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Objective: We sought to determine sex differences in outcomes in patients with severe

stroke who had been admitted to inpatient rehabilitation.

Methods: We studied 1,316 patients aged 18 to 99 (mean 72) classified as case-mix

groups 0108, 0109, and 0110 of the Medicare case-mix classification system. These

groups encompass the most severe strokes. Three outcomes were analyzed: (1) 3-year

mortality from admission to rehabilitation; (2) combined outcome of transfer to acute

care or death within 90 days from admission to rehabilitation; (3) functional outcome,

including proportional recovery in motor functioning and good functional outcome as

defined by achievement of a Functional Independence Measure (FIM)-motor score ≥65

points at discharge. Multivariable regression analyses were used to assess sex-difference

in each outcome between women and men. The covariates examined included age,

marital status, comorbidities, time from stroke onset to rehabilitation admission <30

days, ischemic stroke, dysphagia, neglect, motor FIM score at admission, and cognitive

FIM score at admission.

Results: Kaplan-Meier estimated 3-year mortality rate was 20.7% in women and 22.0%

in men. The crude hazard ratio (HR) of death for women compared with men was

0.94 (95% CI 0.74–1.20). After adjustment for significant covariates, the HR of 3-year

mortality was 0.73 (95% CIs 0.56–0.96; p = 0.025). Comorbidity, including diabetes,

anemia, coronary artery disease, atrial fibrillation, and chronic obstructive pulmonary

disease, significantly increased mortality risk by 49–88%. The incidence of the combined

outcomewas 8.3% in women and 8.4% inmen. The crude HR of the combined end-point

for women compared with men was 1.05 (95% CI 0.72–1.53). After adjustment for

significant covariates, the HR was 0.95 (95% CIs 0.65–1.40; p = 0.810). Likewise, no

significant difference in proportional recovery or in the rate of achievement of a good

functional outcome between women and men was observed.

Conclusion: Among patients admitted to inpatient rehabilitation after severe stroke,

women and men had comparable crude mortality rates at 3 years. After multivariable
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adjustment, however, women had lower mortality risk. No sex-differences in the risk of

being transferred to acute care or dying within 90 days from admission to rehabilitation

or in responsiveness to rehabilitation were observed.

Keywords: sex, stroke, mortality, functional outcome, rehabilitation

INTRODUCTION

Stroke is a leading cause of death and disability worldwide
(1). According to the most recent report from the Global
Burden of Disease Stroke Collaboration, there were 1·03 million
incident strokes in Western Europe and 0·81 in North America
in 2016 (1). Despite a substantial decline in stroke mortality
in recent decades, stroke is the second leading cause of
cardiovascular death worldwide (2). Approximately 20–25% of
stroke survivors present severe disability (3). Comorbidity is
prevalent in stroke patients and affects both life expectancy and
disability (4).

Understanding sex differences in epidemiology,
pathophysiology, outcomes, and treatment effectiveness is
important since could provide evidence for reducing potential
sex disparities. Previous studies of sex differences in post-stroke
outcomes provided conflicting findings (5). Two recently
published systematic reviews from the International Stroke
Outcomes Study (INSTRUCT) research group suggest that sex
differences in mortality and functional outcomes are eliminated
after adjustment for age, pre-stroke functional limitation, and
stroke severity (6, 7). The higher mortality risk for women was
even reversed after adjustment (6). However, as noted by the
Authors, the variability in measures of stroke severity used in
individual studies may have introduced some bias in adjusted
estimates (6). Furthermore, Gall et al., considering patient-
reported outcomes, showed that women had worse functional
outcomes than men, which persisted after accounting for a range
of covariates (8). However, the role of rehabilitation was yet
not addressed in any of the above-mentioned studies. Despite
the large number of studies on sex differences in stroke, only
few data are available on the relative responsiveness of women
and men to rehabilitation (6). Early rehabilitation is effective in
fostering functional recovery and may positively affect mortality
(9, 10). An association between functional gain achieved with
rehabilitation and mortality risk also has been demonstrated
(11, 12). Another aspect to consider is that most individual
studies have been based on patient populations with prevalent
mild or moderate stroke and the relevance of research findings to
the critical population with severe stroke remains elusive. Severe
stroke is associated with increased burden of mortality and
disability, wider interindividual variation in responsiveness to
rehabilitation, and higher healthcare and social costs compared
with less severe strokes (12, 13). Better understanding of sex
differences in this challenging patient population could provide
new insightful information and opportunities to reduce potential
sex disparities. To address this issue, we studied 1,316 patients
classified as case-mix groups (CMGs) 0108, 0109, and 0110
of the Medicare case-mix classification system (14), which
was specifically developed to account for “the level of severity

of a given case” (15). Case-mix groups 0108, 0109, and 0110
encompass the most severe strokes.

MATERIALS AND METHODS

Participants
Patients were recruited from the specialized stroke rehabilitation
units of the Maugeri inpatient rehabilitation facilities (IRFs)
of Cassano Murge (Bari), Telese Terme (Benevento), and
Montescano (Pavia) in Italy. Enrolment periods varied among the
participating centers but ran from February 2002 to September
2016 overall. A total of 3,646 patients admitted for stroke
rehabilitation were identified using a computer-generated list
obtained from our administrative database and by reviewing
electronic medical records. We included patients admitted to
stroke rehabilitation units ≤90 days from stroke occurrence
and classified as CMG 0108 (weighted Functional Independence
Measure [wFIM] motor score <26.15 and age >84.5), 0109
(wFIM motor score >22.35 and <26.15, and age <84.5), or 0110
(wFIM motor score <22.35 and age <84.5) of the Medicare
case-mix classification system (14). Patients classified as CMGs
0101 to 0107, admitted to rehabilitation >90 days from stroke
occurrence, or discharged against medical advice were excluded.
Of the 3,646 patients, 1,316 fulfilling the selection criteria were
included in the study. Figure 1 shows the flowchart of patient
selection. The Medicare classification system distinguishes 10
CMGs for stroke rehabilitation. Patients are assigned into one
of the 10 distinct CMGs, based on age, the sum of weighted
ratings for 12 FIM-motor items (transfer to tub or shower item
is excluded), and the sum of FIM cognitive ratings (14). The FIM
is currently the most widely used measure to describe the degree
of impairment in activities of daily living in clinical practice. The
motor-FIM score consists of 13 items assessing four domains of
function (self-care, sphincter control, transfers, and locomotion).
The cognitive-FIM score consists of five items assessing two
domains (communication and social cognition). Each item is
scored on a 7-point Likert scale, from 1 (total dependence) to 7
(total independence).

