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Introduction

Sex and gender differences are a complex topic across medicine, 
and acute stroke is no exception. Several important differences 
among patients with acute stroke are related to either biology/
pathophysiology, or sociocultural factors, such as education, 
power, and financial status. The former are considered sex-spe-
cific differences, and in humans, sex is classified as either male 
or female and considered static, i.e., it does not change over a 
person’s lifetime.1 The latter, on the other hand, are considered 
gender-specific differences, whereby gender refers to social roles 

and behaviors.1 Besides gender identity, gender also encompasses 
gender relations and roles. As opposed to sex, gender is neither 
binary nor static:2 It exists along a continuum and may change 
over time.

Disentangling whether certain differences between women 
and men are related to sex or gender is often challenging, if not 
impossible. Doing so is, however, important because it can pro-
vide us with valuable insights into how acute stroke treatment 
for a particular sex or gender can be improved. Modifying sex-
related factors, which are biological variables or pathophysiolog-
ical pathways, often requires medical/pharmacological treatment, 
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and in some instances, sex-related factors may not be modifi-
able at all (e.g., chromosomal differences between males and fe-
males). Gender-related factors on the other hand, are in theory 
modifiable without any pharmacological intervention, but in 
practice, the sociocultural environment of the patients may not 
allow for changes. Examples for such sociocultural factors that 
are in principle modifiable but in practice hard to change include 
education level, financial status, and caregiver responsibilities. 

Assessing the role of gender-related factors in acute stroke 
care is further complicated by intersectionality, i.e., the intercon-
nectedness of patients’ gender, functional status, age, ethnicity, 
financial status, and social status, which are tightly related to each 
other in a complex relationship, but often treated as independent, 
unrelated variables in our research.3 The intersectionality concept 
is of particular importance when assessing the role of gender in 
acute stroke: for example, it is likely that under-representation 
of females in a study sample is also associated with under-and 
misrepresentation of elderly and pre-stroke disabled patients.4

While biological, sex-related factors that influence acute stroke 
care may be assumed to have similar importance across differ-
ent sociocultural settings, the importance of gender-related, so-
ciocultural factors may vary largely in different sociocultural set-
tings, although data on this topic are currently still lacking for 
the most part. Because acute stroke researchers usually do not 
explicitly assess patients’ sociocultural roles and gender identity, 
there is mostly no clear distinction between sex and gender in 
acute stroke research, and the vast majority of studies have fo-
cused on sex differences. We will therefore refer to “patient sex” 
and “sex-related differences” in the remainder of the manuscript 
unless specifically referring to gender-related aspects, being well 
aware of the fact that some of the presumed sex-related phe-
nomena may in fact truly be gender-related.

In the following, we attempt to summarize sex and gender dif-
ferences with regard to key aspects of acute stroke, including 
stroke epidemiology, diagnosis, access to treatment, technical 
and clinical outcomes after intravenous thrombolysis (IVT) and 
endovascular treatment (EVT), and early post-acute care. We also 
attempt to outline knowledge gaps, which, in our opinion, de-
serve to be studied in further detail, and concrete, practical im-
plications for practicing physicians. Of note, while we acknowl-
edge that acute stroke encompasses hemorrhagic stroke types as 
well (that is, intracranial hemorrhage and subarachnoid hemor-
rhage), we will focus on acute ischemic stroke (AIS) in this review.

Sex-specific acute ischemic stroke 
incidence and mortality 

There is a complicated relationship between the stroke incidence 

and mortality, age, and sex. To begin with, the sex differences in 
stroke incidence and mortality vary by age: in young patients 
(below 45 years of age), stroke incidence and mortality are simi-
lar in both sexes. Between age 45 and 74 years, males show 
higher incidence and mortality, while above 74 years, the reverse 
is true.5 Of note, since female’s life expectancy exceeds the one 
of males, there is a preponderance of females among the very 
elderly, and thus, the disadvantage of females in the very old age 
groups overall “outweighs” the effects in the young and middle-
aged groups. As a result, in the United States (US), the proportion 
of deaths caused by stroke in females is higher than in males.6 
In the year 2019, stroke was the third leading cause of death in 
females in the US, accounting for 6.2% of all female deaths, and 
the fifth-leading cause of death in males, accounting for 4.4% 
of all male deaths.7 Fortunately, over the last years, stroke inci-
dence has declined in the US, at a similar pace in both sexes.8 

Sex- and gender-specific differences in 
baseline status

Baseline status of women and men at the time of their first 
stroke is substantially different, whereby women have, on aver-
age, a poorer functional baseline status compared to men.

