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Menopause Characteristics, Total Reproductive Years,
and Risk of Cardiovascular Disease Among Chinese Women

Ling Yang, PhD; Liling Lin, MSc; Christiana Kartsonaki, DPhil; Yu Guo, MSc;
Yiping Chen, DPhil; Zheng Bian, MSc; Kaixu Xie, MBBS; Donghui Jin, MBBS;
Liming Li, MPH; Jun Lv, PhD; Zhengming Chen, Dphil;
on behalf of the China Kadoorie Biobank Study Collaborative Group

Background—Previous studies, mostly of Western women, have reported inconsistent findings on the association of
menopause characteristics (status, age, and time since menopause) and total reproductive years with risk of cardiovascular
disease (CVD).

Methods and Results—The China Kadoorie Biobank recruited 302632 women in 2004 to 2008 from 10 regions across
China. During 9-year follow-up, 19393 incident cases of stroke, 18611 of ischemic heart disease, and 4978 CVD deaths
occurred. Cox regression yielded adjusted hazard ratios relating each menopause characteristic and total reproductive
years to CVD risk. Among 274233 women with no prior CVD at baseline, 134010 were naturally postmenopausal
women (mean [SD] age at menopause of 48.6 [4.0] years and total reproductive years 32.7 [4.4]). Compared with
premenopausal women, naturally peri- or postmenopausal women were at a higher risk of either fatal or nonfatal CVD.
Among women who had had menopause, inverse associations were observed between age at menopause and risks of
CVD mortality, incident ischemic heart disease, stroke, and subtypes of stroke, with 1.5% higher risk of CVD death
(P<0.001), 0.7% for incident ischemic heart disease (P=0.002), and 0.5% for incident stroke (P=0.02) for every 1 year
lower age at menopause. Compared with women who had menopause at age 48 to 50 years, lower age at menopause (ie,
<43 years) was associated with 14% higher risk of CVD death and 6% higher risks of both incident ischemic heart disease
and stroke. Higher risks of both fatal and nonfatal CVD were also found in women with 5 to 10, 10 to 15, 15 to 20, or
>20 years since menopause compared with <5 years since menopause. Total reproductive years were inversely associated
with risks of both fatal and nonfatal CVD, with 1.4% lower risk of CVD death per additional reproductive year (P<0.001).

Conclusions—Women with younger age at menopause, longer time since menopause, or fewer total reproductive years had a higher
risk of CVD. (Circ Cardiovasc Qual Outcomes. 2017;10:¢004235. DOI: 10.1161/CIRCOUTCOMES.117.004235.)
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ardiovascular disease (CVD) is a dominant cause of mor-

tality and morbidity throughout the world and the lead-
ing cause of death and disability in China.! However, both
incidence and mortality of CVD are low in women of repro-
ductive age but rise to a significant level among postmeno-
pausal women, for example, the risk of stroke was reported to
be approximately double in women during the 10 years after
menopause.> The menopausal transition is associated with
significant hormonal changes; most importantly, oestradiol
levels decline by =60%, and the levels continue to decrease
and then plateau 1 to 3 years post-menopause with, overall,
a 7- to 10-fold reduction in oestradiol levels from pre- to

post-menopause.? Early decline in oestradiol levels related to
early age at menopause could be detrimental to the health of
bones and blood vessels and may thus be associated with risk
of CVD.*® However, age at menopause is not the only deter-
minant of endogenous oestrogen exposure. Other reproductive
factors, such as age at menarche, pregnancy consequences,
and duration of breastfeeding, may also determine the dura-
tion and level of exposure to endogenous estrogen.”!'! Given
the effects of oestrogen on lipoproteins, blood pressure, and
other cardiovascular risk factors, these factors and the dura-
tion of time since menopause may also influence CVD risks
in postmenopausal women.’ It is, however, not clear to what
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WHAT IS KNOWN

* Previous studies, mostly of Western women, have
reported inconsistent findings on the association of
age at menopause with risk of cardiovascular disease
(CVD).