The characteristics of the three participating stroke
rehabilitation units have been described previously (11, 12).
The participating rehabilitation units are certified ISO9001
Quality Management Systems for activities of rehabilitation and
share common rehabilitation programs. The interdisciplinary
stroke rehabilitation teams comprise the following professionals
with expertise in stroke rehabilitation: neurologist, physiatrist,
physiotherapist, occupational therapist, speech and language
therapist, neuropsychologist, and nurse. Trained therapists
recorded admission and discharge FIM scores, as part of
our formal rehabilitation program. Individual rehabilitation
programs were structured to provide as much scheduled
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FIGURE 1 | Flowchart of patient selection.

rehabilitation therapy as possible, with the objective of providing
therapy for 3 h per day for 5 days and for 1 h for 1 day of each
week. Conformity to this standard is subject to periodic external
audit by independent auditors of the Regional Health Agencies.
The study was approved by our Institutional Review Board.
Patients’ data were deidentified.

Data Collection
All data were extracted from the electronic Hospital Information
System networked between the participating centers. Vital
status was ascertained by linking with the regional Health
Information System.

Definitions
Coronary artery disease (CAD) was diagnosed based on a
documented history of myocardial infarction, percutaneous
coronary angioplasty, or coronary artery bypass grafting, or
a previous hospitalization for CAD. Renal dysfunction was
defined as estimated glomerular filtration rate <60 mL/min/1.73
m2. Anemia was defined as hemoglobin <12 g/dL in women
and <13 g/dL in men. Atrial fibrillation (AF) was diagnosed
based on admission electrocardiogram. Chronic obstructive
pulmonary disease (COPD) was diagnosed based on patient’s
medical records documenting a past diagnosis of COPD, chronic
medication use for COPD, and/or previous hospitalizations for
exacerbation of COPD. The Bedside Swallowing Assessment
Scale, administered by a trained speech therapist, was used
to diagnose dysphagia. If concerns regarding the safety and
efficiency of swallow function emerged from the scale, a
fiberoptic endoscopic evaluation of swallowing was performed.
The Semi-Structured Scale for the Functional Evaluation of
Hemi-inattention was used to diagnose personal neglect.

Outcomes
The following clinical and functional outcomes were analyzed:
(1) all-cause mortality up to 3 years from admission to
rehabilitation; (2) combined outcome of transfer to acute care
or death within 90 days from admission to rehabilitation,
whatever came first; (3) functional outcome. Two measures of
functional outcome were used: (1) proportional recovery in
motor functioning, as expressed by motor-FIM effectiveness,
and (2) good functional outcome as defined by achievement of a
FIM-motor score≥65 points at discharge. Proportional recovery
in motor functioning is calculated by the formula: (discharge
motor-FIM score–admission motor-FIM score)/(maximum
motor-FIM score–admission motor-FIM score) × 100 (16).
Proportional recovery expresses the achieved proportion of
available improvement in motor functioning (16). According to
Stinear, “measuring proportional recovery enables the detection
of treatment effects despite interindividual variability in absolute
recoveries and outcomes” (17). To facilitate the interpretation
of functional improvement, we also calculated the proportion
of women and men who achieved a good functional outcome as
defined by FIM-motor score ≥65 points at discharge. Based on
Rasch analysis, patients with a score ≥65 “usually require either
supervision or minimal assistance with mobility and self-care,
indicating that the patient’ physical care requirements for daily
activities are minimal” (18).

Statistical Analysis
Data are reported as mean and standard deviation (SD) or
median and interquartile range (IQR) for continuous variables
or percentage for categorical variables. No variable was missing
more than 0.1% of values. Rates of mortality were estimated by
means of the Kaplan-Meier method and were compared between
women and men using the log-rank test.
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Covariates
The covariates examined included age (per 5-year increase above
65), marital status (married/not married), hypertension, diabetes,
COPD, history of CAD, AF, anemia, renal dysfunction (estimated
glomerular filtration rate <60 mL/min/1.73 m2), time from
stroke onset to rehabilitation admission <30 days, ischemic
stroke, dysphagia, neglect, motor FIM score at admission, and
cognitive FIM score at admission. These variables were selected
based on availability at time of presentation and prior studies
showing an association with the outcomes of interest (4, 6, 11,
12, 17, 19–32) and were included in all analyses.

Three-Year All-Cause Mortality
Crude hazard ratio (HR) of death for women compared withmen
was estimated by univariable Cox regression analysis. Adjusted
HR was estimated by multivariable backward stepwise Cox
regression analysis (p > 0.05 to remove). Schoenfeld residuals
after fitting Cox model were evaluated to test proportional-
hazards assumption. Interactions between sex and covariates
were estimated by using the likelihood ratio test.

In addition, since unmeasured potential confounding factors
may affect hazard estimates, a sensitivity analysis was performed
to explore the potential confounding effect of an unknown
or unmeasured variable on the association of sex with 3-
year survival (33). Hazard ratios for women vs. men adjusted
for a hypothetical unmeasured binary variable with different
distribution in the two sexes were estimated. The effect was
quantified assuming a HR of 1.3, 1.4, and 1.5.

To explore the association between comorbidities and
mortality, recursive-partitioning analysis (for censored survival
data) was applied to cluster patients into risk subgroups
according to comorbidities and to identify the combinations of
comorbidities that were most influential for 3-year mortality,
adjusting for age, sex, and type of stroke (ischemic or
hemorrhagic) (34).

Combined Outcome
Crude and adjusted HRs of the combined outcome of transfer
to acute care or death within 90 days from admission to
rehabilitation for women compared with men were estimated as
described above.

