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Menopausal Complaints Are Associated With
Cardiovascular Risk Factors

Gerrie-Cor M. Gast, Diederick E. Grobbee, Victor J.M. Pop, Jules J. Keyzer,
Colette J.M. Wijnands-van Gent, Göran N. Samsioe, Peter M. Nilsson, Yvonne T. van der Schouw

Abstract—It has been hypothesized that women with vasomotor symptoms differ from those without with respect to
cardiovascular risk factors or responses to exogenous hormone therapy. We studied whether the presence and extent of
menopausal complaints are associated with cardiovascular risk profile. Data were used from a population-based sample
of 5523 women, aged 46 to 57 years, enrolled between 1994 and 1995. Data on menopausal complaints and potential
confounders were collected by questionnaires. Total cholesterol, systolic and diastolic blood pressures, and body mass
index were measured. Linear and logistic regression analyses were used to analyze the data. Night sweats were reported
by 38% and flushing by 39% of women. After multivariate adjustment, women with complaints of flushing had a
0.27-mmol/L (95% CI: 0.15 to 0.39) higher cholesterol level, a 0.60-kg/m2 (95% CI: 0.35 to 0.84) higher BMI, a
1.59-mm Hg (95% CI: 0.52 to 2.67) higher systolic blood pressure, and a 1.09-mm Hg (95% CI: 0.48 to 1.69) higher
diastolic blood pressure compared with asymptomatic women. Flushing was also associated with hypercholesterolemia
(odds ratio: 1.52; 95% CI: 1.25 to 1.84) and hypertension (OR: 1.20; 95% CI: 1.07 to 1.34). Results were similar for
complaints of night sweating. The findings support the view that menopausal complaints are associated with a less
favorable cardiovascular risk profile. These findings substantiate the view that differences in the presence of menopausal
symptoms as a reason for using hormone therapy could explain discrepant findings between observational research and
trials. (Hypertension. 2008;51:1492-1498.)
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A number of observational studies demonstrated a protec-
tive association between hormone therapy (HT) and

cardiovascular disease (CVD).1–3 Placebo-controlled, ran-
domized trials, however, could not confirm a cardioprotective
effect and showed no overall benefit of HT on the risk of
cardiovascular events.4,5

Many potential reasons have been proposed to explain this
apparent discrepancy between the observational studies and
the trials. An important difference is that, in the observational
studies, the most common reason to initiate HT was to relieve
menopausal complaints. In contrast, in the trials, women with
severe complaints were either excluded or composed only a
minority of the total randomized population. Results of a
recent subgroup analysis of the combined Women’s Health
Initiative trials showed that women who initiated HT closer to
menopause had a reduced coronary heart disease (CHD) risk
compared with the increase in CHD risk among women initiat-
ing HT more distant from menopause.6 Moreover, among
women 50 to 59 years old at enrollment in the Women’s Health

Initiative, end-of-trial coronary calcium scores were lower in
women assigned to estrogens than in those assigned to placebo.7

A younger age is likely to be accompanied by a higher frequency
of menopausal complaints.

We hypothesized previously that women with vasomotor
symptoms may differ from those without with respect to
cardiovascular risk factors or responses to exogenous HT.8

Indeed, women with menopausal complaints have a lower
level of plasma antioxidant activity and an increased cardio-
vascular reactivity to stressful situations.9 In addition, 2
studies demonstrated that hot flushes are associated with an
increased blood pressure.10,11 Moreover, a recent subgroup
analysis of the combined Women’s Health Initiative trials
showed that the higher risks of CHD in women more distant
from menopause appeared to be concentrated in the small
subset of women with moderate or severe vasomotor symp-
toms.6 We examined whether the presence of menopausal
complaints is associated with CVD risk profile in a large,
community-based sample of perimenopausal women.
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Subjects and Methods
Population
The Eindhoven Perimenopausal Osteoporosis Study is a large
screening program, established to assess determinants of low bone
mineral density in perimenopausal women. The screening of women
was carried out between September 1994 and September 1995. The
study protocol was approved by 2 institutional review boards, and all
of the women provided written informed consent. A detailed descrip-
tion of the study population has been published previously.12

The participants eligible for this study consisted of 6700 women,
born between 1938 and 1948, aged 46 to 57 years, who took part in
the first cross-sectional part of the study. We excluded 1052 women
who did not provide information on menopausal symptoms, leaving
5648 women. Another 9 women were excluded because their blood
pressure could not be measured, 22 women were excluded because
their body mass index (BMI) could not be calculated, and 94 women
were excluded because they reported a history of CHD before the
baseline measurements, resulting in 5523 women for the analysis. Of
the 5648 women for whom we had information concerning com-
plaints, total cholesterol had been measured in a random selected
subsample of 2068 women.

