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Abstract

Background: Current stroke research suggests that there are differences between

females and males regarding incidence, stroke risk factors, stroke severity, outcome,

and mortality. The few studies that have investigated sex differences in rehabilita-

tion 8–12 months poststroke found that males are more independent, compared to

females.

Objectives: To investigate if there is a difference in the improvement of independence

in activities of daily living (ADL) between females and males in the acute phase (first 2

weeks) of stroke rehabilitation in a Danish population.

Methods: A prospective cohort study enrolling patients admitted to the hospital’s

rehabilitation ward with a stroke diagnosis from January 1, 2016, to March 17, 2017.

Baseline and follow-up data regarding the primary outcome, Barthel-100 index, were

analyzed using an adjusted linear mixedmodel.

Results: The study included 206 patients (83 females). Females were older at admis-

sion andmoremales livedwith a partner. No differences in stroke severity or any of the

risk factors were found. There were no differences between female and male scores

at baseline. In the adjusted linear mixed model, quantifying the difference between

follow-up and baseline Barthel-100 score, females increased their Barthel-100 score

by 20.8 points (95% confidence interval (CI) 15.4–26.3) and males with 29.0 points

(95%CI 24.6–33.4).

Conclusion: In a homogeneous sample of stroke survivors undergoing specialized 24-h

stroke rehabilitation for 11–14days, femalesweremore dependent inADL thanmales.
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1 INTRODUCTION

In 2016, there were 13.7 million new stroke cases worldwide, 80.1

million stroke survivors, 5.5 million stroke-related deaths, and 116.4

million disability-adjusted life years (GBD 2016 Stroke Collaborators,
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2019). Research suggests that there are differences between females

and males regarding stroke incidence, risk factors, and stroke severity.

The incidence of stroke is higher in males than females (Appelros et al.,

2009; Arnao et al., 2016), and males suffering a stroke are more often

previous smokers, have daily alcohol consumption, and have a history
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of myocardial infarction (Kapral et al., 2005; Lai et al., 2005). However

females are older at the onset of stroke, have more severe strokes,

are more often unmarried, are more frequently institutionalized, and

more functionally dependent before stroke (Appelros et al., 2009; Di

Carlo et al., 2003; Gargano & Reeves, 2007; Kapral et al., 2005; Phan

et al., 2017). The literature suggests sex differences regarding mortal-

ity with studies having reported differing mortality rates in favor of

both females andmales (Appelros et al., 2009; Arnao et al., 2016; Phan

et al., 2017).

Few studies have investigated sex differences in functional out-

come of rehabilitation after stroke. Gargano and Reeves (2007) and

Paolucci et al. (2006) found thatmoremales than females scoredhigher

on the Barthel-100 index indicating a higher level of independency in

activities of daily living (ADL) after stroke. Adams et al. (2004) found

that males suffering a stroke were more likely to become indepen-

dent regarding work after discharge, compared to females. Chau et al.

(2009) found that females had higher levels of participation restriction

12months poststroke.

These sex differences in rehabilitation outcomes have, however,

only been investigated in a late phase at approximately 8 weeks to 12

months poststroke (Adams et al., 2004; Chau et al., 2009; Gargano &

Reeves, 2007; Paolucci et al., 2006). It is not known whether the dif-

ferences are detectable early during rehabilitation. At Nordsjællands

Hospital, the stroke rehabilitation begins within 48 h of admission and

continues until the patients are discharged for further rehabilitation

in the municipality. Both are free of charge. If sex differences are

present from early on, it could imply that in-hospital stroke rehabili-

tation should be tailored differently for females and males to obtain

equivalent improvements of independency.

The hypothesis of this study was that females were more depen-

dent than males in ADL at the beginning of rehabilitation and that this

difference is measurable with the Barhel-100 index after 2 weeks of

stroke rehabilitation. Therefore, the aim of this study was to investi-

gate if there was a difference in improvement of independency in ADL

between females andmales in the first 2weeks of stroke rehabilitation

in a Danish population with acute stroke.

