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Stroke in women: Is it different?

Sydney Corbière1 and Barbara Tettenborn1

Abstract
In the last decades, there has been great progress in the field of stroke. With the introduction of acute therapies
(intravenous thrombolysis and intra-arterial treatment), the outcome after stroke has improved significantly. Better
prevention, improved acute therapy, and acute rehabilitation improved the morbidity and mortality rate after stroke.
Gender differences in risk factors and epidemiology have been known for a long time, but lately attention to gender
differences in stroke has increased. The aim of this mini-review is to demonstrate gender disparities in stroke with a focus
on epidemiology, specific risk factors (gender-specific and unspecific), and outcomes. The influence of some risk factors
for stroke is stronger in women (atrial fibrillation and hypertension) and there are risk factors exclusive to women such as
pregnancy, pregnancy-associated hypertensive disorders, oral contraceptives, and hormonal replacement treatment. Data
on the impact of other risk factors are inconsistent. The worse outcome after a stroke is mainly caused by demographic
characteristics in women. Specific gender research is needed to better understand gender disparities in stroke to improve
prevention strategies and treatment for women.
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Epidemiology

About 16,000 people suffer from stroke in Switzerland

every year. Worldwide, there is a higher lifetime risk in

females, mainly owed to the fact of higher life expectancy.1

The sex-specific incidence of all strokes between 1993

and 2010 declined significantly for males but not for

females in a population-based study in the United States.2

Newer data published in 2016 showed a decrease in inci-

dence, prevalence, and stroke mortality in men and women

even in people older than 80 years.3 In Switzerland, the

incidence of stroke is 164–236/100,000/year (varies on

canton) for women and 227–358/100,000/year for men.4

The prevalence of stroke is age-dependant. It increases

with advancing age in men and women.5 Young women

(<59 years) have a similar prevalence of stroke as men; in

the higher age groups, there is a female dominance (>80

years), mainly due to the higher life expectancy of women.5

Worldwide, a narrative review in 2016 showed a higher

incidence in men in post-socialist countries, Sub-Saharan,

China, Latin America, urban India, Japan, Australia, New

Zealand, United States, and Canada. A higher incidence in

women occurred in Arab countries according to this

review. But a population-based cohort study (2018) in Iran

showed a similar annual crude rate of first-ever stroke in

women and men.6 In Western Europe, the incidence is

higher or similar in women compared to men.3

Stroke is the second leading cause of death worldwide.7

It is the third leading cause of death after ischemic heart

disease and cancer in Switzerland.8 Six percent of all

deaths in men and 8% in women are due to stroke in

Switzerland.

Increasing age, high National Institutes of Health Stroke

Scale, history of atrial fibrillation, and less than 12 years of

education were associated with an increased 5 years risk of

death for both genders.6

A meta-analysis of individual patient data from Europe,

Australasia, South America, and the Caribbean between

1987 and 2013 showed greater long-term mortality after

stroke in women. This is mostly because of age but also
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due to stroke severity, atrial fibrillation, and prestroke func-

tional limitations. After adjustment for these factors, the

sex differences were reversed.9

A population-based study supports these findings; after

adjusting for age, the mortality rate in women and men was

equal.10

Outcome after stroke

Stroke is one of the leading causes of disability worldwide.

In several studies, women tend to have worse outcomes

than men after stroke. The following factors were identified

as contributing to worse outcomes in women: low prestroke

function, marital status, nursing home residence, stroke

severity, history of stroke or transient ischemic attack, and

body mass index (BMI). Prestroke function had the highest

impact on outcomes in women after a stroke.10

These data suggest that sex-specific factors with high

potential to reduce the difference in the outcome of a stroke

exist, for example, physical activity in elderly women to

improve prestroke dependency.

