significantly associated
with the risk of aortic calcification were smoking and
serum total cholesterol concentration. Current smokers
had a 4 8 times greater risk of aortic calcification than
women who had never smoked (I 9 to 1 1-7; p<0 001).
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TABLE iII-Relative risks of aortic calcification in women with natural menopause and women who had had bilateral oophorectomy according to
number ofyears after menopause
Natural menopause
No of years
after menopause

Premenopausal
1-4
5-8
>8

No with
aortic calcification

8/294
11/107
6/43
6/28

Bilateral oophorectomy

Relative risk*

95%
Confidence interval

10
2-9
5-1
7-1

0-9 to 9-5
1-2to22-7

1-5to33-0t

No with
aortic calcification
8/294
3/23
5/26
4/24

Relative risk

95%
Confidence interval

10
6-0
8-4
5-6

1-3 to 28-0
2-0to36-0
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 number of postmenopausal years, which was seen
1 mmol/l was associated with a 1- 8 times greater risk of among women with a natural menopause, suggests a
aortic calcification (1-3 to 2-4; p<0001). An increase causal relation. The findings among women with
in systolic blood pressure of 20 mm Hg was associated bilateral oophorectomy, however, were less clear.
with a 1-5 times greater risk, but this was not The number of women taking postmenopausal
significant (0 9 to 2 5). No associations with risk of oestrogens was too small for analysis. Use of replaceaortic calcification were found for diastolic blood ment oestrogens has always been fairly low in The
pressure, body mass index, or diabetes mellitus.
Netherlands. At the time of the study replacement
Among women with a natural menopause the risk of oestrogens were used by about 10% of Dutch periaortic calcification adjusted for age and other indicators menopausal women (International Health Foundation,
of cardiovascular risk showed a highly significant trend Brussels, unpublished observations).
(p<0O001) with increasing years after the menopause.
Serum total cholesterol concentration was sigThe findings among women who had had a bilateral nificantly higher among the postmenopausal women,
oophorectomy were less clear (table III).
which agrees with previous findings.' 10 The effect of
Postmenopausal oestrogens were being taken by the menopause on atherosclerosis, however, could only
three of the 25 women (12%) who had last menstruated partly be explained by changes in serum cholesterol
within one year before the study and by 14 (4%) who concentration or other indicators of cardiovascular
had last menstruated more than one year before the risk. Possibly, therefore, oestrogens have a direct
study. Aortic calcification was observed in one of these effect on the vessel wall, as has been seen in animals."I
17 women.
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
Discussion
postmenopausal oestrogens remains to be ascertained.
We found a strong association between the menoThis work was supported by The Netherlands Organisation
pause, induced either naturally or surgically, and the
presence of calcified deposits in the abdominal aorta. for the Advancement of Pure Research.
Before any inferences can be drawn from our findings
WB, Hjortland MC, McNamara PM, Gordon T. Menopause and risk
the importance of calcification in the aorta needs to be 1 Kannel
of cardiovascular disease. The Framingham study. Ann Intern Med 1976;85:
447-52.
considered. The validity of radiographic assessment of
GA, Willett WC, Stampfer MJ, Rosner B, Speizer FE, Hennekens
aortic calcification in the diagnosis of atherosclerosis 2 Colditz
CH. Menopause and the risk of coronary heart disease in women. N EnglJ7
has been studied by comparison with assessments
Med 1987;316:1105-10.
JH, Dry TJ, Edwards JE. The degree of coronary atherosclerosis in
made on necropsy material.5 The method was shown 3 Wuest
bilaterally oophorectomized women. Circulation 1953;7:801-9.
to be highly specific, and in most cases visible calcifica- 4 Rivin
AU, Dimitroff SP. The incidence and severity of atherosclerosis
in estrogen-treated males, and in females with a hypoestrogenic or a
tion represented advanced atherosclerosis. Thus in
hyperestrogenic state. Circulation 1954;9:533-9.
some of our subjects minor and intermediate stages of 5 Hyman JB, Epstein FH. A study of the correlation between roentgenographic
and post-mortem calcification of the aorta. Am HeartJ 1954;47:540-3.
atherosclerosis may have been present but not seen; if
JCM, Kok FJ, Saase van JLCM, Valkenburg HA. Aortic
they had been seen the relative risks would have been 6 Witteman
calcification as a predictor of cardiovascular mortality. Lancet 1986;ii:
even higher. Our observations that serum cholesterol
1120-2.
HA, Hofman A, Klein F, Groustra FN. An epidemiological study
concentration and smoking were strongly associated 7 Valkenburg
of cardiovascular risk indicators (EPOZ). I. Blood pressure, serum
with aortic calcification further indicate that we were
cholesterol level, Quetelet's index and smoking habits in an open population
aged 5 years and over. Ned Tijdschr Geneeskd 1980;124: 183-9. (In Dutch.)
measuring intimal atherosclerosis.
JJ. Case-control studies. Design, conduct, analysis. Oxford: Oxford
Arteries may vary in their susceptibility to meno- 8 Schlesselman
University Press, 1982.
pausal influences on atherosclerosis, and our results 9 Eggen DA. Relationship of calcified lesions to clinically significant
atherosclerotic lesions. Ann NYAcad Sci 1968;149:752-67.
may thus not be extended to the risk of coronary 10 Baird
DD, Tyroler HA, Heiss G, Chambless LE, Hames CG. Menopausal
atherosclerosis. Aortic calcification, however, is
change in serum cholesterol. Black/white differences in Evans County
AmJ Epidemiol 1985;122:982-93.
Georgia.
strongly associated with cardiovascular disease,69 and 11 Fischer-Dzoga
K, Wissler RW, Vesselinovitch D. The effect of estradiol on
this association, whether mediated by concomitant
the proliferation of rabbit aortic medial tissue culture cells induced by
hyperlipemic
serum. Exp Mol Pathol 1983;39:355-63.
atherosclerosis in other vessel beds or not, emphasises
the importance of our findings.
(Accepted 28 December 1988)
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 Correction
the acceleration of atherosclerosis with the menopause Prevention of atherosclerotic complications: controlled
occurs after oestrogen production stops. Some of trial of ketanserin
our subjects may not have been able to report the An editorial error occurred in this paper by the Prevention of
exact nature of their surgery. If, however, some Atherosclerotic
Complications with Ketanserin Trial Group (18
misclassification did take place the true difference in February, p 424) after the proof stage. The third sentence of the
atherosclerotic risk between women who had had measurements and main results section of the abstract was
and "were included" was substituted for the original
hysterectomies and women who had had bilateral changed
"exclusion of." The sentence should have read: "After patients
oophorectomy would be even more pronounced.
taking potassium losing diuretics or antiarrhythmic agents were
The trend in the risk of atherosclerosis with the excluded a secondary analysis. ..."
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