Functional Outcome
The association of baseline covariates with proportional recovery
in motor functioning was assessed using beta regression. A
multivariable analysis was performed to model the proportion
of recovery on the basis of significant covariates and to estimate
the effect of sex. Beta coefficients with standard error (SE) were
reported. Crude odds ratio (OR) of good functional outcome for
women compared with men was estimated by univariable logistic
regression model. Adjusted OR was estimated by multivariable
logistic regression analysis. These analyses were limited to the
1,209 patients who completed rehabilitation.

Sex, as main exposure variable, was included into all
multivariable models regardless of significance level.

Finally, for each outcome, a full adjusted analysis was
performed including all covariates.

TABLE 1 | Baseline characteristics stratified by sex.

All

(N = 1,316)

Women

(N = 587)

Men

(N = 729)

Demographics

Age (years), mean (SD) 72 (12) 73 (11) 71 (11)

<65 years, n (%) 320 (24.3) 111 (18.9) 209 (28.7)

65 to 74 years, n (%) 376 (28.6) 164 (27.9) 212 (29.1)

≥75 years, n (%) 620 (47.1) 312 (53.2) 308 (42.2)

Marital status–married, n (%) 941 (71.5) 342 (58.3) 599 (82.2)

Comorbidities

Hypertension, n (%) 954 (72.5) 441 (75.3) 513 (70.4)

Diabetes, n (%) 393 (29.9) 170 (29.0) 223 (30.6)

COPD, n (%) 189 (14.4) 80 (13.7) 109 (15.0)

CAD, n (%) 168 (12.8) 57 (9.7) 111 (15.2)

Atrial fibrillation, n (%) 344 (26.2) 203 (34.6) 141 (19.3)

Anemia (hemoglobin <13

g/dL in men, <12 g/dL in

women), n (%)

465 (35.3) 194 (33.1) 271 (37.2)

Renal dysfunction (eGFR

<60 mL/min/1.73 m2), n (%)

233 (17.7) 118 (20.1) 115 (15.8)

Stroke-related characteristics

CMG 108, n (%) 153 (11.6) 75 (12.8) 78 (10.7)

CMG 109, n (%) 123 (9.3) 51 (8.7) 72 (9.9)

CMG 110, n (%) 1,040 (79.0) 461 (78.5) 579 (79.4)

Time from stroke onset to

rehabilitation admission

(days), median (IQR)

23.7 (16.6) 23.2 (16.3) 24.1 (16.9)

Time from stroke onset to

rehabilitation admission ≤30

days, n (%)

993 (75.5) 449 (76.5) 544 (74.6)

Ischemic stroke, n (%) 1,051 (79.9) 488 (83.1) 563 (77.2)

Hemorrhagic stroke, n (%) 265 (20.1) 99 (16.9) 166 (22.8)

Dysphagia, n (%) 277 (21.0) 120 (20.4) 157 (21.5)

Neglect, n (%) 187 (14.2) 87 (14.8) 100 (13.7)

Aphasia, n (%) 581 (44.1) 255 (43.4) 326 (44.7)

Site of impairment

Right body, n (%) 663 (50.4) 291 (49.6) 372 (51.0)

Left body, n (%) 653 (49.5) 296 (50.4) 357 (49.0)

12-item motor-FIM score at

admission, mean (SD)

17.4 (5.6) 17.3 (5.6) 17.4 (5.5)

Cognitive-FIM score at

admission, mean (SD)

16.7 (9.3) 16.5 (9.3) 16.8 (9.2)

Length of stay (days), mean

(SD)

54 (17) 54 (16) 54 (18)

Laboratory findings

Blood urea nitrogen (mg/dl),

mean (SD)

21 (11) 20 (11) 22 (10)

Serum creatinine (mg/dl),

mean (SD)

0.89 (0.35) 0.79 (0.32) 0.96 (0.36)

eGFR (mL/min/1.73 m2),

mean (SD)

83 (26) 80 (25) 86 (26)

Serum sodium (mmol/l),

mean (SD)

140.6 (4.1) 141.0 (4.0) 140.3 (4.1)

Serum sodium <135 mmol/l,

n (%)

56 (4.2) 19 (3.2) 37 (5.1)

Hemoglobin (g/dl), mean (SD) 13.1 (1.8) 12.6 (1.6) 13.5 (1.8)

Total cholesterol (mg/dl),

mean (SD)

163 (43) 176 (45) 153 (39)

N, denotes number; SD, standard deviation; COPD, chronic obstructive pulmonary

disease; CAD, coronary artery disease; CMG, case-mix group; eGFR, estimated

glomerular filtration rate.

Frontiers in Neurology | www.frontiersin.org 4 February 2020 | Volume 11 | Article 84

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Scrutinio et al. Sex Differences in Severe Stroke

All analyses were conducted using STATA software, version 14
(Stata-Corp LP, College Station, Tex).

RESULTS

Of the 1,316 patients included in the study, 587 (44.6%)
were women and 729 (55.4%) men. Table 1 shows baseline
characteristics stratified by sex.

Three-Year Mortality
A total of 3,141 person-years of follow-up were examined
during which 269 deaths (8.6 deaths/100 person-years) occurred.
Median follow-up was 1,095 (IQR 668-1095) days. 79.3% of
the survivors had a complete 3-year follow-up. Kaplan-Meier
estimated 3-year mortality rate was 20.7% in women and
22.0% in men (Figure 2). Besides sex, age, marital status,
diabetes, CAD, COPD, AF, anemia, dysphagia, neglect, and
cognitive status were significantly associated with mortality risk
at multivariable Cox analysis (Supplementary Table 1). There
was no significant interaction between sex and any covariate
with regard to 3-year mortality. Table 2 shows crude and
multivariable-adjusted HR of mortality for women compared
with men. Female sex was associated with significantly decreased
hazard for mortality compared with male sex. Estimates for sex
remained virtually unchanged in fully adjusted models, including
all covariates (Table 2).

FIGURE 2 | Kaplan Meier mortality curves for women and men.

