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BACKGROUND AND PURPOSE: The few epidemiological studies that addressed the association between age at menopause and
ischemic and hemorrhagic stroke risk in women had conflicting findings. We aimed to investigate whether age at (natural and
surgical) menopause is a risk factor for total, ischemic, and hemorrhagic stroke in women.

METHODS: We analyzed data from 16244 postmenopausal women, aged 26 to 70 years at recruitment who were enrolled in
the European Prospective Investigation into Cancer and Nutrition—Netherlands cohort between 1993 and 1997. Participants
were followed for the occurrence of stroke until January 1, 2011. At baseline, participants filled in questionnaires about health,
reproductive history including age at menopause, diet, and lifestyle. Cox regression was used to investigate the association between
age at menopause and stroke. All analyses were adjusted for age, smoking, systolic blood pressure, and body mass index.

RESULTS: Mean age of menopause was 46.4 (7.0) years. A total of 830 strokes (571 ischemic, 162 hemorrhagic, 97
unclassified) were identified. Earlier menopause was associated with an increased risk of total stroke. Compared with women
who experienced menopause between 50 and 54 years old, women who underwent menopause before age 40 years had
1.48x higher risk (95% Cl, 1.19-1.85) of total stroke. In continuous analyses, we observed a 2% lower total stroke risk for
each year menopause was delayed (hazard ratio, 0.98 [95% Cl, 0.97-0.99]). The risk between earlier menopause and stroke
was confined to ischemic stroke, earlier menopause was not associated with hemorrhagic stroke. The association with age
at menopause was stronger for natural menopause (hazard ratio <40 versus 50-54 years, 1.74 [95% Cl, 1.12-2.70]) than
for surgical menopause (hazard ratio <40 versus 50-54 years, 1.26 [95% Cl, 0.84-1.89]).

CONCLUSIONS: The risk of total and ischemic stroke decreased with an increase in age at menopause. Whether this should
have clinical consequences such as intensified risk factor control should be subject of further studies.
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wide affecting 2.6 million women in 2016." Over the

past years, the lifetime stroke risk has increased sig-
nificantly.2 Women have around 4% higher lifetime stroke
risk than men,*® which might be attributable to female-
specific risk factors like the age at menopause.

Stroke is the second leading cause of death world-

See related article, p 2592

Some studies have reported that early menopause
increases the risk of cardiovascular diseases,® which is
generally ascribed to the postmenopausal decrease in
endogenous estrogens.”® In the past decade, an increas-
ing number of epidemiological studies have investi-
gated the relationship between age at menopause and
(ischemic and hemorrhagic) stroke risk, with conflicting
results. Recently, a meta-analysis concluded that women
who were older at the onset of natural menopause (=55
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Nonstandard Abbreviations and Acronyms

EPIC-NL European Prospective Investigation into
Cancer and Nutrition—Netherlands

HDL high-density lipoprotein

HR hazard ratio

ICD-9 International Classification of Diseases,
Ninth Revision

ICD-10 International Classification of Diseases,

Tenth Revision

MORGEN Monitoring Project on Risk Factors for
Chronic Diseases

years) had a higher risk of hemorrhagic stroke (pooled
relative risk, 2.24 [95% CI, 1.19-4.21]). Conversely, they
found no statistically significant associations between
earlier natural menopause and total stroke (pooled rela-
tive risk, 0.86 [95% Cl, 0.42—-1.74]) and ischemic stroke
(pooled relative risk, 0.90 [95% Cl, 0.22-3.74]) in com-
parison with women with menopause between 50 and
54 years. However, only a small number of studies could
be pooled together due to diversity in reference cate-
gories and the use of different outcome definitions. In
addition, there was a high degree of heterogeneity, which
makes it challenging to interpret these results.'

