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Abstract

Background: Observational studies suggest that early menopause is associated with increased risk of death and car-
diovascular disease (CVD); however, the results of these studies have been inconsistently. We aimed to assess the asso-
ciation of menopause with death and CVD and whether this association was modified by cardiovascular risk factors.

Methods: The study population was women age 35-64 years living in two communities of Beijing who were
enrolled in the Chinese Multi-provincial Cohort Study in 1992. Participants were followed until first cardiovascular
event, death, or the end of follow-up (2018). Self-reported age at menopause was recorded. Multivariate Cox regres-
sion models were used to estimate the hazard ratios (HRs) and 95% confidence intervals (Cls) of death and CVD after
adjusting for baseline covariates of age, family history of CVD, and white blood cell count, as well as time-varying
covariates of menopause, use of oral estrogen, and conventional risk factors. Additionally, we assessed the combined
effect of age at menopause and risk factors on the primary endpoint.

Results: Of 2104 eligible women, 124 died and 196 had a first CVD event (33 fatal CVD and 163 non-fatal CVD).
Compared with women who experienced menopause at age 50-51 years, the risk of death was higher in women
with menopause at age 45-49 years (HR 1.99, 95% Cl 1.24-3.21; P=0.005), and the risk of ischemic stroke was higher
in women with menopause at age <45 years (HR 2.16, 95% Cl 1.04-4.51; P=0.04) and at age 45-49 years (HR 2.05,
95% Cl 1.15-3.63; P=0.01). Women who had menopause before age 50 years and at least one elevated risk factor at
baseline had a higher risk of death (HR 11.10, 95% CI 1.51-81.41; P=0.02), CVD (HR 3.98, 95% Cl 1.58-10.01; P=0.003),
ischemic CVD (HR 4.53, 95% Cl 1.63-12.62; P=0.004), coronary heart disease (HR 8.63, 95% Cl 1.15-64.50; P=0.04),
and stroke (HR 2.92, 95% Cl 1.03-8.29; P=0.04) than those with menopause at age 50-51 years and optimal levels of
all risk factors.

Conclusions: Earlier menopause may predict death and ischemic stroke. Furthermore, there is a combined effect of
earlier menopause and elevated risk factors on death and CVD.
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Introduction
Menopause is a fundamental biological event in a wom-
an’s life and is the final step in the process referred to
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ause is 51 years [1]. The variation in age at menopause
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is very similar across different populations [2]. There are
up to 10% of women experiencing menopause before age
45 years [3]. Menopause is considered as a marker not
only for reproductive aging but also for general health
and somatic aging in women [1]. Cardiovascular dis-
ease (CVD) is the leading cause of death among women
worldwide. A report from the Atherosclerosis Risk in
Communities (ARIC) study showed that CVD mortality
rates are increasing among women younger than 55 years
of age [4]. Early menopause has been reported to be asso-
ciated with increased risk of future CVD events among
women in Western countries [5, 6], which suggests the
importance of identifying a potential target population
for early cardiovascular risk stratification.

Results from one meta-analysis indicated that meno-
pause before age 50 years was associated with a 25%
increased risk of CVD [7]. Another meta-analysis indi-
cated that women with menopause before age 45 years
had a 50% increased risk of coronary heart disease
(CHD), but the association between age at menopause
and incident stroke was inconsistent [6]. Women gener-
ally spend the last third of their life in the postmenopau-
sal stage [8]; therefore, women with earlier menopause
are more likely to suffer effects on their vascular health.
However, limited robust data are available on the long-
term risk of death and developing CVD among women
who experience early menopause, and most evidence is
derived from Western populations. It is therefore neces-
sary to confirm the association of early menopause with
death and CVD in other ethnic populations. Additionally,
menopause is also usually associated with other condi-
tions, including obesity [9], hypertension [10], diabetes
[11], and dyslipidemia [12]; moreover, how these cardio-
vascular risk factors affect the association of menopause
with CVD and death need to be confirmed.

The objective of this study was to prospectively exam-
ine the association of early menopause with the risk of
death and incidence of CVD in women from two com-
munities in Beijing. The combined effect of early meno-
pause and conventional cardiovascular risk factors was
also explored. We aimed to provide evidence for the asso-
ciation of female reproductive aging with cardiovascular
system health and mortality.

Materials and methods

Study population

Participants were residents of two communities in Bei-
jing and were part of the Chinese Multi-provincial
Cohort Study (CMCS). The CMCS is a multicenter, pro-
spective, population-based cohort study on the determi-
nants of CVD. Details of the study have been published
previously [13]. The baseline survey began in 1992. A
standardized questionnaire modified according to the
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WHO-MONICA protocol for risk factor survey was used
to collect information on demographic characteristics,
smoking habit, personal medical history, and medical
therapy [14]. Participants signed the written informed
consents, completed questionnaires, and underwent
physical measurements as well as phlebotomy. The eth-
ics committee of Beijing An Zhen Hospital approved the
study.