Sensitivity analysis showed that hazard estimate of 3-
year mortality may be sensitive to unknown or unmeasured
confounders. Supplementary Table 2 shows HRs of 3-year
mortality for women vs. men adjusted for a hypothetical
unknown or unmeasured binary variable. As an example, an
unmeasured binary confounder with aHR of 1.4 and a prevalence
of 40% in men and 20% in women would raise the upper
confidence limit of HR beyond 1.00.

Figure 3A depicts the results of recursive-partitioning
analysis. The three highest risk subgroups included patients
with concurrent anemia and AF (3-year mortality rate: 45.3%),
anemia and CAD (3-year mortality rate: 41.8%), or atrial
fibrillation and diabetes (3-year mortality rate: 39.5%). Overall,
239 (18.2%) patients were at high risk of death because of
the combination of these comorbidities. These patients were
grouped into a single high-risk category. The 357 (27.1%)
patients without any comorbidity among diabetes, anemia,
CAD, AF, and COPD were grouped into the low-risk category.
The remaining 720 patients (54.7%) were grouped into an
intermediate-risk category. There was no difference in the
distribution of females and males across the three risk categories
(p = 0.145) (Figure 3B). In comparison with the low-risk group,
the adjusted HR of 3-year mortality for the high-risk category
was 3.93 (95% CIs 2.64–5.84) and that for the intermediate-risk
category 1.83 (95% CIs 1.26–2.66), regardless of age, sex, and
type of stroke (Supplementary Table 3). Figure 3C shows
Kaplan-Meier mortality curves for high-, intermediate- and
low-risk categories.

Combined Outcome
The incidence of the combined outcome was 8.3% in women and
8.4% in men. At multivariable analysis, atrial fibrillation,
dysphagia, anemia, and low cognitive FIM score were
significantly associated with increased risk of the combined
outcome (Supplementary Table 4). Table 2 shows crude and
multivariable-adjusted HR for the combined outcome for
women compared with men. Since sex was not retained in
multivariable analysis, it was forced into the multivariable model.
After adjustment for significant covariates, female sex was not
associated with risk of the combined outcome compared with
male sex. Estimates for sex remained virtually unchanged in fully
adjusted models, including all covariates (Table 2).

Functional Outcome
Mean proportional recovery in motor functioning achieved
in women was statistically significantly lower than that

TABLE 2 | Crude and multivariable-adjusted estimates of the association of female sex with mortality and the combined outcome.

N Crude HR (95% CI) p-value Adjusted HR (95% CI) p-value Fully adjusted HR (95% CI) p-value

Three-year mortality 1,316 0.94 (0.74–1.20) 0.632 0.73 (0.56–0.96)* 0.025 0.73 (0.56–0.95) 0.022

Combined outcome 1,316 1.05 (0.72–1.53) 0.789 0.95 (0.65–1.40)** 0.810 0.94 (0.62–0.96) 0.770

N, denotes the number of patients; HR, hazard ratio; CI, confidence interval.
*Adjusted for age, marital status, diabetes, coronary artery disease, chronic obstructive pulmonary disease, atrial fibrillation, anemia, dysphagia, neglect, and cognitive FIM score.
**Adjusted for atrial fibrillation, dysphagia, anemia, and low cognitive FIM score.
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FIGURE 3 | Classification of patients into risk-of-death categories based on comorbidity. (A) Shows the results of recursive partitioning analysis. Bold lines denote the

high-risk category. (B) Shows the distribution of females and males across the three risk categories. (C) Shows Kaplan Meier mortality curves for the high-,

intermediate-, and low-risk categories.

achieved in men (31.4 ± 25.7 percent vs. 35.0 ± 24.8
percent; p = 0.014). At multivariable analysis, age, marital
status, AF, time to rehabilitation admission from stroke
onset <30 days, ischemic stroke, dysphagia, neglect, and
admission motor- and cognitive-FIM scores were associated
with proportional recovery (Supplementary Table 5). Since sex
was not retained in multivariable analysis, it was forced
into the multivariable model. After adjustment for significant
covariates, no difference in proportional recovery between
women and men was found (Table 3). The proportion of
women and men who achieved a good functional outcome,
defined by a FIM-motor score ≥65 points at discharge,
was 15.4 and 16.4%, respectively. At multivariable logistic
regression analysis, age, time to rehabilitation admission <30
days, ischemic stroke, dysphagia, neglect, motor and cognitive
FIM scores were significantly associated with good functional
outcome (Supplementary Table 6). Table 3 shows crude and
multivariable-adjusted HR for the combined outcome for
women compared with men. Since sex was not retained in
multivariable analysis, it was forced into the multivariable model.
After adjustment for significant covariates, female sex was not
associated with odds of good functional outcome. Estimates
for sex remained virtually unchanged in fully adjusted models,
including all covariates.

DISCUSSION

We investigated sex differences in outcomes in a large patient
cohort with severe stroke who had been admitted to inpatient
rehabilitation. There are three major findings of this study:
(1) women in comparison with men were associated with a
27% lower adjusted 3-year risk of death. (2) Comorbidity had
a statistically and clinically significant impact on mortality,
regardless of age, sex and type of stroke. (3) No sex difference
in the incidence of the combined outcome or in responsiveness
to rehabilitation was observed.

Women and men had comparable crude mortality rates at
3 years. However, women had a 27% lower adjusted 3-year
risk of death compared with men, possibly reflecting the female
survival advantage until late in life in the general population
(35). Female sex remained significantly associated with lower
risk of death even after full adjustment. As discussed by Austed
(35), mechanistic hypotheses to explain the female survival
advantage focus on hormones, oxidative damage to DNA, and
asymmetric inheritance of sex chromosomes. The finding of a
lower adjusted mortality risk for women vs. men is consistent
with the meta-analysis of Phan et al. (6), where a statistically
significant 24% lower adjusted mortality rate ratio at 5 years for
women compared with men was estimated. Our finding is also in
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TABLE 3 | Crude and multivariable-adjusted estimates of the association of female sex with functional outcome.