Menopausal Complaints
To assess the frequency of flushing, 3 questions were asked, 1 on the
number of days a participant experienced hot flushes in the previous
week; 1 on the average frequency of hot flushes at 1 day; and 1 on
the highest number of hot flushes at 1 day. Two questions were asked
to assess the frequency of night sweats, 1 on the number of nights a
participant wakes up in the previous week because of night sweating
and 1 on the frequency of waking up per night because of night
sweating. From these questions, a dichotomous variable was created
for the absence or presence of flushing or night sweats.

Flushing or night sweating was present if a woman reported to
have �0 complaints during the previous week or if they answered
“yes” on 1 of the questions. In addition, 4 categories of flushing were
constructed: absent; having flushes for �5 days per week, with an
average of �4 a day, with the highest amount of flushes at 1 day
being �6 (low); having flushes for 2 to 7 days per week, with an
average of 6 or less a day, and the highest amount of flushes per day
being �12 (moderate); and having flushes for �5 days a week, with
an average of 3 to 7 a day, with the highest amount of flushes at 1
day being 4 to 30 (high). Moreover, 4 categories of night sweat
frequency were constructed: absent; having night sweats for 1 night
per week and being awake once (low); having night sweats for more
nights per week, but being awake once a night (moderate); and
having night sweats for more nights per week and also being awake
more than once a night (high).

Cardiovascular Risk Factors
The cardiovascular risk factors examined in the present study were as
follows: (1) total cholesterol levels, (2) hypercholesterolemia, (3)
systolic and diastolic blood pressure, (4) hypertension, and (5) BMI.
Nonfasting blood samples were taken, and total cholesterol levels
were assessed by using an automatic enzymatic procedure13 at the
laboratory of the Diagnostic Center Eindhoven. Hypercholesterol-
emia was defined as a total cholesterol level �6.5 mmol/L and/or the
usage of lipid-lowering drugs.14 Furthermore, systolic and diastolic
blood pressures were measured in a standardized manner using a
mercury manometer. One measurement was taken after the partici-
pant had been seated quietly in a comfortable posture, with feet flat
on the floor, with the back supported and the arm supported at or as
close to the level of the heart as possible. Hypertension was
classified as a systolic blood pressure �140 mm Hg, and/or a
diastolic blood pressure �90 mm Hg, and/or the usage of �1
antihypertensive drug. Weight and height were measured, and BMI
was calculated as weight in kilograms divided by height in meters
squared.

Confounders
Women completed questionnaires on education, pregnancies, total
duration of oral contraceptive use and HT, drinking of alcohol,
smoking behavior, and sport habits. In addition, information was
obtained about the use of antihypertensive and cholesterol-lowering
therapy (yes or no). Sports activities were classified as yes or no.
Smoking was categorized as never, past, or current smoking, and HT
use was categorized as current, yes but �3 year ago, and never use.
The participants were asked about their education and whether
education had been completed. From this information, the highest
attained level of education was defined and classified into 4
categories: primary education; lower/intermediate general and lower
vocational education; higher general and intermediate vocational
education; and higher vocational education and university.15

Data Analysis
All of the statistical analyses were performed using SAS 9.1 (SAS
Institute, Inc). Characteristics of the study population are described
for all of the women and for women with and without complaints
separately by means and SDs for normally distributed continuous
variables and numbers and frequencies for categorical variables.

Linear regression analysis was used to analyze the association
between the independent variable complaints of flushing or night
sweating and the continuous dependent variables cholesterol, systol-
ic and diastolic blood pressure, and BMI. The linear regression
coefficients (�) are presented with 95% CIs. Univariate analysis
(model 1) was performed to identify the crude relation between
menopausal complaints and cardiovascular risk factors, using the
group of women with no complaints as the reference category. In
addition, 3 multivariate models were used: model 2, including age;
model 3, including smoking, education, sports activities, and HT use;
and model 4, incorporating model 3 and BMI.

Because women with menopausal complaints might visit their
physician more frequently, and, therefore, have a higher chance of
blood pressure being measured and high blood pressure being
detected, we repeated the blood pressure analyses in the subgroup of
women who did not use antihypertensive drugs. HT is very effective
in reducing the menopausal symptoms, and it is likely that women
with the worst symptoms would be prescribed HT. Thus, although
HT use is strongly linked to the presence of menopausal complaints,
the therapy does not cause flushing, but, rather, the opposite is true.
Therefore, HT use is a different potential confounding factor than
others. For this reason, we repeated all of the analyses in the
subgroup of women not using HT.

Logistic regression analysis was performed to examine the relation
between menopausal complaints and the presence of hypertension,
using the same potential confounders as in the linear regression
analyses. P values at �0.05 were considered statistically significant.

Results
In total, 50% reported no symptoms of flushing and night
sweats. Flushing only was reported by 12% and night sweats
only by 11% of all women, whereas 27% reported having
both symptoms. The presence of complaints of night sweating
was more common among women with complaints of flush-
ing. The mean age of the study group was 50.3�2.4 years
(range: 46.0 to 57.0 years) and was higher in women with
complaints. In addition, women with complaints were more
likely to be current smokers, current HT users, and to be
lower educated than asymptomatic women. In addition, these
women were less likely to exercise (Table 1).