* Only a few studies have examined the association
between the time since menopause or total reproduc-
tive years and risk of CVD.

WHAT THE STUDY ADDS

* This large study of Chinese women found that age
at menopause and total reproductive years were
inversely associated with risks of both fatal and non-
fatal CVD, as well as with both ischemic and hemor-
rhagic stroke subtypes.

e There was a higher risk of CVD mortality among
Chinese women with early menopause.

e The risks for CVD were higher with longer time
since menopause among postmenopausal women.

extent postmenopausal women may benefit from the long-
term effects of their premenopausal endogenous oestrogen
exposure. Given the logistical difficulty in measuring endog-
enous hormones during the life course, epidemiological stud-
ies focused on the association between proxies for exposure
to endogenous hormones, such as age at menopause, time
since menopause, and total reproductive years (ie, the dura-
tion between menarche and menopause), with CVD risk. The
majority of previous studies have been conducted in Western
populations, with inconsistent findings reported. It is of par-
ticular interest to investigate the associations among Chinese
women, a population with unique reproductive histories
because of the country’s One Child Policy, which was intro-
duced in 1979 and which may have long-term consequences
on major health outcomes and their risk factors.'>!* In the
present study, we aim to investigate the association between
various menopause characteristics (status, age, and time since
menopause), total reproductive years, and the risk of both
fatal and nonfatal CVD in a single large cohort study (China
Kadoorie Biobank) involving 303000 Chinese women.

Methods

Baseline Survey

Details of the China Kadoorie Biobank study population have been
reported previously.'* Briefly, the baseline survey was conducted in
2004 to 2008 in 10 geographically defined areas in China. Data about
general demographic and socioeconomic status and dietary and other
lifestyle habits (eg, smoking, alcohol drinking, and physical activ-
ity) were collected using an interviewer-administered laptop-based
questionnaire. The medical history included questions on whether
participants had ever been diagnosed with a range of chronic diseas-
es (eg, heart disease, stroke, diabetes mellitus, and cancer). Women
were also asked about their reproductive history, including age at
menarche, parity, age at birth and breastfeeding duration for each
live birth, menopausal status (age at menopause for those postmeno-
pausal women), and the history of use of oral contraceptives (OC).
Physical measurements included blood pressure and anthropom-
etry. All participants provided a blood sample and provided written
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consent for follow-up. International, national, and local ethics ap-
proval was obtained.

Follow-Up for Mortality and Morbidity

Participants were followed-up for cause-specific morbidity and mor-
tality through linkage with regional disease and death registers and
for all hospitalized events through electronic data linkage with the
nationwide health insurance system. To minimize losses to follow-up,
active follow-up (ie, visiting the local community or directly con-
tacting participants) was also performed annually.'* Fatal and non-
fatal events were coded according to International Classification of
Diseases, Tenth Revision, blinded to baseline information. The pri-
mary outcomes examined for the present study were CVD death (100-
25, 127-88, 195-99) and the incidence of ischemic heart disease (IHD:
120-25) and stroke (160-161, 163-164) or subtypes of stroke (hemor-
rhagic [161] and ischemic [163] stroke).

Statistical Methods

From a total of 302632 women recruited at baseline, we excluded
participants who had missing, inconsistent, or implausible values for
reproductive factors (n=930), reported a prior history of CVD or can-
cer, or had hysterectomies or one or both ovaries removed (n=27469),
leaving 274233 women in the main analyses.

