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Abstract
Objectives: This systematic review and meta-analysis sought to identify the physical functioning factors

associated with home discharge after inpatient stroke rehabilitation.

Data sources: A search of PubMed, Embase, CINHAL, The Cochrane Library (Trials), Web of Science,

and PEDro were conducted up until May 2023.

Methods: Two independent reviewers selected studies for population (patients with stroke), predictive

factors (physical functioning), outcome (discharge destination), setting (inpatient rehabilitation), and

study designs (observational and experimental studies). Predictive factors were identified among assess-

ments of the “body function” and “activity” components of the International Classification of

Functioning. Methodological quality was assessed with the Newcastle-Ottawa Scale. The findings used

quantitative and narrative syntheses. Meta-analyses were performed with the inverse variance method

and the random-effects model using included studies with sufficient data.

Results: Forty-five studies were included with 204,787 participants. Included studies assessed the associ-

ation of independence in activities of daily living, walking, rolling, transferring, and balance on admission

with a probability of returning home. Motor (odds ratio = 1.23, 95% confidence interval: 1.12–1.35,
p < .001) and total (odds ratio = 1.34, 95% confidence interval: 1.14–1.57, p < .001) Functional

Independence Measure scores on admission were significantly associated with home discharge in meta-

analyses. Additionally, included studies showed that independence in motor activities, such as sitting, trans-

ferring, and walking, and scores above thresholds for the Functional Independence Measure and Berg

Balance Scale on admission were associated with discharge destination.
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Conclusion: This review showed that higher independence in activities of daily living on admission is asso-

ciated with home discharge after inpatient stroke rehabilitation.
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Introduction

After acute care, half of the patients with stroke
(53.2%) are admitted to inpatient rehabilitation
for further recovery.1 About 80% of these patients
can return home upon discharge, but 20% must
be admitted to long-term care facilities.2 During
inpatient rehabilitation, health professionals rely
on clinical examination, expertise, and predictive
factors to identify appropriate rehabilitation goals
with the patients. Predictive factors have been iden-
tified for motor, sensation, cognition, and language
recovery.3 Health professionals need to know
which factors are commonly associated with the
ability to return home after stroke to guide dis-
charge planning decisions, facilitate patient flow
between settings, and enhance bed availability in
rehabilitation units.

Previous systematic reviews focused on predict-
ive factors after acute care4,5 or for the context of
the United States of America.6 They identified
that discharge destination is predicted by age, post-
stroke functionality, admission to a university hos-
pital, cognitive independence, prestroke household
situation, marital status, insurance, and geograph-
ical situation after acute care4,5; and that good post-
stroke functionality, assessed with the Functional
Independence Measure, and lower stroke severity
are predictive for a home discharge in the United
States of America.6 A recent systematic review
explored socio-environmental factors after
inpatient stroke rehabilitation and identified the
high probability of a return home for patients
living at home and with relatives prestroke, benefit-
ing from support at home, and being married.7

Conversely, another systematic review showed
older age and greater stroke severity to be predict-
ive of a long-term care facility discharge.2 In

addition to these factors, it stated that potentially
modifiable factors should be evaluated regarding
discharge destination. Physical functioning factors
that can be improved by physical rehabilitation
are included in these modifiable factors.

We focused on physical functioning factors that
may predict a discharge home after inpatient
rehabilitation. Functional Independence Measure
assessing the motor and cognitive function of activ-
ities of daily living might be one of these, but indi-
vidual physical functions also need to be
investigated. Over the last decades, various phys-
ical functions have been evaluated, such as
balance8 and rolling or walking ability,9 but no
review systematically reported the effects of these
factors on discharge destination. Therefore, this
systematic review aimed to identify physical func-
tioning factors associated with the discharge home
of patients with stroke after inpatient rehabilitation.