2 METHODS

2.1 Setting and participants

This study was a prospective cohort study including all stroke patients

transferred from the acute stroke ward to the stroke rehabilitation

ward at Nordsjællands Hospital from January 1, 2016, to March 17,

2017. Patients with ischemic or hemorrhagic stroke with the follow-

ing International Classification of Diseases (ICD-10) diagnoses were

included: DI61, DI63, DI64, DI67 (exceptDI67.4), andDI68. TheWorld

Health Organization definition of stroke (Hatano, 1976) was used;

however, patients with spontaneous subarachnoid hemorrhage were

not included in this study, as these patients are primarily treated in

neurosurgical departments during the acute phase and not in stroke

departments in Denmark (Dansk selskab for apopleksi, 2013). Our

Department of Neurology has a catchment area of approximately

310000 inhabitants. The stroke diagnoses were made by a neurologist

based on clinical and radiological examinations. Computerized tomog-

raphy scans and supplementary magnetic resonance imaging scans

were performed to distinguish between hemorrhagic and ischemic

strokes.

Patients admitted to the acute stroke ward were evaluated by

a multidisciplinary team (physicians, physiotherapists, occupational

therapists, speech therapists, nurses, and neuropsychologists) and

were considered eligible for the stroke rehabilitation ward when their

poststroke level of functioning was equivalent to the Modified Rankin

Scale level 3–5 in combination with substantial discrepancies between

physical and cognitive function before and after the onset of stroke.

Patients whowere institutionalized prior to the stroke or patients with

a severe stroke, expected to lead to palliative care were not eligible for

specialized rehabilitation.

Rehabilitation was initiated within the first 2 days of admission to

the acute stroke ward. Approximately 23% of patients in the acute

stroke ward are transferred to the rehabilitation ward yearly (unpub-

lished results). Rehabilitation covers awidearrayof different therapeu-

tic approaches, including the Bobath and Affolter concept, Facial Oral

Tract Therapy, strength training, balance training, and cardiovascular

training. Patients received a combination of individual treatment ses-

sions and group exercises. Individual treatment sessions with physio-

therapists and occupational therapists (duration of 30 to 60 min) were

offered four to seven times a week in accordance with the patient’s

needs and abilities. Patients who were able to participate in group ses-

sions were offered those two to eight times a week, in addition to

the individual sessions. Group exercises focused on either training of

the affected upper extremity, sitting, or standing balance, strength and

endurance, or activity-based training, such as preparing ameal and set-

ting a dining table.

Rehabilitation is thought of as a 24-h concept where all health

professionals support the patients in achieving their rehabilitation

goals. The multidisciplinary team attempts to integrate rehabilitative

approaches into all everyday activities, including both bodily, activ-

ity, and participatory aspects, with the common aim of supporting and

enhancing the patient’s self-care capability and independence.

2.1.1 Data collection

The following demographic variables were registered in electronic

medical records by the admitting physician and supplemented by ther-

apists: sex, date of birth, type of residence, marital status (living with

a partner or living alone), alcohol consumption above or under the

official Danish guidelines (maximum 7/14 units of alcohol weekly

for females/males, respectively), smoking (current, former, or never)

and history of diabetes, atrial fibrillation, acute myocardial infarction,

hypertension, stroke, transient ischemic attack, the dates for admis-

sion and discharge, and discharge residence. The admitting physician

assessed stroke severity using Scandinavian Stroke Scale (SSS) on

which a high score indicates few neurological symptoms and thereby
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a less severe stroke (Scandinavian Stroke Study Group, 1985). Primary

and secondary outcomes were assessed within 48 h of admission by a

physiotherapist and occupational therapists (baseline tests) and again

at 11–14 days after the baseline tests.

All assessments and treatments of the patients in this study were

common practice, and therefore there was no need for approval

from a Danish ethics committee. All data were retrospectively

retrieved from the electronic medical records. This procedure was

approved by the Danish Health Authority (journal number: 3-3013-

2065/1) and the Danish Data Protection Agency (journal number:

2012-58-0004).