They are on average older,9 have more comorbidities, have 
higher pre-stroke disability,10 and live alone more often.11-14 There 
are also important sex-related differences with regard to stroke 
etiology and stroke subtypes: females suffer more often from 
atrial fibrillation and subsequent cardioembolic strokes,15 prob-
ably resulting in more large vessel occlusion strokes. Males more 
commonly smoke and drink on average more alcohol,16 which 
are risk factors for atherosclerosis and subsequent atheroscle-
rotic strokes. Figure 1 and Table 1 provide an overview of sex- 
and gender-specific differences in baseline variables among AIS 
patients. Multivariable analysis can in theory partially address 
this problem, but some residual confounding almost always re-
mains because not all the relevant factors get captured. For ex-
ample, it may well be that the poorer pre-stroke cognitive func-
tion of women substantially contributes to their poorer post-
stroke outcomes, but this hypothesis is hard to prove, since, from 
a practical standpoint, it is very hard to capture the pre-stroke 
cognitive status in stroke patients. These “unknown” baseline dif-
ferences make head-to-head comparisons among women and 
men difficult.17 Some may even wonder whether the on average 
poorer post-stroke outcomes in women compared to men can 
be entirely explained by differences in baseline status. However, 
there are conflicting data on whether this is truly the case10,18 as 
even after controlling for known differences in baseline variables, 
women continue to have poorer functional outcomes after stroke 
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Table 1. Key sex- and gender-related differences in stroke patients’ baseline status

Variables Differences in baseline status

Biological (sex-related)

Age Female acute ischemic stroke (AIS) patients are approximately 5 years older than males.9 There may also be “interaction-type” 
effects whereby in certain ethnic groups, stroke risk seems higher in elderly women, but not in men.43

Pre-stroke disability Female AIS patients are more often dependent in their daily activities prior to their stroke than men (partially explained by their 
older age at stroke onset)44

Stroke etiology Female AIS patients more often suffer from atrial fibrillation prior to their stroke, and as a result, female strokes are more often 
cardioembolic in origin.15 There also seems to be a stronger association between hypertension and diabetes, particularly type 1 
diabetes, in women compared with men.6 Peripheral vascular disease as an AIS risk factor is more common in male AIS patients.16

Prior medication Despite the higher prevalence of atrial fibrillation in female stroke patients, proportions of patients treated with anticoagulant 
therapy prior to the stroke does not differ between men and women,16 and aspirin intake prior to the stroke is even less common 
in female patients.15

Obesity Obesity is associated with an elevated risk of stroke in women and men, but this association is stronger in women.45

Hypertension The association between hypertension and the risk of stroke is higher in women compared to men, even after adjustment for use 
of antihypertensive medication.45-47

Hormonal factors Endogenous and exogenous hormone imbalances (e.g., due to oral contraception) as well as pregnancy-related changes in 
pathophysiology are stroke risk factors unique to women and are discussed comprehensively elsewhere.48

Sociocultural (gender-related)

Social network Female AIS patients are more likely to be widowed and live alone at the time of stroke onset11-14

Socioeconomic status Only few and inconsistent data are available on whether the impact of socioeconomic status on stroke risk and outcomes differs 
between men and women. Two European studies found increased risk of recurrent in women with lower annual income, but not 
in men.45,49 On the other hand, decreased income was associated with increased case-fatality in men but not women.49

Smoking Smoking as an AIS risk factor is encountered more often in male AIS patients.16 At the same time, the association of smoking and 
any stroke is greater in women than in men.45

Alcohol overuse Alcohol overuse as an AIS risk factor is encountered more often in male AIS patients.16

Figure 1. Illustration of key sex- and gender-related differences in stroke patients’ baseline status.
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compared to men, at a magnitude that may not necessarily be 
fully explained by unknown differences in baseline variables. One 
additional problem in this regard is that there may be gender-
related biases in reporting of outcomes and variables such as 
baseline functional status, i.e., the tendency of patients to over- or 
under-estimate their abilities may partly depend on their gender.

