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Abstract
In Taiwan, the Chin-Shan Community Cardiovascular Cohort (CCCC) was assessed prospectively to determine whether the
changes in cardiovascular risk factors for women age 45 – 54 years are due to menopause. The average paired percentage changes
that occurred between baseline (1990–1991) and follow-up (4 years later) in fasting serum lipids were compared in three groups
of women including groups of 59 and 224 who were pre- and postmenopausal, respectively, and a group of 118 who had
spontaneously stopped menstruating. Postmenopausal women had the least gain in body mass index (BMI), whereas, mainly
premenopausal women had increased systolic blood pressure (PB 0.05). All women had elevated total cholesterol (TC) levels, with
the greatest elevation in women transitioning into menopause (PB 0.001). Low-density lipoprotein cholesterol (LDL-C) levels
increased before and during the transition to menopause, but decreased after menopause (P B 0.01). Age had significant
association with changes in TC, triglyceride (TG) and LDL-C levels, whereas BMI had significant association with changes in TG,
LDL-C, and high-density lipoprotein cholesterol (HDL-C) levels (P B 0.05). After controlling for age and BMI, only differences
in TC remained significant, with the greatest gain in women who stopped menstruating (12.9%) followed by pre- (6.5%) and
postmenopausal women (4.8%). Changes in both systolic and diastolic blood pressures, and TG and HDL-C levels were not
significantly different, but HDL-C levels declined between 11.5 and 14.7% in all groups. This study suggests an unfavorable effect
of menopause on lipid metabolism, especially on the TC level, which was predominantly elevated during the transition to
menopause. The decline of HDL-C is of concern. © 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction
Numerous studies consider menopause a risk factor
for coronary heart disease (CHD) [1,2] and suggest that
postmenopausal women have atherogenic risks. Several
cross-sectional studies found higher plasma levels of
total cholesterol (TC), low-density lipoprotein choles* Corresponding author. Tel.: + 886-2-23562000; fax: +886-223217522.
E-mail address: ytlee@ha.mc.ntu.edu.tw (Y.-T. Lee).

terol (LDL-C), and triglycerides (TG) in postmenopausal women [3–7]. The association between
menopause and changes in these cardiovascular risk
factors is difficult to study because menopausal status
and age are correlated. Aging has been associated with
increased TC, TG and LDL-C levels, and the rises of
these lipids were particularly marked at the onset of
menopause, including Asian women [8,9]. In a recent
age-matched cross-sectional study, menopausal women
(compared with premenopausal women) appear to have
significantly higher TC, LDL-C but not HDL-C levels
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[10]. Our previous cross-sectional study based on the
baseline data collected from the Chin-Shan Community Cardiovascular Cohort (CCCC) in 1990–1991
also showed atherogenic lipids were higher in postthan in premenopausal women. The postmenopausal
increases were particularly significant in TC and
LDL-C among women age 45 – 49 years, and in TG
and Apo B among women age 50– 54 years [11].
Several longitudinal studies focusing on the lipid
changes in relation to menopause also have been carried out. An age-matched 2.5-year follow-up study
found that women with natural menopause have increased LDL-C and decreased HDL-C levels, but unchanged blood pressure and body weight [12]. An
earlier prospective study of Swedish women who stop
menstruating showed intraindividual increases of TC,
TG and body weight but not blood pressure [13].
They found, on the other hand, a significant increase
of blood pressure in women with no change of
menopausal status during the 6-year follow-up. The
Nagasaki study showed a significantly increasing
trend for serum cholesterol levels in both natural and
surgically menopausal Japanese women, whereas no
trend existed for systolic blood pressure (SBP) or
body weight [14]. The study of Poehlman et al. [15],
however, showed no effect on TC in menopausal
women during a 6-year follow-up, although they did
observe elevated LDL-C and TG but lowered HDLC. Ko et al. [9] suggested that the onset of
menopause might further increase CVD risk for Chinese women. The CHD mortality rate has been fairly
static in Taiwan [16], justifying the conduct of longitudinal studies to clarify the correlation of menopause
to the age-related cardiovascular risk factors in
women.
Most of the above-mentioned longitudinal studies
compared CVD risk factor changes for individuals
between pre- and postmenopause. Changes associated
with the confounding effect of age were few and were
measured by comparing women whose menopausal
status changed with those whose status was unchanged during a similar follow-up period. In our
previous cross-sectional study based on CCCC data,
the age-associated changes in lipid levels were assumed to be constant regardless of menopausal
status. The CCCC has been followed-up since 1990 to
compare the absolute average intraindividual percentage changes between the baseline and succeeding measurements of body weight, blood pressure, lipid and
lipoprotein levels in women who either remained premenopausal, spontaneously stopped menstruation, or
became postmenopausal during the follow-up period.
Less confounded by the effect of aging, this method
of observation is more sensitive and able to demonstrate changes of lipids at menopause.

