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Abstract
Stroke has a greater effect on women than men because women have more events and are less likely
to recover. Age-specific stroke rates are higher in men, but, because of their longer life expectancy
and much higher incidence at older ages, women have more stroke events than men. With the
exception of subarachnoid haemorrhage, there is little evidence of sex differences in stroke subtype
or severity. Although several reports found that women are less likely to receive some in-hospital
interventions, most differences disappear after age and comorbidities are accounted for. However,

Correspondence to: Mathew J Reeves, Department of Epidemiology, Michigan State University, B614 West Fee Hall, East Lansing, MI
48824, USA, reevesm@msu.edu.
For the Centers for Disease Control and Prevention WONDER database see http://wonder.cdc.gov/welcome.html
Contributors: MJR, CDB, and GH developed the overall rationale for the collaboration and developed a detailed outline for the
manuscript. MJR was responsible for coordinating the writing group and took primary responsibility for editing and formatting the final
version. MJR was also the primary author for the sections on prehospital and in-hospital delays and on future research. CDB was the
primary author for the sections on biological origins for sex differences in stroke and on clinical characteristics at stroke onset. GH was
the primary author for the section on epidemiology. JWG was the primary author for the section on functional outcomes and quality of
life. PWD was the primary author for the section on rehabilitation and post-stroke recovery. GL was the primary author for the section
on sex differences in stroke preventive care. AK was responsible for searching for literature, drafting the section on prehospital and in-
hospital delays, and manuscript preparation. LL was the primary author for the section on sex differences in acute stroke care. All authors
provided editorial comments on draft versions, and approved the final version for submission.
Conflicts of interest: PWD has received consultancy fees from the American Heart Association and GlaxoSmithKline. All other authors
have no conflicts of interest.

NIH Public Access
Author Manuscript
Lancet Neurol. Author manuscript; available in PMC 2009 April 5.

Published in final edited form as:
Lancet Neurol. 2008 October ; 7(10): 915–926. doi:10.1016/S1474-4422(08)70193-5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://wonder.cdc.gov/welcome.html


sex disparities persist in the use of thrombolytic treatment (with alteplase) and lipid testing.
Functional outcomes and quality of life after stroke are consistently poorer in women, despite
adjustment for baseline differences in age, prestroke function, and comorbidities. Here, we
comprehensively review the epidemiology, clinical presentation, medical care, and outcomes of
stroke in women.

Introduction
There is growing recognition of the clinical and public health importance of stroke in women.
1 Although age-specific stroke incidence and mortality rates are higher in men than in women,
stroke affects a greater number of women because of their increased longevity and the fact that
stroke event rates increase substantially in the oldest age groups. Moreover, stroke-related
outcomes, including disability and quality of life (QOL), are consistently poorer in women
than in men, yet the reasons for this are not well understood. The societal impact of poor stroke
outcomes in women is compounded by the fact that elderly women are much more likely to
live alone and to be socially isolated.

The importance of the differential effect of stroke on women will continue to grow over
subsequent decades as an increasingly older population results in an ever greater number of
stroke events in women. Because of this oncoming epidemic, the stroke community needs to
address the underlying biological, epidemiological, and clinical causes and manifestations of
stroke in women. Our aim is to provide a comprehensive review of the published literature on
sex differences in stroke, with specific emphasis on the epidemiology, clinical presentation,
medical care, and outcomes. In turn, we hope to raise awareness of the important sex differences
in stroke, and to identify priority areas for further research.

Descriptive epidemiology
Mortality

Between 1999 and 2004, the US age-adjusted (year 2000 standard) stroke mortality rate was
about 3% lower in white women aged over 25 years (82.4 per 100 000) than in white men (84.8
per 100 000), and 13% lower in black women (111.1 per 100 000) than in black men (128.3
per 100 000; data from the Centers for Disease Control and Prevention WONDER database).
However, these sex differences are strongly modified by age (figure 1). Below the age of 45
years, stroke mortality for women and men is similar, but women aged 45–74 years have a
substantially lower risk of stroke mortality than do men (about 25–35% lower for black women
and 20% lower for white women). This benefit for women declines in older age groups, such
that black and white women aged 85 years and older have 12% and 14% higher mortality than
do men, respectively (figure 1). Age-adjusted data therefore obscure the complex relation of
sex differences at specific ages, and mask the higher stroke mortality for elderly women.