Methods

This review was reported following the
Preferred Reporting of Items in Systematic
Reviews and Meta-Analysis (PRISMA) guide-
lines10 (Supplemental File 1). This systematic
review was registered in the PROSPERO data-
base (CRD42021158690).

Observational and experimental studies were
eligible if they included adults (>18 years) with
stroke who were admitted to inpatient stroke
rehabilitation after acute care and reported on at
least one physical functioning outcome measure
and discharge destination. Inpatient rehabilitation
must have represented a temporary setting for
stroke rehabilitation between acute care and the
return home, typically during the subacute
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poststroke phase.11 Studies must have reported on
physical functioning assessed on admission or on
discharge to be included. Physical functioning
includes any motor function of the lower or upper
limbs, trunk function, and function during
complex activities (i.e. activities of daily
living).12 Activities of daily living assessments
were included when the majority of the scale
assessed motor function. Physical functioning
assessments include but are not limited to, the
10-meter walking test, Berg Balance Scale,
Functional Independence Measure, and Barthel
Index. Studies were eligible when they assessed
the discharge destination at the end of rehabilitation
and when the home was a discharge destination.
The home was defined as an independent living
situation where no constant presence of a profes-
sional caregiver was mentioned.7 Observational
and experimental study designs were eligible.
Finally, studies published in peer-reviewed journals
in English, Dutch, German, or French were eligible.

Studies reporting no physical functioning
outcomes were excluded. In addition, studies
were excluded when participants were discharged
from an acute care setting when participants were
not discharged home, and when no data about the
probability of home discharge were reported.
Systematic reviews and meta-analyses were
excluded.

We systematically searched studies published
until May 2023 in six databases, including
PubMed, Embase, CINHAL, The Cochrane
Library (Trials), Web of Science, and PEDro. The
search string was adapted to each database and
included keywords for stroke, discharge planning,
and physical functioning (Supplemental File 2).
Additionally, we screened the reference lists of
included studies for additional studies.

Two reviewers independently screened the
studies for inclusion in the systematic review in
two steps: first, on title and abstract; second, on
full text. Any disagreement between reviewers
about study inclusion was discussed until a consen-
sus was reached for each step of the selection
process. After including the studies in the review,
a data-extraction table was used to collate data
concerning participants, methods, outcomes, and

predictive values. Every assessment of physical
functioning was extracted with their results to
predict discharge destination either on admission
or discharge in a table.

Two reviewers independently assessed the
methodological quality of included studies with
the Newcastle-Ottawa Scale for cohort and case-
control studies.13 This scale assesses the selection
of the study group, comparability of the groups,
and ascertainment of exposure for cohort studies, and
the selection of the study group, comparability, and
outcome of interest for case-control studies. The
face validity of the Newcastle-Ottawa Scale is
established,13 and the interrater reliability is fair
for the overall score.14

We reported mean and standard deviation or
median and interquartile range as appropriate for
descriptive data. We pooled results for predictive
factors when at least three studies reported results
for the same outcome measure at the same assess-
ment time (admission or discharge). We used
odds ratio and confidence interval, logistic regres-
sion coefficient and standard error, or the number
of events for each group for the analyses. The
odds ratio and adjusted odds ratio were analyzed
separately.15 We pooled adjusted odds ratio
together when the studies adjusted at least for one
of the following factors: age, gender, prestroke
living situation, family support, and length of
stay. We used the inverse variance method with a
random-effects model for the meta-analyses to cal-
culate pooled odds ratios and 95% confidence inter-
vals. The random-effects model was preferred
because clinical heterogeneity was present among
included studies. We performed sensitivity ana-
lyses by removing outliers from meta-analyses.
Analyses were performed with Cochrane’s
Review Manager.16 When a meta-analysis was
not possible, the outcomes were reported
narratively.