N Crude β

regression

coefficient (SE)

p-value Adjusted β

regression

coefficient (SE)

p-value Fully adjusted β

regression

coefficient (SE)

p-value

Proportional recovery 1,209 −0.189 (0.059) 0.002 −0.035 (0.056) * 0.534 −0.045 (0.056) 0.422

Crude OR

(95% CI)

Adjusted OR

(95% CI)

Fully adjusted

OR

(95% CI)

Good functional outcome 1,209 0.92 (0.68–1.26) 0.613 1.11 (0.78–1.57) ** 0.569 1.20 (0.84–1.72) 0.317

N, denotes the number of patients; SE, standard error; OR, odds ratio.
*Adjusted for age, marital status, atrial fibrillation, time to rehabilitation admission from stroke onset <30 days, ischemic stroke, dysphagia, neglect, and admission motor- and

cognitive-FIM scores significant covariates.
**Adjusted for age, time to rehabilitation admission <30 days, ischemic stroke, dysphagia, neglect, motor and cognitive FIM scores.

line with the study of Bots et al. showing that mortality rate after
stroke is higher among men than women across age groups until
old age (19).

It has been suggested that stroke severity dominates risk for
poor outcome in patients with severe stroke (36). Our data
indicate that, in this critical subset of patients, comorbidities
are significantly associated poor long-term survival. Consistent
with previous studies (20–22), diabetes, CAD, COPD, AF, and
anemia were independently associated with increased mortality,
regardless of age, sex, and type of stroke. In comparison with the
patient subgroup without any of these comorbidities, the high-
risk subgroup had a nearly four-fold time increased risk of death
within 3 years. Atrial fibrillation and anemia also doubled the
risk of transfer to acute care and death within 90 days from
rehabilitation admission. These findings are of particular interest
because comorbidities are amenable to interventions. Recently,
the American Stroke Association recommended that the focus
of post-acute care should be on maximizing recovery, reducing
mortality, and preventing recurrent strokes and cardiovascular
events (37). Reasonably, tailoring management and secondary
prevention according to comorbidities would result in better
outcomes. Because of insufficient evidence, however, guidelines
fail to provide guidance for care of stroke patients with
comorbidity (38). Further research addressing care of patients
with comorbidity is needed.

No differences in the incidence of the combined outcome of
transfer from the rehabilitation setting to acute care or 90-day
case fatality between women and men was observed. Likewise,
the extent of functional recovery did not differ between women
and men, even after multivariable adjustment. It should however
be noted that a large proportion of interindividual variability
in functional outcome remains unexplained. In a retrospective
analysis of the Uniform Data System for Medical Rehabilitation
data set, the proportion of functional recovery explained by a
predictive model incorporating age, admission FIM motor score,
and walking distance was as low as 10.7% (23). Identifying stroke
recovery biomarkers could allow enhancing the ability to explain
interindividual differences in post-stroke outcomes. Two recent
meta-analyses showed that genetic variants and the severity of
white matter hyperintensities, as assessed by magnetic resonance
imaging or computed tomography at the time of stroke, are

associated with functional outcome after ischemic stroke (39, 40).
In another study, a panel of five biomarkers covering distinct
pathophysiological pathways provided incremental prognostic
information beyond that provided by a clinical model in
predicting major disability and mortality after stroke (41).

Taken together, our data are in line with the sex mortality-
morbidity paradox that women have lower mortality rates from
most causes of death, but more years lived with disability (35).

The terms sex and gender have often been used
interchangeably in studies that investigated differences in
disease outcomes between men and women. However, sex and
gender are conceptually distinct. While sex refers to biological
and physiological characteristics, gender refers to “psychological,
social, and cultural factors that shape attitudes, behaviors,
and knowledge” (42). Sex and gender are both important
determinants of health and response to interventions (42, 43).
Thus, integrating sex- and gender-based analysis can lead to
improved research methodology and improved assessment of
differences in disease outcomes (42, 43). As an example, using
a binary gender index (masculinity vs. femininity), Pelletier
et al. found that feminine traits of personality were associated
with adverse outcomes in young patients with acute coronary
syndromes, regardless of sex (44). Potential pathways by which
gender might affect post-stroke rehabilitation outcomes include
social isolation, socioeconomic status, education, marital status,
poorer pre-stroke function, level of anxiety, depression, and
interaction with rehabilitation team and the doctor. Because of
the complex and multidimensional nature of gender and the lack
of standardized methods of analysis, however, operationalizing
the intersection of gender and sex into scientific research remains
a very challenging task (42, 43).

Limitations
Our study has strengths and limitations. To our knowledge,
this is the first study specifically addressing sex differences
in the critical population of patients with severe stroke. This
study adds to previous knowledge by highlighting the impact of
comorbidity on long-term mortality and by showing the absence
of sex differences in responsiveness to rehabilitation in patients
with severe stroke admitted to post-acute rehabilitation. Several
limitations should be mentioned. We used hospital-based data
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that may be prone to selection bias. However, although patients
with severe stroke are less likely to be referred to inpatient
rehabilitation facilities than those with mild/moderate stroke,
access to rehabilitation is similar for women and men (6, 45).
Since womenwith stroke are in general older thanmen and oldest
old patients are less likely to undergo inpatient rehabilitation,
an age-related selection bias may have occurred in our study.
We used a stepwise approach based on statistical significance to
select significant covariates. As reviewed by Talbot andMassamba
(46), stepwise methods may overestimate exposure effects and
underestimate statistical uncertainty. However, as recommended
by Talbot and Massamba (46), we also reported the results from
the fully adjusted models. Estimates for sex remained virtually
unchanged in fully adjusted models. The retrospective design of
the study did not allow accounting for other possible confounders
not recorded in our data set. Sensitivity analysis showed that
hazard estimates might be sensitive to unknown or unmeasured
confounders, such as premorbid functional status. Poor pre-
stroke functional status is more prevalent among women than
in men and has generally been recognized as a predictor of
worse outcomes in stroke survivors. In the meta-analysis of
Phan et al., partial adjustment for pre-stroke disability alone
attenuated the adverse effect of female sex on 5-year mortality
by 55% (6). Thus, it is likely that adjustment for pre-stroke
disability in our study would have resulted in even lower adjusted
mortality risk for women compared with men. Moreover, some
of the included covariates in the multivariable models could
be intermediates on the causal pathway between exposure and
outcomes, rather than confounders. As noted by Schisterman
et al. (47), with adjustment for an intermediate variable in
multivariable modeling, the observed association between the
exposure and outcome will be a null-biased estimate of the
total causal effect. This limitation should be taken into account
in the interpretation of our findings. We did not examine
the prognostic role of neuroimaging, which could provide
incremental prognostic information over clinical and functional
variables (40). Finally, we could not assess the causes of death.
However, death certificates may lack accuracy (48).