Additionally, women are reported to have poorer health-

related quality of life (QoL). A study investigating the

underlying reasons for this calculated the QoL using three

different scales (European Quality of Life 5 Dimensions,

Short Form 6-Dimension, and Assessment of Quality of

Life) over a period of 1 year. Poorer health-related QoL

was partly attributable to women’s advanced age at onset of

stroke, more severe strokes, prestroke dependency, and

poststroke depression. After adjusting, there was still evi-

dence of residual differences between men and women but

too small to be clinically significant.11

A good outcome after stroke depends highly on the

acute therapy. Intravenous thrombolysis (IVT) and intra-

arterial thrombectomy are the only causal therapies for an

ischemic stroke. Both therapies improve the outcome after

a stroke and are strongly time-dependent.12,13

With special imaging (computed tomography (CT) per-

fusion and magnetic resonance imaging (MRI)), patients

who would benefit from acute therapy (IVT or/and intra-

arterial thrombectomy) can be identified beyond the classic

time window.14,15

There are a few existing studies that have investigated

sex differences regarding acute therapy.

In a registry-based study from Florida and Puerto Rico,

women were significantly less likely to receive thrombo-

lysis than men between the years of 2010 and 2014.

Women had a longer door to needle time and were less

likely to have a CT scan within 25 min after arrival than

men.16 A meta-analysis supports the finding that women

are less likely to receive thrombolysis treatment when com-

pared with men, despite the wide variation between the

separate studies.17 In contrast, a register-based study from

Austria showed no differences in the acute care (onset- to-

door times, door to CT or MRI, door-to-needle time, and

rates of IVT).18

Newer date of a meta-analysis including recombinant

tissue plasminogen activator (rtPA)-treated patients

between 2008 and 2018 showed that women are still less

likely to be treated with thrombolysis, but the sex differ-

ence has narrowed considerably.19

The improvement over a few years might be influenced

by a selection bias. In the large studies about IVT, age

above 80 years was an exclusion criterion.20 Regarding

stroke occurring in women at an older age than men and

women having higher functional independence before the

index stroke, thrombolysis was applied less common in

everyday clinical practice in women. In randomized clin-

ical trials (RCTs), which are the basis for therapy guide-

lines, women are usually underrepresented. A study

showed stroke trials between 1990 and 2018 enrolled about

40% women, without an increasing rate in the past 10 years.

Maybe this is another reason potentially leading to with-

holding acute therapies in women.21

The data about the functional outcome after IVT are

inconsistent. In a multicentre European cohort trial (includ-

ing data from Swiss Stroke Units and Centers), women had

more often poor outcomes (odds ratio (OR), 1.15; 95%
confidence interval (CI), 1.02–1.31) compared to men after

IVT. These differences remained after adjusting for age,

stroke severity, and functional independence before index

stroke. In the same study, women had a longer stroke-to-

needle time and atrial fibrillation and hypertension was

more prevalent in women.22 This is in contrast to what has

been reported in a pooled analysis of RCTs.23

There is some evidence of sex differences in hemody-

namic and temporal features. A sub-study from the

DEFUSE trial showed that women had imaging evidence

of better collateral circulation, smaller baseline core

volumes, and slower ischemic core growth.24

Women are more likely to know symptoms of a stroke

but less likely to call an ambulance for themselves.25

Data are limited in sex-related differences in quality of

acute care on a stroke unit and further rehabilitation. A

study showed that despite no differences in the acute care

and comparable rehabilitation rate, women had a worse

outcome than men at the 3-month follow-up but interest-

ingly a lower mortality rate. Early postischemic start of

secondary prevention and stroke unit care is also crucial

for a good outcome.26,27 Thus, the immediate recognition

of stroke symptoms for a fast referral to a stroke center is

essential.

The American Heart Association/American Stroke

Association describes common stroke symptoms such as

numbness or weakness of the face, arm, or leg (especially

on one side of the body), difficulty speaking and under-

standing, difficulty in seeing in one or both eyes, difficulty

walking, dizziness, loss of balance or coordination, and

severe headache with no known cause. Women tend to

have more atypical stroke symptoms. A review of 23 arti-

cles addressing unique stroke symptoms demonstrated that

women experience unique stroke symptoms like loss of
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consciousness, fainting, general weakness, difficulty

breathing, shortness of breath, confusion, unresponsiveness

or disorientation, sudden behavioral change, agitation, hal-

lucination, nausea or vomiting, pain, seizures, and hiccups

more often than men.28

Risk factors specific to women

Besides nonmodifiable risk factors for stroke (age, genet-

ics, and race), there are several modifiable risk factors.