Cholesterol
Women with complaints of flushing had a 0.39-mmol/L (95%
CI: 0.27 to 0.50) higher cholesterol level than women without
(model 1; Table 2). The difference remained after multivar-
iate adjustment (model 4; Table 2; 0.27 mmol/L; 95% CI:
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0.15 to 0.39). Findings were similar for complaints of night
sweating. A total of 765 women had hypercholesterolemia
(Table 1). After multivariate adjustment (model 4; Table 2),
complaints of flushing, as well as night sweating, were
associated with an increased prevalence of hypercholesterol-
emia (odds ratio [OR]: 1.52, 95% CI: 1.25 to 1.84; OR: 1.40,
95% CI: 1.16 to 1.69, respectively).

Blood Pressure
Adjusted for age (model 2; Table 2), women with complaints
of flushing had a 1.46-mm Hg (95% CI: 0.40 to 2.51) higher
systolic blood pressure and a 1.03-mm Hg (95% CI: 0.44 to
1.62) higher diastolic blood pressure compared with asymp-
tomatic women. The differences remained after multivariate
adjustment (model 3; Table 2; 1.59 mm Hg [95% CI: 0.52 to
2.67] for systolic blood pressure and 1.09 mm Hg [95% CI
0.48 to 1.69] for diastolic blood pressure). Inclusion of BMI
(model 4; Table 2) in the adjustments attenuated the differ-

ences between women with and without complaints but most
were still statistically significant (0.81 mm Hg [95% CI:
�0.22 to 1.84] and 0.62 mm Hg [95% CI: 0.04 to 1.19],
respectively). In total, 2830 women were hypertensive (Table
1). After adjustment for confounders (model 3; Table 2), the
presence of flushing was positively associated with hyperten-
sion (OR: 1.20; 95% CI: 1.07 to 1.34). When finally adding
BMI to the model (model 4; Table 2), the associations were
attenuated but still in the same direction with an OR of 1.11
(95% CI: 0.99 to 1.25). In the subgroup of 5074 women who
did not use antihypertensive drugs, the associations were
somewhat attenuated but were all in the same direction and
for night sweats still statistically significant. Results were
similar for complaints of night sweating (Table 2).

Body Mass Index
In the crude analyses (model 1; Table 2) of flushing, women
with complaints had a 0.67-kg/m2 (95% CI: 0.43 to 0.91)

Table 1. Characteristics of the Study Population of 5523 Dutch Women According to the Presence of
Flushing

Characteristics All Women (N�5523)

Presence of Flushing

Absent (N�3362) Present (N�2161)

Age, mean�SD, y 50.2�2.4 49.9�2.3 50.8�2.4

BMI, mean�SD, kg/m2 25.5�4.4 25.3�4.3 25.9�4.5

Systolic blood pressure, mean�SD, mm Hg 133.2�19.4 132.2�18.9 134.7�20.1

Diastolic blood pressure, mean�SD, mm Hg 83.9�10.8 83.4�10.7 84.8�10.9

Cholesterol, mean�SD, mmol/L 6.2�1.4 6.0�1.3 6.4�1.4

Night sweating, % (n)

Absent 61.9 (3418) 82.1 (2759) 30.5 (659)

Present 38.1 (2105) 17.9 (603) 69.5 (1502)

Hypertension, % (n)

No 48.8 (2693) 53.7 (1805) 47.4 (1025)

Yes 51.2 (2830) 46.3 (1557) 52.6 (1136)

Hypercholesterolemia, % (n)

No 63.0 (1303) 67.9 (856) 55.3 (447)

Yes 37.0 (765) 32.1 (404) 44.7 (361)

Sports activities, % (n)

No 57.2 (3104) 56.0 (1860) 59.1 (1244)

Yes 42.8 (2319) 44.0 (1459) 40.9 (860)

Hormone therapy, % (n)

Never 77.2 (4224) 80.9 (2698) 71.5 (1526)

Past 3.2 (175) 2.3 (75) 4.7 (100)

Current 19.6 (1072) 16.9 (563) 32.8 (509)

Smoking status, % (n)

Never 33.8 (1810) 35.4 (1163) 31.3 (647)

Past 32.1 (1718) 32.9 (1080) 30.8 (638)

Current 34.1 (1826) 31.7 (1042) 37.9 (784)

Education completed, % (n)

Primary 13.7 (738) 11.5 (378) 17.3 (360)

Lower/intermediate general, lower vocational 60.1 (3236) 59.1 (1950) 61.7 (1286)

Higher general, intermediate vocational 13.5 (724) 14.4 (475) 11.9 (249)

Higher vocational, university 12.7 (686) 15.0 (495) 9.2 (191)

Percentages include column percentages.
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higher BMI compared with asymptomatic women. Including
age and other confounders (model 3; Table 2) in the regres-
sion model weakened the results, but women who reporting
flushing still had a 0.60-kg/m2 (95% CI: 0.35 to 0.84) higher
BMI. Again, these results were essentially the same for
complaints of night sweats (Table 2).