CONCLUSION

In conclusion, women and men had comparable crude mortality
rates at 3 years. After multivariable adjustment, however, women

had lower mortality risk, probably reflecting the higher longevity
of women. Comorbidity significantly affected the likelihood of
survival, regardless of age, sex and type of stroke. No sex-
differences in the risk of being transferred to acute care or
dying within 90 days from admission to rehabilitation or in
responsiveness to rehabilitation were observed.

DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found upon request
to the corresponding author of the article.

ETHICS STATEMENT

Ethical review and approval was not required for the
study on human participants in accordance with the
local legislation and institutional requirements. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

DS designed the study, interpreted the data, drafted the
initial manuscript and revised the manuscript. PB drafted
the initial manuscript and revised the manuscript. PG
conducted data analysis, prepared the figure, and revised
the manuscript. BL interpreted the data and revised
the manuscript. RT designed the study, interpreted
the data, and revised the manuscript. All authors have
contributed to manuscript revision, read, and approved the
submitted version.

FUNDING

This work was supported by the Ricerca Corrente funding
scheme of the Ministry of Health, Italy.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.00084/full#supplementary-material

REFERENCES

1. GBD 2016 Stroke Collaborators. Global, regional, and national

burden of stroke, 1990-2016: a systematic analysis for the Global

Burden of Disease Study 2016. Lancet Neurol. (2019) 18:439–58.

doi: 10.1016/S1474-4422(19)30034-1

2. Katan M, Luft A. Global burden of stroke. Semin Neurol. (2018) 38:208–11.

doi: 10.1055/s-0038-1649503

3. Xian Y, Thomas L, Liang L, Federspiel JJ, Webb LE, Bushnell

CD, et al. Unexplained variation for hospitals’ use of inpatient

rehabilitation and skilled nursing facilities after an acute ischemic

stroke. Stroke. (2017) 48:2836–42. doi: 10.1161/STROKEAHA.117.0

16904

4. Corraini P, Szépligeti SK, Henderson VW, Ording AG, Horváth-Puhó E,

Sørensen HT. Comorbidity and the increased mortality after hospitalization

for stroke: a population-based cohort study. J Thromb Haemost. (2018)

16:242–52. doi: 10.1111/jth.13908

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) 7:915–26.

doi: 10.1016/S1474-4422(08)70193-5

6. Phan HT, Blizzard CL, Reeves MJ, Thrift AG, Cadilhac D, Sturm J, et al.

Sex differences in long-term mortality after stroke in the INSTRUCT

(INternational STRoke oUtComes sTudy): a meta-analysis of individual

participant data. Circ Cardiovasc Qual Outcomes. (2017) 10:e003436.

doi: 10.1161/CIRCOUTCOMES.116.003436

Frontiers in Neurology | www.frontiersin.org 8 February 2020 | Volume 11 | Article 84

https://www.frontiersin.org/articles/10.3389/fneur.2020.00084/full#supplementary-material
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1161/STROKEAHA.117.016904
https://doi.org/10.1111/jth.13908
https://doi.org/10.1016/S1474-4422(08)70193-5
https://doi.org/10.1161/CIRCOUTCOMES.116.003436
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Scrutinio et al. Sex Differences in Severe Stroke

7. Phan HT, Blizzard CL, Reeves MJ, Thrift AG, Cadilhac DA, Sturm J,

et al. Factors contributing to sex differences in functional outcomes

and participation after stroke. Neurology. (2018) 90:e1945–53.

doi: 10.1212/WNL.0000000000005602

8. Gall S, PhanH,Madsen TE, ReevesM, Rist P, JimenezM, et al. Focused update

of sex differences in patient reported outcome measures after stroke. Stroke.

(2018) 49:531–5. doi: 10.1161/STROKEAHA.117.018417

9. Hsieh CY, HuangHC,WuDP, Li CY, ChiuMJ, Sung SF. Effect of rehabilitation

intensity on mortality risk after stroke. Arch Phys Med Rehabil. (2018)

99:1042–8. doi: 10.1016/j.apmr.2017.10.011

10. Chen CM, Yang YH, Chang CH, Chen PC. Effects of transferring to the

rehabilitation ward on long-term mortality rate of first-time stroke survivors:

a population-based study. Arch Phys Med Rehabil. (2017) 98:2399–407.

doi: 10.1016/j.apmr.2017.03.020

11. Scrutinio D, Monitillo V, Guida P, Nardulli R, Multari V, Monitillo F,

et al. Functional gain after inpatient stroke rehabilitation: correlates

and impact on long-term Survival. Stroke. (2015) 46:2976–80.

doi: 10.1161/STROKEAHA.115.010440

12. Scrutinio D, Guida P, Lanzillo B, Ferretti C, Loverre A, Montrone N, et al.

Rehabilitation outcomes of patients with severe disability poststroke. Arch

Phys Med Rehabil. (2019) 100:520–9. doi: 10.1016/j.apmr.2018.06.023

13. Xu XM, Vestesson E, Paley L, Desikan A, Wonderling D, Hoffman A,

et al. The economic burden of stroke care in England, Wales and Northern

Ireland: using a national stroke register to estimate and report patient-

level health economic outcomes in stroke. Eur Stroke J. (2018) 3:82–91.

doi: 10.1177/2396987317746516

14. Centers for Medicare & Medicaid Services (CMS), HHS. Medicare program;

inpatient rehabilitation facility prospective payment system for FY 2006.

Final rule. Fed Regist. (2005) 70:47879–8006. Available online at: https://www.

govinfo.gov/content/pkg/FR-2005-08-15/pdf/05-15419.pdf

15. Centers for Medicare & Medicaid Services. 42 CFR Parts 412 and

413[CMS−1069–F]. Medicare program; prospective payment system for

inpatient rehabilitation facilities. Federal Register. (2001) 66:41316–430.