Cox proportional hazards models were used to estimate hazard
ratios (HRs) for the associations between menopause characteris-
tics (status [ie, pre-, peri- or postmenopausal, ie, those who reported
at baseline that they had not, were currently under, or already had
natural menopause], age at menopause, time since menopause [de-
fined as the years between age at menopause and age at risk of CVD
event]), total reproductive years, and risks of fatal or nonfatal CVD.
The analysis for menopausal status was conducted among all women,
and other analyses were confined to postmenopausal women only.
Analyses were conducted using time since entry into the study as the
time scale and were stratified by (time varying) age at risk (except for
time since menopause) and region to allow each age group and region
to have a different baseline hazard rate for the disease. Based on prior
knowledge, the following time-invariant covariates were adjusted for
in the model: highest level of education, household income, smoking,
alcohol drinking, measured blood pressure, body mass index, physical
activity (Metabolic Equivalents of Task h/d),'® prevalent diabetes mel-
litus status, and other reproductive factors (age at menarche [except
in analyses for total reproductive years]), parity, number of abortions,
age at first birth, breastfeeding duration per child, OC use status). For
the analyses for time since menopause, age was used as the underly-
ing time scale with time since menopause (in 5-year groups) as a time-
varying variable. Associations were compared between subgroups of
women defined by region, education, birth cohort, smoking status,
alcohol drinking status, hypertension history, body mass index, and
other reproductive factors (eg, age at menarche, number of live birth,
abortion status, and, for parous women, age at first birth and duration
of breastfeeding per child). Sensitivity analyses were conducted (1)
among those who never smoked, drank alcohol, or used OC; and (2)
among women aged >57 years (of whom 99% reported being post-
menopausal) to avoid any potential distortion of the distribution of
age of menopause among younger women. The 95% confidence in-
tervals for each log HR were estimated using the floating absolute risk
method, which facilitates comparisons between different categories of
the exposure, rather than only between one arbitrarily chosen refer-
ence group and each of the other categories.'® To adjust for regression
dilution bias related to reporting error in age at menopause or repro-
ductive years, HRs in the groups determined at baseline were plotted
against the mean value of age at menopause or reproductive years in
that group at the 2008 resurvey.'”!8 Analyses were performed using
SAS version 9.3 and R version 3.3.1.

Results
Among the 274233 women included, the mean (SD) age was
50.4 (10.4) years, 42.9% were urban residents, and few ever
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smoked (2.3%), drank alcohol regularly (2.1%), or used OC
(9.7%). Nearly all women had given birth (98.7%) and most
parous women breastfed their children (97.3%). At base-
line, 45.9% of the women were premenopausal, 5.2% peri-
menopausal, and 48.9% postmenopausal. Compared with
premenopausal women, naturally peri- or postmenopausal
women tended to be less educated and less physically active,
with higher mean blood pressure and higher prevalence of
smoking, alcohol drinking, overweight/obesity, and to have
a greater number of children, higher age at menarche, and
longer breastfeeding duration (Table 1). Among 134010 natu-
rally postmenopausal women at baseline, the overall mean age
at menopause was 48.6 (4.0) years, and the mean total repro-
ductive years was 32.7 (4.4) years. Compared with women
with a higher age at menopause or more total reproductive
years, respectively, women with earlier menopause or fewer

Table 1. Baseline Characteristics of the CKB Women*

Menopausal Status

Characteristics Overall = Pre- Peri- Post-
No. of women 274233 | 126012 | 14211 | 134010
Mean age at baseline, y 50.4 415 49.1 58.9
Birth cohorts, %
1920s-1930s 9.5 0.03 0.03| 19.2
1940s 19.5 0.1 1.1 39.7
1950s-1970s 71.0 99.9 98.8 41.0

Lifestyle factors and physical measurements, % or mean

Urban resident 42.9 40.9 48.3 44.2
No formal school 25.3 1.1 27.0 38.6
Current regular smoker 2.3 1.0 1.6 3.6
Weekly regular drinker 2.1 1.8 2.2 2.3
Baseline BMI, kg/m? 23.7 235 24.3 23.8

Overweight (25-29.9 kg/m?) | 28.6 26.2 333 30.3

Obese (=30 kg/m?) 45 3.7 5.8 5.2
Waist circumference, cm 78.7 76.9 79.7 80.3
Physical activity, MET, h/d 20.9 24.8 22.0 171