Effects of menopause may also differ between type of
menopause mainly due to other underlying pathophysi-
ology. After surgical menopause, women experience an
abrupt loss of ovarian hormones, whereas natural meno-
pausal is considered to be a gradual process over sev-
eral years.""'2 Currently, only a limited number of studies
investigated both natural and surgical menopause and
found results in different directions. One study found a
nonsignificant association between an earlier age at nat-
ural menopause and stroke risk (hazard ratio [HR], 0.51
[95% ClI, 0.07-3.78]), whereas another study showed a
positive nonsignificant association (HR, 1.48 [95% CI,
0.81-2.69]).1314

In sum, the reported associations on menopausal age
and the risk of stroke are difficult to interpret. This is
due to differences in adjustments, sample sizes, study
designs, and study end points. Here, we investigated
whether the age at menopause is a risk factor for total,
ischemic, and hemorrhagic stroke and assessed if this
association is similar for natural and surgical menopause,
in a Dutch cohort of 16244 postmenopausal women
who were followed for an average of 15 years.

METHODS
Study Population

The EPIC-NL (European Prospective Investigation into Cancer

and Nutrition—Netherlands) prospective cohort consists of the
2 Dutch contributions to the EPIC study: The Prospect cohort
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and the MORGEN (Monitoring Project on Risk Factors for
Chronic Diseases) cohort.

Prospect comprises 17357 women aged 49 to 70 years,
living in the city of Utrecht or its vicinity, and were recruited
between 1993 and 1997 through a breast cancer screen-
ing program. The MORGEN cohort includes 22654 men and
women aged 20 to 64 years, recruited through random sam-
pling from the general population in the cities of Doetinchem,
Maastricht, and Amsterdam, between 1993 and 1997. At base-
line, EPIC-NL participants filled in a food frequency question-
naire and a general questionnaire containing questions about
demographic characteristics, lifestyle habits, chronic diseases,
and risk factors. In addition, they underwent a physical exami-
nation, including body weight, waist and hip circumference, and
blood pressure measurements. Height and weight were mea-
sured by trained examiners. Finally, blood samples were drawn
and stored in liquid nitrogen for future studies. All participants
signed informed consent before study inclusion. Both studies
complied with the declaration of Helsinki.'® The data that sup-
port the findings of this study are available on request via the
EPIC-NL steering committee through an application process.

For the present study, we excluded participants who
have withdrawn their consent for study inclusion (n=1); men
(n=10259); women who were not postmenopausal (11871);
participants who gave no informed consent for linkage with
vital status and causes of death registries (n=1161); par-
ticipants with missing information on cause of death (n=46);
and women with missing data on a prevalent stroke before
study entry (n=429). In the final analysis, we included 16 244
women (Figure).

Age at Menopause

At baseline, information on reproductive factors was col-
lected using self-administered questionnaires. Participants
reported age at first and last menstrual period, current and
past use of oral contraceptives and hormone replacement
therapy, and whether they had undergone a hysterectomy or
oophorectomy. Prospect participants provided information on
the number of full-term pregnancies (the sum of live births
and stillbirths), and for MORGEN participants, the number
of children was used as a proxy for the number of full-term
pregnancies. Women were considered postmenopausal when
they reported not having experienced menstrual bleedings
for at least 12 months. In addition, women who underwent
a hysterectomy or oophorectomy were considered surgical
postmenopausal. We categorized age at menopause into 5
groups, younger than 40, 40 to 44 years, 45 to 49 years, 50
to 54 years, and 255 years. The 50 to b4 years age group was
taken as the reference category.

Other Measurements

The baseline questionnaire also comprised demographic char-
acteristics, the presence of chronic diseases, and other risk
factors for cardiovascular diseases. Also, information about
medical history and lifestyle was collected. Educational level
was coded as low (lower vocational training or primary school),
medium (intermediate vocational training or secondary school),
or high (higher vocational training or university). Smoking was
categorized as current, former, and never smoker. Physical activ-
ity was assessed with a validated questionnaire and classified
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Figure. Study population flow chart, EPIC-NL (European
Prospective Investigation into Cancer and Nutrition-
Netherlands).