The focus on age-adjusted and age-specific stroke mortality rates also conceals the greater total
number of stroke deaths in women. The excess number of deaths in women results from the
higher mortality in older women and their disproportionate representation in the population.
At the age of 50 years, the female:male population ratio is 1.01, but this increases to 1.19 at
70 years, 1.56 at 80 years, and 2.70 at 90 years.2 Figure 2 illustrates the joint effect of the higher
stroke mortality and preponderance of women at older ages for whites (patterns are similar for
other racial groups). In 2000, in the USA there were marginally fewer stroke deaths among
white women than men below the age of 65 years (13 132 vs 14 629). However, there were
approximately 7500 more stroke deaths in women aged 75–84 years, and nearly 26 000 more
stroke deaths in women aged over 85 years. The net result of this interplay between the age-
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specific rates and population size is nearly 80 000 stroke deaths in white women and 48 000
in white men, an excess of 67% in women.

The greater burden of stroke deaths in women is predicted to be even higher in the future.
Figure 2 applies the current US stroke mortality data to the US Census Bureau population
projections,2 and projects sex-specific stroke deaths among whites through to 2050 (again,
other race groups have similar patterns). The 32 000 excess stroke deaths in women in 2000
steadily increases to nearly 68 000 by 2050.

Incidence
Similar to age-adjusted mortality, women have an overall lower age-adjusted stroke incidence
than men.3 Unfortunately, few data are available that describe sex differences in age-specific
stroke incidence. Figure 3 shows age-specific female:male incidence ratios in whites and blacks
from the Greater Cincinnati–Northern Kentucky Stroke Study (GCNKSS).4 Apart from a
higher incidence in women aged 34 years and younger, incidence ratios follow a similar pattern
to the mortality ratios (ie, protection for women aged 45–74 years, but not for those aged above
75 years). With fewer blacks in the GCNKSS, the pattern is less consistent. Similarly, a
population-based study in Sweden found stroke incidence to be 60% lower for women than
men at ages 55–64 years, but by the age of 75 years women had a 50% higher incidence than
men.5 The Oxford Vascular Study also showed lower ischaemic stroke incidence for women
than men aged 55–74 years, but higher incidence for women aged 85 years and older.6

The projections describing sex differences in the number of incident strokes are similar to the
mortality data. Applying the current GCNKSS stroke incidence to the 2000 US population
estimates gives an estimated 82 000 incident stroke events in white women and 49 000 events
in white men, and in 2050, an estimated 198 000 events in white women compared with 129
000 events in white men.

Case fatality
Reports assessing sex differences in stroke case fatality are surprisingly variable, with many
providing little evidence of a substantial difference,6–10 some showing higher case fatality,
11,12 and some reporting lower case fatality in women.13,14 The WHO MONICA Project15 (18
European and Asian populations) showed that 28-day stroke case fatality was mostly either
equivalent or higher in women than in men. Higher case fatality in women was shown in the
International Stroke Trial,12 which randomly assigned 8003 women and 9367 men to aspirin
or heparin, or both; 14-day case fatality in women was 11.0% compared with 8.7% in men,
and 6-month case fatality was 24.5% in women and 19.3% in men. However, adjustment for
baseline differences in age, stroke severity, atrial fibrillation, and blood pressure resulted in
significantly lower 6-month mortality in women (odds ratio [OR] 0.90, 95% CI 0.83–0.98). A
similar effect was seen in a national study from Denmark, which showed higher crude stroke
case fatality in women, but a 17% lower rate (hazard ratio 0.83, 0.78–0.98) after adjustment
for baseline differences in age, stroke severity, subtype, and risk factors.16 These studies
suggest that baseline differences in age, stroke characteristics, and cardiovascular risk factors
account for much, if not all, of the observed sex differences in case fatality.

Prevalence
Little information exists on sex differences in stroke prevalence. A 2005 study based on the
Behavioral Risk Factor Surveillance System, a nationwide telephone survey of over 352 000
US residents, found a similar stroke prevalence in women (2.5%) and men (2.7%). However,
because of the preponderance of women at older ages, the estimated total number of stroke
survivors was higher for women (3.1 million) than for men (2.7 million).17 Again, the
possibility of age-specific sex differences might give misleading summary measures. Figure
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4 provides the female:male ratio of prevalent strokes from previously unreported data from the
REGARDS (REasons for Geographic And Racial Differences in Stroke) study.18 For blacks
and whites, fewer women than men have prevalent stroke at young ages (45–54 years);
however, with increasing age this difference is eliminated, such that among those aged 85 years
and older there are almost three times more black women than men with stroke, and double in
whites.