Systolic blood pressure,

129.3 121.8 129.8 | 136.4
mmHg

Reproductive factors, % or mean

Age at menarche, y 15.4 14.8 15.4 16.0
Nulliparous 1.3 1.5 0.8 11
Oral contraceptive pill used 9.7 10.0 11.5 9.1
No. of live births 2.2 1.5 1.8 2.9
Parity >3 children 31.8 10.0 20.4 53.6
Age at first birth, yt 23.4 23.8 241 22.9
Never breastfed childt 2.7 3.6 2.9 1.8

Breastfeeding per child, mot 14.6 13.1 14.7 15.9

BMI indicates body mass index; CKB, China Kadoorie Biobank; and MET,
metabolic equivalents of task.

*Percentages and means were adjusted for region.

tAmong parous women only.
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reproductive years were, on average, slightly younger and
leaner at baseline, more likely to be resident in rural areas,
less educated, smoke more, and be more active, and had,
on average, lower blood pressure, with a higher proportion
of nulliparity and lack of breastfeeding and a lower mean of
breastfeeding duration (Table 2).

By the end of 2015 (=2.5 million person-years of follow-
up), overall 19393 participants had a stroke (including 15454
ischemic, 2761 hemorrhagic), 18611 had THD, and 4978 died
from CVD (among postmenopausal women, 15252 had a
stroke [12253 ischemic, 2125 hemorrhagic] and 14248 THD,
and there were 4524 CVD deaths).

Menopausal Status

After adjustment for potential confounding lifestyle risk factors
and other reproductive factors, compared with premenopausal
women, postmenopausal women had statistically significantly
higher risks of both fatal and nonfatal CVD with HR of 1.49
(95% confidence interval: 1.32—1.68) for CVD mortality, 1.20
(1.14-1.25) for incident IHD, and 1.16 (1.11-1.21) for inci-
dent stroke (Figure 1). Increased risks, although of a slightly
lower magnitude, were also found in perimenopausal women.

Age at Menopause

Overall, among postmenopausal women, a statistically signifi-
cant inverse association was observed between age at meno-
pause and risk of CVD mortality (Figure 2A), incident IHD
(Figure 2B) and incident stroke (Figure 2C), and subtype of
stroke (Figure I in the Data Supplement). For each year lower
age at menopause, there was a 1.5% higher risk of CVD mor-
tality (P<0.001), 0.7% higher risk of incident IHD (P=0.002),
and 0.5% higher risk of incident stroke (P=0.02). Compared
with women who had menopause at age 48 to 50 years, women
with a lower age at menopause (ie, <43 years) had a 14% higher
risk of CVD death and =6% higher risks of incident IHD and
stroke (Figure 2). Although the magnitude of the associations
varied slightly, the above described associations between age at
menopause and fatal or nonfatal CVD risk were broadly con-
sistent across different population subgroups defined by region
and by sociodemographic, lifestyle, or other reproductive
factors or in sensitivity analyses among the subset of women
who never smoked, drank alcohol, or used OCs. However, the
inverse linear relationship with CVD deaths was more pro-
nounced among women who breastfed for >2 years per child
than in parous women who breastfed for a shorter time period
=0.005) and in women who had an abortion com-
=0.02; Figure 3).

