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Abstract
Objective: This study aimed to identify factors at hospital discharge that predict physical activity and

walking outcomes in the first 6 months after stroke.

Data sources: Searches were conducted in CINAHL (EBSCO), Web of Science, PubMed and Scopus

from inception to 30 April 2024. Reference lists of included articles were manually screened to identify

additional studies.

Review methods: Studies of adults with stroke reporting predictors at hospital discharge and outcomes

of physical activity or walking across the first 6 months after hospital discharge were included. Two

reviewers independently screened titles, abstracts and reviewed full texts. Quality of included studies

was assessed with Quality in Prognostic Studies screening tool. A narrative synthesis was undertaken.

Results: The search strategy retrieved 7834 studies, from which 6 eligible studies were identified, includ-

ing a total of 1433 participants. Overall, studies had a low risk of bias. Age, balance, walking speed and

walking distance at hospital discharge predicted physical activity outcomes after stroke (n= 2 studies).

Cognition, lower limb cycling rhythm and self-efficacy for walking at hospital discharge predicted walking

outcomes after stroke (n= 4 studies).

Conclusions: A range of factors predicted physical activity and walking outcomes 6 months after stroke.

Physical capabilities at discharge appear to be a predictor of these outcomes; however, this needs to be

interpreted with caution. Diverse measures and time points were used across studies to characterise phys-

ical activity and walking outcomes, highlighting the need for consistency in measurement and longitudinal

studies in stroke research.
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Stroke is one of the leading causes of disability
worldwide and the second most common cause of
global disability-adjusted life years (DALYs).1

Most individuals with stroke remain physically
inactive and spend most of their day in sedentary
behaviours.2,3 This increases their risk of recurrent
stroke4,5 and poor health outcomes.6 Further,
walking recovery, a common approach to increas-
ing physical activity, is suboptimal post-stroke.7

Most individuals with stroke continue to report
limited walking and poor satisfaction with
walking outcomes.7 Thus, targeted interventions
aimed at improving and maintaining physical activ-
ity and walking after stroke are necessary to reduce
burden and improve long-term health outcomes.8,9

Understanding factors amenable to intervention is
essential for designing successful interventions.

Hospital discharge is a critical juncture in
rehabilitation after stroke. Understanding factors
at hospital discharge predictive of physical activity
and walking in the months following is crucial for
several reasons. First, predictors identified around
hospital discharge could drive decisions regarding
both the service and content of rehabilitation post-
discharge. Second, as physical activity and walking
ability are integral for transitioning to home and
community, understanding important factors at dis-
charge could influence decisions regarding dis-
charge destination. Lastly, if likely predictors of
activity and walking ability are known at discharge,
future inpatient intervention approaches could
focus on optimising these factors. The subacute
phase is a key time period where neurological
recovery potential is high.10,11 Targeted interven-
tions in a supportive rehabilitation environment
could further minimise physical inactivity behav-
iour that often occurs in later stages when indivi-
duals with stroke transition home after discharge.

To date, a 2018 systematic review12 found that
after stroke, factors including cardiorespiratory
fitness, fatigue, falls and balance self-efficacy
were significantly associated with physical activity.
However, the majority of studies were cross sec-
tional and included participants in the chronic
phase of stroke.12 Another systematic review13

investigated predictors of independent walking
across the subacute phase of stroke and found a

variety of factors including age, an intact corticosp-
inal tract, cognition, sitting balance and continence
early post-stroke onset.13 This review, however,
included only independent walking as an outcome
and restricted inclusion to non-ambulatory indivi-
duals with stroke.13 Thus, it is not clear what
factors at hospital discharge prospectively predict
physical activity levels, or walking independence,
speed or distance after stroke, as they transition
home and recover. This systematic review aims to
determine the following: (1) What factors at hos-
pital discharge predict physical activity outcomes
within first 6 months after stroke? and (2) What
factors at hospital discharge predict walking out-
comes within first 6 months after stroke?

Methods

This systematic review followed the Preferred
Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guidelines14 and was
prospectively registered with the International
Prospective Register of Systematic Reviews
(CRD42020202323).

