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Abstract
Objective—The general consensus has been that estrogen is invariably a risk factor for ischemic
stroke (IS). We reviewed new observational studies that challenge this simple conclusion.

Methods—This was a review of observational studies of the association of premature or early
menopause with stroke or IS published in English from 2006 through 2010.

Results—Three cohort studies showed an increased risk of all stroke in women who underwent
bilateral oophorectomy compared with women who conserved their ovaries before age 50 years.
The increased risk of stroke was reduced by hormonal therapy (HT) in one of the studies,
suggesting that estrogen deprivation is involved in the association. Four additional observational
studies showed an association of all stroke or IS with the early onset of menopause or with a
shorter lifespan of ovarian activity. In three of the seven studies, the association was restricted to
IS. Age at menopause was more important than type of menopause (natural vs induced).

Conclusions—The findings from seven recent observational studies challenge the consensus
that estrogen is invariably a risk factor for IS and can be reconciled by a unifying timing
hypothesis. We hypothesize that estrogen is protective for IS before age 50 years and may become
a risk factor for IS after age 50 years or, possibly, after age 60 years. These findings are relevant to
women who experienced premature or early menopause, or to women considering prophylactic
bilateral oophorectomy before the onset of natural menopause.
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The general consensus has been that estrogen is invariably a risk factor for ischemic stroke
(IS).1–9 For example, the Women’s Health Initiative (WHI) clinical trials reported
deleterious effects on IS for estrogen alone or combined with progestin for women older
than age 50 years.1,4 These findings were later confirmed by observational data from the
Nurses’ Health Study (NHS).6 This review was prompted by the publication of deleterious
effects of hormone therapy (HT) on IS from the WHI and the NHS.1,4,6

New data suggest that the effects of estrogen on the progression of atherosclerosis and on
the risk of cardiovascular disease (CVD) vary by age at onset of menopause or by age at
initiation of exogenous HT, and the effects of estrogen are beneficial rather than harmful at
younger ages. This concept has been named the timing hypothesis or window of opportunity
hypothesis.10–15 We critically reviewed findings from observational studies of natural or
surgically induced premature or early menopause published in the last 5 years to explore the
timing hypothesis in relation to estrogen and IS. We also propose a unifying theory for the
effects of estrogen on IS across age.

METHODS
Review strategy

PubMed was searched for articles published in English between January 1, 2006, and
December 31, 2010, using combinations of the following keywords: “estrogen”,
“estrogens”, “oophorectomy”, “ovariectomy”, “premature menopause”, “menopause”, and
“stroke”. The search was restricted to articles regarding adult women (aged 19 years or
older), indexed in MEDLINE, and written in English. The full abstracts of all of the
publications identified were reviewed to identify original reports of observational studies of
interest. We also performed a manual search for additional references cited in the articles
selected. We focused our review on IS whenever the data were reported separately by type
of stroke.

In this review, premature menopause refers to menopause that occurs before age 40 years,
and early menopause refers to menopause that occurs between age 40 and 45 years, both
ranges being well below the average age of natural menopause (age 51 y).16,17 Premature
menopause or early menopause can be spontaneous or induced; if induced, it can be due to
medical interventions such as chemotherapy or surgical interventions such as bilateral
oophorectomy. The most common cause of premature or early menopause is bilateral
oophorectomy.

Data analyses
Data presented in tables and figures were derived directly from published findings, with
some exception. For studies related to premature or early menopause, we also computed
measures of association based on a complementary definition of exposure. These inversions
were applied to make data about estrogen before menopause (naturally produced) or after
menopause (given as HT) directly comparable (associations for estrogen present vs estrogen
absent). Thus, for example, instead of using the relative risk for early versus late menopause,
we used the relative risk for late versus early menopause. In this review, we have used age
50 years as a simple approximate age cutoff for natural menopause because the average age
of natural menopause in the United States is 51.4 years.16,17
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RESULTS
Outcome of the literature search

Of 151 articles retrieved from MEDLINE, only 7 met the criteria for inclusion (original
reports of observational studies of the association of premature or early menopause with
stroke). Comments about particular strengths or weaknesses of the studies and about biases
or confounding are described below; however, no studies were excluded because of
methodological characteristics. Table 1 and Figure 1 summarize all of the studies of the
association of premature or early menopause with the risk of IS identified by our search (in
order of publication from 2006 through 2010).