(P for heterogeneity

pared with those who had not (P, . -
Time Since Menopause

Compared with women who were <5 years postmenopausal,
higher risks of CVD mortality, incident IHD, and stroke were
observed among women with 5 to 10, 11 to 15, 16 to 20, or
>20 years post-menopause. There was a 7% (4%—-11%) higher
risk of CVD death and a 4% (2%—6%) higher risk of incident
IHD per 5 additional years since menopause (P<0.001). A
significantly higher risk of stroke (HR=1.40; 1.32—1.49) was
observed in women 5 to 10 years after menopause compared
with those with <5 years since menopause. However, the risk
leveled off at time since menopause >10 years (Figure 4).
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Table 2. Basic Characteristics for the CKB Nature Postmenopausal Women*

Age at Menopause Total Reproductive Years
Characteristics <43 43-47 48-50 51-52 >53 <30 30-32 33-35 >36
No. of women 11424 32759 50303 21610 17914 26699 35371 38483 33457
Mean age at baseline, y 59.7 58.4 58.7 58.8 60.8 59.5 58.8 58.5 59.5
Birth cohorts, %
1920s-1930s 28.7 20.3 18.5 15.4 19.3 24.7 19.5 17.4 18.0
1940s 35.6 354 37.0 40.6 57.0 39.1 38.6 37.2 44.6
1950s-1970s 35.8 44.2 44.5 44.0 23.7 36.3 419 45.4 37.5
Lifestyle factors and physical measurements, % or mean
Urban resident 33.8 41.8 445 46.8 50.9 36.3 42.2 453 51.4
No formal school 43.9 38.1 37.6 36.1 38.2 42.8 39.3 36.5 35.2
Current regular smoker 49 4.1 3.5 3.1 34 44 3.8 3.4 3.3
Weekly regular drinker 2.6 2.4 2.3 24 2.3 2.5 2.5 2.3 2.3
Baseline BMI, kg/m? 23.4 23.6 23.7 241 24.2 23.3 23.6 23.9 24.3
Overweight (25-29.9 kg/m?) 26.5 28.9 29.8 32.2 339 26.5 28.2 3141 345
Obese (=30 kg/m?) 4.6 4.6 4.9 5.7 6.3 4.1 45 5.1 6.6
Waist circumference, cm 79.4 79.7 80.0 80.8 81.5 79.2 79.7 80.3 81.5
Physical activity, MET, h/d 16.9 17.5 171 17.2 16.4 17.2 17.3 17.2 16.7
Systolic blood pressure, mmHg 135.5 134.8 135.9 136.9 139.2 135.0 135.4 136.0 138.2
Reproductive factors, % or mean
Age at menarche, y 15.9 15.9 16.0 16.0 16.2 17.0 16.6 15.8 14.8
Nulliparous 2.5 1.2 1.1 0.8 0.9 1.8 11 1.0 0.9
Oral contraceptive pill used 7.4 9.5 9.7 10.3 9.8 7.9 8.3 101 10.4
No. of live births 31 2.8 2.8 2.8 3.1 3.0 2.9 2.8 2.9
Parity >3 children 56.9 51.8 51.1 50.3 60.1 56.3 53.2 50.3 53.5
Age at first birth, yt 22,6 23.0 23.1 23.0 22.6 22.9 23.0 23.0 22.8
Never breastfed childt 2.6 2.0 1.9 1.7 1.3 21 1.7 1.9 1.8
Breastfeeding per child, mot 15.6 15.6 15.6 15.8 16.0 15.9 15.8 15.6 15.6
BMI indicates body mass index; CKB, China Kadoorie Biobank; and MET, metabolic equivalents of task.
*Percentages and means were adjusted for region.
TAmong parous women only.
Total Reproductive Years Discussion

The number of total reproductive years was inversely associ-
ated with the risk of CVD and statistically significantly asso-
ciated with lower fatal CVD risk (1.4% lower risk of CVD
death per longer reproductive year [P<0.001]) and nonfatal
IHD, stroke, or stroke subtypes (Figure 5; Figure II in the Data
Supplement). Compared with women with 30 to 32 total repro-
ductive years, those with a shorter reproductive span tended to
have a slightly higher risk of CVD mortality (10%) and inci-
dent stroke and IHD (=5%). A lower risk for CVD mortality
was found among women who had an abortion or who breast-
fed for >2 years per child. Nevertheless, the inverse association
did not differ substantially when analyses were undertaken
among subgroups of women defined by various sociodemo-
graphic, lifestyle, or other reproductive factors, nor in the sub-
set of women who never smoked, drank alcohol, or used OCs,
or in elderly women (Figure III in the Data Supplement).