When restricting the analysis to women not using HT,
results were essentially similar in this group for all of the
outcomes studied, and formal testing using interaction terms was
not statistically significant (P values ranged from 0.16 to 0.93).

Discussion
Our data show that women with complaints of flushing or
night sweats have an unfavorable cardiovascular risk profile
compared with women without vasomotor complaints and
with increased cholesterol levels, systolic and diastolic blood
pressures, and BMI.

The main strengths of our study are its size and the
community-based sampling that improves generalizability of
the findings. A limitation is that menopausal symptoms
cannot be measured, and we had to rely on self-reported data
on complaints. However, assuming that misclassification is
nonselective if present, the true relation between vasomotor
symptoms and CVD risk profile may be even stronger. For
the definition of hypertension, we relied on only 1 blood
pressure measurement. Because it has been shown that blood
pressure most likely decreases with follow-up visits because
of regression to the mean, the prevalence of hypertension in
our study may be overestimated.16 Therefore, these findings
should be interpreted with caution. For the continuous mea-
sure, it is not as much of a problem. Furthermore, for the
analyses of blood pressure, we presented the data for all of the
women and additionally for women not treated for hyperten-
sion. There are pros and cons for both analyses. Restriction to
women without hypertension treatment results in exclusion of
women with the highest blood pressures, whereas including
them results in underestimation of the true blood pressure of
the treated women. The fact that the associations with
menopausal complaints in the untreated women are compa-
rable to those including the treated women suggests that
blood pressure misclassification in the treated women is not a
major issue. This might be because of suboptimal treatment.
Finally, the cross-sectional nature of our study makes it
difficult to draw conclusions regarding causal pathways.

From the onset of menopause women may experience
troubling symptoms that can include vasomotor complaints
(hot flushes and night sweats), vaginal dryness, depression,
irritability, sleep disturbances, and changes in libido. Evi-
dence from longitudinal studies showed that particularly
vasomotor symptoms and vaginal symptoms are causally
related to the menopausal transition.17,18 For the present
analyses, we focused on vasomotor symptoms, because data
suggest that vaginal and vasomotor symptoms are likely to
reflect different pathophysiological processes.19

The prevalence of HT use in our study was �20%, which
is lower compared with the prevalence in countries such as
the United States. The higher HT use in the United States
could be a consequence of the fact that, in this country, HT
was at least in the past more frequently prescribed for the

Table 2. Adjusted Estimates for the Relationship Between
Presence of Menopausal Complaints and Cardiovascular Risk
Factors in 5523 Dutch Women

Models Flushing Night Sweats

Cholesterol, � (95% CI), mmol/L

Model 1 Present* 0.39 (0.27 to 0.50) 0.32 (0.19 to 0.44)

Model 2 Present† 0.31 (0.19 to 0.43) 0.27 (0.15 to 0.39)

Model 3 Present‡ 0.29 (0.17 to 0.41) 0.26 (0.14 to 0.38)

Model 4 Present§ 0.27 (0.15 to 0.39) 0.25 (0.13 to 0.37)

Hypercholesterolemia, OR
(95% CI)

Model 1 Present* 1.71 (1.43 to 2.05) 1.48 (1.23 to 1.78)

Model 2 Present† 1.56 (1.30 to 1.88) 1.41 (1.17 to 1.70)

Model 3 Present‡ 1.55 (1.28 to 1.87) 1.41 (1.17 to 1.70)

Model 4 Present§ 1.52 (1.25 to 1.84) 1.40 (1.16 to 1.69)

Systolic blood pressure, �
(95% CI), mm Hg

Model 1 Present* 2.49 (1.45 to 3.54) 2.02 (0.97 to 3.07)

Model 2 Present† 1.46 (0.40 to 2.51) 1.48 (0.43 to 2.52)

Model 3 Present‡ 1.59 (0.52 to 2.67) 1.80 (0.74 to 2.87)

Model 4 Present§ 0.81 (�0.22 to 1.84) 1.13 (0.11 to 2.14)

Diastolic blood pressure, �
(95% CI), mm Hg

Model 1 Present* 1.37 (0.79 to 1.96) 1.10 (0.51 to 1.68)

Model 2 Present† 1.03 (0.44 to 1.62) 0.91 (0.32 to 1.50)

Model 3 Present‡ 1.09 (0.48 to 1.69) 1.05 (0.46 to 1.65)

Model 4 Present§ 0.62 (0.04 to 1.19) 0.65 (0.08 to 1.21)

Systolic blood pressure in
untreated women, �
(95% CI), mm Hg

Model 1 Present* 1.92 (0.87 to 2.97) 1.90 (0.85 to .96)

Model 2 Present† 0.90 (�0.16 to 1.96) 1.40 (0.35 to 2.45)

Model 3 Present‡ 1.03 (�0.05 to 2.11) 1.71 (0.64 to 2.77)

Model 4 Present§ 0.41 (�0.63 to 1.45) 1.20 (0.17 to 2.23)