2.1.2 Primary outcome

The primary outcomewas independency in ADL after strokemeasured

by the Barthel-100 index. Barthel-100 index is a measurement of a

patient’s ability to perform 10 everyday activities (personal hygiene,

bathing, feeding, toileting, stair climbing, dressing, bladder and bowel

control, ambulation, and transfer). The score ranges from 0 to 100

where a high score indicates independency (Shah et al., 1989). Barthel-

100 index is reliable and valid in stroke populations (Duffy et al., 2013;

Quinn et al., 2011).

2.1.3 Secondary outcomes

The Assessment of Motor and Process Skills is an international, cross-

cultural, and standardized assessment ofADL that evaluates a patient’s

performance on two known daily activities (e.g., cooking, cleaning,

bathing; Fisher & Jones, 2010). The two known activities are selected

in collaborationwith the patient. Reliability has been found to be excel-

lent and validity to be moderate to excellent in stroke populations

(Poulin et al., 2013).

The Berg Balance Scale (BBS)measures a patient’s ability to maintain

balance during 14 tasks. A high score means that the patient’s overall

balance is good (Berg et al., 1989). BBS has presented good to excellent

reliability and validity in stroke populations (Blum & Korner-Bitensky,

2008).

TheFunctionalOral Intake Scale is anordinal scale ranging from1 to7,

which illustrates the patient’s ability to swallow. A score of 7 indicates

a normal oral diet and 1 indicates no oral intake. The scale has not yet

been fully validated, but the initial evaluation shows it is a reliable and

valid scale (Crary et al., 2005).

The Motor Assessment Scale (MAS) was developed for patients with

stroke and consists of eight items giving a score ranging from 0 to

6, where 6 indicates good quality of movement (Carr et al., 1985).

MAS has been found reliable and valid in a population of acute stroke

patients (Carr et al., 1985; Malouin et al., 1994; Poole & Whitney,

1988).

The 10 meters walk test (10MWT) was developed to monitor

improvement in patients suffering a stroke. In this study, the fast-speed

version of the test was used (Watson, 2002). Both versions of the test

have been found reliable in a population of stroke survivors (Kollen

et al., 2006).

2.2 Statistical analysis

Sex differences in baseline characteristics and primary (Barthel-100)

and secondary outcomes measured at baseline and follow-up were

examined using the two-sample t-test or theWilcoxon signed-rank test

when appropriate for quantitative outcomes and the Chi-square or

Fisher’s exact test for categorical outcomes. Bonferroni adjustment

of the p-values for the secondary outcome variables was made to

account for multiple testing at baseline and follow-up. To account for

repeated measures, the association between sex and the Barthel-100

index over time (baseline and follow-up) was investigated using a linear

mixed model. The model included a random intercept for each patient.

The fixed part included an interaction between sex and test occasion.

Analyses were performed unadjusted and adjusted for potential con-

founders: age, stroke severity, type of residence, marital status, atrial

fibrillation, diabetes, peripheral arterial disease, and acute myocardial

infarction.

All data were analyzed with the statistical software SAS version 9.4

and statistical significance was set at 5%.

3 RESULTS

A total of 206 patients (83 females) were transferred to the hospital’s

rehabilitation ward during the study period (Figure 1). Females were

older than males (mean age 74.2 vs. 70.4, p = .006) at admission. No

differences in severity of stroke were found (median SSS 43 vs. 40 for

males and females, p = .42; Table 1). There were no differences in the

distribution of ischemic or hemorrhagic strokes between the sexes. All

patients resided in their own homes, except for five women of whom

two were admitted from a temporary stay at another rehabilitation

facility, and three lived in senior or protected housing. Place of resi-

dence was therefore not considered a confounder in this study. More

males lived with a partner (p = .003). No differences were found in

consumption of alcohol, history of smoking, diabetes, acutemyocardial

infarction, atrial fibrillation, peripheral arterial disease, hypertension,

previous stroke, or transient ischemic attack (Table 1). The total length

of stay and discharge residence were not statistically significantly dif-

ferent amongst the sexes (Table 1). The proportion of missing values

were equally distributed among females andmales (results not shown).