Based on 274233 middle-aged women recruited from 10
regions of China who had no prior history of CVD, postmeno-
pausal women were at a higher risk of both fatal and nonfatal
CVD compared with premenopausal women of the same age.
Inverse trends in risk for both age at menopause and total repro-
ductive years were consistently observed among naturally post-
menopausal women although the magnitude of the associations
was much stronger for fatal than for nonfatal CVD. The inverse
associations were broadly consistent across most subgroups
of women. Longer time since menopause was associated with
higher risks of both fatal and nonfatal CVD. To our knowledge,
this is the first large prospective study that has comprehensively
investigated menopause characteristics with the risk of CVD.
The present study confirmed the higher risk of CVD
observed among postmenopausal women compared with
premenopausal women.? Previous studies, however, reported
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Figure 1. Adjusted hazard ratios (HRs) for total cardiovascular disease (CVD) mortality, incident ischemic heart disease (IHD), and
incident stroke by menopause status. A, CVD mortality. B, Incident IHD. C, Incident stroke. Models were stratified by age and study

area and adjusted for education, household income, smoking, alcohol drinking, blood pressure, body mass index, physical activity, prior
diabetes mellitus status, age at menarche, parity, abortion, age at first birth, breastfeeding duration per child, and oral contraceptive use.
Premenopausal women were used as the reference category. Squares represent the HR with area inversely proportional to the variance of
the log HR. Vertical lines indicate the corresponding 95% confidence intervals (Cls). The numbers above the Cls are HRs and those below

are the numbers of events studied.

inconsistent findings on the association between age at
menopause and risk of CVD. This discrepancy may be partly
because of small sample sizes, residual confounding from
unmeasured or other potential risk factors (eg, other repro-
ductive factors), or the different age ranges of study popu-
lations. The higher risk of CVD mortality among women
with early menopause in the present study was generally in
line with recently published studies conducted in Western
women."*?? Based on 5 studies of 65653 women with 6979

CVD deaths, a meta-analysis reported a 19% (8%-31%)
higher risk of overall CVD mortality among women who
experienced menopause before 45 years versus those who
experienced it at older ages.”® However, the inverse associa-
tion appeared to be more pronounced in younger than in older
generations; this effect was observed in our study but was
not statistically significant.”>*** A null association between
age at menopause and CVD mortality was reported in Asian
studies, including 2 Chinese prospective studies conducted in

CVD mortality Incident IHD c Incident stroke
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Figure 2. Adjusted hazard ratios (HRs) for total cardiovascular disease (CVD) mortality, incident ischemic heart disease (IHD), and incident
stroke vs age at menopause (years), among postmenopausal women only. A, CVD mortality. B, Incident IHD. C, Incident stroke. Women
who had menopause at age 48 to 50 y were used as the reference category. The HRs are plotted against mean age at menarche at
resurvey for each category. Squares represent the HR with area inversely proportional to the variance of the log HR. Vertical lines indicate
the corresponding 95% confidence intervals (Cls). The numbers above the Cls are HRs and those below are the numbers of events studied.
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Figure 3. Adjusted hazard ratios (HRs) for cardiovascular disease mortality per year increase in age at menopause, within various subgroups,
among postmenopausal women only. Models were stratified by age and study area and adjusted for education, household income, smoking,
alcohol drinking, blood pressure, body mass index, physical activity, prior diabetes mellitus status, age at menarche, parity, abortion, age

at first birth, breastfeeding duration per child, and oral contraceptive use. The dotted vertical line indicates the overall change of every 1y
greater age at menarche; the open diamond indicates this estimate and its 95% confidence interval (Cl). Sensitivity analyses were among (1)
women who never smoked, drank alcohol, or used oral contraceptives and (2) women who were aged >57 y at enrollment.