Available online at: https://www.govinfo.gov/content/pkg/FR-2001-08-07/

pdf/01-19313.pdf

16. Koh GC, Chen CH, Petrella R, Thind A. Rehabilitation impact indices

and their independent predictors: a systematic review. BMJ Open. (2013)

3:e003483. doi: 10.1136/bmjopen-2013-003483

17. Stinear CM. Prediction of motor recovery after stroke:

advances in biomarkers. Lancet Neurol. (2017) 16:826–36.

doi: 10.1016/S1474-4422(17)30283-1

18. Brock KA, Vale SJ, Cotton SM. The effect of the introduction of

a case-mix-based funding model of rehabilitation for severe stroke:

an Australian experience. Arch Phys Med Rehabil. (2007) 88:827–32.

doi: 10.1016/j.apmr.2007.04.001

19. Bots SH, Peters SAE, Woodward M. Sex differences in coronary heart

disease and stroke mortality: a global assessment of the effect of

ageing between 1980 and 2010. BMJ Glob Health. (2017) 2:e000298.

doi: 10.1136/bmjgh-2017–000298

20. Echouffo-Tcheugui JB, Xu H, Matsouaka RA, Xian Y, Schwamm LH,

Smith EE, et al. Diabetes and long-term outcomes of ischaemic stroke:

findings from get with the guidelines-stroke. Eur Heart J. (2018) 39:2376–86.

doi: 10.1093/eurheartj/ehy036

21. Rønning OM, Stavem K. Predictors of mortality following acute stroke: a

cohort study with 12 years of follow-up. J Stroke Cerebrovasc Dis. (2012)

21:369–72. doi: 10.1212/wnl.44.4.626

22. Li Z, Zhou T, Li Y, Chen P, Chen L. Anemia increases the mortality risk in

patients with stroke: a meta-analysis of cohort studies. Sci Rep. (2016) 6:26636.

doi: 10.1038/srep26636

23. Brown AW, Therneau TM, Schultz BA, Niewczyk PM, Granger CV.

Measure of functional independence dominates discharge outcome

prediction after inpatient rehabilitation for stroke. Stroke. (2015) 46:1038–44.

doi: 10.1161/STROKEAHA.114.007392

24. Saposnik G, Kapral MK, Liu Y, Hall R, O’Donnell M, Raptis S,

et al. IScore: a risk score to predict death early after hospitalization

for an acute ischemic stroke. Circulation. (2011) 123:739–49.

doi: 10.1161/CIRCULATIONAHA.110.983353

25. Wang IK, Liu CH, Yen TH, Jeng JS, Sung SF, Huang PH, et al. Renal function

is associated with 1-month and 1-year mortality in patients with ischemic

stroke. Atherosclerosis. (2018) 269:288–93. doi: 10.1016/j.atherosclerosis.2017.

11.029

26. Goulart AC, Fernandes TG, Santos IS, Alencar AP, Bensenor IM, Lotufo

PA. Predictors of long-term survival among first-ever ischemic and

hemorrhagic stroke in a Brazilian stroke cohort. BMC Neurol. (2013) 13:51.

doi: 10.1186/1471–2377-13–51

27. Rutten-Jacobs LC, Arntz RM, Maaijwee NA, Schoonderwaldt HC, Dorresteijn

LD, van Dijk EJ, et al. Long-term mortality after stroke among adults aged 18

to 50 years. JAMA. (2013) 309:1136–44. doi: 10.1001/jama.2013.842

28. AboAlSamh DK, Abulaban AA, Khatri IA, Al-Khathaami AM. Renal

dysfunction as a predictor of acute stroke outcomes. Neurosciences. (2017)

22:320–4. doi: 10.17712/nsj.2017.4.20170185

29. Dehlendorff C, Andersen KK, Olsen TS. Sex disparities in stroke: women have

more severe strokes but better survival than men. J Am Heart Assoc. (2015)

4:e001967. doi: 10.1161/JAHA.115.001967

30. Brønnum-Hansen H, Davidsen M, Thorvaldsen P, Danish MONICA Study

Group. Long-term survival and causes of death after stroke. Stroke. (2001)

32:2131–6. doi: 10.1161/hs0901.094253

31. Slot KB, Berge E, Dorman P, Lewis S, Dennis M, Sandercock P, et al.

Impact of functional status at six months on long term survival in patients

with ischaemic stroke: prospective cohort studies. BMJ. (2008) 336:376–9.

doi: 10.1136/bmj.39456.688333.BE

32. Meyer MJ, Pereira S, McClure A, Teasell R, Thind A, Koval J, et al.

A systematic review of studies reporting multivariable models to predict

functional outcomes after post-stroke inpatient rehabilitation.Disabil Rehabil.

(2015) 37:1316–23. doi: 10.3109/09638288.2014.963706

33. Lin DY, Psaty BM, Kronmal RA. Assessing the sensitivity of regression

results to unmeasured confounders in observational studies. Biometrics.

(1998) 54:948–63.

34. Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tân PF, et al.

Human papillomavirus and survival of patients with oropharyngeal cancer. N

Engl J Med. (2010) 363:24–35. doi: 10.1056/NEJMoa0912217

35. Austad SN, Fischer KE. Sex differences in lifespan. Cell Metab. (2016)

23:1022–33. doi: 10.1016/j.cmet.2016.05.019

36. Lisabeth LD, Reeves MJ, Baek J, Skolarus LE, Brown DL, Zahuranec DB, et al.

Factors influencing sex differences in poststroke functional outcome. Stroke.

(2015) 46:860–3. doi: 10.1161/STROKEAHA.114.007985

37. Adeoye O, Nyström KV, Yavagal DR, Luciano J, Nogueira RG, Zorowitz RD,

et al. Recommendations for the establishment of stroke systems of care: a

2019 update: a policy statement from the American Stroke Association. Stroke.

(2019) 50:e187–210. doi: 10.1161/STR.0000000000000173

38. Nelson ML, Grudniewicz A, Albadry S. Applying clinical practice guidelines

to the complex patient: insights for practice and policy from stroke

rehabilitation. Healthc Q. (2016) 19:38–43. doi: 10.12927/hcq.2016.