Diastolic blood pressure in
untreated women, �
(95% CI), mm Hg

Model 1 Present* 1.25 (0.66 to 1.84) 1.07 (0.47 to 1.67)

Model 2 Present† 0.91 (0.31 to 1.51) 0.90 (0.30 to 1.49)

Model 3 Present‡ 0.96 (0.35 to 1.58) 1.02 (0.42 to 1.63)

Model 4 Present§ 0.58 (�0.01 to 1.16) 0.71 (0.13 to 1.29)

Hypertension, OR (95% CI)

Model 1 Present* 1.29 (1.15 to 1.43) 1.26 (1.13 to 1.41)

Model 2 Present† 1.17 (1.05 to 1.31) 1.20 (1.08 to 1.34)

Model 3 Present‡ 1.20 (1.07 to 1.34) 1.24 (1.10 to 1.38)

Model 4 Present§ 1.11 (0.99 to 1.25) 1.17 (1.04 to 1.31)

BMI, � (95% CI), kg/m2

Model 1 Present* 0.67 (0.43 to 0.91) 0.55 (0.31 to 0.79)

Model 2 Present† 0.62 (0.38 to 0.86) 0.51 (0.27 to 0.75)

Model 3 Present‡ 0.60 (0.35 to 0.84) 0.51 (0.28 to 0.75)

*Model 1 indicates univariate (crude) model.
†Model 2 is adjusted for age (continuous).
‡Model 3 is model 2 with smoking (never, past, or current), education

(primary, lower/intermediate general, lower vocational, higher general, inter-
mediate vocational, higher vocational, or university), sports activities (yes or
no), and hormone use (no; yes, but �3 years ago; or yes).

§Model 4 is model 3 with BMI (continuous).
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prevention of chronic diseases. In the Netherlands, however,
the main indication for HT use is the presence of menopausal
complaints and not preventive purposes.20 The latter is also
consistent with our findings that women with complaints
were more likely to be current HT users compared with
asymptomatic women.

In previous studies on HT, users tended to be more healthy
and health conscious than nonusers.21 This difference could
have led to an overestimation of the beneficial effects and an
underestimation of the risks associated with HT use. In our
cohort, however, we found that, compared with never users,
current users were more likely to be lower educated (72.6%
versus 78.1%, respectively) and to have hypertension (50.8%
versus 53.3%, respectively) and less likely to be a never-
smoker (35.1% versus 29.6%, respectively) and to exercise
(56.8% versus 58.4%, respectively). These findings support
the view that current users did not had a better cardiovascular
risk profile than the never-users and that the healthy user
effect probably does not hamper our results.

It is a matter of debate whether it is necessary to adjust for
BMI in the analyses regarding blood pressure. In our view,
BMI is an important determinant of blood pressure22,23 and is
causally related to endocrine and metabolic changes with
menopause, and factors in the causal pathway should not be
included in the regression models. The fact that adding BMI
to the model attenuated the results supports the view that BMI
lies in the causal pathway and that adjustment has led to an
overcorrection.

We dichotomized menopausal complaints. However, when
complaints of night sweats and flushing were categorized into
absent, low, moderate, and high frequency, mean cholesterol,
systolic and diastolic blood pressure, and BMI were signifi-
cantly higher with increasing frequency of complaints
(please see the data supplement available online at
http://hyper.ahajournals.org).

Although vaginal symptoms appear to be more closely
related to changes in androgens,24 vasomotor symptoms are
believed to be related to estrogen withdrawal that occurs with
the menopause. The latter is supported by the fact that HT is
the most successful therapy for reducing their occurrence.25

However, because there is no significant correlation between
plasma hormone levels and the occurrence of vasomotor
symptoms,26 estrogen withdrawal alone cannot fully explain
the cause of menopausal symptoms. A growing body of
evidence supports the hypothesis that hot flushes result from
a reduced thermoneutral zone.27 This reduction appears to be
closely related to increased central nervous levels of norepi-
nephrine (NE), partly through �2-adrenergic receptors.28 The
involvement of NE in central thermoregulation and the
etiology of hot flushes are supported by results from exper-
imental and animal studies that showed that increased central
nervous system levels of NE narrows the width of the
thermoneutral zone.29,30 This is consistent with results from
studies that showed that yohimbine, an �2-adrenergic antag-
onist, elevates brain NE31 and ultimately triggers hot flus-
hes.32 Thus, �2-adrenoceptors in the hypothalamus may be
responsible for the events of the hot flush.28 There is a line of
evidence that suggests that the dramatic estrogen variability
during the menopausal transition is involved in the etiology

of hot flushes.33,34 Because estrogens modulate the �2-
adrenergic receptors,35 it is possible that the fluctuations in
estrogen levels affect the �2-adrenergic receptors. A decline
in inhibitory presynaptic �2-receptors leads to increased NE
levels, which leads to inappropriate heat loss mechanisms and
an increased occurrence of hot flushes.28