Shanghai.>#?*? The reasons for the more pronounced inverse
association among women who had had abortion or who
breastfed >2 years per child were not clear, and further inves-
tigation is needed. Few previous studies have investigated
incident CVD, and instead, an increased risk of IHD among
women with early menopause has often been presented.?s-?
A meta-analysis, including 5 studies among =50 000 Western
women, showed a high risk of incident CVD comparing age
at menopause <45 versus 45 years (pooled HR 1.50 [1.28-
1.76] for IHD, 1.23 [0.98-1.53] for stroke) but no statistically

significant association when comparing age at menopause
>50 versus 45 to 49 years (1.12 [0.95-1.31] for IHD, 0.95
[0.74-1.23] for stroke).” In terms of subtypes of stroke, the
association tended to be restricted to ischemic stroke.”” A
study conducted in 4790 Japanese women showed that the
association of early menopause was stronger for ischemic
stroke than for all stroke subtypes combined (157% versus
56% increasing).*® In the Framingham study, among 1430
women with 234 ischemic strokes identified over 22 years
of follow-up, women with menopause before age 42 years
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Figure 4. Adjusted hazard ratios (HRs) for total cardiovascular disease (CVD) mortality, incident ischemic heart disease (IHD), and incident
stroke by time since menopause, among postmenopausal women only. A, CVD mortality. B, Incident IHD. C, Incident stroke. Models were
stratified by age and study area and adjusted for education, household income, smoking, alcohol drinking, blood pressure, body mass
index, physical activity, prior diabetes mellitus status, age at menarche, parity, abortion, age at first birth, breastfeeding duration per child,
and oral contraceptive use. Premenopausal women were used as the reference category. Squares represent the HR with area inversely
proportional to the variance of the log HR. Vertical lines indicate the corresponding 95% confidence intervals (Cls). The numbers above
the Cls are HRs and those below are the numbers of events studied.

had twice the risk of ischemic stroke (HR=2.03 [1.16-3.56])
compared with all other women.® In the present study, a weak
inverse association was consistently shown between age
at menopause and both ischemic and hemorrhagic strokes,
and, more interestingly, the magnitude of association was
somewhat stronger for hemorrhagic stroke. The pathological
mechanisms of ischemic and hemorrhagic strokes are dif-
ferent, thus further research to explore the effects of age at
menopause on different stroke subtypes is required.

The inconsistent findings on the associations between
age at menopause and CVD risk among different age groups
may also be because of the longer period of time since meno-
pause among older women. A few studies have suggested that
time since menopause may associate with some conventional
CVD risk factors, such as metabolic syndrome or obesity.*'**
However, only 2 studies investigated the association between
time since menopause and CVD risk, in which opposite results
were presented. No increased risk of myocardial infarction

CvD mortali%y B Incident IHD c Incident stroke
HR per yeart: 0.986(0.980-0.993) HR per yeart: 0.995(0.991-0.998) HR per yeart: 0.996(0.992-1.000)
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Figure 5. Adjusted hazard ratios (HRs) for total cardiovascular disease (CVD) mortality, incident ischemic heart disease (IHD), and incident
stroke by total reproductive years. A, CVD mortality. B, Incident IHD. C, Incident stroke. Models were stratified by age and study area and
adjusted for education, household income, smoking, alcohol drinking, blood pressure, body mass index, physical activity, prior diabetes
mellitus status, parity, abortion, age at first birth, breastfeeding duration per child, and oral contraceptive use status. Women with 30 to 32
total reproductive years were used as the reference category. Squares represent the HR with area inversely proportional to the variance of
the log HR. Vertical lines indicate the corresponding 95% confidence intervals (Cls). The numbers above the Cls are HRs and those below
are the numbers of events studied.
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in postmenopausal women <10, 10 to 20, or >20 years post-
menopause, compared with pre- or perimenopausal women,
was found in a case—control study (429 cases and 863 con-
trols) in Italy.’? In a Chinese population study, women were at
a greater risk of CVD 2 to 6 years after menopause than at <1
year post-menopause, with evidence of an increase in risk after
6 years.*® Nevertheless, because the majority (70%) of women
were <6 years post-menopause, the long-term effect from the
time since menopause could not be shown. The consistently
increased risk of both fatal and nonfatal CVD found in the
present prospective study provides, for the first time, evidence
on the association of time since menopause with CVD risk.
Further investigation of the associations between time since
menopause and other intermediate risk factors or relevant dis-
eases is needed to elucidate the biological mechanisms.