A total of 2116 women aged 35-64 years who were
free of CVD history at baseline were included in the pre-
sent study. All participants had a follow-up visit every
1-2 years from the baseline examination through the
first CVD event, death, or the end of follow-up (2018).
After excluding women who were lost to follow-up, 2104
women were eligible for inclusion. Figure 1 shows the
study profile.

Exposure

Women reported their natural menopause status (pre-
menopausal or postmenopausal), and if postmenopau-
sal, their age at natural menopause. All women were in
postmenopausal status until the end of follow-up. Age at
menopause was categorized as less than 45 years (early
menopause), 45—49 years (relatively early menopause),
50-51 years (reference), 51 years or older (relatively late
menopause). When conducting analyses of the combined
effect of age at menopause and cardiovascular risk fac-
tors at baseline, age at menopause was also categorized
into three different menopausal age groups (<50 years,
50-51 years, and > 51 years).

Using an existing menopause staging system [15], base-
line menopausal status was categorized as reproductive
(>3 years before menopause), menopausal transition
(<3 years before menopause and <0 years since meno-
pause)/perimenopause (<3 years before menopause
and <1 years since menopause), early postmenopause
(>0/1 years and<6 years since menopause), and late
postmenopause (> 6 years since menopause).

Outcome

The primary study endpoint was death or the occurrence
of a first CVD event (including fatal CVD or non-fatal
CVD), defined as a composite outcome of incident CHD
or stroke (including ischemic stroke or hemorrhagic
stroke). Additionally, a composite endpoint of incident
CHD or ischemic stroke was also defined as ischemic
CVD in the analysis. Acute CVD events were ascertained
according to the diagnostic criteria of the World Health
Organization-MONICA protocol [16]. Coronary events
were diagnosed based on symptoms, electrocardiography
recordings, serum myocardial enzymes, autopsy findings,
and history of CHD. Stroke events were diagnosed as
rapidly developing signs of focal (or global) disturbances
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Fig. 1 Study profile. CVD cardiovascular disease

in cerebral function lasting more than 24 h (unless inter-
rupted by surgery or death) with no apparent non-vascu-
lar cause [17]. All suspected CVD events were reviewed
by a team of physicians using data from the original med-
ical records. All causes of death were registered based
on the death certificate issued by the physician and were
double-checked by researchers using the original medical
or death records [18].

Covariates

The following factors were included in the analyses
as covariates: age at baseline, family history of CVD,
white blood cell count, time-varying menopause, use
of oral estrogen due to menopause, smoking status
(regular smoker, occasional smoker, never smoker, or
quit smoking for>1 year), body mass index (BMI),
systolic blood pressure (SBP), diastolic blood pressure

(DBP), fasting blood glucose (FG), total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cho-
lesterol (LDL-C), and high-density lipoprotein cho-
lesterol (HDL-C). Optimal risk factor levels were
defined as never smoker or quit smoking for>1 year,
BMI < 24 kg/m? SBP <130 mmHg, DBP <80 mmHg,
FG<6.1 mmol/L, LDL-C<3.37 mmol/L,
TC<5.17 mmol/L, TG<1.70 mmol/L, and
HDL-C>1.04 mmol/L. Non-optimal risk factor lev-
els were defined as occasional smoker, BMI 24-28 kg/
m?, SBP 130-140 mmHg, DBP 80-90 mmHg, FG
6.1-7.0 mmol/L, LDL-C 3.37-4.14 mmol/L, TC
5.17-6.20 mmol/L, TG 1.70-2.26 mmol/L, and
HDL-C 0.91-1.04 mmol/L. Elevated risk factor lev-
els were defined as regular smoker, BMI >28 kg/mz,
SBP > 140 mmHg, DBP > 90 mmHg, FG > 7.0 mmol/L,
LDL-C>4.14 mmol/L, TC > 6.20 mmol/L,
TG > 2.26 mmol/L, and HDL-C < 0.91 mmol/L.
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Statistical analysis

Baseline continuous variables were compared using one-
way analysis of variance and categorical variables were
compared using the x> test. Cumulative incidence of
death and CVD events were estimated using the Kaplan—
Meier method. Multivariate Cox regression models were
used to estimate hazard ratios (HRs) and 95% confidence
intervals (ClIs) for death and CVD events associated with
menopause. For women who died or had first occur-
rence of a CVD event, follow-up time was calculated as
their age at death or first event minus their entry age; for
women without death and CVD endpoint events, follow-
up time was identified as their age at last follow-up minus
their entry age. Menopause at age 50-51 years was used
as the reference category. In the fully adjusted models,
HRs and 95% CIs were adjusted for: time-varying covari-
ates including menopause, use of oral estrogen owing to
menopause, smoking, BMI, SBP, DBP, FG, TC, TG, LDL-
C, and HDL-C; as well as baseline covariates including
age, family history of CVD, and white blood cell count.
Sensitivity analysis was conducted after excluding cases
of premature menopause (age<40 years) to test the
robustness of the findings.