Sex- and gender-specific considerations 
regarding access to acute stroke care

For obvious reasons, most clinical acute stroke studies include 
only patients that have managed to get in contact with stroke 

systems of care during the acute phase of their stroke. This means 
that there is a “denominator problem,” i.e., we do not know how 
many patients that are in need of acute stroke care have not re-
ceived care, and whether the proportions of these patients are 
different in women vs. men (Figure 2). It is also likely that these 
discrepancies differ between sociocultural environments and vari-
ous regions of the world. On a global level, imbalances in power 
and education as well as financial dependency of women on their 
male family members lead to restricted access to education, in-
cluding health education, and healthcare.19 This most likely neg-
atively affects access to acute stroke care as well. For example, 
the willingness to pay for acute stroke care for female family 

Figure 2. Sex- and gender-related factors in endovascular stroke treatment and intravenous thrombolysis. The yellow box illustrates societal (gender-related) 
factors that influence the treatment decision. The blue box illustrates biological (sex-related) factors that influence the treatment decision. Note that the in-
ter-relationship between these variables is complex, whereby various societal factors influence each other, and the same is true for biological factors. There 
are also inter-relationships between societal and biological factors, as indicated by the dashed arrows. Also, note that this illustration merely points out exem-
plary inter-relationships between these factors and is not providing a comprehensive summary of all possible interactions and inter-relationships. To come to 
a treatment decision, there are access barriers (can the patient make contact with the healthcare system?), diagnostic challenges (are the acute ischemic 
stroke [AIS] symptoms recognized as such, and the correct diagnosis is made?) and decision challenges (should treatment be initiated, given the patient’s 
baseline status?) need to be overcome before treatment with endovascular treatment (EVT) or intravenous thrombolysis (IVT) is initiated. Based on all available 
evidence, neither EVT nor IVT treatment effect is modified based on sex. If treatment is initiated, current evidence suggests that women will sustain overall 
more post-stroke disability. However, they also benefit from a greater gain in disability-free life years compared to men.
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members may be lower compared to male family members in 
some countries, since the overall family structure is heavily male-
focused and women often formally do not contribute to the fam-
ily income. In addition, due to their lower education level, includ-
ing health education, females may have difficulties recognizing 
themselves that they suffer from an acute stroke. Furthermore, 
in some settings, female healthcare staff are restricted in their 
practice or prevented from practicing altogether, which consti-
tutes an additional sociocultural barrier for women to seek med-
ical care.20 All these points are however mostly speculative at 
this point because robust data, especially from non-industry na-
tions, are largely missing. Due to the aforementioned denomi-
nator problem, published data can only help us to indirectly in-
fer sex- and gender-related disparities in access to acute stroke 
care. For example, in two large Middle Eastern registries, male 
stroke patients accounted for almost 70% of the study sample, 
a gender imbalance that is not plausible when considering bio-
logical factors alone. We may therefore suspect that lacking ac-
cess of women to acute stroke care is the reason for this dis-
crepancy, but we cannot prove this based on currently available 
data.21,22 Studies from Western countries also show longer de-
lays in the pre-hospital phase of female AIS patients compared 
to men, partly because of prolonged times between symptom 
onset and call for help, which in turn, may be explained by women 
living alone more often compared to men.11,13,14,23

Sex- and gender-specific considerations 
regarding stroke symptoms and 
diagnostic work-up

Traditionally, it has been thought that acute stroke is more 
often under- and misdiagnosed in women because they fre-
quently present with atypical stroke symptoms. Whether atypi-
cal stroke symptoms are truly more common in women than in 
men is however controversial, since most studies on the topic 
were not adjusted for potential confounders such as age and 
concomitant psychiatric and psychosomatic disorders.24 In a large 
prospective Canadian cohort study, women were more likely to 
be diagnosed with stroke mimics although their symptoms did 
not differ from those of men, and their risk of subsequent vas-
cular events was also similar to the risk of men.25 What is well-
known is that the proportion of suspected acute stroke patients 
that in fact suffer from stroke mimics, particularly migraine, is 
higher among females,24,26,27 which poses a challenge to physi-
cians, who have to distinguish between acute stroke and stroke 
mimics to initiate the appropriate treatment within a short time 
period. Indeed, in another prospective Canadian cohort study, 
revision of stroke mimic diagnoses to a final diagnosis of cere-

brovascular events was common. However, women with a stroke 
mimic diagnosis in whom a suspected minor cerebrovascular 
event was initially expected had their stroke mimic diagnosis 
revised less frequently compared to men.27 Once the diagnosis of 
acute stroke has been made, women are less likely to undergo 
diagnostic imaging, but this difference is almost certainly purely 
an age effect, whereby women are on average older, and the sex 
differences disappear after adjusting for patient age. Time to im-
aging is however longer in women, even after adjusting for age.24 