Findings from individual studies
The Japan Collaborative Cohort (JACC) Study showed a 32% increased risk of all stroke
mortality in women who experienced later menarche (age ≥ 17 y) compared with women
with earlier menarche (age ≤ 13 y). In addition, the study showed a 21% increased risk of all
stroke mortality for women with younger age at menopause (≤44 y vs ≥ 51 y), regardless of
the type of menopause (natural vs induced). However, neither of these hazard ratios was
statistically significant.18 A Spanish case-control study of non-cardioembolic IS showed a
51% increased odds ratio for a shorter lifespan of ovarian activity (<34 y between
menopause and menarche).19

The Mayo Clinic Cohort Study of Oophorectomy and Aging showed a 44% increased long-
term risk of CVD including stroke in women who underwent oophorectomy before
menopause.15 However, women who underwent bilateral oophorectomy before age 45 years
but received HT through age 45 years did not experience an increased risk of CVD including
stroke.15 These analyses stratified by treatment suggest that the association of oophorectomy
with increased CVD mortality may be mediated by the premature estrogen deficiency
caused by oophorectomy. The risk for all stroke was increased 22%; however, the
association did not reach statistical significance. The Mayo Clinic study examined mortality
rather than morbidity and did not separate IS from hemorrhagic stroke. Therefore, the
association of oophorectomy with stroke risk may have been underestimated.15 Finally,
information about possible cardiovascular risk factors at baseline or genetic confounding
factors was not available.

The NHS showed a 19% increased risk of stroke in women who underwent hysterectomy
with bilateral oophorectomy before age 45 years compared with women who underwent
hysterectomy but conserved their ovaries. The finding was not statistically significant after
multivariable adjustment. However, the study showed a statistically significant 149%
increased risk of all stroke in women who underwent hysterectomy with bilateral
oophorectomy before age 50 years and did not receive HT (Table 1; Fig. 1).20 Therefore, the
NHS showed that age at the time of bilateral oophorectomy is important and that the use of
HT may reduce the effect of oophorectomy on the risk of stroke. The NHS provided
observational evidence that the association of oophorectomy with increased risk of stroke
may be mediated by the premature estrogen deficiency caused by oophorectomy.
Unfortunately, IS was not separated from hemorrhagic stroke, and the association of
oophorectomy and stroke may have been underestimated.20

To address the concern that the increased risk of stroke after oophorectomy could be due to
confounding by some other cardiovascular risk factor, the analyses in the NHS were
adjusted by history of diabetes, high blood pressure, hypercholesterolemia, smoking, alcohol
consumption, physical exercise, body mass index, and use of aspirin. In addition, to control
for possible genetic confounding factors, the investigators included in the regression models
family history of myocardial infarction before age 60 years and family history of breast
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cancer. Finally, they included in the regression models parity, tubal ligation, use of oral
contraceptives, and use of HT (when applicable).21 These adjustments did not eliminate the
association.

The Framingham study showed a 103% increased risk of IS in women who experienced
natural menopause before age 42 years compared to women with later menopause, and a
trend of increasing risk of IS with decreasing age at the time of natural menopause.22 A
second, more recent Japanese study showed a 56% increased risk of all stroke and a 157%
increased risk of IS in women who experienced either natural or surgical menopause before
age 40 years (vs 50 to 54 y). Results did not vary after adjustment for age, hypertension,
cholesterol level, body mass index, smoking, and alcohol consumption.23 Finally, a recent
nationwide Swedish cohort study showed a 47% increased risk of stroke in women who
underwent hysterectomy plus bilateral oophorectomy before age 50 years compared to
women who did not have either of the surgeries.24

A new cohort study conducted as part of the WHI Observational Study was published in
2011 and is outside of the time frame of this formal review (2006 to 2010).25 The results are
summarized here for completeness. This study showed a 13% increased risk for all stroke in
women who underwent hysterectomy plus bilateral oophorectomy before age 40 years
compared to hysterectomy alone, and a 44% increased risk for women who had the
oophorectomy before age 40 years but did not receive HT. In addition, the hazard ratio for
stroke declined with increasing age at the time of oophorectomy among women who did not
receive subsequent HT (44% for age <40 y; 35% for ages 40 to 49 y; 37% for age ≥ 50 y;
data not shown in Table 1, Fig. 1, and Fig. 2).25 Because none of these hazard ratios reached
statistical significance, the authors concluded that oophorectomy is not associated with an
increased risk of stroke. Unfortunately, the study did not have adequate power to test for the
associations reported and suffered from additional limitations partly acknowledged by the
authors.25