Follow-up testswere planned at 11–14days after the baseline tests,

but in reality, this varied with amedian of 13 days, where six males and

four females were tested ≤ 10 days after admission, and 10 males and

three femaleswere tested≥15days after baseline tests. A total of 89%

of the patients were tested within the planned interval. There were

no differences between female and male scores at baseline or follow-

up when considering the Bonferroni adjustment (Table 2). The mean

difference in the Barthel-100 index was borderline significant (mean

score females vs.males 55.5 vs. 66.9, p= .06). Not allmales and females
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F IGURE 1 Flowchart showing the number of patients tested with Barthel-100 index, through the patients’ trajectory at the rehabilitation
ward

were assessed at follow-up, but the proportions ofmissing valueswere

equally distributed among the sexes, apart from the 10MWT, where

more males than females had been tested. The most common reason

for the 10MWT to not have been donewas that the patient was unable

towalk, indicating greater difficulties inwalking ability in females, com-

pared tomales.

An interaction between sex and test occasion (baseline and follow-

up; p = .02 in the adjusted mixed model) on the Barthel-100 score

was found. Figure 2 shows the estimated mean Barthel-100 scores

for each sex at each test occasion. In the adjusted model (Table 3),

females increased the Barthel-100 score by 20.8 points (95% con-

fidence interval (CI) 15.4–26.3) from baseline to follow-up, whereas

males increased with 29.0 points (95% CI 24.6–33.4). The Barthel-

100 score decreased 0.5 points (95% CI 0.2– 0.9) per year of age.

Barthel increased with 1.3 per one-point SSS (95% CI 1.0–1.5). Liv-

ing alone versus with a partner did not seem to relate to differences

in the Barthel-100 index (1.5 points, 95% CI −5.6–8.7). Previous his-

tory of diabetes, peripheral arterial disease, atrial fibrillation, and acute

myocardial infarction was not associated with the Barthel-100 in the

adjustedmodel.

4 DISCUSSION

This study investigated differences in improvement in ADL between

females and males in the first 2 weeks of stroke rehabilitation. This

study shows that females increased their Barthel-100 scores less than

males. There were no differences in demographic data at baseline,

except that females were older andmore often lived alone.

Our findings are supported by other studies (Adams et al., 2004;

Chauet al., 2009;Gargano&Reeves, 2007; Paolucci et al., 2006; Scruti-

nio et al., 2017). Paolucci et al. (2006) did a case-control study in an Ital-

ian population of 440 patients (50% females), matched on age, stroke

severity, and time from stroke onset to admission. Gargano and Reeves

(2007) compared sex differences 3 months post-discharge with data

collected by telephone interviews with 270 patients from a US stroke
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TABLE 1 Baseline characteristics and discharge data of females
andmales included in this study

Variables

Females

(n= 83)

Males

(n= 123) p-value

Age at admission,

total n (%)
83 (100) 123 (100) .006a

–Mean± SD 74.2± 8.7 70.4± 10.8

Scandinavian Stroke

Scale (SSS) at

admission,

total n (%)

77 (93) 113 (92) .42b

–Median (interquartile

range (IQR))

40 (26–48) 43 (28–50)

Type of stroke, total n (%) 83 (100) 123 (100) .67c

– Ischemic, n (%) 67 (81) 103 (84)

– Haemorrhagic, n (%) 14 (17) 19 (15)

– Both, n (%) 2 (2) 1 (1)

Residence, total n (%) 82 (99) 119 (97) .01c

–Own home, n (%) 77 (94) 119 (100)

–Other, n (%) 5 (6) 0 (0)

Living with partner,

total n (%)
75 (90) 113 (92) .003d

– Yes, n (%) 31 (41) 72 (64)

– No, n (%) 44 (59) 41 (36)

Alcohol above the

guidelines, total n (%)
69 (83) 105 (85) .64d

– Yes, n (%) 10 (14) 18 (17)

– No, n (%) 59 (86) 87 (83)

Smoking, total n (%) 66 (80) 100 (81) .19d

– Current, n (%) 17 (26) 27 (27)

– Former, n (%) 16 (24) 36 (36)

– Never, n (%) 33 (50) 37 (37)

History of diabetes,

total n (%)
76 (92) 111 (90) .87d

– Yes, n (%) 13 (17) 18 (16)