We grouped the various assessments of physical
functioning together according to the components
of the International Classification of Functioning.
We divided the assessments focused on the activity
component into assessments of activities of daily
living and assessments of motor activities.
Assessments of activities of daily living included
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the Functional Independence Measure, Barthel
Index, Katz-15, Kenny Self-Care Scale, Lucerne
ICF-based Multidisciplinary Observation Scale,
and Frenchay Activities Index. Assessments of
motor activities included the Trunk Control Test,
a revised version of the Ability for Basic
Movement Scale, Motor Assessment Scale, Berg
Balance Scale, and assessments of balance,
walking, rolling, and transferring. We reported
assessments focused on both body function and
structure as well as activity components, including
the Chedoke McMaster Stroke Assessment and
Simplified Stroke Rehabilitation Assessment of
Movement. Finally, we reported the assessments
focused on body function and structure compo-
nents, including the Motricity Index, Fugl-Meyer
Assessment, Stroke Impairment Assessment
Set-motor function, and hand-grip strength.

Results

From the 6648 non-duplicate records identified, 38
studies were selected. Two studies17,18 reported on
the same patient population and were counted as
one. This meant 37 studies were initially selected.
After a reference list manual search, eight add-
itional studies were included. Thus, 45 studies
were included in the systematic review (Figure 1).

The characteristics of the included studies are
reported in Table 1. There were 43 cohort studies
and two case-control studies. The studies were con-
ducted in North America (n= 22), Europe (n= 9),
Asia (n= 12), and Australia (n= 2). In total,
204,787 patients were represented in the studies
included in this review. Clinical heterogeneity
was observed in sample size, mean age of partici-
pants, length of stay in the rehabilitation setting,
and length of stay in the acute care setting.
Additionally, various physical function outcome
measures predicting discharge destination were
reported (see outcome measures in Table 1). In
the included studies, 144,624 patients (71.2%)
were discharged home, and 58,339 patients
(28.7%) were discharged to other destinations.

The methodological quality of the two case-
control studies19,20 was moderate (scores 5 and 6

out of 9), showing the risk of bias for comparability
of cases and controls and the ascertainment of
exposure in both studies and for the adequacy of
case definition in one study.19 The methodological
quality of cohort studies8,9,17,18,21–59 was moderate
to high (score from 6 to 9 out of 9, except for one
study that score 4 out of 9),60 showing risk of
bias for the comparability of the groups, primarily
because no adjustment for confounders was
reported, for the representativeness of the exposed
cohorts, assessment of outcomes, adequacy of
follow-up of cohorts, and ascertainment of expos-
ure (Supplemental File 3).

Motor activities of daily living on admission:
From 13 studies20,25–28,31,32,38,39,41,44,49,57 asses-
sing the motor Functional Independence Measure,
four studies27,31,32,41 of moderate and high quality
(score 9 n= 2, score 8 n= 1, score 7 n= 1) were
included in the meta-analysis of odds ratio
(Figure 2(a)) and showed significant results with
high heterogeneity (odds ratio= 1.23, 95% confi-
dence interval: 1.12–1.35, I2= 99%). The result
was also significant when the outlier27 was
removed (odds ratio= 1.07, 95% confidence inter-
val: 1.03–1.11, I2= 95%). Three studies20,27,57 of
high quality (score 9 n= 2, score 8 n= 1) were
included in the meta-analysis of adjusted odds
ratio (Figure 2(b)) and showed significant pooled
results (odds ratio= 1.16, 95% confidence interval:
1.07–1.26, I2= 96%). Apart from meta-analyses
(Supplemental File 4), five studies20,25,28,36,39

showed positive results of the motor Functional
Independence Measure and one study26 showed
no predictive value of the scale for home discharge.
The threshold values (≥ 26)44 showed a significant
probability of discharge home for patients with a
score about it. Subgroup comparison showed that
patients with intermediate (39–50 or 27–52) or
high scores (≥ 51, ≥ 53) were significantly more
likely to return home than patients with low
scores.32,49 Self-care and locomotion motor subdo-
mains of Functional Independence Measure were
significant for a home discharge in univariate ana-
lysis, but contradictory results were present in
multivariate analyses.27,33 Additionally, two other
scales (Katz-15 and Barthel Index mobility sub-
score) showed significant results35,52,61 with the
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discharge destination, whereas one scale (Kenny
Self-Care Scale) showed nonsignificant results
regarding the discharge destination.19

