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A Meta-Analysis
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Background and Purpose—One of the major consequences after stroke is the deterioration in health-related quality of life
(HRQOL). Three previous systematic reviews indicated that exercise has limited to no effect in improving HRQOL in
stroke survivors. The objective of this meta-analysis was to update the evidence on exercise and HRQOL in stroke
survivors with additional new information on randomized controlled trials that have been published since these 3
previous reviews.
Methods—MEDLINE, Cumulated Index to Nursing and Allied Health Literature, EMBASE, and SportsDiscus databases
were searched for randomized controlled trials reporting the effects of exercise on HRQOL in stroke survivors from
1950 to March 2010. The methodological quality of each study was appraised using the Physiotherapy Evidence
Database scale. Standardized mean difference was used to compute effect size and subgroup analysis was conducted to
test the consistency of results across the subgroups with different characteristics.
Results—A total of 1101 citations was identified and 9 studies met all criteria for a total sample of 426 stroke survivors.
Eight studies were rated as good quality (ie, Physiotherapy Evidence Database scale ⱖ5). This meta-analysis provided
evidence that exercise can have a small to medium effect on HRQOL outcomes (standardized mean difference, 0.32,
P⬍0.01) at postintervention but not at follow-up after exercise was terminated (standardized mean difference, 0.17,
P⫽0.12). No adverse events related to exercise were reported.
Conclusions—The results provide moderate support for the use of exercise to improve HRQOL in stroke survivors. However, the challenge for researchers is identifying effective strategies for sustaining these effects
postintervention. (Stroke. 2011;42:832-837.)
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S

almost entirely on physiological changes such as walking
speed and duration,7–14,16,17,19 cardiorespiratory fitness,14,16,18
and muscle strength.9,11,14,15,17,18
There have only been 3 systematic reviews14,18,19 on the
effects of exercise on changes associated with HRQOL in
stroke survivors. All of these reviews concluded that the
evidence before 2007 for using exercise to improve HRQOL
in stroke survivors is limited or absent. However, since 2007,
several investigators have examined the effects of exercise on
HRQOL in stroke survivors.20 –22 Given the importance of
HRQOL as a primary outcome of rehabilitation and exercise
training programs for stroke survivors,6 the purpose of this
meta-analysis was to examine the effects of various doses and
types of exercise on HRQOL in stroke survivors that would
support or refute the findings from the 3 previous systematic
reviews.

troke survivors report a poorer health-related quality of
life (HRQOL) compared with the general population.1–3
Although HRQOL is a multidimensional concept, it is usually
measured by physical or mental attributes associated with
overall health status.4,5 For stroke survivors, the physical
attributes of HRQOL include the interference they perceive in
performing physical activities such as the ability to walk 1
block or by responses to pain levels associated with performing activities (eg, work outside the home and housework),4,5
and mental attributes are often measured by the perception of
subjective feelings of interference in participating in social
activities.4,5
Exercise may offset some of the decline in HRQOL in
stroke survivors by (1) reducing secondary conditions such
depression and pain; and/or (2) improving overall physical
fitness, which leads to higher levels of physical function (eg,
greater self-efficacy in performing activities of daily living).6
The dozen or so systematic reviews that have been published
on the effects of exercise in stroke survivors7–19 have focused

Methods
Literature searches of 4 computer databases were performed.
MEDLINE (1950 to March 2010), Cumulated Index to Nursing and
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Retrieved 1101 citations using four databases
MEDLINE
N=250
CINAHL
N=390
SportsDiscus
N=158
EMBASE
N=303
Excluded 268 duplicate studies
Reviewed title and abstract of studies
N=833
Excluded 733 irrelevant studies
Reviewed studies in full -text level
N=100

Studies with outcomes on HRQOL
N=17

Studies included for meta-analysis
N=9

Excluded 83 Studies
No outcomes on HRQOL
Therapeutic exercise
Other non-exercise approach
Case study
Without randomization
Not an intervention study
Included people with other
disabilities
Not a full article
Review article

N=58
N=9
N=5
N=3
N=3
N=2

Figure 1. Flow chart depicting the number of included and excluded studies.