Biological origins for sex differences in stroke
The most common biological explanation for sex differences in stroke is related to sex steroid
hormones, particularly oestrogen. This hypothesis is supported by robust sex differences in
animal models of ischaemic stroke. For example, after middle cerebral artery occlusion in
rodents, females have smaller stroke volumes than have males. However, ovariectomised
females have similar stroke volumes to males, whereas volumes in ovariectomised females
given oestrogen replacement are similar to intact females.19,20 Oestradiol has very potent
effects on endothelia that promote dilation and blood flow, whereas testosterone has the
opposite effects.21 Similarly, cerebrovascular reactivity is the most robust in premenopausal
women, but postmenopausal women have poorer responses than age-matched men. Post-
menopausal women receiving oestrogen replacement therapy have reactivity responses similar
to pre-menopausal women.22 In addition to vascular effects, oestrogen has anti-inflammatory
effects that might be modulated by antioxidant and antiapoptosis effects.23 All of these findings
suggest that women are protected by endogenous oestrogens. As a putative neuroprotective
agent, oestradiol might be the most widely studied molecule, and yet it has never been tested
in patients with acute stroke.1

Human studies of hormone therapy have focused on disease prevention rather than acute
treatment. Two randomised trials in women with established cardiovascular disease found no
benefit of hormone therapy. The Heart and Estrogen-progestin Replacement Study found that,
in postmenopausal women with coronary heart disease, exogenous oestrogen and progesterone
did not reduce the risk of coronary events.24 In the Women Estrogen Stroke Trial, exogenous
oestrogen did not reduce the risk of stroke or mortality among postmenopausal women with a
history of stroke or transient ischaemic attack.25 Among healthy post-menopausal women in
the Women's Health Initiative (WHI) study, exogenous oestrogen increased the risk of stroke.
26,27 The negative findings of these clinical trials are still poorly understood, but are in sharp
contrast to the protective effects of oestradiol seen in animal studies, and the direct protective
vascular effects in human studies. These results also conflict with previous epidemiological
studies that have shown consistent protective effects against risk for cardiovascular disease,
28 although most of these studies have not shown protective effects against stroke. One
explanation for the negative results of these trials is that most of the participants were well past
menopause at the time of enrolment (eg, mean age of WHI participants was 64 years). A follow-
up secondary analysis of the WHI trial showed that, within 5 years of menopause, oestrogen
protected against heart disease but not stroke.29 Clearly, many important questions remain
about the relation between stroke, menopause, and the use and timing of hormone therapy.

Sex differences in the response to injury and cell death have been shown without the direct
influence of sex steroid hormones. For instance, marked sex differences have been observed
in cultures of XX (ie, female) and XY (ie, male) cells tested in steroid-free media in vitro. XY
cultures seem to be more susceptible to excitotoxic cell death, whereas XX cells are more
sensitive to pro-apoptotic (programmed) cell death.1 These findings suggest that the
development of new neuroprotective drugs should account for the possibility of sex differences
in the mechanism and response to stroke injury. Future research should consider the importance
of the neurovascular unit and the signalling processes that occur among the glia, neurons, and
endothelium components.30 There might be sex differences in the neurovascular unit that
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determine the response to therapies such as alteplase. Previous studies have shown greater
effectiveness of intravenous therapy in women,31,32 although interestingly, similar differences
have not been found for intra-arterial alteplase.33,34

Clinical characteristics at stroke onset
At least two studies have shown that women have worse prestroke disability than men.11,35

Women are also more likely to be living alone or to be in an assisted living arrangement or a
nursing home before their stroke event.7,11,35 Men and women with stroke differ with respect
to the prevalence of stroke risk factors. Women with stroke are older at onset (by an average
of about 4 years), and are more likely to have atrial fibrillation and hypertension, whereas men
with stroke are more likely to have a history of heart disease, myocardial infarction, peripheral
arterial disease, diabetes, and alcohol and tobacco use.8–12

Although both diabetes and metabolic syndrome are recognised to increase the risk of
ischaemic stroke in men and women,36 studies point to both risk factors having a greater effect
in women.37,38 For example, a population-based study in Denmark found that type 2 diabetes
doubled the risk of stroke in men across all age groups, whereas in women the effect of diabetes
on stroke risk was significantly higher (risk ratio [RR] 2.5–6.5).39 Although the prevalence of
metabolic syndrome (the clustering of obesity, abdominal obesity, dyslipidaemia,
hypertension, and high plasma glucose) is similar in men and women,40 its effect on stroke in
women is greater. A recent study found that metabolic syndrome doubled the risk of ischaemic
stroke in women but had no effect in men.41 Women with metabolic syndrome are also more
likely to develop subclinical atherosclerosis earlier than are men with the syndrome.42 The
contribution of specific disorders to metabolic syndrome is different in men and women,43 and
this difference seems to modify the risk of vascular disease.44

Migraine is an independent risk factor for stroke. In a recent meta-analysis of 14 observational
studies, stroke risk in people with migraine was more than doubled (RR 2.16, 95% CI 1.89–
2.48).45 The risk of stroke associated with migraine was even higher in women under the age
of 45 years (RR 2.76, 2.17–3.52), and in women who used oral contraceptives (RR 8.72, 5.05–
15.05).