Activities of daily living including motor and
cognitive domains on admission: 22 studies20–24,
26–28,31,32,38,42,44–48,50,53–55,60 assessed the total
Functional Independence Measure on admission. A
meta-analysis of odds ratio from three studies20,27,32

of moderate and high quality (score 9 n= 1, score 8
n= 1, score 7 n=1) (Figure 3(a)) showed significant
results with high heterogeneity (odds ratio 1.34, 95%
confidence interval: 1.14–1.57, I2=99%). The
pooled result was also significant when the outlier27

was removed (odds ratio= 1.04, 95% confidence
interval: 1.01–1.08, I2= 91%). Five studies20,32,45,
55,62 of moderate and high quality (score 9 n= 2,
score 8 n= 1, score 7 n= 2) with adjusted odds
ratio showed significant pooled results (odds ratio=
1.04, 95% confidence interval: 1.02–1.05, I2=
60%) for a home discharge (Figure 3(b)). Three
threshold values 47,44 60,47 and 7123 showed con-
sistent results wherein all patient groups above the
threshold values had a higher likelihood of home

discharge. Subgroup comparison showed that the
patients with low scores on admission were less
likely to return home compared to the patients with
intermediate and high scores.24,42,53 Item scores
were reported in only three studies21,44,60 showing
insufficient and inconsistent results. Lastly, one
study reported the effect of patients’ daily activity
levels measured with the Frenchay Activities
Index on discharge destination,52 which was not sig-
nificant (odds ratio =1.02, 95% confidence interval:
0.90–1.16).

Motor activity on admission: Revised version of
the Ability for Basic Movement Scale,56 Motor
Assessment Scale,9,51 and the Trunk Control
Test28,30,37 showed significant results for discharge
home. Seven studies8,17,18,20,21,27,38,48 used balance
assessment to predict discharge destination and
showed inconsistent results for the Berg Balance
Scale total score. When categories were used,48

patients with high or intermediate scores had a
higher probability of home discharge. For patients
without support at home, the admission Berg
Balance Scale score was significant in one

Figure 1. Flow diagram for the selection process.
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study.17 The measurability of the Berg Balance Scale
on admission was a significant predictor of discharge
destination.20 Sitting and standing balance independ-
ence were significant predictive factors of home dis-
charge.27 However, only sitting balance was
significant in a multivariate analysis. Contradictory
results of walking ability on admission were reported
for the return home; with nonsignificant results shown
for ambulatory status21 and significant results shown
for the ability to walk (≥ 2 on Motor Assessment
Scale gait item)9 and walking independently 10 m
(with or without a walking aid).27 The ability to
roll9 and to transfer48 on admission were also predict-
ive of discharge home.

Activity and body function on admission: Significant
results were found for Simplified Stroke Rehabilitation
Assessment of Movement44 and Chedoke McMaster
Stroke Assessment21,42 postural stability scores.
Nonsignificant results were found for Chedoke

McMaster Stroke Assessment arm, hand, leg, and
foot subscores.21,42

Body function on admission: Significant results
were found for Motricity Index37 and Fugl-Meyer
Assessment (total and postural stability),28,35 but
nonsignificant results were found for Stroke
Impairment Assessment Set-motor function.57

Grip strength was nonsignificant in one study57

and significant for men and women subgroups in
another study.58

Motor activities of daily living on discharge:
Three studies31,36,38 showed positive results of the
motor Functional Independence Measure with dis-
charge home. The threshold values (≥ 31)59

showed a significant probability of discharge
home for patients with scores about it.