N=1
N=1
N=1

Excluded 8 Studies
without data on ES
No between-group contrast
data
N=4
Not compared to non-exercise
control group
N=4

Allied Health Literature (CINAHL, 1982 to March 2010), EMBASE
(1980 to March 2010), and SportsDiscus (1968 to March 2010) were
searched by the combinations of subject headings and key words
related to stroke and exercise. Search terms are listed in Supplemental Table I (available at http://stroke.ahajournals.org). The reference
lists of relevant studies were also manually searched.
Studies were included if they met the following criteria: (1)
recruited only stroke survivors ⱖ19 years of age; (2) no other
disability groups were included in the study; (3) exercise was the
primary intervention exposure; (4) HRQOL was a targeted outcome;
(5) randomized controlled trial; (6) published in English; and (7)
published in a peer-reviewed journal. HRQOL was defined as ⱖ1
physical and/or mental attributes associated with overall health
status. Common examples of instruments that include HRQOL
measures are the Short Form-36 and Stroke Impact Scale.4 Exclusion
criteria included: (1) therapy/rehabilitation interventions (eg, body
weight supported treadmill training); (2) nonexercise treatment
approaches (eg, psychotherapy); (3) no adequate data on effect size
estimation; and (4) qualitative or case study.
Methodological quality of each study was established with the
Physiotherapy Evidence Database Scale (PEDro scale)23 (www.
pedro.org.au). The PEDro scale is a valid and reliable measurement
tool that is widely used in the exercise and rehabilitation research
literature to rate the quality of intervention research. It consists of 1
nonscored item for examining external validity (ie, eligibility criteria) and 10 scored items for appraising internal validity and quality
of statistical reporting. The 10 items include random allocation,
concealed allocation, baseline similarity, blinding of participants,
therapists, assessors, dropout rate, intention-to-treat analysis,
between-group statistical comparisons, point measures, and measures of variability.

Statistical Analysis
The standardized mean difference was used to compute effect size
(ES). Standardized mean difference was calculated as the mean
change before and after the exercise intervention minus the mean
change for the control group divided by the preintervention pooled
standard deviation.24 Because the standardized mean difference is
prone to overestimating ES for individual studies with small samples, Hedges’ g was used to correct this bias.24 For studies with ⬎1

ES (eg, multiple HRQOL outcomes), an average ES was calculated
that represented the general effect of the intervention.25
An initial meta-analysis was performed to examine the overall
effects of the exercise exposure on HRQOL using Comprehensive
Meta-Analysis, Version 2.0. Separate meta-analyses were also conducted under the 2 subdomains (physical and mental) of HRQOL.
The magnitude of the ES was classified as small (ⱕ0.20), medium
(0.21 to 0.79), or large (ⱖ0.80).26
The Q statistic was used to determine heterogeneity among ESs,
and the I2 statistic was used to measure the degree of variation.27,28
When heterogeneity was identified, a random effects model was used
to aggregate the ESs to adjust for variance from subject-level
sampling error and random differences among studies.25 Planned
subgroup analyses were conducted to test the consistency of results
across the subgroups with different time since stroke (⬍6 months
versus ⱖ6 months) and intervention characteristics. The intervention
characteristics included mode of exercise, weekly amount of exercise
that met the US Physical Activity Guidelines (⬍150 minutes/week
versus ⱖ150 minutes/week),29 length of intervention (⬍12 weeks
versus ⱖ12 weeks), intervention format (individual versus group),
and intervention setting (clinical versus community-based).