Some stroke risk factors are specific to women of reproductive age. A recent meta-analysis
concluded that oral contraceptive use increases ischaemic stroke risk by almost three times
(RR 2.75, 95% CI 2.24–3.38), although the absolute risk is still small (one stroke per 24 000
women per year).46 Pregnancy results in haemostatic changes, including increases in clotting
factors and decreases in anticoagulants and fibrinolytic activity, which increase the risk of
thrombosis.47 Overall, the incidence of pregnancy-related stroke is low; a recent estimate
derived from the US Nationwide Inpatient Sample was 34.2 per 100 000 deliveries compared
with 11 per 100 000 non-pregnant women of childbearing age.48 The risk for all stroke subtypes
increases with pregnancy, but the relative risk for intracerebral haemorrhage is higher than that
for cerebral infarction.49,50 A Swedish population-based study found that the highest stroke
risk was in the peripartum period (ie, 2 days before to 1 day after delivery; RR for cerebral
infarction 33.8, 10.5–84.0; RR for intracerebral haemorrhage 95.0, 42.1–194.8), although
excess risk persisted into the puerperium period (ie, 2 days to 6 weeks postpartum).49 Certain
pregnancy complications further increase stroke risk, including pre-eclampsia, eclampsia,
postpartum obstetric haemorrhage, and postpartum infection.48

Ischaemic stroke tends to aggregate in families, with a positive family history conferring a
relative risk of stroke of roughly 1.3–1.8.51 More recently, data have been published to suggest
that the heritability of stroke might differ for women and men.52,53 Results from a meta-
analysis on family history of stroke showed that female probands were more likely to have a
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positive family history of stroke in any parent than were male probands (pooled OR 1.15, 95%
CI 1.03–1.28).53 Female probands were also more likely than male probands to have a history
of stroke in their mothers than in their fathers (pooled OR 1.25, 1.15–1.37).53 This finding was
in agreement with earlier work from the Oxford Vascular Study.52 Other explanations for these
observations include shared environments among family members or differential recall of
family history between male and female stroke patients. More research is needed to understand
whether sex-specific genetic mechanisms exist for ischaemic stroke.

Overall, women do not seem to have more severe strokes than men, especially after taking into
account stroke subtype and age, although the evidence is somewhat contradictory. In two
studies that measured stroke severity with the Canadian neurological scale, one found that
women had greater severity on presentation,9 whereas the other found no sex difference.10

Two studies that measured severity by use of the National Institutes of Health stroke scale
(NIHSS) both found little or no sex difference: in a study from Kansas City, the mean NIHSS
score in men and women was 5 and 6, respectively,35 whereas in a study of first-ever ischaemic
stroke, the mean NIHSS score was 3.8 and 4.3 in men and women, respectively.54 A large
study in Denmark measured severity with the Scandinavian stroke scale and found that women
had more severe strokes.16 Other studies have reported small increases in the frequency of
symptoms such as coma in women, suggesting a difference in underlying stroke severity.11,12

In terms of stroke type, several studies have shown an increase in the risk of subarachnoid
haemorrhage in women.10,14,55 Some studies of ischaemic stroke have shown minor
differences in subtype mechanisms. For example, by use of the Oxford Community Stroke
Project classification, women were shown to have a higher frequency of total anterior
circulation stroke than had men,12 and a lower frequency of posterior circulation strokes.10

However, several other studies have found no evidence of sex differences in these subtypes.
11,35,54 In terms of the TOAST (Trial of Org 10172 in Acute Ischemic Stroke56) criteria, at
least four studies have found that women have a higher frequency of cardioembolic stroke than
men,9,57–59 whereas a study in Texas, USA, found no sex difference.60 The increased risk of
cardioembolic stroke is thought to be related to the increased prevalence of atrial fibrillation
in older women, and is clinically important because cardioembolic stroke is typically more
severe than other ischaemic stroke mechanisms.61