Sex- and gender-specific considerations 
regarding intravenous thrombolysis

There are differences in IVT usage between women and men in 
some regions of the world. According to a large meta-analysis, 
women are less likely to receive IVT compared to men in the US 
and most European countries, but not in Asia and Germany, al-
though the gap seems to diminish over time.28 Subgroup analyses 
including only patients deemed eligible for IVT however did not 
show any significant sex difference in IVT treatment anymore.28 
Thus, one may assume that the sex-based IVT gap could largely 
be explained by differences in baseline characteristics; i.e., women 
are probably less often eligible for IVT, because they suffer more 
often from cardioembolic strokes that lead to larger infarcts, and 
thus, large established infarcts at baseline imaging may preclude 
IVT more often in women than in men. One caveat with regard 
to this hypothesis is that the criteria based on which IVT eligi-
bility was judged are only vaguely stated or completely missing 
in many studies. It has also been hypothesized that women are 
less likely to agree to IVT. However, data in this regard are con-
flicting, with some, but not all studies showing a lower likelihood 
of women accepting IVT.29,30 With regard to IVT workflow times, 
European studies showed similar workflow efficiency in both 
sexes, while North American data suggest slight IVT delays in 
women.24 Of note, under-utilization and delay in IVT in women 
are more pronounced in hospitals without specialized stroke unit 
care.31 As for treatment complications, it is possible that men may 
have a higher risk of intracranial hemorrhage following IVT.32 As 
far as functional outcomes post-IVT are concerned, a few pub-
lications describe worse outcomes in women even after adjust-
ment for baseline variables.33 However, the majority of studies and 
particularly post-hoc analyses of large randomized controlled 
trials suggest that IVT is equally effective in both women and 
men.24 Nevertheless, these post-hoc analyses need to be inter-
preted with caution: sex-stratified analyses were not pre-spec-
ified; as such, the trials were not adequately powered to detect 
sex-specific differences, and the inclusion criteria of IVT trials 
and clinical stroke trials in general, often restrict enrolment to pa-
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tients below a certain age limit and exclude patients with sub-
stantial pre-existing disability. This disproportionately affects 
women and may lead to both under- and misrepresentation of 
women in these trials (Figure 3). In other words, the women in-
cluded in clinical stroke trials may not be representative of the 
overall female stroke population. Although in principle, this ap-
plies to men too, it is less of a problem since they are on average 
younger and less disabled at the time of their first stroke.

Sex- and gender-specific considerations 
regarding endovascular treatment

Data regarding sex-specific differences in EVT eligibility and us-
age are highly heterogeneous: some studies from the US show 
similar rates of EVT among men and women,34 while data from 
Denmark and Japan suggest lower EVT rates in women.11,13 An-
other US study35 and a nationwide German study36 on the other 
hand showed higher EVT utilization in women. One potential 
reason for increased EVT use in women could be the higher in-
cidence of atrial fibrillation and cardio-embolic strokes in women, 
which more often results in large vessel occlusion compared to 
other stroke etiologies, while the decreased use compared to men 
in some studies could be a result of more “unfavorable” baseline 

characteristics of women, namely that they live alone more of-
ten, are on average older and more often disabled prior to their 
stroke. For non-industrial countries, there is relative paucity of 
data regarding sex-specific EVT use. In one Japanese registry 
study, door-to-arterial puncture times were longer in women.13 
Technical EVT success, that is recanalization of the occluded 
blood vessel, is similar in female and male patients.37,38 With re-
gard to clinical outcomes, post-hoc analyses of large random-
ized EVT trials39 and large prospective registry studies40 showed 
overall no sex-specific differences in 90-day outcomes and no 
differences in treatment effect after adjustment for confound-
ing factors, but women may have greater gain in disability-free 
life.37,39 Of note, the same limitations that were mentioned in 
the IVT paragraph apply, since all EVT trials had rather stringent 
inclusion criteria with pre-stroke disability caps, and most of 
them did not pre-specify sex-stratified analysis and were thus not 
adequately powered to detect sex-specific differences (Figure 3).