2. Patients and methods

2.1. Study population
The CCCC study was established in 1990–1991 as
previously reported [11,18]. In brief, the study cohort
consisted of 3602 adults, age 35 and above, residing in
a suburban community 20 miles north of metro Taipei.
The mortality pattern in Chin-Shan was generally similar to that of the general Taiwanese population [16].
Among 1899 female respondents, 428 age 45–54 years
were included in the baseline survey in 1990–1991, and
401 returned and completed the follow-up study 4 years
later in 1994–1995. Women excluded from this report
were those with hormone replacement therapy prior to
or during the follow-up study period. Women with a
history of diabetes, fasting sugar ] 140 mg, hysterectomy, oophorectomy, oral contraceptive pill use, or
menopause before the age of 45 years also were not
included in this study. Only subjects with secondary
amenorrhea for at least 1 year were defined as
menopausal. Subjects whose last menstruation was 3–
11 months earlier were excluded because of uncertainty
in their menopausal status.

2.2. Data collection and assays
The study team consisted of several cardiologists,
senior residents, senior medical students, two assistant
nurses and local practitioners. Trained medical students
canvassed door-to-door with the assistance of community leaders to extend invitations for the baseline and
biannual follow-up surveys. Written consent was obtained during the face-to-face questionnaire interview,
and physicians later conducted physical examinations
and laboratory tests on participants invited to the clinic
established in the community. Specimens for blood
analyses were also collected at the clinic.
All venous blood samples were taken after a 10-h
overnight fast, immediately refrigerated at 4 °C, and
transported to the National Taiwan University Hospital within 6 h. Assay of serum TC and TG levels were
normally performed within 24 h. Otherwise, the serum
samples were stored at − 70 °C for batch assay of
LDL-C and HDL-C as previously described [11,17,18].
In brief, standard enzymatic methods for serum TC and
TG were used (Merck 14354 and 14366, Germany,
respectively). The HDL-C concentration in the supernatant was measured after precipitation with magnesium chloride phosphotungstate reagents (Merck
14993). The concentration of LDL-C was calculated as
‘total cholesterol minus cholesterol in the supernatant,’
and LDL-C precipitated by heparin-citrate reagent
(Merck 14992).
Body mass index (BMI), an indicator related to the
amount of visceral fat, was used as a measure of obesity
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and was calculated as body weight in kg divided by
height in m2; these parameters were measured at the
time of blood sampling. Blood pressure measurements
were performed with mercury sphygmomanometer in a
standardized fashion, cuff size adjusted to the circumference of the arm, and the arm placed with the cuff at
the level of heart. Blood pressure was recorded using
the mean of two measurements taken after 5 min of rest
in the supine position. Systolic and diastolic blood
pressures were defined according to Korotkoff sounds I
and V.

2.3. Statistical analysis
To distinguish the effect of menopause, data analyses
emphasized comparing paired differences in serum
lipids, body weight and blood pressure between the
baseline and follow-up levels, among the three groups
of study women identified at the time of follow-up
survey. In doing so, average relative percentage changes
in each factor between the two surveys were calculated

411

for each individual, expressed in mean9 S.E.M. These
changes were also analyzed using paired t-test. A multivariate regression analysis was further conducted controlling for age and BMI as dependent variables. All
statistical analyses were performed with SAS statistical
software (Version 6.12, SAS Institute, Cary NC, USA).
P values below 0.05 were considered statistically
significant.