Results
Figure 1 summarizes the study selection process. The database search resulted in the identification of 1101 citations. A
total of 9 randomized controlled trials met all
criteria.20 –22,30 –35
The characteristics of the 9 studies are listed in Supplemental Table II. Eight studies were ranked as good quality
(ie, PEDro ⱖ5)20 –22,30 –34 and 1 study was ranked as fair
quality (ie, PEDro ⱕ4).35 A total of 426 stroke survivors were
included across the 9 studies, ranging from 13 to 93 subjects.
The mean age of participants was 66.9⫾3.4 years (range, 61
to 72 years), and the mean time since stroke was 26.7⫾35.8
months (range, 2.2 to 109 months).
Most of the researchers used a combination of aerobic,
strength, balance, and/or flexibility training (N⫽6).21,31–35
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Lower
Hedges’ g limit
Ada, 2003
-0.27 -1.04
Duncan, 1998
0.28 -0.57
Flansbjer, 2008
0.39 -0.41
Lai, 2006
0.36 -0.05
Lee, 2008
0.14 -0.63
Mead, 2007
0.24 -0.24
Sims, 2009
0.72 0.12
Studenski, 2005
0.24 -0.17
Teixeira-Salmela, 1999 1.05 -0.04
0.32 0.12
Study name

Upper Relative
limit Weight(%)
0.50
6.45
1.13
5.36
1.20
5.90
0.77
22.75
0.92
6.37
0.72
16.60
1.32
10.62
0.65
22.75
2.14
3.22
0.51

Hedges’ g and 95% CI

Figure 2. Meta-analysis of exercise interventions
on HRQOL at postintervention. Heterogeneity: Q
value⫽6.22; df(Q)⫽8 (P⫽0.62); I2⫽0%, indicating
the presence of homogeneity.

-2.00

-1.00

0.00

1.00

2.00

Favours Control Favours Exercise

The mean length of the exercise interventions was 10.4⫾2.6
weeks (range, 4 to 12 weeks). Most of the interventions were
implemented 3 times per week (N⫽7) and the average
duration per session was 67.9⫾25.1 minutes (range, 30 to 90
minutes). Researchers associated with 4 of the studies21,22,33,35
monitored adverse events during the intervention and none
were reported.
Five different HRQOL instruments were used across
studies. Five studies21,31–34 used the Short Form-36 and 4
studies20,22,32,34 used the Stroke Impact Scale. Additional
instruments included the Nottingham Health Profile,35
Stroke-Adapted Sickness Impact Profile,30 and Recovery
Locus of Control Scale.22 Six studies20,22,30,32–34 examined
intervention effects at follow-up, which ranged from 12 to
24 weeks postintervention.

Effects on HRQOL
Figure 2 shows the 9 studies20 –22,30 –35 that examined the
effects of exercise at postintervention. The results from a
fixed effect model showed a significant small to medium ES
on overall HRQOL outcomes (grand ES, 0.32; 95% CI, 0.12
to 0.51; P⬍0.01; I2⫽0%).
Figure 3 highlights the 6 studies20,22,30,32–34 that examined
intervention effects at follow-up (12 to 24 weeks postintervention). A fixed effect model showed a nonsignificant small
ES at follow-up on HRQOL outcomes (grand ES, 0.17; 95%
CI, ⫺0.05 to 0.39; P⫽0.12; I2⫽8.36%).
Figure 4 presents the results of separate meta-analyses on
the physical and mental subdomains of HRQOL. There was a
significant positive ES (grand ES, 0.33; P⫽0.02) on the
physical subdomain at postintervention (ie, self-reported
changes on strength, bodily pain, and activities of daily
living). A similar significant ES (grand ES, 0.23; P⫽0.04)
was found on the mental subdomain at postintervention (ie,
self-reported changes on mood and social participation). At
follow-up, the effects of exercise declined and there were no
Lower
Study name
Hedges’ g limit
Ada, 2003
0.05 -0.69
Flansbjer, 2008
0.58 -0.24
Lai, 2006
0.09 -0.35
Mead, 2007
0.01 -0.47
Sims, 2009
0.74
0.13
Studenski, 2005
0.02 -0.41
0.17 -0.05

Upper
limit
0.80
1.39
0.52
0.49
1.35
0.46
0.39

Relative
Weight (%)
8.62
7.20
25.28
20.76
12.86
25.28

significant ESs on both subdomains of HRQOL (grand ES,
0.01; P⫽0.98 for physical subdomain; 0.19; P⫽0.11 for
mental subdomain).