Sex- and gender-specific considerations 
in the post-acute phase

In the post-acute phase, given that the overall prognosis in fe-
male stroke patients is on average poorer, they are probably at 

Figure 3. Exclusion criteria in clinical trials and their effect on the representativeness of the female and male stroke patient population. The blue circle shows 
the entity of male stroke patients and the red circle shows the entity of female stroke patients on a population level. The x-axis indicates patient age at stroke 
onset, while the y-axis indicates pre-stroke disability at stroke onset. Since female stroke patients are on average older and suffer from more severe pre-stroke 
disability compared to males, applying an upper age limit and pre-stroke disability cap as part of clinical trial enrolment criteria disproportionately excludes 
females from the study. Even if an equal number of males and females of similar ages are included in the study, the female patients in the study will not be 
sufficiently representative of the general female stroke population. mRS, modified Rankin Scale.



https://doi.org/10.5853/jos.2022.04077

Ospel et al.  Sex and Gender Differences in Acute Stroke Care

22 https://j-stroke.org

greater risk of “withdrawal bias” than their male counterparts: 
treatment decisions may be biased by higher pre-stroke disabil-
ity, possibly leading to delayed treatment and undertreatment, 
pre-mature withdrawal of care, and thus result in even poorer 
outcomes (“self-fulfilling prophecy”).41 Indeed, data from West-
ern countries suggest that, despite their on average higher stroke 
severity, females have shorter hospital length of stay than males,14 
and receive palliative care consultation more often36 while be-
ing offered acute rehabilitation services less often.12,14,20 

Practical implications and future 
directions

Table 2 summarizes the above paragraphs and provides an over-
view of the discussed sex- and gender-related aspects in acute 
stroke. But what are the implications for stroke researchers and 
physicians treating acute stroke patients in their daily practice? 

Baseline status
It is important to be aware of the overall poorer baseline func-
tional status of women compared to men. For practicing physi-
cians, this means that they should be cautious to not prematurely 
enter the “withdrawal of care cycle,” which may get triggered 
by poor baseline function (i.e., poor baseline status biases treat-
ment decisions and leads to premature withdrawal of care, which 
in turn results in worse outcomes). They may want to decide to 

postpone the decision to proceed with palliative care in the first 
24–72 hours as it may become a self-fulfilling prophecy.20 For 
researchers, it is critical to remember that most sex- and gen-
der-related differences in almost all aspects of acute stroke care 
are in fact the result of confounding by baseline status. Thus, 
adjusting for these variables is critical when trying to assess for 
“true” sex-/gender-related differences.

Access to acute stroke systems of care
There is a large unmet need for robust evidence regarding sex- 
and gender-related discrepancies in access to acute stroke care. 
Determining sex- and gender-specific “access gaps” will be chal-
lenging, because it requires determining the “denominator,” i.e., 
the number of all patients that are in need of acute stroke care 
but do not get in contact with the medical system. Doing so is 
however crucial for researchers in order to estimate sex-/gender-
specific access gaps and investigate the reasons for these gaps, 
for clinicians to enable them to actively encourage those who lack 
adequate access and their families to seek medical care, and for 
policymakers to address access gaps with stroke awareness cam-
paigns, infrastructural changes, or other changes in the health-
care system.20 Comparing the sex/gender distribution of patients 
presenting to the hospital vs. out-of-hospital stroke deaths would 
be a starting point to estimate the size of the “denominator” 
population and could serve as an indicator of missed opportu-
nities for acute care.

Table 2. Key points on sex- and gender-related aspects in acute stroke care

Key aspects Explanation

Epidemiology • Age-adjusted burden of stroke is greater in men compared to women.
• However, women are at increased risk of stroke in the very old age group. 
• Since they have a higher life expectancy than men, the overall stroke burden is therefore higher in women.

Baseline status • Women have an overall poorer baseline functional status and are older at the time of their first stroke.
• Many poor prognostic post-stroke outcome markers are more strongly associated with outcome in women vs. men.
• There are some stroke risk factors that are unique to women (eg, oral contraception, pregnancy, post-partum period).

Access to acute stroke care • There is relative paucity of data regarding sex/gender discrepancies (“denominator problem”).
• The predominance of men in registry studies from some parts of the world suggest limited access of women to acute stroke care.