according to the Cambridge Physical Activity Index with single-
imputed data for missing values (n=4930)."® The Cambridge
Physical Activity Index was categorized into inactive, moder-
ately inactive, moderately active, and active. All physical mea-
surements were performed by trained examiners. Systolic and
diastolic blood pressure was measured twice in supine position
using a Boso Oscillomat (Bosch & Son, Jungingen, Germany) in
the Prospect cohort and using a random sphygmomanometer
in the MORGEN cohort. Hypertension was classified accord-
ing to a physician-diagnosed self-reported questionnaire, the
use of antihypertensive medication, or a systolic blood pressure
>140 mmHg or diastolic blood pressure of >90 mmHg. Body
weight was measured in light indoor clothing without shoes to
the nearest 0.5 kg with a floor scale (Seca, Atlanta, GA). Height
was measured to the nearest 5 mm in standing position with-
out shoes. Body mass index (BMI) was calculated as weight
divided by the square of height in meters. Non-HDL (high-
density lipoprotein) and HDL-cholesterol were measured using
homogeneous assays with enzymatic end points, as described
previously.” Diabetes and previous cardiovascular disease
(International Classification of Diseases, Ninth Revision [ICD-9]
codes 410-414, 4275, 428, 415.1, 443.9, 430-438, 440-
449, 444 '798.1,798.2, 798.9 or International Classification of
Diseases, Tenth Revision [ICD-10] codes 120—-126, 146, R96,
G45b, 160-167, 169, 170-174, 150) were classified through self-
reported questionnaires and by linkage with the National
Medical Registry between 1990 and 1997. Hyperlipidemia was
defined according to self-reported questionnaires.'®
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Stroke Ascertainment

Participants are followed for vital status, causes of death, and
the occurrence of cancer and cardiovascular diseases through
linkage to several registries. Information on vital status was
obtained through digital linkage with municipal registries. In
contrast, causes of death were obtained through linkage with
Statistics Netherlands and coded according to the /ICD-10. Data
on nonfatal stroke events were further obtained through link-
age with the Dutch Hospital Association and Order of Medical
Specialists providing hospital discharge diagnoses and coded
according to ICD-9 by medical staff. Since 1990, this link-
age is possible because data on admission and discharge are
archived.'® In this study, the primary outcome was total stroke
defined as the first hospitalization for or death of stroke (ICD-
9 430-438/ICD-10 160167, 169, G45). Secondary outcomes
were ischemic stroke (/ICD-9 433-435/ICD-10163-165, G45)
and hemorrhagic stroke (ICD-9 430-432/ICD-10160-162).

Statistical Analysis

Baseline characteristics were calculated using means with SD
for normally distributed continuous variables and percentages
for categorical variables. Non-normally distributed variables
were presented as median and interquartile range. Missing
data in this study were missing at random; therefore, missing
data were multiple imputed with 10 imputations and combined
according to Rubin rules using the package mice in R.

We analyzed the association between the age at meno-
pause and the risk of (ischemic and hemorrhagic) stroke using
Cox proportional hazard models with age from birth until cen-
soring as the underlying time scale. SEs were used to calculate
the 95% CI. Age at menopause was entered in the predefined
categories and also as a continuous variable. Results are pre-
sented as HRs with their corresponding 95% Cls.

We controlled for potential confounding by entering covari-
ates one by one in multivariable Cox proportional hazards mod-
els. If a covariate changed the association between the age at
menopause and stroke by >10%, we considered this variable
as a potential confounder and adjusted for it. We also decided
to consider known stroke risk factors as potential confounders.
In addition to the crude model (model 1) we adjusted for age
at enrollment (model 2), and we further adjusted for smoking
(never, former, current), systolic blood pressure, and BMI (model
3). Smoking was modeled categorically, whereas systolic blood
pressure and BMI were modeled continuously. All analyses
were stratified for the cohort to account for cohort effects such
as differences in covariate measurements. Physical activity,
education level, marital status, waist to hip ratio, alcohol con-
sumption, hormone replacement use, oral contraceptive use,
diabetes, full-term pregnancy, hysterectomy, ovariectomy, and
number of children were also tested as confounders but did not
satisfy the predefined criteria. We examined the proportional
hazards assumption through inspection of the Schoenfeld
residuals in three randomly picked imputation sets.

Because the association between age at menopause and
stroke may vary according to the type of menopause, we also
repeated the analyses for naturally and surgically postmeno-
pausal women separately. As for excluding stroke cases that
occurred after menopause, but before baseline may introduce
immortal time bias, we performed sensitivity analyses where
we included these stroke cases in the study. All analyses were
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performed with the statistical package R and A<0.05 were con-
sidered statistically significant.