24697

39. SöderholmM, Pedersen A, Lorentzen E, Stanne TM, Bevan S, Olsson M, et al.

Genome-wide association meta-analysis of functional outcome after ischemic

stroke.Neurology. (2019) 92:e1271–83. doi: 10.1212/WNL.0000000000007138

40. Georgakis MK, Duering M, Wardlaw JM, Dichgans M. WMH and long-

term outcomes in ischemic stroke: a systematic review and meta-analysis.

Neurology. (2019) 92:e1298–308. doi: 10.1212/WNL.0000000000007142

41. Zhong C, Zhu Z, Wang A, Xu T, Bu X, Peng H, et al. Multiple biomarkers

covering distinct pathways for predicting outcomes after ischemic stroke.

Neurology. (2019) 92:e295–304. doi: 10.1212/WNL.0000000000006717

42. Tannenbaum C, Ellis RP, Eyssel F, Zou J, Schiebinger L. Sex and gender

analysis improves science and engineering. Nature. (2019) 575:137–46.

doi: 10.1038/s41586-019-1657-6

43. Rich-Edwards JW, Kaiser UB, Chen GL, Manson JE, Goldstein JM.

Sex and gender differences research design for basic, clinical, and

population studies: essentials for investigators. Endocr Rev. (2018) 39:424–39.

doi: 10.1210/er.2017-00246

44. Pelletier R, Khan NA, Cox J, Daskalopoulou SS, Eisenberg MJ, Bacon SL,

et al. Sex versus gender-related characteristics: which predicts outcome after

acute coronary syndrome in the young. J Am Coll Cardiol. (2016) 67:127–35.

doi: 10.1016/j.jacc.2015.10.067

Frontiers in Neurology | www.frontiersin.org 9 February 2020 | Volume 11 | Article 84

https://doi.org/10.1212/WNL.0000000000005602
https://doi.org/10.1161/STROKEAHA.117.018417
https://doi.org/10.1016/j.apmr.2017.10.011
https://doi.org/10.1016/j.apmr.2017.03.020
https://doi.org/10.1161/STROKEAHA.115.010440
https://doi.org/10.1016/j.apmr.2018.06.023
https://doi.org/10.1177/2396987317746516
https://www.govinfo.gov/content/pkg/FR-2005-08-15/pdf/05-15419.pdf
https://www.govinfo.gov/content/pkg/FR-2005-08-15/pdf/05-15419.pdf
https://www.govinfo.gov/content/pkg/FR-2001-08-07/pdf/01-19313.pdf
https://www.govinfo.gov/content/pkg/FR-2001-08-07/pdf/01-19313.pdf
https://doi.org/10.1136/bmjopen-2013-003483
https://doi.org/10.1016/S1474-4422(17)30283-1
https://doi.org/10.1016/j.apmr.2007.04.001
https://doi.org/10.1136/bmjgh-2017--000298
https://doi.org/10.1093/eurheartj/ehy036
https://doi.org/10.1212/wnl.44.4.626
https://doi.org/10.1038/srep26636
https://doi.org/10.1161/STROKEAHA.114.007392
https://doi.org/10.1161/CIRCULATIONAHA.110.983353
https://doi.org/10.1016/j.atherosclerosis.2017.11.029
https://doi.org/10.1186/1471--2377-13--51
https://doi.org/10.1001/jama.2013.842
https://doi.org/10.17712/nsj.2017.4.20170185
https://doi.org/10.1161/JAHA.115.001967
https://doi.org/10.1161/hs0901.094253
https://doi.org/10.1136/bmj.39456.688333.BE
https://doi.org/10.3109/09638288.2014.963706
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1016/j.cmet.2016.05.019
https://doi.org/10.1161/STROKEAHA.114.007985
https://doi.org/10.1161/STR.0000000000000173
https://doi.org/10.12927/hcq.2016.24697
https://doi.org/10.1212/WNL.0000000000007138
https://doi.org/10.1212/WNL.0000000000007142
https://doi.org/10.1212/WNL.0000000000006717
https://doi.org/10.1038/s41586-019-1657-6
https://doi.org/10.1210/er.2017-00246
https://doi.org/10.1016/j.jacc.2015.10.067
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Scrutinio et al. Sex Differences in Severe Stroke

45. Phan HT, Gall SL, Blizzard CL, Lannin NA, Thrift AG, Anderson

CS, et al. Sex differences in care and long-term mortality after stroke:

Australian stroke clinical registry. J Womens Health. (2019) 28:712–20.

doi: 10.1089/jwh.2018.7171

46. Talbot D, Massamba VK. A descriptive review of variable selection

methods in four epidemiologic journals: there is still room for

improvement. Eur J Epidemiol. (2019) 34:725–30. doi: 10.1007/s10654-019-0

0529-y

47. Schisterman EF, Cole SR, Platt RW. Overadjustment bias

and unnecessary adjustment in epidemiologic studies.

Epidemiology. (2009) 20:488–95. doi: 10.1097/EDE.0b013e3181

a819a1

48. Mieno MN, Tanaka N, Arai T, Kawahara T, Kuchiba A, Ishikawa S,

Sawabe M. Accuracy of death certificates and assessment of factors for

misclassification of underlying cause of death. J Epidemiol. (2016) 26:191–8.

doi: 10.2188/jea.JE20150010

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Scrutinio, Battista, Guida, Lanzillo and Tortelli. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 10 February 2020 | Volume 11 | Article 84

https://doi.org/10.1089/jwh.2018.7171
https://doi.org/10.1007/s10654-019-00529-y
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.2188/jea.JE20150010~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Sex Differences in Long-Term Mortality and Functional Outcome After Rehabilitation in Patients With Severe Stroke
	Introduction
	Materials and Methods
	Participants
	Data Collection
	Definitions
	Outcomes
	Statistical Analysis
	Covariates
	Three-Year All-Cause Mortality
	Combined Outcome
	Functional Outcome


	Results
	Three-Year Mortality
	Combined Outcome
	Functional Outcome

	Discussion
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