Only a few studies have examined the association between
total reproductive years and CVD risk. These have mostly inves-
tigated fatal outcomes and have reported no significant results,
which is inconsistent with our findings.®#*% The differences
in the magnitude of association of age at menopause and total
reproductive years with nonfatal and fatal CVD may be because
of the severity and misclassification of end points studied. Fatal
CVD end points are generally more accurate and may include
more severe CVD cases than nonfatal outcomes. Using only
fatal CVD cases may reflect the association of reproductive
factors with severe CVD phenotypes. However, nonfatal end
points may be contaminated with some mild disease events that
may attenuate the association of interest. Further event adjudi-
cation of nonfatal events may help to clarify the association.

Several plausible mechanisms were postulated to explain
the effect of endogenous estrogen on CVD pathogenesis,
including direct effects on the vascular wall and long-term
indirect effects via improvements in CVD risk factors.”* Loss
of ovarian function results in a low level of 17b-oestradiol,
which reduces the development of early atherosclerotic lesions.
Nevertheless, it is possible that postmenopausal women still
benefit from the endogenous 17b-oestradiol produced during
their reproductive years because of the effects exerted on con-
ventional CVD risk factors.*® With comprehensive adjustment
for women’s other reproductive factors and lifestyle risk fac-
tors, results from the present study generally support the above
hypothesis. Studies have shown that heredity seems to be the
most important determinant of age at menopause.®® A study
of sister pairs showed that =85% of the phenotypic variation
in age at menopause was genetically determined.’’” However,
limited evidence comes from Chinese studies.

Important strengths of our study are the wide variation in
values of the major lifestyle and reproductive factors of inter-
est and the large number of person-years in each category, pro-
viding sufficient power to detect associations. The study has
several other strengths, including standardized approaches and
stringent quality control for data collection and good repro-
ducibility on a comprehensive range of information, includ-
ing both lifestyle and reproductive factors.'>!* These allow us
to simultaneously adjust for potential confounders, including
other reproductive factors during women’s reproductive years,
to reliably assess the associations. Several limitations need to
be taken into account. Using exogenous female hormones
may affect the association between endogenous hormones

Menopause Characteristics and Cardiovascular Disease

and disease risk, however, unlike women in the West, only
a minority of Chinese women used exogenous hormones.*
Misclassification of diseases, particularly for nonfatal CVD,
would have attenuated the results toward the null. The poten-
tial recall bias about self-reported reproductive factors, par-
ticularly age at menarche that was recalled decades later, is
likely to be small because of the high repeatability obtained,
for example, the intraclass correlation coefficient of 0.84 for
age at menarche recorded between the baseline survey and the
resurvey.'? Furthermore, although we have allowed for a com-
prehensive range of potential confounders, residual confound-
ing from other known or unknown risk factors may still exist
because of the observational nature of the study.

This large study of Chinese women found that age at meno-
pause and total reproductive years were inversely associated
with both fatal and nonfatal CVD while the disease risks were
higher with longer time since menopause. Further studies are
needed to confirm these findings and to clarify the mechanisms
that link these reproductive exposures to CVD risk. With a bet-
ter understanding of the impact of reproductive factors on dis-
ease risk, our findings may be used to assist in the development
of clinical strategies to improve the long-term health of women.
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