Prehospital and in-hospital delays
Many studies have been undertaken in several countries to identify factors that are associated
with the time from stroke onset to arrival in the emergency department (ie, prehospital delay).
Nearly all of these studies have found no evidence of clinically important differences in
prehospital delay between women and men.10,62–78 Among the few studies that did find
evidence of sex differences in prehospital delay, five found that women arrived later than men,
79–83 and one found that women arrived sooner.84 One study found that 40% of women arrived
within 3 h of onset compared with 47% of men.79 Analysis of data from over 53 000 stroke
admissions in a German stroke registry found that the odds of being admitted within 3 h of
onset was 10% lower for women than for men.83 Two studies (from Hong Kong80 and
Australia81) found that women were less likely to present to the emergency department within
6 h of onset, which is directly opposed to the findings of Lacy and colleagues in New Jersey,
USA.84

Two studies have shown that prehospital times are shorter for witnessed stroke events.64,82 A
study in North Carolina, USA, found that if the event was witnessed, prehospital delay was
substantially shorter than if onset was not witnessed (ie, median delay 2.0 h vs 5.8 h).64

However, this study did not find a longer prehospital delay in women. One can surmise that if
a person lives alone, the onset of symptoms is less likely to be witnessed by another person.
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Women are more likely than men to live alone;10,11 according to the 2003 US census,
approximately 8 million women and 2.7 million men live alone in the USA.85 Several studies
have found that living alone is associated with increased prehospital delay,62,63,65,66,68

although three studies have found no such relation.72,78,82

Although in-hospital delays have not been studied as extensively as prehospital delays, there
is evidence that after arriving in the emergency department, women experience greater delays
than do men. Although a few studies have not found significant sex differences in assessment
times,63,67,86 four studies found that women have somewhat longer door-to-scan times.87–90

A study from a single hospital in Houston (TX, USA) found that the time from arrival at the
emergency department to first contact with a physician (ie, door-to-doctor time) was greater
for women than for men.79 Explanations for these delays have not been established, although
sex differences in symptoms at presentation have been suggested.91

Sex differences in acute stroke care
In-hospital diagnostic and treatment procedures

Relatively few studies have examined whether sex differences exist in the care of patients with
acute stroke. Although some studies have found evidence of differences in the use of specific
diagnostic and treatment-related procedures,11,60,92–95 overall the number and magnitude of
these differences has been relatively small, indicating that there are not major sex differences
in the quality of in-hospital care. However, a European study found that women were less likely
to receive brain imaging, carotid ultrasound, and echocardiograms than were men, after
adjusting for age.11 A study in Corpus Christi (TX, USA) found that, after adjusting for
confounders including age, women with stroke were less likely to receive echocardiography
(OR 0.64, 95% CI 0.42–0.98) and carotid imaging (OR 0.57, 0.36–0.91) during their hospital
stay.60 Investigators for the Canadian Stroke Registry examined a large number of treatments
and procedures and found few differences once age and other baseline differences were
accounted for; the only significant finding was that women were less likely to have lipid levels
tested while in hospital.10 Unadjusted analysis of data from a hospital-based registry in
Michigan, USA, found several significant sex differences in the use of diagnostic procedures,
including cardiac monitoring, echocardiography, angiography, and lipid investigation.
However, apart from lipid investigation, these differences disappeared after adjustment for
age.96

Carotid endarterectomy
Studies in the USA,92–94 Europe,11 and Canada97 have found that women are less likely to
undergo carotid endarterectomy than are men. The lower use of carotid endarterectomy in
Canadian women was not attributable to differences in age or comorbidity, and therefore seems
to represent a true disparity.97 However, another study concluded that the sex disparity in
carotid endarter-ectomy was attributable to a higher prevalence of carotid artery disease in
men.92 This study, which analysed administrative data from Connecticut, USA, found that
although women admitted with stroke had fewer cerebral angiography (7.2% vs 11.8%) and
carotid endarterectomy (5.7% vs 10.6%) procedures than did men, these differences
disappeared when the data were examined from only those patients with confirmed carotid
artery disease. Regardless of any disparities in the use of carotid endarterectomy, women who
do receive the surgery seem to gain similar benefits to men.97,98

Stroke-related medications
Some evidence of sex differences exists in the use of stroke-related medications in both
inpatient and outpatient settings, although the findings are variable. Use of aspirin and warfarin
were lower at admission and at discharge in women in the hospital-based Swedish Riks-Stroke
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Registry,7 whereas use of antiplatelet medications was lower only among older women (>85
years) in a study of administrative data from Ontario, Canada.8 Data from Scottish primary-
care practices showed that the use of antiplatelet drugs, warfarin, and statins were all lower in
women stroke survivors,99 whereas data from five Glasgow hospitals (UK) found that women
were less likely to be discharged on dual antiplatelet therapy, angiotensin-converting enzyme
inhibitors, or statins.100 However, a Michigan registry study found no sex difference in the use
of statins at discharge, despite the lower use of lipid testing in women admitted to hospital with
acute stroke.96 Finally, a study of Medicare patients in Michigan, USA, found no sex
differences in the use of antithrombotic medications among stroke patients at discharge.101