RESULTS

The baseline characteristics across categories of meno-
pausal age are presented in Table 1. Mean age at base-
line was 582 years with an SD of 6.1. We identified a
total of 830 incident strokes during a mean follow-up of
15 years. Of these, 571 (68.8%) were ischemic strokes,
and 162 (19.5%) were cerebral hemorrhages; for 97
(11.7%) strokes, the type could not be determined. Mean
age at natural menopause was 49.4 (SD, 4.6), whereas
the mean age at surgical menopause was 40.9 (SD, 7.2)
years. Women with the earliest menopause were more
likely to experience surgical menopause, smoked more
often, and had a lower level of education. Women who
were older at the onset of menopause had higher blood
pressure, a higher BMI, and were consuming less alcohol.

Table 2 shows the associations between age at
menopause and total, ischemic and hemorrhagic stroke.
After adjusting for age at enroliment, BMI, smoking,
and systolic blood pressure, the hazard ratios for total
stroke were 1.48 (95% CI, 1.19-1.85), 1.22 (95% Cl|,
0.99-1.51), 1.12 (95% Cl, 0.93-1.34), and 0.86 (95%
Cl, 0.64-1.17) for menopause at age <40, 40 to 44, 45
to 49, and >bb years respectively, compared with meno-
pause at age 50 to 54 years (Table 2). When entering the
age at menopause as a continuous variable, a later age
of menopause was associated with a lower risk of total
stroke (HR, 0.98 per year [95% Cl, 0.97-0.99]), mean-
ing a 2% risk reduction for each year menopause is later.

For ischemic stroke, in particular, the youngest age
at menopause categories were associated with disease
risk. Women who underwent menopause before age 40
years had 1.62x higher risk (95% Cl, 1.25-2.10) of an
ischemic stroke compared to the reference category.
In addition, the HRs showed a decreasing trend with
increasing age at menopause for ischemic stroke (HR,
0.98 per year [95% ClI, 0.97-0.99]). This trend means a
2% risk reduction for each year menopause is later.

For hemorrhagic stroke, we found a nonsignificant
association for the youngest age at menopause category
(HR, 1.42 [95% Cl, 0.82-2.44]) in comparison with the
reference category. Continuous analyses showed that an
earlier age at menopause was not statistically significant
associated with hemorrhagic stroke (HR, 0.98 [95% ClI,
0.96-1.00)).

The associations between age at menopause and total
stroke risk by type of menopause are shown in Table 3.
The risk of early menopause on total stroke seemed sim-
ilar for naturally and surgically postmenopausal women.
In the natural menopause group, women with a meno-
pausal age before 40 years had a 1.74x higher risk
(95% Cl, 1.12-2.70), whereas women who experienced
menopause after b5 years of age had a nonsignificant
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lower risk (HR, 0.86 [95% CI, 0.63-1.18]). Naturally
postmenopausal women experience a 3% risk reduc-
tion for each year menopause is later (HR, 0.97 per year
[95% Cl, 0.95-0.99)).

In the surgical postmenopausal group, we found non-
significant associations with total stroke risk. Continuous
analyses showed that an earlier age at surgical meno-
pause was not statistically significantly associated with
total stroke (HR, 0.99 per year [95% Cl, 0.97-1.00]).

In a sensitivity analysis, where we included stroke
cases that occurred between menopause and enroll-
ment in the study, we observed similar results. A meno-
pausal age before 40 years increased the risk of stroke
(multivariable-adjusted HR, 1.61 [95% CI, 1.25-1.84]),
whereas for age at menopause >b5 years, it was 0.81
(95% ClI, 0.61-1.08; Table | in the Data Supplement).

Visual inspection of the Schoenfeld residuals showed
that the residuals were independent of time, suggesting
that the proportional hazards assumptions hold.

DISCUSSION

In this study, we investigated the association between
age at menopause and total, ischemic and hemorrhagic
stroke risk. In summary, earlier age at menopause was
statistically significantly associated with a higher risk
of total and ischemic stroke, but not with hemorrhagic
stroke. Total stroke and ischemic stroke risk decreased
with older ages at menopause.