The association of menopausal complaints with a more
adverse cardiovascular risk profile could result from a pri-
mary increase in sympathetic nervous system activity. It has
been observed that increased BMI36 and hypertension37 are
associated with an increased secretion of NE from sympa-
thetic nerves.38 Activation of the sympathetic nervous system
has also been shown to increase the production of serum
lipids and lipoproteins by altering lipid metabolic processes,39

although some studies have found no consistent effect.40,41

These findings warrant further investigation.
For the present study, we have studied the effects of BMI,

lipids, and blood pressure. It has to be acknowledged,
however, that time windows of exposure and outcome may
vary markedly for different cardiovascular risk factors. BMI
and lipids, for instance, most likely reflect effects that have
operated over longer periods of time. Blood pressure, how-
ever, is a measure that reacts to impulses much quicker. This
could be reflected in our findings, because cholesterol and
BMI showed the most marked differences, whereas the
findings for blood pressure were weaker. It would be inter-
esting to replicate and extend these findings in studies in
which other markers of CVD risk are used, such as lipopro-
tein subfractions, inflammatory markers, etc, and in which
CHD events are the outcome.

There are only a few known risk factors for menopausal hot
flushes. It has long been thought that women with a higher
body weight have a decreased risk for vasomotor symptoms
during menopause because of conversion of androgens to
estrogens in fat tissue.42,43 However, these studies are rela-
tively old,42,43 included very small sample sizes,43 and used
measures for fat mass that are currently considered less
appropriate (body weight or percentage ideal weight instead
of BMI or fat mass from dual energy x-ray absorptiometry
scanning).42 According to more recent investigations, includ-
ing our own, women with more body fat are more likely to
report hot flushes.44–46 An explanation might be that in-
creased body fat raises core body temperature,47 which
triggers hot flushes.

Our results show that the presence and frequency of
vasomotor menopausal complaints are associated with a more
harmful cardiovascular risk profile. These findings lend
support to our hypothesis that women with vasomotor symp-
toms differ from those without with respect to cardiovascular
risk factors. These findings substantiate the view that differ-
ences in the presence of menopausal symptoms as a reason
for using HT could explain discrepant findings between
observational research and trials.

Perspectives
It is beyond dispute that HT is the best remedy for meno-
pausal vasomotor symptoms.25 Hot flushes are likely to arise
as a result of a reduced thermoregulatory zone,27 which is
thought to be primarily caused by a heightened sympathetic
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nervous system.28–30 These alterations in the sympathetic
nervous system might be mediated by the estrogen with-
drawal associated with menopause.35 However, estrogen
levels stay low throughout menopause, and most hot flush
symptoms subside with time. Thus, although a decrease in
estrogen concentration could be the first change, it might not
directly cause symptoms.48 It may be speculated that estrogen
fluctuations, in addition to a low absolute estrogen levels, are
causing the symptoms.33,34 Moreover, supplementation of HT
might increase the absolute estrogen levels in such a way that
estrogen fluctuations are not powerful enough anymore to
cause symptoms. In the present study we found that vasomo-
tor symptoms are associated with an unfavorable cardiovas-
cular risk profile. Cardiovascular risk factors are also associ-
ated with an sympathetic nervous system activity.36 –39

Because a heightened sympathetic nervous system is thought
to be involved in the occurrence of menopausal symptoms, as
well as in the etiology of the cardiovascular risk profile, it is
plausible that the favorable effects of estrogens on the
cardiovascular system could derive from the inhibition of the
sympathetic nervous system.49,50 These findings should trig-
ger further research.

Sources of Funding
Funding supplied by an Incentive Grant from the Board of the UMC
Utrecht, The Netherlands, and funding from Region Skåne and the
medical faculty of Lund University, Sweden.

Disclosures
None.

References
1. Grodstein F, Stampfer M. The epidemiology of coronary heart disease

and estrogen replacement in postmenopausal women. Prog Cardiovasc
Dis. 1995;38:199–210.

2. Grodstein F, Manson JE, Colditz GA, Willett WC, Speizer FE, Stampfer
MJ. A prospective, observational study of postmenopausal hormone
therapy and primary prevention of cardiovascular disease. Ann Intern
Med. 2000;133:933–941.

3. Stampfer MJ, Colditz GA. Estrogen replacement therapy and coronary
heart disease: a quantitative assessment of the epidemiologic evidence.
Prev Med. 1991;20:47–63.

4. Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B, Vit-
tinghoff E. Randomized trial of estrogen plus progestin for secondary
prevention of coronary heart disease in postmenopausal women. Heart
and Estrogen/progestin Replacement Study (HERS) Research Group.
JAMA. 1998;280:605–613.

5. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C,
Stefanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC,
Kotchen JM, Ockene J. Risks and benefits of estrogen plus progestin in
healthy postmenopausal women: principal results from the Women’s
Health Initiative randomized controlled trial. JAMA. 2002;288:321–333.

