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omen experience worse outcomes after stroke than men!

despite their lower age-adjusted incidence of stroke.’
Previous reviews of sex differences in select stroke outcomes,
including activity limitations,> participation restriction,*
poststroke depression (PSD),* and health-related quality of
life (HRQoL),** demonstrated that women had worse out-
comes than men across many of these measures. Women’s
greater age and stroke severity, as well as poorer prestroke
function, seem to contribute to the sex difference in outcomes,
but data on other contributing factors are limited.* Existing
reviews included studies published >5 years ago, and given
the rapid increase in the number of studies addressing sex dif-
ferences in stroke outcomes, an updated review is warranted.

Methods

Full details of our methods are provided in the online-only Data
Supplement. A previous review included studies up to 2007,> so we
reviewed studies from 2007 onwards that examined sex differences
in patient reported outcome measures (PROMs) at <12 months after
stroke, including activity limitations, HRQoL, participation restric-
tion, impaired cognition, and mood.® Full results tables are shown in
the online-only Data Supplement.

Results
Activity Limitations
Of 1875 articles identified, 22 studies (3 population based) that
were designed to examine sex differences (Results and Table I
in the online-only Data Supplement) met criteria for inclusion.
The most common instrument to assess activity limitations was
the modified Rankin Scale, followed by the Barthel Index.

In 8 studies including ischemic and hemorrhagic strokes,
unadjusted estimates showed that women had more activ-
ity limitations than men through significantly lower odds
of good outcome (odds ratio [OR] range: 0.44-0.61)"" or
greater odds of poor outcome (OR range: 1.29-1.62)."%* In

multivariable adjusted analyses, women had worse outcome
than men with significantly lower odds of good outcome (OR
range: 0.37-0.75) or greater odds of poor outcome (OR range:
1.17-1.74).78101213 Tpy 2 studies, there was no statistically sig-
nificant difference between women and men.'"'* Adjustment
for covariates, most commonly age, stroke severity, comor-
bidities, and prestroke function, reduced the associations
between 9% and 20%, suggesting these factors partly explain
the greater activity limitations for women after stroke.

In 11 studies of ischemic stroke (Table I in the online-only
Data Supplement), women generally had worse outcome than
men demonstrated by greater odds of poor outcome (mostly
modified Rankin Scale >3 versus <3; range in ORs: 1.13-2.40)
or lower odds of good outcome (eg, modified Rankin Scale <1
versus >1 or independent walking).'>» Among 13 multivari-
able adjusted comparisons between men and women (some
studies had >1 comparison), women’s significantly worse out-
come compared with men persisted in 7 comparisons with a
greater odds of poor outcome (range, 1.30-3.40) or a higher
activities of daily living score.'*?*2* Common covariates
included age, stroke severity, and comorbidities. There were 6
comparisons rendered nonsignificant by adjustment for covari-
ates,!>162021.35 which were most commonly age, stroke severity,
comorbidities, and health behaviors. Adjustment for covariates
reduced the sex differences by between 2% and 47%. In sev-
eral studies, prestroke modified Rankin Scale was the largest
contributor to sex differences in activity limitations.'>'

In the 3 studies of intracerebral hemorrhage,”**® women
had more activity limitations than men demonstrated by sig-
nificantly higher odds of poor outcome (range, 1.77-2.00),* a
higher proportion with poor outcome (58.4% versus 45.3%),”
or a lower proportion with good outcome (33.4% versus
41%).% In adjusted analyses, some studies showed no statisti-
cally significant sex difference at 90 days®” and 12 months.?
Other studies showed worse outcomes in women at 3 22 and
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6 months after multivariable adjustment.® Notably, studies
of intracerebral hemorrhage tended to include more clinical
covariates, such as intracerebral hemorrhage volume or loca-
tion and admission delays, in adjusted analyses.

There were also 17 studies that were not designed to
examine sex differences in outcome but reported sex-spe-
cific results. These studies were of all strokes and ischemic
stroke only. They showed similar results to those above and
are reported in the online-only Data Supplement (Results and
Table II in the online-only Data Supplement).

Health-Related Quality of Life

The search identified 1674 articles of which 13 met our crite-
ria (2 population based) with 2 being specifically designed to
examine sex differences (Results and Table III in the online-
only Data Supplement ).7182-% Outcomes included generic
instruments, such as the EuroQol-5D, 36-Item Short Form
Health Survey, or 12-Item Short Form Health Survey, as well
as stroke-specific instruments, including the Stroke-Specific
Quality of Life and Stroke Impact Scale.