Changes in endogenous hormones may explain the
association between earlier age at menopause and
increased stroke risk. An earlier menopause results in
an early decline in estradiol and this might either have a
direct adverse effect on the blood vessels or harmfully
affect stroke risk factors that in turn, increase the risk of
stroke.'” The fact that postmenopausal hormone therapy,
either estrogen plus progestin or estrogen alone taken
orally, increases stroke risk in healthy postmenopausal
women contradicts a protective role of estrogens in the
occurrence of stroke.'®'®

Before further interpreting our findings, some
strengths and limitations need to be addressed. Advan-
tages of our study include the long follow-up of a mean
of 15 years together with the large sample size; this
enables us to identify a large number of ischemic stroke
events. In addition, we used age as the underlying time
scale in our cox regression models, which reduces the
effect of immortal time bias. Immortal time bias refers to
the time between birth and the age at menopause in this
study.2°?" Women must have survived the time between
birth and study inclusion to participate in the study. In that
specific time, the event cannot occur. This may lead to
an overestimation because women with an older age at
menopause are more likely to experience a stroke before
the menopause. However, the potential impact of immor-
tal time bias is relatively minor, because few women
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Table 1. Baseline Characteristics of the Study Population

Age at menopause
Characteristic <40y 40-44 y 45-49 y 50-54y 55+ y
n 2407 2282 4199 5353 911
Age recruitment;” y 54.1 (7.2) 57.3 (6.2) 58.0 (5.8) 60.4 (4.9) 62.4 (3.9)
Marital status, %
Single, never married 5.4% 6.5% 6.5% 6.2% 5.2%
Married (living together) 76.4% 75.5% 74.8% 74.7% 76.2%
Divorced/separated 11.1% 8.0% 8.5% 6.7% 6.5%
Widowed 6.9% 10.0% 10.2% 12.4% 12.1%
Missing 0.2% 0.0% 0.1% 0.0% 0.1%
Body mass index;" kg/m? 26.4 (4.4) 26.3 (4.2) 26.2 (4.1) 26.2 (4.0) 26.8 (4.3)
Waist hip ratio* 0.80 (0.07) 0.80 (0.07) 0.80 (0.07) 0.80 (0.07) 0.81 (0.07)
Systolic blood pressure; mmHg 128 (19.6) 131 (19.8) 132 (20.3) 134 (20.4) 138 (20.6)
Diastolic blood pressure; mmHg 79 (10.6) 79 (10.4) 79 (10.6) 79 (10.4) 80 (10.6)
Physical activity, %
Inactive 8.3 10.7 8.8 7.6 8.7
Moderately inactive 273 26.0 26.6 28.5 29.3
Moderately active 25.2 25.9 25.1 26.1 27.2
Active 39.2 374 39.5 378 34.8
Smoking status, %
Never 34.5 39.7 41.8 478 55.7
Former 32.2 32.4 32.1 32.9 32.6
Current 33.2 278 26.1 19.3 11.7
Missing 0.1 0.0 0.0 0.0 0.0
Duration of smoking;* y 27.2 (11.6) 28.7 (12.4) 28.8 (12.3) 28.5 (13.3) 276 (13.2)
Ethanol;* g/d 8.7 (13.1) 9.1 (13.5) 8.7 (12.8) 8.3 (11.7) 75 (12.2)
Education, %
Low 74.7 74.7 721 72.8 71.4
Middle 13.1 13.3 13.8 13.1 18.7
High 11.9 11.6 13.9 14.0 14.9
Missing 0.3 0.4 0.1 0.1 0.0
Surgical menopause, % 87.3 63.4 29.8 9.8 6.5
Age at menopause;’ y 33.8 (4.9) 42.0 (1.4) 47.2 (1.4) 51.5 (1.4) 56.0 (1.3)
HRT use, %
No 64.9 71.3 76.0 80.7 80.4
Yes 33.2 28.0 23.8 19.0 19.6
Missing 1.9 0.8 0.2 0.2 0.0
Duration of HRT use, yt 3(1-7) 3 (1-6) 2 (1-5) 2 (1-4) 3(1-5)
Hysterectomy, %
No 29.2 36.6 68.4 87.6 91.2
Yes 70.7 63.4 31.5 12.3 8.7
Missing 0.1 0.0 0.1 0.1 0.1
Oophorectomy, %
No 476 71.3 85.1 92.1 93.3
Yes 48.9 24.3 12.0 5.7 4.9
Do not know 3.1 4.0 2.7 1.8 1.5
Missing 0.4 0.4 0.3 0.4 0.2
Full-term pregnancy, %
No 12.5 13.1 13.7 12.0 10.6
(Continued)
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Table 1. Continued
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Age at menopause
Characteristic <40y 40-44 y 45-49 y 50-54y 55+ y
Yes 86.5 86.5 85.6 879 89.1
Missing 1.0 0.4 0.7 0.1 0.2
No. of children* 2.3 (1.4) 2.4 (1.5) 2.4 (1.6) 2.6 (1.6) 2.8 (1.7)
Ever oral contraceptive use, %
No 31.4 37.1 39.1 41.7 48.5
Yes 68.4 62.8 60.8 58.2 51.3
Missing 0.2 0.1 0.1 0.1 0.2
Hypertension present, % 425 46.8 45.0 479 57.8
Antihypertensive use, %
No 46.8 51.1 478 479 53.5
Yes 0.5 0.4 0.4 0.4 0.8
Missing 52.7 485 51.9 51.7 45.8
Hypertension during pregnancy, %
No 476 51.3 53.5 55.2 575
Yes 23.6 25.5 24.6 24.8 25.5
Never been pregnant 8.2 10.1 10.7 10.3 9.2
NA 20.6 13.1 11.2 9.6 7.8
Hyperlipidemia, %
No 84.0 86.6 88.8 90.2 90.2
Yes 9.3 9.2 8.0 7.5 7.7
Do not know 6.5 4.0 3.1 2.2 2.1
Missing 0.2 0.2 0.1 0.1 0
Diabetes, %
No 96.6 96.9 97.2 96.7 95.6
Yes 3.3 3.0 2.7 3.2 4.0
Missing 0.1 0.1 0.1 0.1 0.4
Diabetes during pregnancy, %
No 72.5 77.7 78.1 79.8 82.4
Yes 4.0 2.6 2.8 2.7 1.9
Never been pregnant 9.5 10.8 11.2 10.7 9.4
Missing 14.1 8.9 7.9 6.8 6.3
Previous CVD, %
No 97.9 98.2 98.5 98.3 98.1
Yes 2 1.7 1.5 1.7 1.9
Missing 0.1 0.1 0.0 0.0 0.0