6. Rossouw JE, Prentice RL, Manson JE, Wu L, Barad D, Barnabei VM, Ko
M, LaCroix AZ, Margolis KL, Stefanick ML. Postmenopausal hormone
therapy and risk of cardiovascular disease by age and years since
menopause. JAMA. 2007;297:1465–1477.

7. Manson JE, Allison MA, Rossouw JE, Carr JJ, Langer RD, Hsia J, Kuller
LH, Cochrane BB, Hunt JR, Ludlam SE, Pettinger MB, Gass M, Margolis
KL, Nathan L, Ockene JK, Prentice RL, Robbins J, Stefanick ML.
Estrogen therapy and coronary-artery calcification. N Engl J Med. 2007;
356:2591–2602.

8. van der Schouw YT, Grobbee DE. Menopausal complaints, oestrogens,
and heart disease risk: an explanation for discrepant findings on the
benefits of post-menopausal hormone therapy. Eur Heart J. 2005;26:
1358–1361.

9. Leal M, Diaz J, Serrano E, Abellan J, Carbonell LF. Hormone
replacement therapy for oxidative stress in postmenopausal women with
hot flushes. Obstet Gynecol. 2000;95:804–809.

10. Brown DE, Sievert LL, Aki SL, Mills PS, Etrata MB, Paopao RN, James
GD. Effects of age, ethnicity and menopause on ambulatory blood
pressure: Japanese-American and Caucasian school teachers in Hawaii.
Am J Hum Biol. 2001;13:486–493.

11. Gerber LM, Sievert LL, Warren K, Pickering TG, Schwartz JE. Hot
flashes are associated with increased ambulatory systolic blood pressure.
Menopause. 2007;14:308–315.

12. Smeets-Goevaers CG, Lesusink GL, Papapoulos SE, Maartens LW,
Keyzer JJ, Weerdenburg JP, Beijers LM, Zwinderman AH, Knottnerus
JA, Pols HA, Pop VJ. The prevalence of low bone mineral density in
Dutch perimenopausal women: the Eindhoven perimenopausal osteo-
porosis study. Osteoporos Int. 1998;8:404–409.

13. Roeschlau P, Bernt E, Gruber W. Enzymatic determination of total
cholesterol in serum. Z Klin Chem Klin Biochem. 1974;12:226.

14. Wood D, De BG, Faergeman O, Graham I, Mancia G, Pyorala K.
Prevention of coronary heart disease in clinical practice: recommen-
dations of the Second Joint Task Force of European and other Societies
on Coronary Prevention. Atherosclerosis. 1998;140:199–270.

15. van Rossum CT, van de MH, Breteler MM, Grobbee DE, Mackenbach JP.
Socioeconomic differences in stroke among Dutch elderly women: the
Rotterdam Study. Stroke. 1999;30:357–362.

16. Birkett NJ, Donner AP, Maynard MD. Assessing hypertension control in
the community: the need for follow-up measurements to ensure clinical
relevance. CMAJ. 1987;136:595–600.

17. Dennerstein L, Dudley EC, Hopper JL, Guthrie JR, Burger HG. A
prospective population-based study of menopausal symptoms. Obstet
Gynecol. 2000;96:351–358.

18. Nelson HD, Haney E, Humphrey L, Miller J, Nedrow A, Nicolaidis C, Vesco
K, Walker M, Bougatsos C, Nygren P. Management of menopause-related
symptoms. Evid Rep Technol Assess (Summ). 2005;1–6.

19. Grady D. Clinical practice. Management of menopausal symptoms.
N Engl J Med. 2006;355:2338–2347.

20. Groeneveld FP, Bareman FP, Barentsen R, Dokter HJ, Drogendijk AC,
Hoes AW. Duration of hormonal replacement therapy in general practice;
a follow-up study. Maturitas. 1998;29:125–131.

21. Matthews KA, Kuller LH, Wing RR, Meilahn EN, Plantinga P. Prior to
use of estrogen replacement therapy, are users healthier than nonusers?
Am J Epidemiol. 1996;143:971–978.

22. Aiyer AN, Kip KE, Mulukutla SR, Marroquin OC, Hipps L Jr, Reis SE.
Predictors of significant short-term increases in blood pressure in a
community-based population. Am J Med. 2007;120:960–967.

23. Juhaeri, Stevens J, Chambless LE, Tyroler HA, Rosamond W, Nieto FJ,
Schreiner P, Jones DW, Arnett D. Associations between weight gain and
incident hypertension in a bi-ethnic cohort: the Atherosclerosis Risk in
Communities Study. Int J Obes Relat Metab Disord. 2002;26:58–64.

24. Leiblum S, Bachmann G, Kemmann E, Colburn D, Swartzman L. Vaginal
atrophy in the postmenopausal woman. The importance of sexual activity
and hormones. JAMA. 1983;249:2195–2198.

25. Nelson HD. Commonly used types of postmenopausal estrogen for
treatment of hot flashes: scientific review. JAMA. 2004;291:1610–1620.

26. Hutton JD, Jacobs HS, Murray MA, James VH. Relation between plasma
oestrone and oestradiol and climacteric symptoms. Lancet. 1978;1:
678–681.