Alteplase treatment
Several studies in the USA, Canada, and Germany have reported on sex differences in
intravenous alteplase use.10,83,102–107 Overall, although sex-based comparisons of alteplase
treatment are complicated by several factors, including definitions of eligibility for treatment,
documentation of contraindications, confounding variables, and the low treatment proportions
(typically no higher than 3–4%),108 most studies show that women are less likely to receive
alteplase than are men. In studies that provide data on sex-specific treatment, women were
between <1% and 4% less likely to receive alteplase than were men.102–104,107 A significant
sex difference in the use of alteplase, after adjusting for potentially confounding variables, has
been found in five studies.83,102,105–107 In a Michigan registry study, an analysis of all
ischaemic stroke patients (n=1584) found that the adjusted OR for intravenous alteplase
treatment in women was 0.56 (95% CI 0.4–0.9) compared with men.106 When the analyses
were restricted to 323 alteplase-eligible cases (defined as arrival within 3 h of onset with no
contraindications) the sex difference remained (adjusted OR 0.4, 0.2–0.8).105 Analysis of data
from a large German stroke registry of over 53 000 patients showed that, after adjustment, the
OR for intravenous or intra-arterial alteplase in women was 0.87 (0.78–0.96).83 However, when
analyses were restricted to the alteplase-eligible subgroup, there was no sex difference in
intravenous alteplase use (OR 1.03, 0.89–1.20), although intra-arterial alteplase use remained
less common among women (OR 0.59, 0.36–0.95). A recent report from a single academic
hospital in Nova Scotia, Canada, examined data from over 2700 stroke patients and found
significant sex differences in alteplase use.102 The adjusted OR for alteplase treatment in
women was 0.57 (0.35–0.72), and restriction of the analysis to the alteplase-eligible subgroup
did not eliminate the sex disparity. Finally, a recent analysis of over 366 000 ischaemic stroke
admissions in the US Nationwide Inpatient Sample found that alteplase treatment was given
to only 1.4% of men and 0.9% of women.107 After adjustment for age, race, primary payer,
Charlson index, and hospital characteristics, alteplase treatment remained significantly lower
in women (OR 0.77, 0.72–0.82).

Sex differences in stroke preventive care
There are several sex differences relevant to antiplatelet treatment that are of potential clinical
importance. Sex hormones have a differential effect on platelet function, with testosterone
promoting platelet activity and oestrogen inhibiting it.109,110 Sex differences in the
pharmacology of aspirin, including absorption, bio-availability, and anti-inflammatory and
antiplatelet effects,111,112 suggest the possibility of sex-specific effects of aspirin in the
prevention of stroke. However, sex-related differences in the efficacy of aspirin have been seen
only in primary-prevention stroke trials. A recent meta-analysis of six randomised primary-
prevention aspirin trials showed that aspirin in women reduced the risk of ischaemic stroke by
24%, but had no effect in men.113 However, the reverse was seen for myocardial infarction,
for which a significant 32% risk reduction was seen in men but no significant effect was
observed in women (OR 1.01, 95% CI 0.84–1.21).113 The reasons for these sex-specific effects
are unclear. Only two of the six trials included both men and women, and nearly all data specific
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to women came from the Women's Health Study, which did not include men.112 Differences
in trial design and study characteristics, such as the age of participants, aspirin dose, and the
length of follow-up, might be explanations, but further work in this area is clearly necessary
to resolve these important issues. In contrast to primary prevention, aspirin seems to provide
similar benefits in terms of secondary-stroke prevention in both men and women.114

Women with non-valvular atrial fibrillation have nearly double the risk of stroke than men with
the same risk factor.115 Use of warfarin anticoagulation for thrombo-embolic prophylaxis in
patients with atrial fibrillation has been shown to be less common in women than in men,10,
116 even though warfarin substantially lowers the risk of stroke in both men and women (by
60% and 84%, respectively).117 In a recent systematic review of bleeding complications related
to anticoagulation therapy for atrial fibrillation, no sex-related differences in the risk of
bleeding were found.118 Studies of sex-related differences in the efficacy of specific types or
classes of antihypertensive therapies are lacking. The seventh report of the Joint National
Committee on high blood pressure found no sex-related differences in the effectiveness of any
particular type or class of antihypertensive agent.119