To examine whether earlier menopause was associated
with greater risk of death or first occurrence of a CVD
event when combined with elevated risk factors com-
pared with later menopause combined with optimal risk
factor levels, we stratified the analyses using a conven-
tional risk factor grade at baseline based on menopausal
age groups: menopause at age <50, 50-51, and > 51 years
combined with risk factor grading at all risk factor lev-
els (optimal, > 1 non-optimal risk factor, and > 1 elevated
risk factor). Women with menopause at age 50-51 years
and all risk factors at optimal levels were regarded as the
reference group. In the combined effects models, HRs
and 95% Cls were adjusted for: time-varying menopause
and use of oral estrogen owing to menopause, as well as
baseline age, family history of CVD, and white blood cell
count. All statistical analyses were performed using IBM
SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics of the study cohort: descriptive
analysis

The final cohort consisted of 2104 women. The mean
(standard deviation, SD) age at baseline was 45.2 (7.8)
years. There were 1252 reproductive women whose
mean age (SD) was 39.9 (3.5) years, 309 perimenopausal
women with mean age (SD) 48.9 (4.4), 283 early post-
menopausal women with mean age (SD) 53.0 (3.9) years,
and 260 late postmenopausal women with mean age (SD)
57.6 (4.4) years at baseline (Table 1). All women reached
postmenopausal status during the follow-up period.
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The mean (SD) age at menopause was 50.0 (3.8) years.
A total of 790 (37.5%) women had menopause at age
45-49 years and 160 (7.6%) women had menopause at
age <45 years, among whom 40 (1.9%) experienced men-
opause at age <40 years (premature menopause). Women
were followed up for a mean 25.6 years (SD, 3.2) to death
and 24.7 years (SD, 4.8) to CVD incidence. During the
follow-up period, 124 of the 2104 women died, and 196
occurred a CVD event (33 fatal CVD and 163 non-fatal
CVD), among women who had incident CVD, 84 had
CHD and 117 had stroke (98 with ischemic stroke and 22
with hemorrhagic stroke; Fig. 1).

Compared with women who experienced meno-
pause after age 50 years, those with menopause at age
45-49 years (relatively early menopause) were more likely
to be younger and to have lower TC, TG, and LDL-C lev-
els at the baseline; however, those who experienced men-
opause at age<45 years (early menopause) were more
likely to be older, overweight, and to have higher TC, TG,
and LDL-C levels at the baseline (Table 1).

Cumulative mortality and cumulative incidence rates

of first CVD events

Women with menopause at age 45—49 years had a higher
cumulative mortality rate than those with menopause
at age 50-51 years (8.1% vs 4.9%, log rank P=0.02)
and those with menopause after age 51 years (8.1% vs
3.9%, log rank P=0.001). The cumulative incidence rate
of ischemic stroke was higher in women with meno-
pause at age<45 years than those with menopause at
age 50-51 years (7.5% vs 3.6%, log rank P=0.03). Addi-
tionally, the cumulative incidence rates of total CVD,
ischemic CVD, and CHD were also higher among women
who experienced menopause at age<45 years than
those with menopause at age 45-49 years and >51 years
(Fig. 2).

To examine whether years since menopause had an
effect on the risks of death and first occurrence of a CVD
event, we also calculated the cumulative mortality rate
and cumulative incidence rate according to menopause
staging in the baseline study. Compared with reproduc-
tive women at baseline, women at the late postmeno-
pausal stage had a higher cumulative mortality rate (log
rank P<0.001) and higher cumulative incidence rates of
cardiovascular events (total CVD, ischemic CVD, CHD,
stroke, ischemic stroke: log rank P<0.001; Additional
file 1: Figure S1).

Age at menopause and risk of death and incident
cardiovascular events

The person-year mortality rate was 2.4 and 3.2 per
1000 woman-years among women with menopause
at age<45 years and at age 45-49 years, respectively.
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The person-year incidence rates for total CVD, fatal
CVD, ischemic CVD, CHD, stroke, ischemic stroke,
and hemorrhagic stroke were 5.9, 0.7, 5.4, 2.7, 3.6, 3.0,
and 0.5 per 1000 woman-years, respectively, among
women with menopause at age<45 years (Table 2).
Compared with women who experienced menopause
at age 50-51 years, the risks of death (HR 1.85, 95% CI
1.16-2.94; P=0.01) and ischemic stroke (HR 2.08, 95%
CI 1.20-3.59; P=0.01) were higher among women with
menopause at age<50 years in the fully adjusted mod-
els (Table 3). Moreover, the death risk was only signifi-
cant among women with menopause at age 45-49 years
(HR 1.99, 95% CI 1.24-3.21; P=0.005), and ischemic
stroke risk was found to be increased among women
with menopause at age<45 years (HR 2.16, 95% CI
1.04-4.51; P=0.04) and 45-49 years (HR 2.05, 95% CI
1.15-3.63; P=0.01; Table 2). The risk estimates remained
similar when sensitivity analyses were conducted; that is,
after excluding women who experienced menopause at
age <40 years, those with menopause at age 45—49 years
had a 2.01 times higher risk of death (95% CI 1.25-3.23;
P=0.004) and 2.07 times higher risk of ischemic stroke
(95% CI 1.17-3.68; P=0.01) than women with meno-
pause at age 50—51 years (Additional file 1: Table 1).