Subgroup Analysis
Figure 5 shows the results of planned subgroup analyses for
exercise effects on HRQOL at postintervention. Strength
training and interventions that combined aerobic and strength
training protocols achieved significant effects, whereas the
interventions that used aerobic training only did not result in
significant changes on HRQOL. There was a significant
effect for the exercise interventions implemented in
community-based settings (N⫽5) and for studies with durations ⬎150 minutes per week (N⫽5). There was a nonsignificant effect for the exercise interventions conducted in
clinical settings and for those ⬍150 minutes per week.
However, the differences did not reach statistical significance
for mode of exercise, weekly amount of exercise, and setting.
Chronic stroke survivors (ie, time since stroke ⱖ6 months)
experienced greater benefits than subacute stroke survivors
(ie, ⬍6 months) but the difference was not significant
(P⫽0.64). Nonsignificant differences in effects were also
found for intervention length (⬍12 weeks versus ⱖ12 weeks;
P⫽0.46) and format (individual versus group; P⫽0.92).

Discussion
Among the 3 previous systematic reviews that were conducted on exercise and HRQOL in stroke survivors before
2007, 2 reviews14,19 concluded that there was limited evidence and 1 review18 found no evidence to support the use of
exercise in improving HRQOL in this population. Since
2007, there have been 3 additional randomized controlled
trials20 –22 that examined the effects of exercise in improving
HRQOL in stroke survivors. The results of our meta-analysis
include these 3 more recent studies and provide new evidence
that exercise training has a small to medium statistically

Hedges’ g and 95% CI

Figure 3. Meta-analysis of exercise interventions
on HRQOL at follow-up. Heterogeneity: Q value⫽5.46; df (Q)⫽5 (P⫽0.36); I2⫽8.36%, indicating
the presence of homogeneity.
-2.00 -1.00 0.00
1.00
2.00
Favours Control Favours Exercise
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Time

Subdomain
Lower Upper
v
(No. of study) Hedges’’ g limit limit P-value

Physical (N=4)
Post-intervention Mental (N=5))
Physical (N=2)
Follow-up
Mental (N=5)

0.33
0.23
0.01
0.19

0.05
0.01
--0.32
-0.04
-

0.60
0.46
0.33
0.42
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Hedges’’ g and 95% CI

0.02
0.04
0.98
0.11

Figure 4. Grand effect size on physical and mental
subdomain of HRQOL using a fixed effect model.

--2.00 --1.00 0.00 1.00 2.00
Favours Control Favours Exercise

significant positive effect in improving HRQOL in stroke
survivors. Furthermore, this study is the first meta-analysis to
examine the effects of exercise on both the physical and
mental subdomains of HRQOL in stroke survivors.
The 3 previous reviews found that strength training-only
intervention did not change HRQOL significantly. The effect
on HRQOL for combined exercise (aerobic plus strength)
was inconclusive. One review18 found that combined exercise
did not have a significant effect on HRQOL, but another
review14 found that combined exercise resulted in a significant effect in improving basic and instrumental activities of
daily living. This meta-analysis found that both strength
training only and combined exercise had a significant effect
on HRQOL. Furthermore, the positive effect covered several
physical subdomain outcomes of HRQOL, including
strength, bodily pain, hand function, mobility, and general
physical health.
The 3 previous reviews did not report outcomes associated
with the mental subdomain. In the present meta-analysis, we
were able to identify 5 studies that examined the effects of
exercise on HRQOL and demonstrated a small but statistically significant positive ES on the mental subdomain at
postintervention, which included self-reported changes in
mood, memory, vitality, and social participation.
In the 6 studies that measured HRQOL at postintervention
and follow-up, gains identified at postintervention diminished

Variable
Time since
stroke
Mode of
exercise
Weekly amount
of exercise
Intervenon
length
Format
Seng

Category
(No. of study)