27. Freedman RR, Krell W. Reduced thermoregulatory null zone in post-
menopausal women with hot flashes. Am J Obstet Gynecol. 1999;181:
66–70.

28. Freedman RR. Menopausal hot flashes. In: Lobo R, ed. Treatment of the
Postmenopausal Women. Basic and Clinical Aspects. Burlington, MA:
Academic Press; 2007:187–198.

29. Bruck K, Hinckel P. Thermoregulatory noradrenergic and serotonergic
pathways to hypothalamic units. J Physiol. 1980;304:193–202.

30. Freedman RR. Pathophysiology and treatment of menopausal hot flashes.
Semin Reprod Med. 2005;23:117–125.

31. Charney DS, Heninger GR, Sternberg DE. Assessment of alpha 2
adrenergic autoreceptor function in humans: effects of oral yohimbine.
Life Sci. 1982;30:2033–2041.

32. Freedman RR, Woodward S, Sabharwal SC. Alpha 2-adrenergic
mechanism in menopausal hot flushes. Obstet Gynecol. 1990;76:
573–578.

Gast et al Menopausal Symptoms and CVD Risk Factors 1497



33. Casper RF, Yen SS, Wilkes MM. Menopausal flushes: a neuroendocrine
link with pulsatile luteninizing hormone secreation. Science. 1979;205:
823–825.

34. Whiteman MK, Staropoli CA, Benedict JC, Borgeest C, Flaws JA. Risk
factors for hot flashes in midlife women. J Womens Health (Larchmt).
2003;12:459–472.

35. Etgen AM, Ansonoff MA, Quesada A. Mechanisms of ovarian steroid
regulation of norepinephrine receptor-mediated signal transduction in the
hypothalamus: implications for female reproductive physiology. Horm
Behav. 2001;40:169–177.

36. Troisi RJ, Weiss ST, Parker DR, Sparrow D, Young JB, Landsberg L.
Relation of obesity and diet to sympathetic nervous system activity.
Hypertension. 1991;17:669–677.

37. Reckelhoff JF, Fortepiani LA. Novel mechanisms responsible for post-
menopausal hypertension. Hypertension. 2004;43:918–923.

38. Mancia G, Bousquet P, Elghozi JL, Esler M, Grassi G, Julius S, Reid J,
Van Zwieten PA. The sympathetic nervous system and the metabolic
syndrome. J Hypertens. 2007;25:909–920.

39. Brindley DN, McCann BS, Niaura R, Stoney CM, Suarez EC. Stress and
lipoprotein metabolism: modulators and mechanisms. Metabolism. 1993;
42:3–15.

40. De LF, Mukherjee M, Kadziola Z, Sherwood R, Kakkar VV. Central
cooling effects in patients with hypercholesterolaemia. Clin Sci (Lond).
1998;95:213–217.

41. Ward KD, Sparrow D, Landsberg L, Young JB, Vokonas PS, Weiss ST.
The relationship of epinephrine excretion to serum lipid levels: the Nor-
mative Aging Study. Metabolism. 1994;43:509–513.

42. Campagnoli C, Morra G, Belforte P, Belforte L, Prelato TL. Climacteric
symptoms according to body weight in women of different socio-
economic groups. Maturitas. 1981;3:279–287.

43. Erlik Y, Meldrum DR, Judd HL. Estrogen levels in postmenopausal
women with hot flashes. Obstet Gynecol. 1982;59:403–407.

44. Gold EB, Colvin A, Avis N, Bromberger J, Greendale GA, Powell L,
Sternfeld B, Matthews K. Longitudinal analysis of the association
between vasomotor symptoms and race/ethnicity across the menopausal
transition: study of women’s health across the nation. Am J Public Health.
2006;96:1226–1235.

45. Thurston RC, Sowers MR, Chang Y, Sternfeld B, Gold EB, Johnston JM,
Matthews KA. Adiposity and reporting of vasomotor symptoms among
midlife women: the study of women’s health across the nation. Am J
Epidemiol. 2008;167:78–85.

46. Whiteman MK, Staropoli CA, Langenberg PW, McCarter RJ, Kjerulff
KH, Flaws JA. Smoking, body mass, and hot flashes in midlife women.
Obstet Gynecol. 2003;101:264–272.

47. Freedman RR. Hot flash trends and mechanisms. Menopause. 2002;9:
151–152.

48. Stearns V, Ullmer L, Lopez JF, Smith Y, Isaacs C, Hayes D. Hot flushes.
Lancet. 2002;360:1851–1861.

49. Du XJ, Dart AM, Riemersma RA, Oliver MF. Sex difference in pre-
synaptic adrenergic inhibition of norepinephrine release during normoxia
and ischemia in the rat heart. Circ Res. 1991;68:827–835.

50. Wyss JM, Carlson SH. Effects of hormone replacement therapy on the
sympathetic nervous system and blood pressure. Curr Hypertens Rep.
2003;5:241–246.

1498 Hypertension June 2008