Women with early postmenopause had a higher risk
of CHD than those who were reproductive at baseline
in the fully adjusted models (HR 2.87, 95% CI 1.24-6.65,
P=0.01, Additional file 1: Table 2; and HR 2.83, 95% CI
1.18-6.76, P=0.02, Additional file 1: Table 3).

Combined effect of age at menopause and conventional
cardiovascular risk factors at baseline on risk of death

and incident cardiovascular events

The person-year mortality rate (4.5/1000 woman-
years) and person-year incidence rates for total CVD
(7.2/1000 woman-years), ischemic CVD (6.5/1000
woman-years), CHD (2.7/1000 woman-years), stroke
(4.6/1000 woman-years), and ischemic stroke (4.0/1000
woman-years) among women with menopause at
age <50 years and at least one elevated cardiovascular
risk factor were higher than the rates among those with
menopause at age 50-51 years and all risk factors at
optimal levels (Fig. 3).

A combined analysis of age at menopause and con-
ventional cardiovascular risk factor grading status
at baseline showed that compared with women who
experienced menopause at age 50-51 years and had
optimal levels of all risk factors, those who experi-
enced menopause at age<50 years and had at least
one elevated cardiovascular risk factor at baseline had
significantly increased risks of death (HR 11.33, 95%
CI 1.54-83.17; P=0.02), total CVD (HR 3.87, 95% CI
1.54-9.74; P=0.004), ischemic CVD (HR 4.35, 95% CI
1.56-12.11; P=0.005), CHD (HR 7.96, 95% CI 1.07—
59.44; P=0.04), and stroke (HR 2.95, 95% CI 1.04—
8.38; P=0.04), after adjustment for age, family history
of CVD, white blood cell count at baseline, as well as
time-varying menopause status and use of oral estrogen
(Fig. 3).
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Table 2 Hazard ratios and 95%Cls for death and cardiovascular events associated with age at menopause (four groups)
in women

Age at menopause Women Events Woman-years Events per 1000 Adjusted HR (95% Cl) Pvalue®
person-years
Death
<45 years old 160 10 4107 24 1.32(0.63,2.76) 0.46
45-49 years old 790 64 19,880 32 1.99 (1.24,3.21) 0.005
50-51 years old 506 25 13,088 19 1.00 (reference) 0.001
>51 years old 648 25 16,767 1.5 0.79 (045, 1.38) 0.40
Cardiovascular disease
<45 years old 160 23 3893 59 1.46(0.89,2 41) 0.14
45-49 years old 790 68 19,200 35 1.18(0.81,1.72) 039
50-51 years old 506 49 12,611 39 1.00 (reference) 0.22
>51 years old 648 56 16,269 34 91 (0.62, 1.34) 0.63
Fatal cardiovascular disease
<45 years old 160 3 4101 0.7 0.86 (0.24, 3.09) 0.82
45-49 years old 790 14 19,802 0.7 1.19(0.53,2.69) 0.67
50-51 years old 506 11 13,038 0.8 1.00 (reference) 0.18
>51 years old 648 5 16,747 03 0.38(0.13,1.09) 0.07
Ischemic cardiovascular disease
<45 years old 160 21 3917 54 1.56 (0.92, 2.65) 0.10
45-49 years old 790 62 19,230 32 1.28 (0.86,1.91) 0.23
50-51 years old 506 42 12,697 33 1.00 (reference) 0.19
>51 years old 648 51 16,316 3.1 0.97 (0.65,1.47) 0.90
Coronary heart disease
<45 years old 160 11 4053 2.7 2(0.65,2.70) 0.44
45-49 years old 790 27 19,692 14 0.82(047,1.44) 0.50
50-51 years old 506 25 12,927 19 00 (reference) 0.25
>51 years old 648 21 16,652 1.3 0.65(0.36,1.17) 0.15
Stroke
<45 years old 160 14 3939 3.6 72 (0.90, 3.31) 0.10
45-49 years old 790 43 19,402 22 0(0.91, 2.46) 0.11
50-51 years old 506 26 12,804 2.0 (reference) 0.19
>51 years old 648 34 16,397 2.1 06 (0.64, 1.78) 0.82
Ischemic stroke
<45 years old 160 12 3962 3.0 2.16 (1.04,4.51) 0.04
45-49 years old 790 38 19411 2.0 2.05(1.15,3.63) 0.01
50-51 years old 506 18 12,857 14 1.00 (reference) 0.05
>51 years old 648 30 16,431 1.8 1.37(0.76,2.47) 0.29
Hemorrhagic stroke
<45 years old 160 2 4084 0.5 0.71(0.15, 3.35) 0.67
45-49 years old 790 7 19,869 04 0.66 (0.24,1.82) 042
50-51 years old 506 9 13,032 0.7 1.00 (reference) 037
>51 years old 648 4 16,733 0.2 0.34(0.10,1.12) 0.08