Diagnostic work-up • Whether women present more commonly with atypical symptoms than men is controversial.
• Stroke mimics, particularly migraine are more common among women.
• Diagnostic imaging is delayed in women compared to men.
• Women are also less likely to undergo diagnostic imaging, but this is an age-effect rather than truly sex-related.

Intravenous thrombolysis  
  (IVT)

• Women are less likely to receive IVT, the reasons for this are not clear (lower eligibility, lower likelihood of accepting EVT?).
• In some studies, IVT was delayed in women compared to men.
• IVT seems equally effective in women and men.

Endovascular treatment  
  (EVT)

•  Data on sex-specific EVT use are heterogeneous, with some studies showing similar, some showing increased and some 
showing decreased EVT use in women compared to men.

• Few studies report EVT delays in women compared to men.
• EVT seems equally effective in women and men; women seem to have a greater gain in disability-free life.

Post-acute phase • Women have a shorter hospital stay than men, receive rehabilitation services less often and palliative care more often.
•  There is a potential risk for a “withdrawal of care” vicious cycle in women: poorer baseline status may bias treatment decisions, 

lead to pre-mature withdrawal of care, and lead to even poorer outcomes.
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Stroke symptoms and diagnostic work-up
The increased incidence of stroke mimics, and particularly mi-
graine, among women is probably the most obvious sex-/gen-
der-related difference in stroke-like presentations. For clinicians, 
this means that they have to face a diagnostic challenge par-
ticularly in female patients. Since the benefit of acute stroke 
treatment is highly time-dependent,42 we would advise physi-
cians to proceed with an acute stroke imaging protocol, includ-
ing vascular imaging to assess for EVT-amenable vessel occlu-
sions, as soon as possible if there is even the slightest doubt in 
a patient presumably suffering from a stroke mimic. Treatment 
for none of the stroke mimics is as time-dependent, so there is 
little harm in rapid image acquisition, while the potential down-
stream benefits are tremendous. From a research perspective, it 
would be desirable to investigate which diagnostic pathways, 
including imaging such as magnetic resonance imaging,25,27 could 
differentiate females with acute stroke vs. those with stroke mim-
ics quickly and reliably, knowing that there will never be a per-
fect way to tell them apart.

Intravenous thrombolysis
The reasons why women are less likely to receive IVT are not yet 
fully understood. Factors that are likely to play a role are reduced 
eligibility among female patients due to poorer baseline status, 
possibly a more risk-averse behavior among females, and lon-
ger delays from onset to hospital arrival. Clinicians could try to 
partially address the latter problem pre-emptively, by explaining 
the signs and symptoms of stroke to patients with high stroke 
risk, especially women who are living alone, creating an action 
plan about how to activate emergency medical services, and dis-
cussing the option of having a life alert bracelet.20 Researchers 
may want to explore the factors that lead to reduced IVT utili-
zation in women in greater detail, since this may provide start-
ing points to identify and, in a second step, reduce underutiliza-
tion of IVT.

Endovascular treatment
There is substantial heterogeneity in the literature with regard 
to sex-specific EVT use. Once EVT has been performed, overall 
outcomes in women are worse, again largely related to con-
founding baseline factors, but their gain in disability-free life is 
greater compared to male patients. Thus, clinicians may want to 
find out as many details as possible about what their patients 
consider to be a desirable outcome, from communication with 
the patients themselves and their family members, and center 
their treatment decisions around this goal. Our patients may con-
sider outcomes as acceptable which we as physicians think of 
as undesirable, and this becomes particularly relevant when the 

overall prognosis is poor, as is the case in many female stroke 
patients. As researchers, we should strive towards investigating 
sex-specific differences in EVT utilization in more depth, and as-
sess patient preferences with regard to clinical outcomes in 
greater detail, to allow for more informed treatment decisions 
in patients with poor overall prognosis.

Post-acute phase
There is robust evidence to suggest that women receive less de-
fect-free care in the post-acute phase and are more likely to en-
ter a palliative care pathway. Whether this is mostly due to with-
drawal bias, poorer baseline status, or whether there are other 
contributing factors is currently unclear. As physicians, we should 
again be careful to not decide upon a palliative treatment regi-
men prematurely. From a research standpoint, a detailed inves-
tigation of the factors leading to sex- and gender-specific dif-
ferences in post-acute stroke care, and particularly the role of 
withdrawal bias, would be desirable.