– No, n (%) 63 (83) 93 (84)

History of acute

myocardial infarction,

total n (%)

76 (92) 112 (91) .06c

– Yes, n (%) 2 (3) 17 (15)

– No, n (%) 74 (97) 95 (85)

History of atrial

fibrillation, total n (%)
77 (93) 111 (90) .88d

– Yes, n (%) 23 (30) 32 (29)

– No, n (%) 54 (70) 79 (71)

History of hypertension,

total n (%)
77 (93) 110 (89) .76d

– Yes, n (%) 50 (65) 69 (63)

– No, n (%) 27 (35) 41 (37)

(Continues)

TABLE 1 (Continued)

Variables

Females

(n= 83)

Males

(n= 123) p-value

History of peripheral

arterial disease,

total n (%)

75 (90) 112 (91) .052c

– Yes, n (%) 1 (1) 25 (22)

– No, n (%) 74 (99) 87 (78)

Previous stroke, total n
(%)

76 (92) 112 (91) .18d

– Yes, n (%) 11 (14) 5 (4)

– No, n (%) 65 (86) 107 (96)

Previous transient

ischemic attack, total n
(%)

75 (90) 112 (91) 1.00c

– Yes, n (%) 3 (4) 5 (4)

– No, n (%) 72 (96) 107 (96)

Total length of stay in

days, total n (%)
83 (100) 123 (100) .19b

–Mean± SD 36.0±

15.3

33.3± 13.1

Discharge residence,

total n (%)
80 (96) 123 (100) .34c

– Own home, n (%) 35 (44) 68 (55)

– Rehabilitation in the

municipality, n (%)
41 (51) 52 (42)

– Other hospital ward,

n (%)
3 (4) 2 (2)

– Other, n (%) 1 (1) 1 (1)

Note:Mean± SD is only showed for normally distributed data.
aWilcoxon signed-rank test.
bTwo sample t-test.
cFisher’s exact test.
dChi-square test.

registry. Both studies found that females had lower Barthel scores,

compared to males (Gargano & Reeves, 2007; Paolucci et al., 2006).

Adams et al. (2004) conducted a retrospective study on 127 Ameri-

can patients and found that males had higher odds of independency

at discharge versus needing any kind of assistance. Chau et al. (2009)

found that females have higher odds of being restricted in participa-

tion 12months poststroke in a sample of 118 Chinese stroke survivors

(38% females, total sample mean age 71.7 ± 10.2 years). On the other

hand, Bassi et al. (2010) and Norlander et al. (2016) did not find any

differences in females and males after stroke rehabilitation in the Ital-

ian (n = 126) and Swedish (n = 145) population, respectively. These

conflicting results could be due to differences in study design. In our

study, stroke rehabilitation beganwithin 48 hof admission, and inBassi

et al. (2010), it began within 30 days of onset of stroke. The differ-

ence in onset of stroke rehabilitationmay influence the degree of func-

tional gain. Norlander et al. (2016) investigated differences between

sexes, 10 years poststroke on the Barthel-100 index or the modified

Frenchay Activities Index. They did not find differences in the overall
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TABLE 2 Primary and secondary outcomes at baseline and follow-up

Baseline Follow-up

Variables

Females

(n= 83)

Males

(n= 123) p-value-a
Females

(n= 83)

Males

(n= 123) p-valuea

Primary outcome

Barthel-100, total n (%) 73 (88) 106 (86) 66 (80) 108 (88)

–Mean 31.3 34.5 .38 55.5 66.9 .06

–Median (IQR) 21 (4–51) 30 (7–58) 60 (22–91) 74 (42–97)

Secondary outcomes

Assessment ofMotor Skills, total n (%) 46 (55) 76 (62) 51 (61) 88 (72)

–Mean 0.05 −0.08 .51 0.5 0.8 .02

–Median (IQR) 0.5 (−1.0– 0.8) 0.2 (−0.7–0.7) 0.5 (0.1–0.9) 0.9 (0.3–1.2)

Assessment of Process Skills, total n (%) 46 (55) 76 (62) 51 (61) 88 (72)