Activities of daily living including motor and
cognitive domains on discharge: The total
Functional Independence Measure was assessed in

Figure 2. Forest plot for the motor Functional Independence Measure on admission to predict returning home: (a)

pooled results of studies reporting odds ratio and (b) pooled results of studies reporting adjusted odds ratio.
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six studies,29,36,38,40,48,55 and showed an increased
probability of discharge home with higher scores.
One study measured a threshold value of 80 on dis-
charge to predict the destination.23 Additionally, one
study43 used the Lucerne ICF-based
Multidisciplinary Observation Scale with two dif-
ferent threshold values defined for patients living
alone (≥ 158) and for patients living with family (≥
130).

Discussion

The meta-analyses showed that motor and total
Functional Independence Measure on admission
were significant predictive factors for a return
home after inpatient stroke rehabilitation. In add-
ition, the systematic review identified independ-
ence in motor activities of daily living
(independence in motor and cognitive activities of

daily living, independence in sitting and standing
balance, ability to walk, roll and transfer, and pos-
tural stability) as indicators of discharge home.

The meta-analyses showed an increased likeli-
hood of discharge home of 23% and 34% on the
motor and total Functional Independence Measure
on admission for a one-point increase on the
scale. These results align with previous systematic
review findings on patients in the United States of
America with acute and subacute stroke6 and on
patients in acute stroke care.5 Our meta-analyses
add to these prior findings by showing how motor
activities of daily living, assessed with motor
Functional Independence Measure, are indicative
of a patient’s home discharge following inpatient
stroke rehabilitation.

The current results after inpatient rehabilitation
are similar to those after acute care,4,5 where func-
tional status was also an indicator for home

Figure 3. Forest plot for the total Functional Independence Measure on admission to predict returning home: (a)

pooled results of studies reporting odds ratio and (b) pooled results of studies reporting adjusted odds ratio.
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discharge. In this systematic review, despite the
variability of the length of stay in acute and
rehabilitation care, which is primarily related to
the national healthcare systems, the studies
showed a similar influence of the activities of
daily living scales on discharge home. Higher inde-
pendence was a predictive factor for a home dis-
charge regardless of the healthcare system or
recovery phase.

The systematic review identified specific motor
activities on admission that are associated with a
discharge home after inpatient rehabilitation (inde-
pendent sitting or standing balance,27 sufficient
balance to measure the Berg Balance Scale,20

walking independently 10 m27 or walking with or
without assistance (scoring 2 or above on the Gait
item of the Motor Assessment Scale),9 transfer-
ring,48 or rolling independently (scoring 6 on the
Rolling item of the Motor Assessment Scale)9).
These activities are interesting as they require less
time to assess in clinical practice. However, it is
essential to consider them with caution because
they were assessed in individual studies. We
suggest using these activities as a primary indicator
of discharge destination before using further indica-
tors such as the motor Functional Independence
Measure.

Next to physical functioning, discharge plan-
ning requires to assess further variables, such as
cognitive functions and socio-environmental
factors. The total Functional Independence
Measure assesses cognitive functions in addition
to motor functions related to independence in activ-
ities of daily living. Cognitive functions are also
modifiable factors that have been shown to indi-
vidually predict discharge destinations in patients
with stroke.63,64 Patients with better cognitive func-
tion are more likely to return home after acute4,63

and subacute57 care compared to patients with
lower cognitive functions. Another significant vari-
able is the prestroke living situation (living alone or
together). Patients living alone must demonstrate
higher independence in the activities of daily living
to return home after a stroke. This concern was
addressed in the included study assessing the
Lucerne ICF-based Multidisciplinary Observation
Scale, where different threshold values were

defined for patients living alone (≥ 158) and those
living with family (≥ 130). In our previous systematic
review and meta-analysis on socio-environmental
factors predicting home discharge,7 the support of
family members was identified as one of the most
significant predictive factors for home discharge.