Despite evidence that women admitted to hospital with stroke are less likely to receive lipid
testing,10,96 the use of statins at discharge seems to be similar for men and women,120,121

although data from two studies in Scotland indicate lower statin use in women stroke survivors.
99,100 Whether statins have similar benefits in terms of stroke protection has been debated;
122 however, a recent trial of high-dose statins for secondary stroke prevention found no
evidence of any interaction effect by sex.123

Although men and women with more than 75% symptomatic stenosis do benefit from carotid
endarterectomy equally,124 women with asymptomatic stenosis do not benefit as much as men
do.125 There are sex differences in the characteristics of carotid disease that might explain this
discrepancy. One study found that although women had significantly greater carotid stenosis,
men had greater plaque area.126 These findings are important because plaque area and not
stenosis was found to be a predictor of poor outcome, suggesting that men are at higher risk.
126 Histological analysis of carotid endarterectomy samples revealed that, compared with men,
women had more stable plaques that are less prone to rupture.127

Functional outcomes and quality of life
Surprisingly few studies have been done with the primary objective of examining sex
differences in functional outcomes after stroke. Published studies (table) include those from
Europe7,9,11,12,128 and North America.10,35,106,129 A consistent feature of these studies is that
women have less favourable outcomes after stroke than do men. Women have more physical
impairments and limitations in activities of daily living (ADL), as measured by the Barthel
index.10,11,35,106,129 A European study found that women were more likely to be disabled at
3 months (Barthel index <75) after adjusting for age and country.11 In data from the Swedish
Riks-Stroke Registry, 54% of women versus 67% of men were independent in primary ADL
at 3 months' follow-up.130 In a study of 108 ischaemic stroke survivors from the Framingham
Study, 34% of women were disabled at 6 months (Barthel index <60) compared with only 16%
of men.129 In the Kansas City Stroke Study, women initially had a 30% lower odds of achieving
ADL independence (Barthel index ≥95) by 6 months compared with men, although this
difference was greatly diminished after adjusting for age, stroke severity, depression, prestroke
physical function, and comorbidites.35 In the Michigan registry study, women had a 63% lower
odds of achieving ADL independence (Barthel index ≥95) at 3 months after discharge, and
adjustment for potential confounding factors including age and prestroke ambulatory status
actually increased this disparity.106
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Only a few reports have looked at sex differences in QOL by use of stroke-specific instruments,
such as the stroke impact scale or stroke-specific QOL scale. Almost all the studies show that
women have lower overall QOL than do men after stroke. With respect to specific domains,
several studies have found lower physical function scores among female stroke survivors. For
example, in the Kansas City Stroke Study, women scored significantly lower than men on the
36-item short-form (SF-36) health survey physical functioning scale.35 A study of participants
enrolled in an acute ischaemic stroke trial found that women had significantly lower scores on
the SF-36 physical functioning and mental health domains 6 months after enrolment, after
adjustment for age, baseline stroke severity, and prestroke modified Rankin scale score.58 The
Canadian registry reported significantly lower physical function (as measured by the 16-item
stroke impact scale) for women than men, although no differences in QOL (measured by the
health utilities index) were found 6 months after discharge.10 The stroke-specific QOL scale
was used in the Michigan registry study, in which women had significantly lower physical
function scores.106 Several studies also showed that women have more depressive symptoms,
106,131–133 and are more likely to have clinically diagnosed depression after stroke than men.
134 Post-stroke depression is known to hinder functional recovery,35,132 and is associated with
increased mortality.131 Depression is also more likely to result in lower scores for other stroke-
related QOL domains, such as energy (or fatigue) and social functioning.

The causes of the sex differences in functional outcomes and QOL have yet to be fully
elucidated. Differences are most often explained by the fact that, compared with men, women
are older, have poorer prestroke function, have more comorbidities such as depression, less
social support, and are more likely to be widowed. However, adjustment for these factors does
not adequately explain the observed differences in stroke outcomes between men and women.
8,11 Stroke severity is often cited as a potential explanation for sex differences in stroke
outcomes, although the available data suggest that differences in stroke severity between men
and women are small to non-existent. Clearly, more studies that assess stroke survivors in both
subjective (eg, health-related QOL) and objective (eg, cognitive functioning, depression)
measures are needed to determine the causes of these differences in outcomes.