In the 2 studies designed to examine sex differences, women
had lower mean HRQoL than men in unadjusted and adjusted
analyses.”* In the one study with both unadjusted and adjusted
results, the magnitude of the sex difference was reduced by 20%
at 3 months and 45% at 12 months with adjustment for age,
sociodemographics, stroke severity, and function at 3 months.*

The remaining 11 studies were not designed to examine sex
differences but reported sex-specific results. In multivariable
adjusted estimates, most commonly including age, stroke
severity, and functional outcomes, only 1 study reported that
women had better HRQoL than men.*> By contrast, signifi-
cantly poorer HRQoL in women was found in 5 studies 3!:33-35:3738
The remaining 5 studies reported no association between sex
and HRQoL after accounting for covariates.!$2%34363% Thege
studies tended to adjust for PSD and functional outcomes.

Poststroke Depression

We identified 590 studies with 10 meeting our inclusion cri-
teria (none were population based).*** None were designed
to examine sex differences in PSD. The most common instru-
ments to assess PSD were the Hamilton Depression Rating
Scale, the Centre for Epidemiological Studies Depression
Scale, or clinical diagnoses. Unadjusted associations between
sex and PSD were reported for 8 studies, generally showing
more PSD in women through a higher likelihood of PSD (OR
range: 1.27-3.15 and hazard ratio, 3.52)*%74 or higher mean
PSD symptoms*** (Results and Table IV in the online-only
Data Supplement). Multivariable adjustment, most commonly
for age, stroke severity, and activity limitations, did not appre-
ciably change these results, with women still significantly being
more likely to have higher prevalence, incidence, or symptoms
of depression than men.**#**454 Notably, studies of PSD
include a wider range of covariates than other outcomes, such
as work status,* social factors,*** and cognition. #4346

Cognitive Impairment
Our search identified 523 articles, of which 5 met the inclusion
criteria (none were population based>*>*; Results and Table V

in the online-only Data Supplement). A variety of cognitive
tests were used. There were 2 studies designed to examine sex
differences in cognitive impairment with one showing men
had a 3-fold higher risk than women (OR: 3.07; 95% confi-
dence interval, 1.12-8.42) and the other showing a higher
prevalence among women (OR: 1.60; 95% confidence interval,
1.01-2.57) in adjusted analyses.’** Among the 3 remaining
studies, results were inconsistent with 1 observing a higher risk
of cognitive impairment among men* and 1 study observing a
higher risk of cognitive impairment among women.* In 1 other
study, women had a higher risk of cognitive impairment in
unadjusted analyses but not after adjustment for a wide range
of covariates, including sociodemographics, prestroke health
behaviors, and clinical stroke factors.”®

Participation

There were 665 articles identified with 5 meeting our inclu-
sion criteria (1 population based; Results and Table VI in the
online-only Data Supplement). Outcome measures included
the London Handicap Scale, the Work and Social Adjustment
Scale, and the participation domain of the Stroke Impact Scale.
In the one study designed to examine sex differences,” the
authors reported no significant sex difference, but the study
was small and possibly underpowered. Women and men had
similar participation restriction in the 4 remaining studies,’*>°
but there was a trend toward women having significantly
worse participation restriction than men in one of the studies®®
(OR for less participation restriction: 0.65; 95% confidence
interval, 0.20, 1.09) after accounting for a range of covariates,
including age, stroke type, and PSD.

Discussion

This updated review of sex differences in PROMs found con-
sistent evidence that women have more activity limitations,
worse HRQoL, and a higher prevalence of PSD than men after
accounting for a range of covariates. There was less evidence
for sex differences in cognitive impairment or participation
restrictions. With the exception of studies of activity limita-
tions, there have been few studies specifically designed to
examine sex differences in PROMs after stroke. In addition, lit-
tle data on sex differences from population-based studies exist.

Studies generally considered a wide range of potential con-
founders of the associations between sex and stroke outcomes.
Most studies with multivariable adjusted analyses included
age, stroke type, stroke severity, and some measure(s) of car-
diovascular comorbidities as potential confounders. Few stud-
ies considered aspects of clinical care, social factors, or mental
health that may drive poor outcomes in women. In addition,
many investigators failed to report unadjusted estimates of the
sex association making it difficult to understand the contribu-
tion of specific covariates to sex differences. For these reasons,
studies that identify modifiable factors contributing to sex
differences in stroke outcomes remain a priority. Studies that
quantify the effect of adjusting for individual factors on sex
differences, rather than simply adjusting for a list of covari-
ates, are needed because they could suggest potential targets
for intervention and provide a means for prioritizing these
interventions.'® Of particular interest are studies that consider
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less well-studied potential confounding factors, including pre-
stroke health, social isolation and loneliness, socioeconomic
status (SES), and mental health, because of their unique pat-
terning in women with stroke compared with men.