Model adjusted for: time-varying covariates including menopause, use of oral estrogen owing to menopause, body mass index, smoking, systolic blood pressure,
diastolic blood pressure, fasting glucose, total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, and triglyceride; baseline
covariates including age, family history of cardiovascular disease, and white blood cell count

HR hazard ratio, C/ confidence interval

@ Pvalues derived from Cox regression model for non-proportional hazards
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Table 3 Hazard ratios and 95%Cls for death and cardiovascular events associated with age at menopause (three groups)

in women
Age at menopause Women Events Woman-years Events per 1000 Adjusted HR (95% Cl) Pvalue®
person-years
Death
<50 years old 950 74 23,987 3.1 1.85(1.16,2.94) 0.01
50-51 years old 506 25 13,088 19 1.00 (reference) <0.001
>51 years old 648 25 16,767 15 0.79 (045, 1.37) 040
Cardiovascular disease
<50vyearsold 950 91 23,093 39 1.24(0.87,1.77) 0.23
50-51 years old 506 49 12,611 39 1.00 (reference) 0.17
>51 years old 648 56 16,270 34 091 (0.62,1.34) 0.63
Fatal cardiovascular disease
<50 years old 950 17 23,903 0.7 1.11(0.51,2471) 0.79
50-51 years old 506 1 13,038 0.8 1.00 (reference) 0.10
>51 years old 648 5 16,747 03 0.38(0.13, 1.08) 0.07
Ischemic cardiovascular disease
<50 years old 950 83 23,147 3.6 1.35(0.92, 1.96) 0.12
50-51 years old 506 42 12,697 33 1.00 (reference) 0.13
>51 years old 648 51 16,316 3.1 0.97 (0.65,1.47) 0.90
Coronary heart disease
<50 years old 950 38 23,744 1.6 0.93 (0.56, 1.56) 0.79
50-51 years old 506 25 12,927 1.9 1.00 (reference) 0.31
>51 years old 648 21 16,652 13 0.65(0.36,1.17) 0.15
Stroke
<50 years old 950 57 23,341 24 1.55(0.97,248) 0.07
50-51 years old 506 26 12,804 2.0 1.00 (reference) 0.10
>51 years old 648 34 16,397 2.1 1.06 (0.64, 1.78) 0.81
Ischemic stroke
<50vyearsold 950 50 23,373 2.1 2.08(1.20,3.59) 0.01
50-51 years old 506 18 12,857 14 1.00 (reference) 0.02
>51 years old 648 30 16431 1.8 1.37(0.76, 2.47) 0.29
Hemorrhagic stroke
<50vyearsold 950 9 23,953 04 0.67(0.26,1.72) 040
50-51 years old 506 9 13,032 0.7 1.00 (reference) 0.21
>51 years old 648 4 16,733 0.2 0.34(0.10,1.12) 0.08

Model adjusted for: time-varying covariates including menopause, use of oral estrogen owing to menopause, body mass index, smoking, systolic blood pressure,
diastolic blood pressure, fasting glucose, total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, and triglyceride; baseline
covariates including age, family history of cardiovascular disease, and white blood cell count

HR hazard ratio, Cl confidence interval

@ Pvalues derived from Cox regression model for non-proportional hazards

Discussion

Retrospective analysis of prospectively collected data
from a cohort study indicated that the risk of death
was nearly 2.0 times higher among women who had
menopause at age 45—49 years and the risk of ischemic
stroke was more than 2.1 times higher among women
who had menopause at age<45 years and more than
2.0 times higher among women with menopause at age
45-49 years than those who experienced menopause
at age 50-51 years in the fully adjusted Cox models.

Additionally, women who had menopause before age
50 years and at least one elevated cardiovascular risk fac-
tor had significantly higher risks of death and the occur-
rence of a cardiovascular event, compared with women
who had menopause at age 50-51 years and all risk fac-
tors at optimal levels.