CVD indicates cardiovascular diseases; HRT, hormone replacement therapy; and IOR, interquartile range.

*Mean (SD). Other data are n (%).
tMedian (IQR).

experience a stroke at a young age. In addition, in sen-
sitivity analyses, we also included the prevalent stroke
cases to investigate the impact of this bias and we found
similar results.

Our study has some limitations. First, in our study, the
age at menopause is lower compared to the general pop-
ulation due to the age at enrollment in our cohort. Women
were aged 49 to 70 years at inclusion. Because not all
women were postmenopausal at inclusion, those women
that already went through menopause will by chance
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have had an earlier menopause. The age at menopause
was self-reported, which is prone to recall bias. However,
earlier studies reported that the validity of self-reported
menopause is good.?>?® One previous study showed that
seven years after menopause, =76% of the women could
accurately report their menopausal age,?® although preci-
sion decreased with increasing time since menopause.
The recall bias in our study is similar for women with and
without a stroke but uncertainty remains whether this
leads to underestimation or overestimation of the true
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Table 2.
Hazard Ratios

Age at Menopause and Stroke

Association Between Age at Menopause and Total Stroke, Hemorrhagic and Ischemic Strokes, Crude and Adjusted

Continuously

(
0.97 (0.47-2.00)
0.97 (0.95-0.99)

0.98 (0.95-1.00)

0.98 (0.96-1.00)