In included studies, threshold values were
defined on admission for motor32,44,49 (≥ 26, ≥
27, and≥ 39), and total Functional Independence
Measure23,24,42,44,47,53 (≥ 40, ≥ 47, ≥ 60≥ 71),
and for Berg Balance Scale8,48 (≥ 20), and on dis-
charge for motor59 (≥ 31) and total Functional
Independence Measure23,24 (≥ 80), showing that
patients with high scores were more likely to be dis-
charged home than patients with low scores. In
comparison to the predictive value of continuous
scale, the likelihood of home discharge was
higher with threshold values. This is clinically rele-
vant as a threshold may be easier to interpret than
continuous values in daily clinical practice. A
threshold of 29 on the Berg Balance Scale was used
to predict community walking speed after stroke.65

To define the most appropriate threshold values for
discharge destination, an individual patient data
meta-analysis could be performed if research datasets
are available. Based on the systematic review, we
suggest the following threshold values on admission:
20 on Berg Balance Scale, and 26 on the motor
Functional Independence Measure.

In this systematic review, the outcome and popu-
lation were defined broadly to include any potential
factors and to be representative of stroke rehabilita-
tion. The eligibility criteria can explain heterogen-
eity in the meta-analyses. In addition, the variation
in healthcare systems influenced the onset to admis-
sion interval and length of stay in included studies.
Further, sources of methodological heterogeneity
were present in the studies, including study design
(retrospective vs. prospective), methods of analysis,
and adjustments for confounders.15

Some limitations of this systematic review must
be discussed. Eight of the 45 included studies were
identified through reference list manual searching.
Although the search strategy was carefully devel-
oped, some keywords were missing and should be
considered in future research: “home discharge,”
and “return home” for discharge planning, and
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“functional recovery,” “recovery of function,”
“Functional Independence Measure” for physical
functioning. We observed various quality of data
reporting in included studies that limited the
number of studies for meta-analysis. This concern
is known as a limit of prognostic studies.66

However, the quality of prognostic studies has
been improving since the introduction of
REMARK67 guidelines.15 A further limitation is
the higher representation of studies conducted in
the United States of America compared to other
countries (14/42 included studies). These studies
typically assessed Functional Independence
Measure; only one included further physical func-
tion outcome measures. Nevertheless, these
studies were not overrepresented in meta-analyses.

To summarize, the systematic review showed
that higher independence in motor activities of
daily living, walking, sitting and standing
balance, rolling, transferring, and combined motor
and cognitive activities of daily living were
strongly associated with discharge home in post-
stroke patients following inpatient rehabilitation.
The meta-analyses showed a significantly increased
likelihood of home discharge with higher motor
and total Functional Independence Measure
scores, with a 24% increase in the likelihood of dis-
charge home with one additional point on the motor
Functional Independence Measure scale. Health
professionals can assess the ability of their patients
to roll, sit, stand, transfer, and walk as a first and
quick evaluation to inform discharge planning.
Assessments of the motor and total Functional
Independence Measure will provide further indica-
tion along with other significant factors, such as
living together and cognitive functions. Although
more research is needed to determine the most
appropriate threshold values, clinicians can use on
admission a threshold of 20 on the Berg Balance
Scale, and of 26 on the motor Functional
Independence Measure and on discharge, a threshold
of 31 and 80 on the motor and total Functional
Independence Measure to differentiate between
patient with good potential to return to independence
living, and those for whom community living is
expected to pose greater risks and challenges.

Clinical messages

• Motor and total Functional Independence
Measure are associated with discharge des-
tination, as well as cognitive and socio-
environmental factors.

• Admission scores above 20 on Berg Balance
Scale or 26 on the motor Functional
Independence Measure indicate a likelihood
of returning home.

• Additional indicators include independ-
ence in rolling, sitting, standing, transfer-
ring, or walking on admission.
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