In the current study, we examined the association of
early menopause with risk of death and the occurrence
of total CVD, fatal CVD, ischemic CVD, CHD, stroke,
ischemic stroke, and hemorrhagic stroke. Zhu et al
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Age at m‘enopause c'ombiued with Events per 1000 Hazards Ratio 95%CI) P vahe
cardiovascular risk factor person-years
Death
<50 years + =1 risk factor elevated 37/8246 (4.5) 11.33 (1.54, 83.17) 0.02
<50 years + =1 risk factor not optimal 23/8569 (2.7) 8.78 (1.18,65.16) 0.03
<50 years + all risk factors optimal 14/7172 (1.9) 8.59(1.13,65.42) 0.04 *
50-51 years + = 1 risk factor elevated 21/4516 (4.6) 9.11 (1.21, 68.60) 0.03 .
50-51 years + > 1 risk factor not optimal 3/4771 (0.6) 1.72(0.18, 16.55) 0.64 >
50-51 years + all risk factors optimal 1/3800 (0.3) 1.00 (reference) <0.001
>51 years + =1 risk factor elevated 15/6150 (2.4) 5.07 (0.66, 38.68) 0.12 -o——
>51 years + =1 risk factor not optimal 7/6271 (1.1) 3.04(0.37,24.74) 0.30 o
>51 years + all risk factors optimal 3/4346 (0.7) 2.26(0.24,21.78) 0.48 HO——
Cardiovascular disease
<50 years + =1 risk factor elevated 55/7641 (7.2) 3.87 (1.54,9.74) 0.004 -o—i
<50 years + =1 risk factor not optimal 24/8377 (2.9) 1.81 (0.69, 4.76) 0.23 o
<50 years + all risk factors optimal 12/7075 (1.7) 1.37 (0.48, 3.90) 0.55 -
50-51 years + =1 risk factor elevated 30/4235 (7.1) 3.11(1.19, 8.12) 0.02 ro—i
50-51 years + =1 risk factor not optimal 14/4618 (3.0) 1.73 (0.62, 4.82) 0.30 3
50-51 years + all risk factors optimal 5/3759 (1.3) 1.00 (reference) 0.00
>51 years + =1 risk factor elevated 29/5887 (4.9) 2.29 (0.88, 5.99) 0.09 lo—i
>51 years + =1 risk factor not optimal 20/6101 (3.3) 1.98 (0.74, 5.29) 0.17 o
>51 years + all risk factors optimal 7/4281 (1.6) 1.21(0.38,3.82) 0.74 =
Ischemic cardiovascular disease
<50 years + =1 risk factor elevated 50/7667 (6.5) 4.35(1.56,12.11) 0.005 -o——1
<50 years + =1 risk factor not optimal 23/8398 (2.7) 2.13 (0.74, 6.19) 0.16 o—i
<50 years + all risk factors optimal 10/7082 (1.4) 1.41 (0.44, 4.51) 0.56 p—
50-51 years + =1 risk factor elevated 26/4289 (6.1) 3.31(1.14,9.61) 0.03 Fo—i
50-51 years + = 1 risk factor not optimal 12/4647 (2.6) 1.83 (0.59. 5.71) 0.30 —i
50-51 years + all risk factors optimal 4/3761 (1.1) 1.00 (reference) 0.001
>51 years + =1 risk factor elevated 28/5899 (4.7) 2.77 (0.96, 7.99) 0.06 ro—i
>51 years + =1 risk factor not optimal 17/6123 (2.8) 2.10 (0.70, 6.26) 0.18 o—i
>51 years + all risk factors optimal 6/4294 (1.4) 1.30 (0.37, 4.60) 0.69 i
Coronary heart disease
<50 years + =1 risk factor elevated 22/8107 (2.7) 7.96 (1.07, 59.44) 0.04 .
<50 years + =1 risk factor not optimal 11/8509 (1.3) 4.17(0.54,32.36) 0.17 o
<50 years + all risk factors optimal 5/7129 (0.7) 2.77(0.32,23.75) 0.35 e
50-51 years + =1 risk factor elevated 18/4414 (4.1) 10.89 (1.43, 82.77) 0.02 .
50-51 years + =1 risk factor not optimal 6/4719 (1.3) 4.01(0.48,33.43) 0.20 te
50-51 years + all risk factors optimal 1/3793 (0.3) 1.00 (reference) 0.01
>51 years + =1 risk factor elevated 13/6082 (2.1) 5.86 (0.76, 45.28) 0.09 .
>51 years + =1 risk factor not optimal 6/6229 (1.0) 3.21(0.39,26.74) 0.28 te —
>51 years + all risk factors optimal 2/4341 (0.5) 1.82(0.16, 20.04) 0.63 o
Stroke
<50 years + =1 risk factor elevated 36/7767 (4.6) 2.95 (1.04, 8.38) 0.04 Lo
<50 years + =1 risk factor not optimal 14/8456 (1.7) 1.32(0.43, 4.01) 0.63 >
<50 years + all risk factors optimal 7/7118 (1.0) 1.01 (0.30, 3.46) 0.9 b
50-51 years + =1 risk factor elevated 14/4368 (3.2) 1.56 (0.50, 4.84) 0.44 =
50-51 years + =1 risk factor not optimal 8/4670 (1.7) 1.15 (0.34, 3.85) 0.82 =
50-51 years + all risk factors optimal 4/3766 (1.1) 1.00 (reference) 0.02
>51 years + =1 risk factor elevated 16/5955 (2.7) 1.44 (0.47,4.38) 0.52 -
>51 years + =1 risk factor not optimal 14/6143 (2.3) 1.65 (0.54, 5.04) 0.38 i
>51 years + all risk factors optimal 4/4299 (0.9) 0.83(0.21,3.34) 0.80 b
Ischemic stroke
<50 years + =1 risk factor elevated 31/7792 (4.0) 3.23(0.97.10.68) 0.06 e
<50 years + =1 risk factor not optimal 14/8456 (1.7) 1.70 (0.49, 5.96) 0.40 >
<50 years + all risk factors optimal 5/7125 (0.7) 0.95 (0.23, 4.00) 0.95 =
50-51 years + == 1 risk factor elevated 9/4390 (2.0) 1.27 (0.34, 4.80) 0.72 =l
50-51 years + =1 risk factor not optimal 6/4699 (1.3) 1.11 (0.28, 4.48) 0.88 p—
50-51 years + all risk factors optimal 3/3768 (0.8) 1.00 (reference) 0.04
>51 years + =1 risk factor elevated 15/5967 (2.5) 1.73 (0.49, 6.07) 0.39 >
>51 years + =1 risk factor not optimal 11/6165 (1.8) 1.68 (0.47, 6.07) 0.43 >
>51 years + all risk factors optimal 4/4299 (0.9) 1.12 (0.25, 4.99) 0.89 p—i