Inclusion and exclusion criteria were determined
a priori. Studies of human participants with first or
recurrent stroke, aged 18 years or above, were
included. Primary research studies consisting of
prospective cohort studies, randomised trials and
prognostic and predictive studies, reporting on out-
comes of physical activity or walking across the
first 6 months after stroke and exploring independ-
ent factors around the time of hospital discharge
were included. Studies that provided univariate or
multivariate statistics of prediction between the
independent factors and physical activity or
walking outcomes were included. Studies reporting
outcomes of physical activity, such as accelerometer-
derived number of steps, frequency, intensity, dur-
ation of physical activity15 and physical activity
diaries or questionnaires, or walking recovery out-
comes such as walking independence, speed and dis-
tance7 were included. Studies not in English were
excluded.

Electronic search strategies were developed in
consultation with a research librarian and included
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keywords relevant to physical activity and walking
after stroke (Supplemental material S1). Search
strategies were used across the bibliographic data-
bases of CINAHL (EBSCO), Web of Science,
PubMed and Scopus from inception to 30 April
2024. Where relevant, Medical Subject Headings
and indexed terms were used to provide specific
subject headings for each database. The search
was limited to the English language and to human
studies. The reproducible searches for all databases
are available in the Supplemental material. Citation
searches of included studies were undertaken in
Web of Science. Reference lists of included
studies were screened to identify any further rele-
vant studies. For each database, auto alerts were
set up to provide monthly updates of new literature
until 30 April 2024.

The yield from database searches was uploaded
to the web-based collaboration software platform,
Covidence (Available at www.covidence.org).
Duplicates were removed by using EndNote’s
duplicate identification strategy. All titles and
abstracts were screened against the eligibility cri-
teria independently by two reviewers (two of NN,
NM, SB and SK). In cases where it was not clear
if eligibility criteria had been met or reviewers
did not agree, papers were retained for full-text
review. Full-text copies were reviewed independ-
ently by two reviewers (NN and SK). Any dis-
agreement was resolved with a third reviewer
(NM and SB).

The quality of included studies was assessed
with the Quality in Prognostic Studies (QUIPS)
screening tool for prognostic factor studies.16 The
screening tool consists of six domains of bias for
prognostic factors: study participation, study attri-
tion, prognostic factor measurement, confounding
measurement, outcome measurement and analysis
and reporting. Studies were rated as having low,
moderate or high risk of bias in relation to each
of these domains.16 Included studies were assessed
for quality independently by two reviewers (NN
and NM) with disagreements resolved by a third
reviewer (SK).

Data were extracted by one investigator (NN),
stored in Covidence and independently cross-
checked by another reviewer (SK and NM). Data

were cross-checked for author, study and journal
details, including date, title and details of publica-
tion, and participant data related to age and sex,
total number of participants in the study and time
after stroke. Information related to physical activity
and walking outcomes (e.g., measurement and time
point), and statistical association details were
extracted and checked.

Descriptive data synthesis was undertaken based
on participant characteristics and identified factors
at discharge related to physical activity and
walking outcomes after stroke and the associ-
ation/correlational statistics. A meta-analysis of
the pooled estimates between identified factors
and outcomes of physical activity and walking
recovery was planned but was not possible due to
heterogeneity across studies for reported predictors
and physical activity and walking recovery out-
comes. Thus, a narrative synthesis was conducted.

Results

A total of 7830 citations were retrieved from the 4
databases and 4 identified from reference list
searches, thus yielding a total of 7834 studies.
After removing duplicates, 6144 studies were
screened for titles and abstracts. Of these, 234
studies were retrieved as full text. Following full-
text review, six studies17–22 were included in final
synthesis (Figure 1) and are summarised in Table 1.

Studies were published between 2005 and 2020
and included a total of 1433 participants (study
samples ranging from n= 36 to 1023). Four
studies reported outcome measures related to
walking and two studies reported outcomes
related to physical activity. All studies were longi-
tudinal observational cohort studies, presenting
multivariate statistics of association.