3. Results
Of the 401 women from whom both baseline and
follow-up data was collected, 59 women were still premenopausal, 118 had stopped menstruating (designated
as ‘transition’ in the Figure and Tables) and 224 were
postmenopausal during the 4-year follow-up period.
The baseline average ages (S.D.) were 47.2 (1.8) years
for women who remained premenopausal, 48.8 (2.5)
years for those who became menopausal and 51.5 (2.6)
years for those who were postmenopausal (Fig. 1).

Fig. 1. Average baseline measurements of body weight, body mass index, blood pressure and lipids in Chin-Shan women categorized by
menopausal status at the time of follow-up survey. Abbreviations: BP, blood pressure (mmHg); TC, total cholesterol (mg/dl); TG, triglyceride
(mg/dl); LDL-C, low-density lipoprotein cholesterol (mg/dl); Pre, premenopause; Trans, transition from premenopause to postmenopause; post,
postmenopause at follow-up. Data are expressed as the mean 9S.D. P= P-value for difference among pre-, peri- and postmenopausal groups
(t-test). * PB 0.05, **PB0.01, *** PB 0.001 at the baseline.
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Table 1
Average paired percentage changes occurring between baseline and follow-up surveys of pre-, peri- and postmenopausal women in Chin-Shan
Community Cardiovascular Cohort (CCCC)

BMI
Body weight
SBP
DBP
TC
TG
LDL-C
HDL-C

Premenopause (n= 59)

Transition (n = 118)

Postmenopause (n = 224)

P

4.89 1.4
1.79 1.3
6.39 1.8
1.292.2
9.69 3.0
−3.89 7.9
6.49 4.1
−13.59 2.5

4.3 9 1.0
2.3 9 0.9
2.191.3
3.59 1.5
14.29 2.2
2.0 9 5.8
3.5 9 3.1
−10.49 1.9

1.5 9 0.8
1.1 9 0.7
0.4 9 0.9
−0.49 1.1
3.3 9 1.6
−1.59 4.2
−5.99 2.2
−15.69 1.3

B0.05
0.59
B0.05
0.11
B0.001
0.81
B0.01
0.08

Data are expressed as the mean 9S.E. of mean (SEM). P= P-value for differences among pre-, peri- and postmenopausal groups (general linear
regression).

Fig. 1 also depicts the average baseline body weights,
BMIs, blood pressures and lipid profiles among these
three
groups.
Although
women
approaching
menopause grew heavier, no significant differences in
average body weight and BMI were found among the
three groups. Levels of TC, TG and LDL-C showed a
progressive elevation among the three groups (P B 0.05
to 0.001) with the highest values all in postmenopausal
women. Differences in blood pressure and HDL-C were
minor among three groups.
Based on the average paired percentage changes between the baseline and the follow-up data, all women
showed elevations in body weight, BMI, SBP and TC
levels in 4 years (Table 1). All these changes were the
smallest in postmenopausal women. Changes in BMI,
SBP and LDL-C were the largest in premenopausal
women (P B0.05), and the change in TC was the
largest in women approaching menopause (P B 0.001).
Decline in HDL-C was observed among all groups.
When age and BMI were adjusted in multivariate
analysis, results showed percentage changes of body
weight, BMI, DBP, SBP and HDL-C were independent
of age, however, changes of TC, SBP and DBP were
independent of BMI (Table 2). Changes of TG and
LDL-C were age- and BMI-dependent, and the change
of TC was age-dependent (P B 0.05). However, only the
changes of TC were significantly different among the
three groups (P B0.05), with women who were approaching menopause having the greatest elevation of
TC (12.9%). LDL-C levels remained elevated for preand perimenopausal women, and lowered in postmenopausal women. TG levels were increased in postmenopausal women but decreased in premenopausal
women and unchanged in women approaching
menopause in the follow-up period.
Table 2 also shows changes in HDL-C was independent of age, and all groups had declines in HDL-C
levels. In both pre and postmenopausal women, HDLC declined 14.7, 3.2% greater than the decline in
women approaching menopause.