B S e o e e e e e e B B i

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Cox regression models were used to estimate HRs and 95% Cls. AIlHRs were adjusted for: tine-varying covariates inclhiding menopause, use of oral estrogen due to menopause; baseline
covariates ncliding age, family history of cardiovascular disease, and white blood cell count. Risk factors optimal inclided never smoking or quit smoking for over a year, BMI S24kg/mz.
SBP<130mmHg, DBP<80mmHg, fasting ghicose<6.lmmolL, LDL-C<3.37mmolL, TC<5.17mmolL, TG<1.70mmolL and HDL-C>1.04mmol/L. Risk factors not optimal inchided
occasional smoking, 24kg/m’< BMI <28kg/m’, 130mmHg< SBP <140mmHg, 80mmHg< DBP <90mmHg, 6.lmmolL < fasting ghicose <7.0mmol/L, 3.37mmolLL < LDL-C
<4.14mmol/L, 5.17mmol/L <= TC <6.20mmolL, 1.70mmolL < TG <2.26mmolL, and 0.91mmol/L<HDL-C =:1.04mmol/L. Risk factor elevated inclided regular smoking, BMI>28kg/mZ.
SBP = 140mmHg, DBP =90mmHg, fasting ghicose =7.0mmolL, LDL -C =4.14mmolL, TC =6.20mmolL, TG =2.26mmol/L and HDL-C <:0.91mmolL. HR=hazard ratio. CI=confidence
mterval BMI=body mass index. SBP=systolic blood pressure. DBP=diastolic blood pressure. LDL-C=low-density lipoprotein chok L TC=total chok L TG=triglyceride HDL-
C=high-density lipoprotein cholesterol

Fig. 3 Combined effect of age at menopause and conventional cardiovascular risk factors at baseline on risk of death and cardiovascular events
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performed a pooled analysis and found that women with
premature (age<40 years) and early menopause (age
40-44 years) had a substantially increased risk of a non-
fatal CVD event before age 60 years in comparison with
women who had menopause at age 50-51 years [19]. A
previous review reported a modest effect of early men-
opause (the menopausal age categories used 50 years
as a reference) on risk of CVD [7]. One meta-analysis
indicated that women who experienced menopause at
age <45 years had greater risks of death and CHD than
those with menopause at age>45 years; however, no
significant difference in risk of CHD was found between
menopause at age 45-49 years and at>50 years [6].
Another meta-analysis demonstrated a substantially
increased risk of ischemic CVD following menopause at
age <40 years [20]. The results of the present study extend
the previous findings and suggest that women with men-
opause at age 45—49 years have a higher risk of death and
those with early menopause (age <45 years) and relatively
early menopause (age 45-49 years) also have a signifi-
cantly higher risk of ischemic stroke than women with
menopause at an average age of 50-51 years. However,
this association was not found in women who experi-
enced premature menopause (age<40 years), probably
owing to the small sample size of women with premature
menopause in the current study.