Lower Upper
Hedges’ g limit limit

< 6 months (N=4)
> 6 months (N=5)
Aerobic (N=1)
Strength (N=2)
Combined (N=5)
<150 min (N=2)
>150 min (N=5)
<12 weeks (N=4)
>12 weeks (N=5)
Individual (N=4)
Group (N=5)
Clinic-based (N=4)
Community-based(N=5)

0.28
0.38
-0.27
0.60
0.32
0.10
0.31
0.44
0.27
0.31
0.33
0.33
0.31

0.05
0.04
-1.04
0.12
0.09
-0.31
0.02
0.06
0.05
0.05
0.03
-0.01
0.07

after 12 to 24 weeks at follow-up. This finding raises an
important issue related to the sustainability of exercise
participation in stroke survivors. Elimination of structured,
supervised support may reduce access or motivation to
continue to engage in exercise after these supports are
removed. Future research must determine if participants stop
exercising after the study ends because there is less structure,
supervision, or availability of exercise equipment or if the
type of exercise they continue to engage in has different
elements (eg, less structure, social support, staff expertise,
etc) that may not be as socially, emotionally, or physically
reinforcing.
Subgroup analyses did not show significant differences
between patients with chronic versus those with subacute
stroke, but relatively greater benefits were observed for
chronic patients. Exercise interventions implemented in
community-based settings reported a significant positive ES
compared with nonsignificant ES in clinical settings. However, more studies are needed to better understand the effects
of exercise on HRQOL by time since stroke and setting. Our
findings reinforce the need for identifying effective strategies
for supporting exercise after subacute stroke rehabilitation
ends. The length of stay in inpatient medical rehabilitation
has been declining over the past 2 decades36 and healthcare
providers need to provide a means for their patients with

Hedges’ g and 95% CI

0.52
0.72
0.50
1.08
0.55
0.51
0.61
0.82
0.50
0.56
0.62
0.68
0.54

QB,
P-value
p-value
0.21,
P=0.64
p=0.64
3.59,
P=0.17
p=0.17
0.69,
P=0.41
p=0.41
0.55,
P=0.46
p=0.46
0.01,
P=0.92
p=0.92
0.01,
P=0.91
p=0.91

-2.00 -1.00 0.00 1.00 2.00
Favours Control Favours Exercise

Figure 5. Subgroup analysis for effects on
HRQOL at postintervention. QB indicates
Q statistic between groups.
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stroke to exercise in community-based settings. Stroke survivors experience many barriers to exercise37,38 and an
important research need is finding effective ways for people
with stroke to engage in community exercise.
The study has several limitations. First, although the
meta-analysis demonstrated evidence that exercise had a
positive effect on HRQOL in patients with stroke, there was
substantial heterogeneity in subject characteristics (eg, age,
severity of disability, baseline physical or mental status),
which may limit findings to the entire population of stroke
survivors. Second, although we attempted to estimate separate ESs for the physical and mental subdomains of HRQOL,
most of the reviewed studies only reported an aggregate score
for overall HRQOL, which limited our ability to better
estimate the effects on each of these subdomains. Third, the
improvements in self-reported HRQOL in some participants
in the exercise group could be due to the social attention
received by research staff (ie, Hawthorne effect) and the
possibility that staff gave more encouragement/attention to
subjects in the exercise versus control groups. Fourth, we
may have missed some relevant studies that were published in
other languages besides English.
Although our subgroup analyses results provide further
understanding on the effects of exercise on HRQOL in stroke
survivors, future research must examine the precise doses of
exercise (ie, intensity, frequency, duration, pattern, and modality) tailored to specific HRQOL outcomes (eg, physical
versus mental). Exercise that has an element of social
participation (eg, performed in groups versus individually)
should be explored because there may be additive benefits
exercising in socially engaging settings with participants
experiencing similar health issues.

Conclusions
The results of this meta-analysis provide moderate support
for the use of exercise in improving HRQOL in stroke
survivors. However, more research is needed to identify
precise changes in HRQOL based on specific doses of
exercise being targeted to specific outcomes (eg, physical
versus mental). In responding to the poorer HRQOL reported
by many stroke survivors, exercise participation may be an
important modifiable behavior that can lead to improvements
in HRQOL. Future research is needed to determine if shortterm improvements in HRQOL can be sustained over a longer
period by providing some level of continued exercise support
to stroke survivors after the interventions ends.