Some of them are exclusive to women throughout the life-

time and occur at different ages. In young- and middle-aged

women, these are oral contraceptives and pregnancy, in

older women, menopause, and hormonal replacement ther-

apy. Some risk factors are well-studied, while others show

some inconsistent data.

Pregnancy

The incidence rate of a stroke during pregnancy varies

greatly. In a review from 2011, it varied from 9 to 34 per

100,000 deliveries worldwide.29 In 2017, a systematic

review and meta-analysis of 11 studies showed an inci-

dence rate of 30 per 100,000 pregnancies. The rates for

ischemic stroke, cerebral venous sinus thrombosis, and

intracerebral hemorrhage are roughly the same.31 Both

reviews showed a three times higher risk for pregnant

women compared to other young females with an incidence

of stroke of 10/100,000.32 A population-based study from

England, which was published after the two systematic

reviews, showed a slightly lower stroke rate of 24.7/

100,000.33

There seems to be a trend to a higher incidence of stroke

in women who have delivered after in vitro fertilization

compared to those who delivered after natural

conception.34

Pregnancy and its hypertensive associated disorders

have long been identified as stroke risk factor. Hyperten-

sive disorder in pregnancy includes gestation hypertension,

preeclampsia, and eclampsia. Gestational hypertension is

defined as a blood pressure of >140 mmHg systolic and/or

90 mmHg diastolic, resolving within 12 weeks after deliv-

ery). Preeclampsia is a combination of gestational hyper-

tension and proteinuria >300 mg/24 h, and preeclampsia

with seizure is called eclampsia.

The incidence of stroke in pregnancy has increased in

recent years, maybe because of the increased number of

hypertensive disorders in pregnancy.35 Between 1994 and

2011, the rate of stroke and hypertensive disorders of preg-

nancy doubled (0.8–1.6). The rate of stroke in pregnancy

without these disorders also increased but to a lesser extent.

Women with hypertensive disorders of pregnancy were 5.2

times more likely to suffer from a stroke, had an increased

risk of mechanical ventilation, and higher risk for discharge

to a facility other than home.35

The most common etiologies associated with an

ischemic stroke in pregnancy are cardioembolism, coagu-

lopathy, preeclampsia, and eclampsia, while for hemorrha-

gic stroke, the most common etiologies are aneurysm,

arteriovenous malformation, gestational hypertension,

HELLP (hemolysis, elevated liver enzymes, low platelet

count) Syndrom, and preeclampsia/eclampsia.30 The mor-

tality rate ranges from 2.7% to 20%.30 Of all stroke types,

intracerebral hemorrhage has the highest morbidity and

mortality in pregnancy.29 Women with hypertensive disor-

ders of pregnancy and a stroke had a higher death rate

during hospitalization compared to women without a

hypertensive disorder (OR, 1.29; 95% CI, 1.02–1.64).35

Data about the recurrence rate of stroke in subsequent

pregnancies are limited. A study including 441 women with

history of stroke or cerebral venous thrombosis showed a

low risk of recurrence during the following pregnancies.

The relative risk of recurrence was significantly higher

during the postpartum period than during pregnancy

itself.36 The risk increased with further risk factors (i.e.

antiphospholipid syndrome)37 and higher age of the mother

(>35 years).38

Acute therapy in pregnant women

Pregnant women are generally excluded in randomized

controlled trials for safety reasons. There are just case

reports or small series reporting the safety (for women and

the baby) and benefit of using rtPA and intra-arterial

thrombectomy in pregnancy.39,40 A limitation of these data

is a publication bias.