The results from previous studies on the association
between early menopause and stroke are inconsistent.
One meta-analysis based on pooled results failed to show
a significant difference in stroke risk between women
with menopause at age <45 years and those with meno-
pause at age >45 years [6]. By contrast, the prospective
longitudinal results from the Framingham Heart Study
showed that menopause before age 42 years was asso-
ciated with an increased risk of ischemic stroke [21]. A
nationwide Swedish cohort study found a 47% increased
risk of stroke among women who underwent hysterec-
tomy plus bilateral oophorectomy before age 50 years
compared with women who did not have either of these
surgeries [22]. A previous review of observational studies
reported that premature or early menopause was associ-
ated with an increased risk of ischemic stroke and that
hormonal therapy before age 50 years may partly offset
the increased risk; the authors suggested that estrogen
may be a protective factor for ischemic stroke before age
50 years [23]. In the present study, we examined ischemic
and hemorrhagic types of stroke, and found that meno-
pause at age <45 years (early menopause) or 45—49 years
(relatively early menopause) was associated with elevated
risk of ischemic stroke as compared with menopause at
age 50-51 years. These results suggest an association
between age at menopause and ischemic stroke, and have
potential implications for the hypothesized association
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between hormonal therapy and reduced risk of ischemic
stroke.

There is growing recognition of the clinical and public
health importance of menopause in women. By 2030, the
world population of menopausal and postmenopausal
women is estimated to have increased to 1.2 billion, with
47 million women becoming menopausal each year [24].
Menopause is a sex-specific risk factor associated with
reproductive aging in women [25], and early menopause
is associated with future CVD events [5]. The present
study identified detrimental effects on the risks of death
and incident CVD events for relatively early menopause
per se and combined with conventional CVD risk factors.
Ovarian hormone production plays a key role in delaying
the development of atherosclerosis during the reproduc-
tive years [26, 27]; subsequently, menopause induces a
series of metabolic and hemodynamic changes that offset
sexual hormone cardioprotective effects and accelerate
the onset of cardiovascular events and peripheral vaso-
motor instability [28]. Although serum concentrations of
TC, LDL-C, and lipoprotein rise sharply, whereas HDL-C
declines gradually after menopause [29], the increased
postmenopause cardiovascular morbidity and mortal-
ity cannot be fully explained by changes in plasma lipo-
proteins. The present findings also suggest that ovarian
hormone deprivation may have a widespread effect on
the cardiovascular system and a direct harmful effect on
vessel-wall physiology [30].

One finding of the present study was that time since
menopause was associated with risk of developing CHD
but not with death and stroke after adjustment for the
effects of time-varying menopause status, use of oral
estrogen, BMI, smoking, SBP, DBP, FG, TC, LDL-C,
HDL-C, TG, age at baseline, family history of CVD, and
white blood cell count. Previous observational studies
have assessed the association between time since meno-
pause and risk of CVD outcomes, but these have shown
conflicting results [31, 32]. Considering the relatively
small number of studies on the association between time
since menopause and CVD outcomes, as well as the pos-
sibility that previous studies have greater heterogene-
ity than the current study, the present findings must be
interpreted with caution and confirmed in future work.

This study had several limitations. First, we did not
measure individual estrogen levels and therefore did not
conduct an in-depth analysis on the association of early
menopause with estrogen levels, risk of death, and CVD
outcomes. Second, very few women used hormone ther-
apy at baseline, so we did not validate the timing hypoth-
esis or window of opportunity hypothesis regarding the
effects of estrogen on CVD risk by age at menopause
or by age at initiation of exogenous hormone therapy.
Third, smoking is a known shared risk factor for early
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menopause and CVD [33]. There were very low smok-
ing rates among women in the present study, so we did
not conduct separate analysis of the intermediate role of
smoking on the association between age at menopause
and CVD. Fourth, there was no information on premeno-
pausal migraine, recurrent pregnancy loss and hyperten-
sive pregnancy disorders; therefore, we did not analyze
their impact on the CVD risk in the current cohort.
Finally, a total of 0 (0%) and 272 (12.9%) women reported
use of oral contraceptives (OCs) in the 1992 baseline sur-
vey and 2002 follow-up visit, respectively. However, there
was no information on IUD use in the cohort. We found
that no unanimous conclusions regarding the association
between OCs and risk estimation of age at menopause
could be reached. The Study of Women’s Health across
the Nation (SWAN) reported that prior OC use was sig-
nificantly associated with later age at natural menopause
[34]. By contrast, the DOM cohort indicated that use
of high-dose OCs advanced the onset of menopause by
approximately 1.2 months for every year of OC use, as
compared with no OC use [35]. We had zero women who
used OCs at baseline according to self-reported informa-
tion; therefore, we did not adjust for the use of OCs at
baseline.

Conclusions

This study demonstrated that earlier menopause had
independent effects on the risk of death and ischemic
stroke after adjustment for time-varying variates of
menopause status, use of oral estrogen, BMI, smok-
ing, SBP, DBP, FG, TC, LDL-C, HDL-C, and TG, as well
as baseline variates of age, family history of CVD, and
white blood cell count in our study population. These
findings provide evidence for the effects of menopause
on health and have potential implications for clinical
and public health management of menopause.
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