4. Discussion

4.1. Changes of serum lipids with menopause
Our previous analyses [11] based on cross-sectional
baseline data in 1990–1991 showed that postmenopausal women had higher serum levels of TC, TG,
LDL-C and Apo B than premenopausal women.
Among the women 45 –54 years old, younger postmenopausal women showed significantly higher TC and
LDL-C levels than premenopausal women, whereas
older postmenopausal women showed significantly
higher levels of TG. These trends are likely age and
BMI-associated. The changes in coronary heart disease
risk factors affecting the CCCC women (followed up
for 4 years) were compared based on their menopausal
status at the end of follow-up, and this study focused
on those changes attributed to menopause, obesity and
aging.
Postmenopausal women appeared to have higher TC,
TG and LDL-C levels than premenopausal women and
those women who became menopausal during the follow-up period. All women had elevated TC levels and
the average elevation was the greatest in women approaching menopause. This pattern persisted after controlling for age and BMI. Though Poehlman et al.
reported in a prospective study that natural menopause
had no effect on TC levels [15], our data parallels that
of other studies, showing that TC levels increase 2–3
years before [14,19] and may continue to increase 6
years after menopause [19]. The increase in TC may be
slower for postmenopausal women.
In our study, after age and BMI adjustment, the
decreased TG levels in crude data reverted to increased
levels in postmenopausal women in the follow-up period, and women approaching menopause showed no
net changes in TG. An earlier study also found that TG
level was unaffected by menopause [12].
The trend of LDL-C was opposite to the trend of TG
in this study. Ushiroyama, et al. [8] found elevations of
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TG and LDL-C levels at perimenopausal levels, particularly just before the onset of menopause. Do et al. [20]
found that, during the period of transition to
menopause, LDL-C and TG levels increased and HDLC levels decreased. The consistent rising trend of LDLC as menopause approaches is similar to our study, but
contradicts our finding that LDL-C declines postmenopausally. This trend is age- and BMI-associated
and statistically insignificant after controlling for these
two factors. Therefore, despite the decline of LDL-C in
postmenopausal women, their LDL-C level remained
the highest because their baseline level was higher.
A decline of estrogen levels during menopause has
been suggested to be associated with the rise of TG and
LDL-C levels [8]. However, recent studies did not show
the relation between endogenous sex hormone and lipid
levels in pre [21], peri [22], and postmenopausal women
[23]. And the opposite patterns in TG and LDL-C
levels in our study cannot be further explained solely by
the possible decrease in estrogen levels as menopause
approaches. The contrasting decline of LDL-C levels in
postmenopausal groups and decline of TG levels in
premenopausal groups suggests that changes in lipids
and lipoproteins are probably multifactorial in origin.
The continued decline in HDL-C level, regardless of
menopausal status, is the most striking change. With a
14.7% decrease in HDL-C, the 12.9% increase in TC
indicated higher risk for women at menopause. Significant association of HDL-C levels with cardiac function
in Chinese patients has been reported in our population
[24], suggesting that HDL-C is an important independent risk factor for CHD in Chinese women as they age
regardless of menopausal status.
Most women in Chin-Shan community have active
daily routines and they seldom use hormone replacement therapy. The few that were using hormone replacement were excluded from our study. Herbal
medicines for menopausal complaints were seldom
taken. Consumption of a diet that included lots of soy
beans and their products, which contain phyto-estro-
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gens that possibly improve menopausal syndrome and
prevent atherosclerosis [25], was uniform among
women of every age, and so had little effect on the lipid
profile changes that occurred as a result of menopausal
status in this study. However, physician’s visits during
surveys might influence participants’ life styles and
modify their CHD risk factors [26].