–Mean −0.06 0.01 .71 0.2 0.4 .15

–Median (IQR) 0 (−0.2–0.3) 0.05 (−0.3– 0.4) 0.2 (−0.4–1.0) 0.4 (−0.05–1.0)

Berg Balance Scale, total n (%) 46 (55) 71 (58) 60 (72) 96 (78)

–Mean 12.4 13.2 .54 23.0 30.8 .02

–Median (IQR) 4 (1–15) 5 (2–20) 19 (3–41) 38 (7–50)

Functional Oral Intake Scale, total n (%) 82 (99) 121 (98) 77 (93) 116 (94)

–Mean 5.2 5.7 .09 5.7 6.0 .06

–Median (IQR) 5 (5–7) 7 (5–7) 7 (5–7) 7 (6–7)

Motor Assessment Scale (MAS) part 1, total n (%) 37 (45) 56 (46) 53 (64) 85 (69)

–Mean 2.4 3.5 .02 3.8 4.5 .09

–Median (IQR) 2 (0–5) 4 (2–6) 5 (1–6) 6 (3–6)

MAS part 2, total n (%) 35 (42) 56 (46) 53 (64) 85 (69)

–Mean 4.1 4.8 .03 4.5 5.4 .006

–Median (IQR) 5 (2–6) 6 (3.5–6) 6 (2–6) 6 (6–6)

MAS part 3, total n (%) 36 (43) 55 (45) 55 (66) 85 (69)

–Mean 2.9 3.0 .54 3.8 4.0 .51

–Median (IQR) 2 (1–4) 3 (2–4) 4 (3–6) 4 (3–5)

MAS part 4, total n (%) 35 (42) 56 (46) 55 (66) 85 (69)

–Mean 1.9 2.6 .25 2.5 3.2 .06

–Median (IQR) 1 (1–2) 2 (1–5) 2 (1–5) 2 (2–6)

MAS part 5, total n (%) 34 (41) 56 (46) 55 (66) 85 (69)

–Mean 1.2 1.3 .35 2.1 3.0 .04

–Median (IQR) 0 (0–2) 1 (0–2) 1 (0–4) 3 (0–5)

MAS part 6, total n (%) 36 (43) 55 (45) 55 (66) 85 (69)

–Mean 2.1 3.2 .07 3.5 4.1 .13

–Median (IQR) 1 (0–4.5) 4 (1–5) 5 (1–6) 5 (2–6)

MAS part 7, total n (%) 35 (42) 54 (44) 55 (66) 84 (68)

–Mean 1.6 2.6 .052 3.3 4.0 .12

–Median (IQR) 0 (0–4) 2 (0–5) 4 (0–6) 5 (1–6)

10meters walk test, total n (%) 11 (13) 18 (15) 26 (31) 60 (49)

–Mean 11.8 12.6 .95 14.8 9.8 .10

–Median (IQR) 10.5 (8.7–14.6) 10.4 (7.9–17.4) 10.8 (7.4−20.7) 9.0 (6.9–11.4)

Note: Bonferroni adjustment (0.05/12)= p< .004 for baseline and follow-up, respectively.
aWilcoxon signed-rank test.
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F IGURE 2 Demonstrating howmean Barthel-100 index scores depend on time for each sex (estimates and confidence interval obtained from
the unadjusted linear regressionmodel)

activity level, but they did find a difference in forms of activities males

and females participated in. Norlander et al. (2016) did not mention

if or how the patients were rehabilitated, which makes the compari-

son between their and our study difficult. The patients in Norlander

et al. (2016)were younger at the onset of stroke (mean age at follow-up

78 and 75 years for females and males, respectively) than the patients

in our study. The oldest patients and those with more severe strokes

could have died before follow-up, so only those with the highest level

of independency were left at follow-up.