Oral contraception

The risk of stroke under oral contraception is well-

evaluated and the overall risk is low. A 2015 meta-

analysis showed a 2.47-fold increase in the risk of stroke

(95% CI, 2.04–2.99).41 In another systematic review, the

increased risk was 1.7 (95% CI, 1.5–1.9) taking a combined

oral contraceptive.42 The risk increases when oral contra-

ceptives are described in women with an additional risk

factor such as obesity, elevated cholesterol, or smoking43

and with higher doses of estrogen.42

Menopause

Menopause is defined as the point in time when menstrual

cycles cease due to the natural depletion of ovarian oocytes

from aging, corresponding to the absence of menstrual peri-

ods for at least 12 months. Exposure to endogenous estro-

gen was supposed to be protective for stroke in

premenopausal women due to lower risk of ischemic stroke

in this age group. The risk of stroke with early menopause

is not clear. There are studies showing an association and

others showing no association.

Corbière and Tettenborn 3



A meta-analysis from 32 studies showed similar results

for the risk of stroke, thus in the same study, the stroke

mortality was higher in patients with age at menopause

younger than 45 years.44 Lisbeth et al. described a doubled

risk of stroke in women with onset of menopause before 42

years (rate ratio (RR), 2.03, 95% CI, 1.16–3.56) adjusted

for age, stroke risk factors, and postmenopausal estrogen

use.45 There was a slight decrease of ischemic stroke risk

in women after hysterectomy.31 However, a population-

based cohort study showed that hysterectomy in women

aged 50 years or younger substantially increases the risk

for cardiovascular disease later in life and oophorectomy

further adds to the risk of both coronary heart disease and

stroke.46

Hormone replacement therapy

In a large case–control study, the risk of ischemic stroke

was significantly increased with the use of oral estrogen

plus progestin compared to placebo.47 There are hints

for the difference in risk using transdermal estrogen. In

a large study, the rate of stroke in the cohort was 2.85

per 1000 per year. The adjusted RR of stroke associated

with the current use of transdermal hormone replace-

ment therapies was 0.95 (95% CI, 0.75–1.20) relative

to no use. The risk of stroke was not increased with the

use of low estrogen dose patches (RR, 0.81; 95% CI,

0.62–1.05) compared with no use, whereas the risk was

increased with high-dose patches (RR, 1.89; 95% CI,

1.15–3.11). Current users of oral hormone replacement

therapy had a higher rate of stroke than nonusers (RR,

1.28; 95% CI, 1.15–1.42), with both low dose and high

dose.48

The risk of an ischemic stroke taking progestogens

depends on the type of derivative. Progesterone, pregnane,

and nortestoren derivatives are not associated with an

increased risk of ischemic stroke, whereas nonpregnanes

increased the risk of ischemic stroke (OR, 2.25; 95% CI

1.05–4.81).49

Unspecific risk factors for stroke

A large case–control study identified 10 modifiable risk

factors in men and women responsible for most strokes

worldwide.50 Prevention and therapy of these risk fac-

tors could lower the burden of stroke in both genders.

Hypertension, abdominal obesity, and adverse lipid

profiles are the most impactful causes of stroke in

women.50 It is known that a healthy lifestyle is supposed

to have a positive effect on some of the risk factors for

cerebrovascular diseases (arterial hypertension, choles-

terol, and obesity).

There are some risk factors that are seen more frequently

in women or have a greater impact on the risk for stroke in

women.