4.2. Blood pressure in premenopausal and
postmenopausal women
Chow et al. [27] found both systolic and diastolic
blood pressures are higher in women after menopause
than in men of the same age, suggesting that estrogen
deficiency might influence the age-related increase in
blood pressure. However, in this study, systolic blood
pressure markedly increased in the women who remained premenopausal at follow-up. After age and
BMI were adjusted, this trend remained but was no
longer significant. Postmenopausal women or women
who became menopausal had only minor SBP increase.
Lindquist et al. [13] also found a similar pattern of SBP
change in their 6-year follow-up study. Several reports
did not find that the change of SBP with menopause
was significant [10,12,14], but the European study
found SBP significantly increased after menopause [15].
Administration of estrogen after menopause either attenuated the increase of both systolic and diastolic
blood pressures [28–30] or had no detectable effect
[31,32]. After menopause, with the cessation of ovulation, several hormones were diminished other than
estrogen [33]. Therefore, the effect of hormone profiles
on blood pressure before and after menopause was
probably different.
Menopause was reported to have no effect on DBP
[10,14,15]. But Shelley et al. reported in a longitudinal
study that DBP increases as BMI increases during
menopausal transition [22]. We did not observe any
effect of natural menopause, age and BMI on DBP.
Diastolic blood pressure may thus be a unique value to
evaluate individual risk of CHD.

Table 2
A baseline and follow-up surveys of pre-, peri- and postmenopausal women in Chin-Shan Community Cardiovascular Cohort (CCCC)

BMI
Body weight
SBP
DBP
TC
TG
LDL-C
HDL-C

Premenopause (n=59)

Transition (n=118)

Postmenopause (n = 224)

P

B1 (Age)

B2 (BMI)

3.79 1.6
1.59 1.4
4.69 2.0
−0.39 2.4
6.5 9 3.2
−13.39 8.5
1.59 4.4
−14.792.7

4.3 91.1
1.8 9 1.0
1.691.3
3.09 1.6
12.9 92.3
0
2.0 9 3.2
−11.59 1.9

1.8 90.8
0.8 90.7
1.1 91.0
0.2 9 1.2
4.8 91.7
2.5 9 4.5
−3.892.4
−14.791.4

0.20
0.67
0.33
0.29
B0.05a
0.28
0.33
0.07

0.01
0.005
0.06
0.05
0.21a
1.75a
0.44a
0.07

0.08a
0.032a
0.02
0.15
0.04
1.19a
0.35a
0.14a

P =P-value for difference among pre-, peri- and postmenopausal groups using age and BMI as dependent variables (ANOVA); B1, r-value for
age; B2, r-value for weight.
a
PB0.05.

414

P.-L. Torng et al. / Atherosclerosis 161 (2002) 409–415

4.3. Body weight in premenopausal and postmenopausal
women
Weight gain over time has been observed pre, peri
and post-menopausally [34,35], and menopause accelerates the inverse distribution in central obesity [36]. Our
study showed that, during the follow-up period, women
who were already postmenopausal had the least gain in
BMI, similar to the finding of Pasquali et al. [34]. But,
Matthews et al. [12] did not find BMI and weight
changes during the transition to menopause, in contrast
to the changes in women who remained premenopausal. However, they did not investigate the
BMI change of women who were the same age and in
menopause. The body weights and BMIs of our postmenopausal women changed very little. The results of
Lindquist et al. [13] were closer to ours. We found the
changes of TG and LDL-C levels were both age- and
BMI-dependent; and the change of TC level was agedependent.
5. Conclusions
This study followed up changes occurring in three
female subcohorts based on their menopausal status.
Complete lipid profile data from pre, peri, and postmenopausal women were not yet available for every
subcohort. Some cohort effects may still exist in the
data. However, it can still be concluded that the high
lipid profile in postmenopausal women is due to aging
and weight gain.
Of the changes in lipid profile that occur during the
transition to menopause, the increase in TC levels is the
only significant change resulting from menopause. Elevation of TC, though influenced by age, is an independent anthropometric variable, which changes with
menopausal status. Levels of LDL-C were age, BMI
and menstruation-status-dependent. LDL-C does not
increase in postmenstrual women. Age and obesity
cause LDL-C levels to increase further before and
decline after menopause. Decline in HDL-C is of
concern.
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