All studies had an overall low risk of bias
(Table 2). All studies had a low risk of selection
bias. Four (67%) studies had a low17–19,22 and
two (33%) had a moderate20,21 risk of attrition
bias. All studies had a low risk of measurement
bias in relation to the prognostic/predictive factors
and measurement bias in relation to the outcome.
Four (67%) studies had a moderate risk of bias
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due to confounding,19–22 and two (33%) had a high
risk.17,18

Two studies (n= 91) investigated factors at hos-
pital discharge able to predict physical activity out-
comes at 1,19 319,22 and 6 months19 after discharge
(Table 1). Both studies reported daily step
counts, measured with different accelerometers, the
ActivPALTM 19 and a custom ankle-mounted accel-
erometer.22 In addition, accelerometer-derived time
in high intensity (intensity) and long duration (fre-
quency) walking bouts19 and self-reported intensity
and participation in physical activity22 was reported.

Walking distance (6-minute walk test (6MWT))
at hospital discharge predicted daily step count,
intensity and frequency of physical at 1 month after
discharge.19 Comfortable walking speed,22 step test
performance,22 ankle dorsiflexor strength22 and
walking distance and pre-stroke physical activity19

predicted physical activity 3 months after hospital
discharge. Age, walking distance, pre-stroke physical
activity19 and executive function19 at hospital dis-
charge predicted physical activity 6 months later.

Four studies (n= 1342) investigated factors at
discharge associated with walking outcomes at

Figure 1. PRISMA flow chart of systematic review search process.
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2,20 318 and 6 months17,21 after discharge (Table 1).
Each study reported a different measure of walking,
including clinical outcomes of walking independ-
ence,21 walking speed and walking distance,18 self-
reported outcomes of walking participation,21 life–
space assessment20 and perceived walking limita-
tion and recovery.17

Walking independence at 6 months after dis-
charge was predicted by cognitive function, when
adjusted for age, lower limb strength and side of
stroke (R2= 0.424 to 0.454).21 Walking speed at
3 months after hospital discharge was predicted
by the ability to cycle at a constant rate with and
without resistance at discharge (R2= 0.40),18

while walking distance and the ability to climb
stairs at 3 months after hospital discharge were pre-
dicted by the ability to cycle at a constant rate with
resistance only (R2= 0.21 and 0.26, respectively).18

Self-reported walking participation at 2 months
after discharge20 was predicted by female sex,
age, falls self-efficacy, cognitive function,
walking speed (via Tmed Up and Go test) and
length of hospital stay collected at hospital dis-
charge (R2= 0.54). Walking participation at 6
months21 was predicted by cognitive function
when adjusted for age, lower limb strength and
side of stroke (R2= 0.497 to 0.613).21

Self-reported perceived walking limitation and
recovery at 6 months were predicted by perceived
behavioural control only (adjusted R2= 0.19 and
0.11, respectively).17

Discussion

This systematic review identified 6 studies (n=
1433, low risk of bias) that investigated factors at
hospital discharge predicting physical activity (2
studies) and walking outcomes (4 studies) during
the first 6 months after stroke. Physical capabilities
at discharge appear to be a predictor of these out-
comes; however, this needs to be interpreted with
caution. Diverse measures and time points were
used across studies to characterise physical activity
and walking outcomes across the subacute phase
of stroke, preventing meta-analysis. Physical
activity and walking outcomes identified in this
review represent distinct clinical targets in post-
stroke rehabilitation. Walking independence,28,29

speed23,30,31 and distance23,29,30 capture different
targets of recovery32 and relate to varied participa-
tion goals for people living with stroke.24,33

Consequently, the diverse predictors found in this
review are unsurprising. Nevertheless, this review
highlights the need for consistency in outcome
measurement and for longitudinal studies in
stroke research.

This review found that most studies that mea-
sured physical or walking capability at hospital dis-
charge determined that it significantly predicted
physical activity or walking outcomes up to 6
months later but only explained a part of the
outcome. While it is likely that higher physical
capability will enable improvements in physical

Table 2. Quality of the included studies (n= 6).