There aremany reasons for sex differences, both biological and psy-

chological. It is well established that testosterone affects a person’s

ability to build muscle mass and that elderly immobilized patients suf-

fer from atrophy. This makes it harder for females to retrieve lost mus-

cle mass during the rehabilitation phase. In a recent review, Carcel

et al. (2020) described different sex-specific risk factors for stroke,

which was related to female biology, among others. For instance, still-

births were associated with the risk of any type of stroke later in life,

and gestational hypertension increased the risk of hemorrhagic stroke

over five times. Contrarily, breastfeeding for more than 2 years low-

ered the risk of stroke later in life.While formales, erectile dysfunction

increased their risk of stroke. This indicates that sex hormones play a

role in sex differences in stroke incidence, and it is plausible, that sex

hormones could impact thebrain’s plasticity and therebyalso affect the

course of the rehabilitation. Stroke symptoms also present differently

in the sexes, where incontinence, dysphagia, and loss of consciousness

have a higher occurrence in females, compared to males (Carcel et al.,

2020). These three factors would impact the result of the Barthel-100

index, with a lower score for females, which could be attributing to the

lower results for females in this study. Therewere no differences in the

sexes regarding outcomes after thrombolysis or thrombectomy (Carcel

et al., 2020). These biological differences are important to be aware of

but are not something we can necessarily influence.

Another reason for the observed difference between females and

males in our study could be differences in coping strategies in males

and females. It was observed in French patients with mild to moderate

chronic obstructive pulmonary disease, undertaking a 4-week rehabil-

itation program, that females more frequently used emotion-focused

strategies, and males more often used problem-focused strategies

(Ninot et al., 2006). These findings are supported by a cross-sectional

questionnaire study from 2004, investigating stress and coping in a

sample of 2816 (56% females) Spanish people (Matud, 2004). Problem-

focused coping may be more effective when coping with stroke. It is

plausible, that if patients actively seek movement and engage in exer-

cise by themselves, then they are aiding their recovery. If males are

more prone to a problem-focused coping, this could be one reason

for them achieving a higher level of independence after stroke reha-

bilitation. Taking different coping mechanisms into consideration dur-

ing a rehabilitation course, one could perhaps secure more patient

involvement and thereby aiding the patients into ownership of the

training offered. This also applies to goal setting. A German study from



8 of 10 LILJEHULT ET AL.

TABLE 3 Unadjusted and adjusted linear mixedmodels quantifying the difference between follow-up and baseline Barthel-100 index for each
sex. The unadjusted and adjustedmodels have different amounts of missing Barthel-100measurementsa

Unadjusted analysisa,b Adjusted analysisc

Estimate (95%CI) p-value Estimate (95%CI) p-value

Intercept 36.3 (30.5–42.1) < .001* 23.8 (−3.0–50.7) .08

Sexd

– Female (ref. males) −3.9 (−13.0–5.3) .40 0.05 (−8.3–8.4) .99

Difference between baseline and follow-up

– Females 21.0 (15.9–26.1) < .001* 20.8 (15.4–26.3) < .001*

–Males 29.0 (24.9–33.1) < .001* 29.0 (24.6–33.4) < .001*

Age −0.5 (−0.9–−0.2) .005*

SSS 1.3 (1.0–1.5) < .001*

Marital status

– Living alone (ref. living with partner) 1.5 (−5.6–8.7) .68

History of diabetes

– Yes (ref. no) 4.1 (−5.6–13.7) .41

History of peripheral arterial disease

– Yes (ref. no) −5.9 (−22.4–10.6) .48

History of atrial fibrillation

– Yes (ref. no) 6.0 (−2.2–14.1) .15

Acutemyocardial infarction

Yes (ref. no) 1.7 (−10.5–14.0) .78

Abbreviations: Ref.= reference group in analysis, CI= confidence interval, visit 1= baseline test and visit 2= follow-up test after 11–14 days.
aWhen the unadjusted analysis was based on the same number of measurements, similar estimates were found (results not shown).
b59missingmeasurements of baseline or follow-up Barthel-100 index.
c96missingmeasurements of baseline or follow-up Barthel-100 index.
dThemain effect of sex corresponds to the estimated difference at baseline.

*Statistically significant p< .05.