Type of stroke Age at menopause, y No. of events* HR (95% CI) model 1 HR (95% CI) (model 2)t | HR (95% CI) (model 3)%
Total <40 121 strokes 1.80 (1.45-2.23) 1.56 (1.25-1.94) 1.48 (1.19-1.85)
40-44 123 strokes 1.32 (1.07-1.64) 1.25 (1.01-1.55) 1.22 (0.99-1.51)
45-49 226 strokes 1.20 (1.00-1.43) 1.13 (0.94-1.36) 1.12 (0.93-1.34)
50-54 310 strokes 1.00 (reference) 1.00 (reference) 1.00 (reference)
55+ 51 strokes 0.81 (0.60-1.10) 0.85 (0.63-1.14) 0.86 (0.64-1.17)
Continuously 0.97 (0.96-0.98) 0.98 (0.97-0.99) 0.98 (0.97-0.99)
Ischemic <40 89 strokes 1.99 (1.55-2.56) 1.72 (1.33-2.22) 1.62 (1.25-2.10)
40-44 86 strokes 1.37 (1.07-1.77) 1.29 (1.00-1.67) 1.26 (0.98-1.62)
45-49 145 strokes 1.13 (0.91-1.41) 1.07 (0.86-1.33) 1.05 (0.84-1.31)
50-54 211 strokes 1.00 (reference) 1.00 (reference) 1.00 (reference)
55+ 40 strokes 0.93 (0.66-1.31) 0.97 (0.68-1.37) 0.98 (0.69-1.39)
Continuously 0.97 (0.96-0.98) 0.98 (0.96-0.99) 0.98 (0.97-0.99)
Hemorrhagic <40 21 strokes 1.77 (1.04-3.01) 1.51 (0.88-2.59) 1.42 (0.82-2.44)
40-44 24 strokes 1.568 (0.95-2.62) 1.47 (0.88-2.45) 1.44 (0.86-2.40)
45-49 58 strokes 1.86 (1.20-2.89) 1.75 (1.13-2.72) 1.73 (1.11-2.68)
50-54 50 strokes 1.00 (reference) 1.00 (reference) 1.00 (reference)
55+ 10 strokes 1.02 (0.49-2.10) 1.07 (0.562-2.20)
( (

BMI indicates body mass index; and HR, hazard ratio.
*The no. of cases is the average of 10 imputed datasets. Due to rounding there can be small differences in the no. of cases.
tHR-AGE represents HRs adjusted for age at enroliment.

+HR-all represents HRs adjusted for age at enrollment, smoking, systolic blood pressure, and BMI.

effect. In addition, several studies have reported that
~95% of the women can accurately report whether they

experienced natural or surgical menopause.?

Second, we considered women who experienced
hysterectomy as surgically postmenopausal, which may
have led to misclassification bias. However, it has been
reported that in women above B0 years of age, 78%
of the hysterectomies include bilateral oophorectomy.?”

Also women with unilateral oophorectomy were classi-
fied as postmenopausal, which could affect the reported
association.

Third, in this study, 97 strokes were unclassified
because the medical specialists in the hospital did not
specify the information on the type of stroke. This may
have affected our statistical power in the subgroup anal-
yses for ischemic and hemorrhagic stroke. In addition,

Table 3. Association Between Age at Menopause and Total Stroke Risk by Type of Menopause, Crude and Adjusted Hazard
Ratios
Type of menopause Age at menopause, y No. of events* HR (95%CI) model 1 HR (95% CI) model 2+ HR (95% Cl) model 3%
Natural <40 24 strokes 2.08 (1.31-3.15) 1.88 (1.22-2.92) 1.74 (1.12-2.70)
40-44 51 strokes 1.36 (1.00-1.87) 1.31 (0.96-1.80) 1.24 (0.91-1.70)
45-49 171 strokes 1.29 (1.05-1.58) 1.22 (0.99-1.49) 1.19 (0.97-1.46)
50-54 276 strokes 1.00 (reference) 1.00 (reference) 1.00 (reference)
55+ 47 strokes 0.81 (0.59-1.11) 0.85 (0.62-1.16) 0.86 (0.63-1.18)
Continuously 0.96 (0.94-0.98) 0.96 (0.95-0.98) 0.97 (0.95-0.99)
Surgical <40 97 strokes 1.47 (0.99-2.19) 1.26 (0.84-1.89) 1.26 (0.84-1.89)
40-44 72 strokes 1.12 (0.74-1.68) 1.03 (0.68-1.55) 1.07 (0.71-1.62)
45-49 55 strokes 0.88 (0.57-1.35) 0.83 (0.54-1.27) 0.86 (0.56-1.33)
50-54 34 strokes 1.00 (reference) 1.00 (reference) 1.00 (reference)
55+ 4 strokes 0.88 (0.31-2.48) 0.91 (0.32-2.57) 0.94 (0.33-2.65)
Continuously 0.98 (0.96-0.99) 0.98 (0.97-1.00) 0.99 (0.97-1.00)