Conclusion

Patient sex and gender profoundly influence stroke risk, access 
to acute stroke care, and perhaps also the use of acute stroke 
therapies. Differences in post-stroke outcomes on the other hand 
are largely related to baseline confounding factors. Of note, 
based on all available evidence, both IVT and EVT are equally ef-
fective in both sexes. For physicians who treat acute stroke pa-
tients, it is important to be aware of sex- and gender-related 
differences in their daily clinical practice in order to provide the 
best possible care for patients of both sexes. Similarly, stroke re-
searchers need to be aware of the impact of sex and gender in 
their data, and keep in mind the possibility of confounding through 
baseline factors, to avoid erroneous conclusions. Doing so will 
further enhance our understanding of the role sex and gender 
play in acute stroke care, and help to improve outcomes of all 
patients suffering from acute stroke.

Disclosure

Johanna Ospel is a consultant for NICOLab. Mayank Goyal is a 
consultant for Medtronic, Stryker, Microvention, GE Healthcare, 
Mentice. The remaining authors have nothing to disclose.

References
1. Moleiro C, Pinto N. Sexual orientation and gender identity: 

review of concepts, controversies and their relation to psy-

chopathology classification systems. Front Psychol 2015;6: 



https://doi.org/10.5853/jos.2022.04077

Ospel et al.  Sex and Gender Differences in Acute Stroke Care

24 https://j-stroke.org

1511.

2. Day S, Mason R, Lagosky S, Rochon PA. Integrating and eval-

uating sex and gender in health research. Health Res Policy 
Syst 2016;14:75.

3. Labovitz DL. Stroke epidemiology and intersectionality. Stroke 
2020;51:2886-2887.

4. Ganesh A, Fraser JF, Gordon Perue GL, Amin-Hanjani S, Les-

lie-Mazwi TM, Greenberg SM, et al. Endovascular treatment 

and thrombolysis for acute ischemic stroke in patients with 

premorbid disability or dementia: a scientific statement from 

the American Heart Association/American Stroke Associa-

tion. Stroke 2022;53:e204-e217.

5. Reeves MJ, Bushnell CD, Howard G, Gargano JW, Duncan 

PW, Lynch G, et al. Sex differences in stroke: epidemiology, 

clinical presentation, medical care, and outcomes. Lancet 
Neurol 2008;7:915-926.

6. Rexrode KM, Madsen TE, Yu AYX, Carcel C, Lichtman JH, 

Miller EC. The impact of sex and gender on stroke. Circ Res 
2022;130:512-528.

7. Heron M. Deaths: leading causes for 2019. Natl Vital Stat 
Rep 2021;70:1-114.

8. Koton S, Sang Y, Schneider ALC, Rosamond WD, Gottesman 

RF, Coresh J. Trends in stroke incidence rates in older US 

adults: an update from the Atherosclerosis Risk in Communi-

ties (ARIC) cohort study. JAMA Neurol 2020;77:109-113.

9. Appelros P, Stegmayr B, Terént A. Sex differences in stroke 

epidemiology: a systematic review. Stroke 2009;40:1082-

1090.

10. Persky RW, Turtzo LC, McCullough LD. Stroke in women: dis-

parities and outcomes. Curr Cardiol Rep 2010;12:6-13.

11. Mainz J, Andersen G, Valentin JB, Gude MF, Johnsen SP. Dis-

entangling sex differences in use of reperfusion therapy in 

patients with acute ischemic stroke. Stroke 2020;51:2332-

2338.

12. Madsen TE, DeCroce-Movson E, Hemendinger M, McTaggart 

RA, Yaghi S, Cutting S, et al. Sex differences in 90-day out-

comes after mechanical thrombectomy for acute ischemic 

stroke. J Neurointerv Surg 2019;11:221-225.

13. Uchida K, Yoshimura S, Sakai N, Yamagami H, Morimoto T. 

Sex differences in management and outcomes of acute isch-

emic stroke with large vessel occlusion. Stroke 2019;50:1915-

1918.

14. Willers C, Lekander I, Ekstrand E, Lilja M, Pessah-Rasmussen H, 

Sunnerhagen KS, et al. Sex as predictor for achieved health 

outcomes and received care in ischemic stroke and intracere-

bral hemorrhage: a register-based study. Biol Sex Differ 2018; 

9:11.

15. Niewada M, Kobayashi A, Sandercock PA, Kamiński B, 
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