2011 (Grande & Romppel, 2011) investigated sex differences in recov-

ery goals for patients with acute myocardial infarction. Females more

often preferred rehabilitation goals aiming at maintaining and regain-

ing independency in household duties and ADL. Males on the other

handweremoremotivated for improvedendurance and reduced stress

at their work. Differences in goal settings give rise to reflection upon

the different exercise options that the rehabilitation facility offers. In

our study, a broad array of group and individual exercise options were

available. However, most group trainings were focusing on strength,

endurance, and balance training and not ADL, which could lead to

females being less motivated to participate.

4.1 Strengths and limitations

Although the data were retrospectively collected from the patients’

electronic medical records, the data were prospectively generated,

which decreased the risk of information bias. The use of validated and

standardized measurements, which were applied by trained physio-

therapists and occupational therapists, also decreases the risk of infor-

mation bias. However, the Danish translation of the Barthel-100 index

has not yet been validated. Another factor in poststroke outcomes

could be the patients’ comorbidities pre-stroke. Seeing as males were

younger than females at the onset of stroke, it is also likely that males

were more independent because they, in general, had fewer diagnosed

comorbidities. According to a recent review (Carcel et al., 2020), there

are differences in pre-stroke comorbidities in females and males, but

we did not find this in our study, probably due to fewer participants.

The mixed model was adjusted for age and the most common comor-

bidities in stroke patients.

A limitation of this study was the amount of missing data. The most

common reason for missing data for the primary and secondary out-

comes was that the patient could not manage the tests due to not

being able to comply with test instructions. There were no differences

between females and males regarding the amount of missing data,

except the 10MWT. The analysis of the primary outcome by a linear

mixed model is valid when the missing mechanism can be assumed

missing at random (Schafer, 1997), namely, that conditional on all avail-

able information incorporated in the model (covariates and outcomes)

missingness does not depend on the value of the missing observa-

tion. This may be a strong assumption. Another limitation is the lack

of knowledge about the patients’ pre-stroke physical activity level.

Krarup et al. (2008) found that a high level of pre-stroke physical activ-

ity,measuredwithPhysical Activity Scale for theElderlyQuestionnaire
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in a Danish population with ischemic stroke aged 40 or above and with

the ability to walk unassisted, was associated with a less severe stroke,

measuredwith SSS. Pre-strokephysical activity shouldbe incorporated

in future studies. Furthermore, the reproducibility and generalizabil-

ity are affected by the unprecise inclusion criteria for the rehabilita-

tion ward and the small sample size. Last, we do not have any data

regarding the exact amount of training for females and males, respec-

tively, because each intervention is tailored for the patient’s needs and

resources as inpatients. It is possible, that males were more outreach-

ing in relation to self-training and thereby obtainingmore overall train-

ing than females.We also do not know howmany contacts the patients

hadwith the nurses, and it is also possible that females weremore out-

reaching for help from the staff and thereby not as active in every-

day activities as they could have been. These two factors could also

affect the result of this study and needs to be considered in future

studies.

5 IMPLICATIONS

The results of this study give reason to consider how stroke rehabili-

tation in the acute phase can be tailored individually for females and

males, to obtain equivalent improvements of independency. Rehabil-

itation facilities need to be equipped to accommodate the different

types of relevant interventions in relation toADL-specific training. Fur-

ther research in a larger and more heterogeneous sample is needed to

generalize to a general stroke population and not only patients under-

going in-hospital rehabilitation. It will also be essential to investigate

the long-term outcome for ADL and particularly its impact on partici-

pation. Qualitative studies regarding females’ and males’ expectations

of rehabilitation, goal setting, and motivation for participation in exer-

cise could enlightenwhether the current stroke rehabilitation program

embraces both female and male needs. Further research into the bio-

logical andpsychological differences in the sexeswith relation to stroke

rehabilitation could also shed light on the complexity of this area and

thereby ensure training environments and exercise options that appeal

to both females andmales.

6 CONCLUSION

This study finds in a homogeneous sample of stroke survivors under-

going specialized 24-h stroke rehabilitation that females are less

independent in ADL 11–14 days poststroke than males, when adjust-

ing for age and comorbidities, among others. The reasons for sex

differences are multifactorial and could be due to different biological

and psychological factors. There is a need for future research into

the mechanism in stroke rehabilitation and how we ensure that the

therapeutic interventions target the needs of both sexes.
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