Women’s prestroke health clearly impacts their recovery.
Studies of activity limitations demonstrated that prestroke func-
tion was an important contributor to the sex difference in this
outcome.'>!® Although many authors considered prestroke func-
tion or cardiovascular comorbidities as confounders, few con-
sidered musculoskeletal (eg, osteoporosis or arthritis) or mental
disorders that are more prevalent in women compared with
men.%* Associated with prestroke health is women’s older age
than men at the time of stroke.’ Both age and prestroke health
may contribute to women’s worse outcome by limiting their
physical and cognitive reserve®* or contraindicating interven-
tions and medications.®® Even though sex differences exist in
the quality of and access to stroke care,> few authors consid-
ered these as potential drivers of worse outcomes in women.
Studies examining aspects of care may highlight avenues for
interventions to reduce sex disparities in stroke outcome.

We found a higher prevalence of PSD in women, which
can effect recovery and HRQoL after stroke.** Few studies we
reviewed included PSD as a covariate, so its impact on sex dif-
ferences in other stroke outcomes is unclear. There is a need
for high-quality longitudinal studies designed to disentangle
the potential bidirectional nature of the sex difference in PSD
and other PROMs, such as activity limitations and HRQOL
after stroke. More efforts to identify and manage PSD in both
women and men are needed because it remains a major barrier
to improving stroke outcomes.®

Older women, who carry much of the burden of stroke, may
be vulnerable to loneliness, social isolation, low social sup-
port, and limited social networks. Older women are at least
twice as likely to live alone than older men (46% of women
versus 23% of men >75 years).®® Living alone before stroke
is associated with delays in arrival to hospital®® and lower use
of tissue-type plasminogen activator therapy, which likely
affects PROMs.%” Despite this, few of the studies reviewed
here included social factors as potential confounders of sex
differences with the exception of a small number of studies
that adjusted for marital status or living alone.'®4> A prospec-
tive study of ischemic stroke survivors found that social isola-
tion, but not living alone, was associated with a 40% increase
in the risk of cardiovascular events or death.®® Others reported
harmful effects of living alone on mortality in younger but
not older people.®’ Because living alone measures both nor-
mative behavior and functional independence, it can act as a
marker of stressful psychosocial situations in younger people
but a marker of independence and better health in older peo-
ple.”! They are likely to be important, but as yet undiscovered,
effects of these social factors on stroke outcomes in women
with further research warranted.

Elderly women may be exposed to greater socioeconomic
disadvantage than men.” This could increase stroke burden
in women because people exposed to lower SES have worse
outcomes than those with higher SES.” Men and women with
strokes seem to have similar area-level™ and individual-level
SES, measured using educational attainment." However, oth-
ers have noted the difficulties in defining exposure to SES in
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women.”” In studies we reviewed, analyses of HRQoL com-
monly adjusted for SES, but few analyses of other outcomes
considered it as a covariate. One study showed SES did not
influence the sex difference in activity limitations'® whereas
others showed that lower education was associated with
greater activity limitations in men but not women” or that
area-level SES was associated with greater activity limitations
in women but not men.” Although it is plausible that women’s
SES relative to men may adversely affect their stroke out-
comes, this is not supported by current evidence. Investigators
should measure several SES markers reflecting access to
material and social resources to better understand the impact
on sex differences in outcomes.

A few methodologic considerations warrant discussion.
There was a clear lack of population-based studies of sex dif-
ferences in PROMs identified in our review. Population-based
studies have less selection bias and better reflect the broader
stroke population, providing the best estimates of sex differ-
ences from a public health perspective. Existing population-
based studies could contribute to these efforts by ensuring
that PROMs are included in future data collection efforts and
that sex differences are considered. PROMs are ascertained
directly from patients, so many studies exclude people with
language or cognitive dysfunction that are more prevalent
in women than men.’ It is, therefore, possible that existing
literature misestimates the magnitude of sex differences in
PROMs. Advanced statistical methods, such as inverse prob-
ability weighting techniques, can account for selection issues
but are not common in stroke research. There were few studies
of intracerebral hemorrhage, with 3 studies of activity limita-
tions in this group but no studies for other outcomes. We only
considered quantitative studies, and there might be qualitative
studies that could aid our understanding of sex differences in
outcome after stroke. Addressing these issues will improve
our understanding of the magnitude of sex disparities and
allow us to better identify contributors to sex differences.

Conclusions

This review confirmed that after stroke women experience
more activity limitations, worse HRQoL, and more PSD, but
not worse cognitive impairment or participation restriction,
than men. These differences in outcomes are at least par-
tially explained by women’s advanced age, greater stroke
severity, and poorer health at the time of stroke. There is
a pressing need for high-quality population-based studies
of sex differences in PROMs after stroke. Studies explor-
ing potential modifiable contributors to these differences are
needed, so effective interventions to reduce sex disparities
in outcome can be designed.
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