BMI indicates body mass index; and HR, hazard ratio.
*The no. of cases is the average of 10 imputed datasets.
tHR-AGE represents HRs adjusted for age at enrollment.

$HR-all represents HRs adjusted for age at enroliment+smoking+systolic blood pressure+BMI.

Stroke. 2021;52:2583-2591. DOI: 10.1161/STROKEAHA.120.030558

August 2021

2589

$3IN3IIS
NOILYINdOd ANY TVIINITD



CLINICAL AND POPULATION
SCIENCES

Welten et al

follow-up on stroke events were obtained through regis-
tries collected by medical professionals upon discharge
of the patient (one main diagnosis and up to 10 sec-
ondary diagnoses, reflecting current medical practice).
However, we do not have information on the diagnostic
work-up. Finally, a relatively small number of identified
strokes were hemorrhagic, and after dividing them into
menopausal age categories, only limited cases were
available for analyses. The lower power for hemorrhagic
strokes possibly explains why similar hazard ratios were
not statistically significant.

In this study, we found that an earlier age at meno-
pause is significantly associated with an increased risk of
total and ischemic stroke but not significantly with hem-
orrhagic stroke. This is not in line with a recent systematic
review and meta-analysis that found no significant asso-
ciations between earlier age at natural menopause and
ischemic and total stroke. They concluded that women
who were older at the onset of natural menopause (=55
years) had a higher risk of hemorrhagic stroke (pooled
relative risk, 2.24 [95% Cl, 1.19-4.21]) in comparison
with women with a menopausal age between 50 and 54
years. However, although in this systematic review, 78
studies were included, in the analysis they only pooled
a limited number of studies together due to a variety of
reference categories. Furthermore, the included stud-
ies observed a limited number of events.'3?829 All other
observational studies that we are aware of were included
in this systematic review, and most of them were not in
line with our findings.'**9%¢ However, most of the stud-
ies assessed stroke mortality'#3°-3¢ or looked at natural
menopause only,'*393336 and 4 of the studies did not
adjust for smoking,®'~3* although this is a strong risk fac-
tor for both ages at menopause and stroke. We found
that early age at menopause is significantly associated
with a higher risk of stroke when menopause at 50 to 54
years was used in the reference category, this is in line
with the results of the Framingham cohort study.*

Very recently, a pooled analysis of individual patient
data of 301438 women among 15 observational studies
showed that women with an earlier age at natural meno-
pause had an increased risk of stroke (HR, 1.72 [95%
Cl, 1.43-2.07]) in comparison with women with a meno-
pausal age of 50 to 51 years.®” This finding is in line with
our results (HR, 1.74 [95% Cl, 1.12-2.70]). Although, in
this study, they only focused on natural menopause.

We did not observe a significant association
between surgical menopause and total stroke risk. This
is in line with another study that investigated the rela-
tionship between earlier age at surgical menopause
and total and hemorrhagic stroke risk.”® In contrast,
a Swedish study among patients who underwent an
oophorectomy between 18 and 49 years of age found
significantly higher risks of stroke (HR, 1.47 [95% Cl,
1.16-1.87]) compared with women without a hysterec-
tomy or oophorectomy.®® The reason for this difference
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in results could be attributed to the categorization of
menopausal age categories. In our study, we looked
specifically to an earlier age at menopause, that is,
under the age of 40 years, whereas in this study, an
age between 18 and 49 years was used. In addition,
information on smoking status was lacking in that
study, so it is possible that the observed association
was confounded by smoking.

CONCLUSIONS

In summary, in this Dutch population, we showed that
early menopause is associated with an increased risk of
total and ischemic stroke. Whether this should have clini-
cal consequences such as intensified risk factor control
should be subject of further studies.
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