Acknowledgments
We thank Christine Pellegrini, PhD, for her comments and editing
during the development stages of the manuscript.

Sources of Funding
This work was supported by the National Institute on Disability and
Rehabilitation Research, Rehabilitation Engineering Center on Interactive Exercise Technologies and Exercise Physiology for People
with Disabilities (RecTech), Grant H133E070029.

Disclosures
None.

References
1. Kwok T, Lo RS, Wong E, Wai-Kwong T, Mok V, Kai-Sing W. Quality
of life of stroke survivors: a 1-year follow-up study. Arch Phys Med
Rehabil. 2006;87:1177–1182; quiz 1287.
2. Sturm JW, Donnan GA, Dewey HM, Macdonell RA, Gilligan AK,
Srikanth V, Thrift AG. Quality of life after stroke: the North East
Melbourne Stroke Incidence Study (NEMESIS). Stroke. 2004;35:
2340 –2345.
3. Paul SL, Sturm JW, Dewey HM, Donnan GA, Macdonell RA, Thrift AG.
Long-term outcome in the North East Melbourne Stroke Incidence Study:
predictors of quality of life at 5 years after stroke. Stroke. 2005;36:
2082–2086.
4. Carod-Artal FJ, Egido JA. Quality of life after stroke: the importance of
a good recovery. Cerebrovasc Dis. 2009;27(suppl 1):204 –214.
5. Hobart JC, Williams LS, Moran K, Thompson AJ. Quality of life measurement after stroke: uses and abuses of the SF-36. Stroke. 2002;33:
1348 –1356.
6. Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin BA, Roth EJ,
Shephard T. Physical activity and exercise recommendations for stroke
survivors: an American Heart Association scientific statement from the
Council on Clinical Cardiology, Subcommittee on Exercise, Cardiac
Rehabilitation, and Prevention; the Council on Cardiovascular Nursing;
the Council on Nutrition, Physical Activity, and Metabolism; and the
Stroke Council. Stroke. 2004;35:1230 –1240.
7. States RA, Pappas E, Salem Y. Overground physical therapy gait training
for chronic stroke patients with mobility deficits. Cochrane Database Syst
Rev. 2009;3:CD006075.
8. Wevers L, van de Port I, Vermue M, Mead G, Kwakkel G. Effects of
task-oriented circuit class training on walking competency after stroke: a
systematic review. Stroke. 2009;40:2450 –2459.
9. Pak S, Patten C. Strengthening to promote functional recovery poststroke:
an evidence-based review. Top Stroke Rehabil. 2008;15:177–199.
10. Eng JJ, Tang PF. Gait training strategies to optimize walking ability in
people with stroke: a synthesis of the evidence. Expert Rev Neurother.
2007;7:1417–1436.
11. Ada L, Dorsch S, Canning CG. Strengthening interventions increase
strength and improve activity after stroke: a systematic review. Aust J
Physiother. 2006;52:241–248.
12. Moseley AM, Stark A, Cameron ID, Pollock A. Treadmill training and
body weight support for walking after stroke. Cochrane Database Syst
Rev. 2005;4:CD002840.
13. Kwakkel G, van Peppen R, Wagenaar RC, Wood Dauphinee S, Richards
C, Ashburn A, Miller K, Lincoln N, Partridge C, Wellwood I, Langhorne
P. Effects of augmented exercise therapy time after stroke: a meta-analysis. Stroke. 2004;35:2529 –2539.
14. Saunders DH, Greig CA, Mead GE, Young A. Physical fitness training
for stroke patients. Cochrane Database Syst Rev. 2009;4:CD003316.
15. Bohannon RW. Muscle strength and muscle training after stroke.
J Rehabil Med. 2007;39:14 –20.
16. Pang MY, Eng JJ, Dawson AS, Gylfadóttir S. The use of aerobic exercise
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