Possible biases or confounding
Because these seven studies showing a consistently increased risk of all stroke or IS in
women who experienced early or premature menopause (either naturally or surgically
induced) were observational, we cannot exclude the possibility that findings were caused by
bias or confounding. The major concern about confounding by other risk factors for IS that
were present at baseline is adequately addressed by the multivariable analyses in both the
NHS and one of the Japanese studies that included most conventional cardiovascular risk
factors.23,26 The multivariable analyses in the NHS also partly addressed the concern about
confounding by genetic factors (inclusion of family history variables).26 Finally, analyses in
the nationwide Swedish study were adjusted for socioeconomic status.24

It remains uncertain whether premature or early menopause causes an increased risk of IS
because of the reduction in circulating estrogen or through some other hormonal effect such
as a decrease in circulating progesterone or testosterone, or an increased production of
gonadotropins. However, the relatively lower risk of CVD for women who received HT in
the Mayo Clinic study, and the reduced risk of stroke for women who received HT in the
NHS, suggests that estrogen is a key mediator of the effects of bilateral
oophorectomy.15,20,27

Ischemic versus hemorrhagic stroke
Stroke is generally classified as ischemic, including embolic and thrombotic mechanisms, or
hemorrhagic, including subarachnoid or intracerebral locations.28,29 Because the
pathogenetic mechanisms of ischemic and hemorrhagic stroke are different, we might expect

Rocca et al. Page 4

Menopause. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



different effects of estrogen on different types of stroke. The increased risk associated with
early natural menopause was limited to IS in the Framingham cohort study.22 The
association with early natural or surgical menopause was stronger for IS than for all types of
stroke combined in one of the Japanese cohort studies (157% increase vs 56% increase).23

The association with a shorter lifespan duration of ovarian activity was also limited to IS in
the Spanish case-control study.19 In summary, the association appears to be restricted to IS
in studies that considered IS separately from hemorrhagic stroke.

Age versus type of menopause
It remains unknown whether age at menopause (and corresponding onset of estrogen
deficiency) is the only predictor of the risk of IS or whether the type of menopause is also
important.30 On the one hand, women who undergo premature or early natural menopause
may have some underlying processes that caused the early ovarian insufficiency and that
may also increase the risk of IS above and beyond the effect of estrogen deficiency. On the
other hand, women who undergo bilateral oophorectomy experience a more abrupt drop in
circulating ovarian hormones and a more severe disruption of the hypothalamic-pituitary-
ovarian axis.16,27

The studies summarized in Table 1 and Figure 1 suggest that the increased risk of stroke or
IS is observed both for women who underwent premature or early natural
menopause18,19,22,23 and for women who underwent bilateral oophorectomy.15,21,23,24 This
pattern suggests that age at estrogen deficiency is a major determinant of risk; however, we
cannot exclude that type of menopause may further modify the magnitude of the association.

DISCUSSION
Our review of observational studies of women experiencing premature or early menopause
suggested that lack of endogenous estrogen is associated with an increased risk of IS and
that HT before age 50 years may partly offset the increased risk. These findings are in clear
contrast with the general consensus that estrogen is invariably a risk factor for IS.1–9 For
example, the experimental data from the WHI clinical trials and the observational data from
the NHS are remarkably consistent and indicate that estrogen (primarily conjugated equine
estrogens) used alone or in combination with a progestin at the dosage of 0.625 mg/day and
administered orally after age 50 years is a risk factor for IS.1,4,6 The same conclusion was
reached by three meta-analyses of clinical trials of HT and risk of stroke.2,5,7

The apparent contradiction in the results of studies of endogenous estrogen or HT before age
50 years with the results of studies of HT after age 50 years may be explained by the timing
hypothesis. In Figure 2, we combined the observational findings from this review with the
findings from the NHS cohort and the WHI clinical trials to illustrate our proposal for a
unifying theory. The data presented in Figure 2 are compatible with the theory that estrogen
has protective effects before age 50 years and deleterious effects after age 50 years
(particularly if used orally at 0.625 mg/day of conjugated estrogens). Observational data and
experimental data are shown separately.

The timing hypothesis for estrogen and IS may be shifted by approximately 10 years
compared with the timing hypothesis for estrogen and coronary heart disease. For women
aged 50 to 59 years, oral estrogen at a dose equivalent to 0.625 mg/day of conjugated
estrogens is possibly beneficial for coronary heart disease but is a risk factor for IS.12–14 By
contrast, for women who underwent premature or early menopause, oral estrogen taken
before age 50 years may be safe and beneficial for both coronary heart disease and IS.15,26
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The reasons for this 10-year shift in risk remain unexplained and may be interpreted as
evidence against the timing hypothesis. By contrast, the shift may be caused by the
heterogeneity of IS mechanisms. Approximately 15% to 30% of IS is due to large vessel
disease, 15% to small vessel disease, 30% to cardiac causes (cardioembolism), 5% to other
defined causes, and the remaining IS has undetermined (or cryptogenic) etiology.31,32