Atrial fibrillation

The prevalence of atrial fibrillation is higher in men, but the

risk of stroke due to atrial fibrillation is higher in women.51

A meta-analysis of 30 cohort studies with more than 4

million patients showed a higher relative risk of cardiovas-

cular and all-cause mortality stroke and heart failure in

women with atrial fibrillation than men (for stroke RR,

1.9; 95% CI, 146–2.71).52 In a prospective population-

based study, atrial fibrillation was associated with a con-

siderably greater risk of hemorrhagic stroke in women.53

The usual therapy for atrial fibrillation is anticoagula-

tion. There are some data, which demonstrate, that women

are less likely to be treated with anticoagulation54 and that

women have a higher risk for stroke despite anticoagulation

with warfarin.55 The difference between men and women

was not seen in women treated with novel anticoagulants.56

Hypertension

High systolic blood pressure is a known risk factor for

ischemic and hemorrhagic stroke in men and women with

no difference in the impact on stroke risk.57 New data from

a prospective, population-based cohort study showed a sig-

nificant sex difference with stroke incidence for hyperten-

sion (defined as systolic blood pressure >130 mmHg or

diastolic blood pressure >80 mmHg), although sex differ-

ences in incremental blood pressure increases were not

significant. Women with hypertension had a 30% excess

stroke risk.53 Men tend to have better control of their blood

pressure than women (33.6 vs. 30.6%).58 Blood pressure

control was especially poor in high-risk elderly women.59

In a large study in 26 countries, only 29% of the women

aged 70–79 years had well-controlled blood pressure60 and

this despite the higher treatment rate according to another

study.61 The reasons are unclear; there may be poorer com-

pliance or an unknown physiological mechanism in

women.

Obesity, metabolic syndrome, and lifestyle
factors

General obesity, abdominal adiposity, and metabolic syn-

drome are independent risk factor for stroke besides hyper-

tension and type 2 diabetes.62 A pooled analysis of 97

prospective cohorts with 1.8 million participants showed

that after reducing high blood pressure, cholesterol, and

glucose the risk of stroke could be decreased by 75%, but

it remains an increased stroke risk due to obesity.62 The risk

of total stroke and ischemic stroke increases with increas-

ing BMI to a similar extent in women and men.53,62 Data

regarding the gender-specific impacts of obesity on the risk

of stroke are inconsistent. Some data suggest that BMI

influences the risk of stroke in men but not in women; other

data show the opposite results.63,64
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Besides medical treatment of risk factors, physical activ-

ity and a healthy lifestyle are essential in stroke prevention.

A prospective cohort study divided women without a prior

stroke into different groups according to their lifestyle. The

“healthy lifestyle score” was composed of smoking, phys-

ical activity, BMI, alcohol consumption, and diet. It ranges

from 0 to 20 (20 is the healthiest range). A healthy lifestyle

is associated with better functional outcomes after all types

of stroke (ischemic and overall stroke; mild, moderate, and

severe stroke). A healthy lifestyle and some lifestyle mod-

ifications could decrease the risk of disabling stroke in

women.65

Diabetes

In a systematic review and meta-analysis of 64 cohorts, the

excess risk of stroke associated with diabetes is higher in

women than men.66 These findings are not consistent with

another study showing no sex disparities in the association

between diabetes and stroke risk.67

Migraine with aura

Migraine with aura is more common in women than men

and increases the risk of an ischemic stroke. The risk

increases with additional risk factors such as oral contra-

ceptives and smoking and is higher with increasing fre-

quency of migraine.68

Conclusion

The lifetime stroke risk is higher in women than in men and

the presentation of stroke might be atypical. The demo-

graphic baseline characteristics in women compared to men

are different. Women tend to be older at the time of onset of

stroke, suffer from more severe strokes, have a higher pre-

stroke disability, and have a worse outcome. This worse

outcome is partly due to the disparities in demographic

characteristics.

Additionally, some risk factors are exclusive to women

and have a known increased stroke risk, such as pregnancy,

pregnancy-related hypertensive disorders, oral contracep-

tives, hormonal replacement treatment, and oophorectomy.

Some of the general known risk factors, like hypertension

and atrial fibrillation, have a higher impact in women than

men. Data on gender differences and the impact of other

risk factors are inconsistent. This especially applies to data

about the benefits of acute stroke therapies, which are lim-

ited in general and partly conflicting between different

studies.

Identifying gender differences in risk factors, demo-

graphic characteristics, efficacy of acute therapies, and

rehabilitation will lead to better treatment and leads the

way to gender-specific prevention to lower the burden of

stroke in women worldwide. Additionally, women are

underrepresented in clinical trials, potentially leading to

mistreatment or withholding therapy in women.

Besides governmental actions, like the National Insti-

tutes of Health Revitalization Act in 199369 or specified

guidelines for women and stroke in development from the

European Stroke Organization, articles highlight the impor-

tance of increased enrolment of women in RCTs to reflect

real-life conditions.70
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