Rehabilitation and post-stroke recovery
In the USA and elsewhere, women are less likely to be discharged home and are more likely
to be discharged to nursing homes and long-term care after a stroke.7,8,10–12,129,135 In Canada,
Europe, and the USA, there seem to be no differences in access to physical therapy, speech
therapy, or occupational therapy for men and women.8,10,135 Although women have equal
access to rehabilitation services, they do not experience the same levels of recovery.8,10,11,
135 In the only study that has compared the responsiveness of men and women to rehabilitation
care,135 male and female stroke survivors were matched on stroke severity, age, and time since
stroke onset. Although both men and women improved after admission into the rehabilitation
programme, men were about three times more likely to be independent in stair climbing and
ADL (defined as Barthel index ≥95) than were women. These findings were hypothesised to
be attributable to differences in muscular strength between men and women.

The findings of sex differences in rehabilitation, post-acute care outcomes, and discharge
disposition suggest a complex interplay of demographic factors, psychosocial functioning, pre-
existing health state, and disease severity.8,10,11,135 Development of the best rehabilitation
recovery programmes will require more specific attention to the unique needs of women.
Because of the sex disparities in recovery and outcomes after stroke, women need rehabilitation
programmes to focus more on improving their physical functioning and to diagnose and treat
depression. Given their greater social isolation, women are also in need of increased social
support and counselling.7,136 Providers who deliver rehabilitation programmes for stroke
survivors should be aware that strong sex differences in outcomes do exist.
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Conclusions and future research
The sex differences in stroke can be summarised as follows: women have more stroke events
due to their longer life expectancy and older age at the time of stroke onset. Women with stroke
have a higher prevalence of hypertension, atrial fibrillation, and prestroke disability, but have
a lower prevalence of heart disease, peripheral vascular disease, and smoking and alcohol use.
Women with stroke are less likely to receive intravenous alteplase treatment and lipid testing
while in hospital, and after stroke, women have poorer functional outcomes, more depression,
and lower QOL than do men.

Search strategy and selection criteria

After searching their own files, each section author did their own MEDLINE search to
identify relevant papers with a set of core MeSH terms (“cerebrovascular accident”,
“stroke”, “sex”, “sex factors”, “sex ratio”, and “sex distribution”), and with terms relevant
to each particular topic. For example, the search string “treatment delay*[tiab] OR triage
OR time factors” was used to find time-related or treatment-delay-related papers. The full
list of search terms is available from the authors on request. The search period was January,
1980, to April, 2008. The bibliographies of recent articles were also screened to find other
previously unidentified articles. Of note, this search strategy is unlikely to have identified
all of the published literature on this topic because many publications that include sex-
specific data do not include related terms in the title, abstract, or MeSH headings. This
Review includes both haemorrhagic and ischaemic stroke, and, where appropriate, findings
relevant to specific subtypes (ie, ischaemic stroke, intracerebral haemorrhage, or
subarachnoid haemorrhage) are indicated. Only English language articles were included in
this Review.

On the basis of this Review, we make the following recommendations regarding future research
needs and directions. For basic science research, we suggest that more studies should examine
how sex steroids might act as protectants against neurovascular injury. Understanding sex-
based differences in the neurovascular unit might lead to a better understanding of the reasons
for sex differences in the response to alteplase, for example.31 Clinical research should focus
on the study of exogenous oestrogens in perimenopausal women or those with post-surgical
menopause. Candidate genetic, inflammatory, or thrombosis markers should be investigated
to determine whether sex differences in vascular markers exist and whether they affect
outcome.1

In terms of outcomes research, studies are clearly needed to determine the causes of the
differences in functional outcomes and health-related QOL after stroke between men and
women. Future studies need to assess subjective (ie, QOL) and objective (ie, cognitive
functioning, depression, disability) outcome measures in stroke survivors, and more efforts are
required to comprehensively document all potentially relevant pre-existing conditions. Finally,
more research is needed to assess the responsiveness of women to physical, cognitive, and
social interventions during the post-stroke period. These studies might support the development
of sex-specific interventions that improve post-stroke recovery for women and reduce their
excess burden of disability.
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Figure 1. Female:male mortality ratios for stroke by age (USA, 1999–2003)
Data from the US Centers for Disease Control and Prevention WONDER database.
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Figure 2. Projected number of deaths from stroke among whites (USA, 2000–2050)
Age-specific and sex-specific mortality estimates were obtained from the US Centers for
Disease Control and Prevention WONDER database, and age-specific and sex-specific
population projections from the US Census Bureau middle series.2 Projected deaths were
calculated by applying age-specific and sex-specific mortality data to the population
projections.
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Figure 3. Female:male incidence ratios for stroke by age
Data from the Greater Cincinnati–Northern Kentucky Stroke Study.4
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Figure 4. Female:male prevalence ratios for stroke by age
Unpublished data from the REGARDS study18 (personal communication by GH).
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