Because estrogen induces several beneficial anti-atherogenetic and vasoprotective effects as
well as detrimental pro-thrombotic and pro-inflammatory effects, estrogen might modify the
risk of IS differentially, based on IS subtype.13,33,34 In addition, the balance of these
differential effects might vary with age. Thus, the pathogenetic mechanisms leading to IS
are more heterogeneous than those leading to coronary heart disease.29,35 For example, it is
possible that HT between the ages of 50 and 59 years increases the short-term risk of IS due
to cardiac sources of emboli, despite offering a long-term protective effect against
atherosclerotic disease progression in large vessels and small vessels of the brain and heart.
Under this hypothesis, the different risk for stroke and coronary heart disease associated
with HT at ages 50 to 59 years may be in part due to the differential mechanisms of
cardioembolic IS.31,32

On the other hand, a 2011 report from the WHI clinical trials considering a post-intervention
phase of follow-up showed that the use of unopposed estrogen for a median of 5.9 years in
women with hysterectomy was not associated with an increased risk of stroke or any other
adverse outcomes after 10.7 years of follow-up.36,37 In addition, women experienced a
significantly decreased risk of breast cancer. Approximately 40% of the women in this WHI
trial had undergone bilateral oophorectomy along with hysterectomy.36 These new findings
may suggest that estrogen is not a long-term risk factor for IS in women treated with
estrogen alone at ages 50 to 59 years, and that the timing hypothesis for estrogen and IS may
be synchronous with the timing hypothesis for estrogen and coronary heart disease (rather
than shifted 10 y earlier as discussed above).

The beneficial effects of estrogen on blood vessels and on the overall cardiocirculatory
system shown in studies of tissue cultures, small mammals, and primates have been
reviewed in detail elsewhere.10,13,33,34,38–44 Additional biological mechanisms specific for
the protection of neuronal or glial cells against brain ischemia have also been reviewed
elsewhere.45,46 These beneficial effects of estrogen are probably acting over the full lifespan
of women, so that an adequate amount of endogenous or exogenous estrogen early in life
may change the overall trajectory of atherosclerosis and vascular aging, and may reduce the
risk of IS 30 or 40 years later (long-term protective effects). By contrast, the deleterious
effects of HT after age 50 years on the risk of IS appear to be related to pro-thrombotic and
pro-inflammatory effects and tend to be more proximate or contemporary to the ischemic
event (short-term deleterious effects).13,33,34

CONCLUSIONS
Our review of observational studies of the association of premature or early menopause with
risk of stroke suggests that estrogen is protective for stroke in women younger than age 50
years. These findings have two clinical implications. First, women considering bilateral
oophorectomy for the prevention of cancer should include the increased risk of IS in the
assessment of risks and benefits of the surgery.15,20,47 Second, women who experienced an
early estrogen deficiency, before approximately age 45 years, either naturally or because of
medical or surgical interventions, should consider taking HT unless there is a clear contra-
indication.16,48,49 Unfortunately, the results from the WHI clinical trials have been
inappropriately extrapolated from women who were older than age 50 years at the time of
initiation of treatment to younger women, and many women have discontinued HT or
avoided starting HT at all ages, including women younger than age 50 years.50–55
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FIG. 1.
Summary of observational studies on the association of premature or early menopause with
risk of stroke. The relative risks estimated by OR or HR and 95% confidence interval were
plotted using a logarithmic scale. aA length of 34 years of ovarian activity corresponds to
the occurrence of estrogen deficiency at approximately age 46 years, assuming a median age
at menarche of 12 years. HT = hormone therapy; JACC = Japan Collaborative Cohort Study;
NHS = Nurses’ Health Study.
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FIG. 2.
Illustration of a unifying theory for the effects of estrogen on ischemic stroke across age
(timing hypothesis). The relative risks estimated by OR or HR and 95% confidence interval
for estrogen present versus estrogen absent were plotted using a logarithmic scale. Studies or
strata were grouped into three blocks by age and study design: observational studies before
age 50 years (from this review, with inversion of the definition of exposure to compare later
menopause vs earlier menopause), observational studies of HT after age 50 years (using the
NHS as an example), and experimental studies of HT after age 50 years (using the WHI
clinical trials as an example). Most studies focused on ischemic stroke but some considered
all stroke (see Table 1 for details of studies before age 50 y). E = estrogen; E + P = estrogen
plus progestin therapy; HT = hormone therapy; JACC = Japan Collaborative Cohort Study;
NHS = Nurses’ Health Study; WHI = Women’s Health Initiative.
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