Study

Selection

bias

Study

attrition

Prognostic

factor

measurement

Outcome

measurement

Study

confounding

Statistical

analysis and

reporting

Overall

risk

Bonetti 200817 Low Low Low Low High Low Low

Katz-Leurer

200518
Low Low Low Low High Low Low

Mahendran

202019
Low Low Low Low Moderate Low Low

Nakao 202020 Low Moderate Low Low Moderate Low Low

Park 201721 Low Moderate Low Low Moderate Low Low

Thilarajah

202022
Low Low Low Low Moderate Low Low
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activity and walking, other factors will need consid-
eration and intervention when aiming to increase
long-term physical activity and walking outcomes
after stroke.25 This is supported by the finding
that various measures of cognitive function
often contributed to the prediction equations in
the examined studies in this review. This
finding supports previous studies that have iden-
tified that factors important in behaviour change
contribute to recovery of physical activity and
walking post-stroke.26,27,34,35 This supports the
premise that to successfully enhance long-term
physical activity and walking recovery, rehabili-
tation should include strategies such as behaviour
change techniques.9,36,37 Clearly, further investi-
gation is required to understand what techniques
to select, for whom, when and how to optimally
use these techniques to enhance recovery of
physical activity and walking as individuals
with stroke transition home.

Previous research has identified factors on
hospital admission such as age38–41 and stroke
severity39,42,43 that predict physical activity 6
months after stroke. In contrast, this systematic
review included papers that identified modifiable
predictors at a later time point which could be tar-
geted with tailored intervention during rehabilita-
tion. Understanding what modifiable factors
predict positive physical activity and walking
outcomes can help clinicians focus on factors
to optimise prior to discharge, set realistic goals
and foresee needs for additional care after dis-
charge. In addition, it is of clinical importance
to identify individuals with stroke at risk of
becoming inactive as they transition home. This
is a key step required to enable tailored and pro-
active strategies to improve long-term physical
activity and walking outcomes after stroke.

Diverse outcomes of physical activity and
walking identified in this review call for a need
for consistency in measures used in post-stroke
rehabilitation and research. A recent international
consensus on measuring physical activity recom-
mends using device-based measures for step
count.15 Likewise, the Stroke Recovery and
Rehabilitation Roundtable (SRRR)44 recommendes
the use of standardised measurement for walking

outcomes, including tests such as 10-metre walk
test for walking speed. Implementing a standar-
dised protocol for collecting data, such as wear
time of devices, walkway length for tests and fre-
quency of data collection, may be useful to
ensure consistency across different studies.
Consistent measurement protocols would enable
pooling data from multiple studies, facilitating
meta-analyses.

There was also a lack of consistency in the time
points used for follow-up by studies included in this
review, ranging from 4 weeks to 6 months after
stroke, making it difficult to draw conclusions.
Measurements of physical activity and walking
outcomes at fixed time points,45 across the subacute
stage after stroke,46 are recommended. Consensus
from SRRR45 recommends that measurement of
outcomes should commence within first 7 days of
stroke and occur at designated intervals up to at
least 3 months post-stroke. Standardising fixed
time points could enable longitudinal analyses of
data, thereby facilitating identification of predictors
of recovery after stroke and intervention
effectiveness.

Limitations of this review must be acknowl-
edged. The review found only 6 studies that met
inclusion criteria, with participant numbers
ranging from n= 36 to 1023, which highlights the
need for prospective longitudinal studies to
explore factors associated with physical activity
and walking after stroke. Positively, the studies
had low risk of bias and used multivariate statistics.
However, there was heterogeneity of outcome mea-
sures and time points in the included studies, which
limited synthesis via a meta-analysis, highlighting
the need for consistency in measurement in future
research.

This review found a range of factors related to
physical activity and walking outcomes across the
first 6 months following hospital discharge, with
physical capability as the most frequently identi-
fied predictive factor. More larger longitudinal
studies with a breadth of predictor variables and
standardised outcome measures at agreed time
points are needed to inform the design of targeted
interventions to improve physical activity and
walking recovery after stroke.
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Clinical messages

• Physical capability at hospital discharge
contributes to prediction of physical activ-
ity or walking outcomes across the first 6
months of returning home after stroke.

• Different factors at hospital discharge predict
the diverse measures used to characterise
physical activity and walking outcomes
across the subacute phase post-stroke.

• Consistency in measurement of physical
activity and walking after stroke is needed.
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