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Abstract

Objective—The objective was to conduct a systematic review and meta-analysis of studies that 

examined the effects of structured exercise on depressive symptoms in stroke patients.

Methods—We searched for published randomized controlled trials which evaluated the effect of 

structured exercise programs (e.g., functional, resistance or aerobic training) on depressive 

symptoms. The mean effect size, a 95% confidence interval (CI) and I-squared (I2) for 

heterogeneity were estimated. Sensitivity analyses were conducted.

Results—Thirteen studies (n=1022) were included in the meta-analysis. Exercise resulted in less 

depressive symptoms immediately after the exercise program ended, SMD=−0.13 [95%CI = 

−0.26, −0.01], I2 =6%, p=0.03, but these effects were not retained with longer term follow-up. 

Exercise appeared to have a positive effect on depressive symptoms across both the subacute (≤ 6 

months post-stroke) and chronic stage of recovery (> 6 months). There was a significant effect of 

exercise on depressive symptoms when higher intensity studies were pooled, but not for lower 

intensity exercise protocols. Antidepressant medication use was not documented in the majority of 

studies and thus, its potential confounding interaction with exercise could not be assessed.

Conclusions—Exercise may be a potential treatment to prevent or reduce depressive symptoms 

in individuals with sub-acute and chronic stroke.

Keywords

Stroke; depression; exercise; meta-analysis; systematic review

Corresponding author: Janice J Eng, PhD, PT/OT, Professor, Department of Physical Therapy, University of British Columbia, 
212-2177 Wesbrook Mall, Vancouver, BC, Canada, V6T 1Z3; Tel:604-714-4105; Fax:604-714-4168; janice.eng@ubc.ca. 

Declaration of conflicting interests
The Author(s) declare(s) that there is no conflict of interest

Clin Rehabil. Author manuscript; available in PMC 2015 October 02.
Published in final edited form as:

Clin Rehabil. 2014 August ; 28(8): 731–739. doi:10.1177/0269215514523631.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Introduction

Depressive symptoms are a common sequel after a stroke. The prevalence of depression 

among stroke survivors is between 29 and 36%.1 The risk of onset seems to be similar for 

the early, medium, and late stage of stroke recovery. Post-stroke depression has been related 

to longer hospitalization and reduced functional recovery,2,3 suicidal ideas,4 poor 

communicative function,5 impaired memory, visual perception and language,6 reduced 

social activities,7 and higher risks for mortality.8

A Cochrane Review found no clear effect of pharmacological treatments on the prevention 

of depression in stroke patients while psychotherapy was related to small effect sizes.9 

Another Cochrane Review on treatments found evidence that antidepressants reduced the 

proportion of stroke patients who were classified with depression.10 However, there was also 

an associated increase in adverse events of the central nervous and gastrointestinal systems. 

There was no evidence of a benefit of psychotherapy as a treatment for depression after 

stroke.10 These results demonstrate the need to explore additional interventions for stroke 

survivors experiencing depressive symptoms. Physical exercise may provide a 

complementary treatment to improve depressive symptoms.

A recent Cochrane review reported a large clinical effect with a standardized mean 

difference (SMD) of −0.82 of physical exercise on depressive symptoms in adults with 

depression, but who did not have a stroke.11 In a meta-analysis, Sjösten and Kivelä12 

reported that physical exercise was effective in treating depression, and especially in 

individuals with high baseline levels of depression. A meta-analysis of 90 studies involving 

patients with a chronic illness found that exercise had a small effect on reducing depressive 

symptoms, but stroke patients were not included.13

Only two studies have included exercise trials with a stroke population; Graven et al.14 

meta-analyzed two exercise studies for depressive symptoms in individuals living with 

stroke and found a large effect (SMD: −2.03). The low number of studies in their review 

increases the potential for bias and reduces the generalizability of their results. Saunders et 

al.15 reviewed the effect of eight exercise trials on depressive symptoms (and meta-analyzed 

three of these studies), and concluded that the results were inconsistent among the trials.

The objective of this study was to examine the evidence on the effects of physical exercise 

for depressive symptoms in stroke patients by performing a systematic review and meta-

analysis of relevant RCTs.

Methods

We applied the PRISMA guidelines for systematic reviews of RCTs.16 We accessed 

MEDLINE (1950 to January 10, 2014), Cochrane Database of Systematic Reviews (2005 to 

January 10, 2014), Cumulated Index to Nursing and Allied Health Literature (CINAHL) 

(1982 to January 10, 2014), and Physical Therapy Evidence Database (PEDro) (1952 to 

January 10, 2014). An electronic database search using the terms “stroke” or 

“cerebrovascular accident” or “hemiparesis” paired with “exercise,” or “physical exercise” 

or “rehabilitation” and “depression” or “depressive symptoms” or “mood” or “dysthymia”. 
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We used no language or date restriction in our search. A sample of the MEDLINE search 

strategy is shown in the Online Supplementary Appendix 1. Experts in the field were 

contacted and asked for information on unpublished trials to avoid publication bias. Hand 

searches of reference lists from retrieved papers were completed.

Eligibility criteria were RCTs that evaluated the effect of physical exercise on depressive 

symptoms. Studies which evaluated an exercise intervention against a control group with a 

lesser intensity were included (e.g., 60 minutes versus 30 minutes daily exercise). 

Depressive symptoms were defined pragmatically as a range of symptoms detected by a 

validated scale of depressive symptoms used in established mental health research. Exercise 

was defined as a subset of physical activity that is planned, structured, repetitive, and 

purposeful with the objective of improvement or maintenance of physical fitness,17 as well 

as for optimizing functioning. Additional inclusion criteria were: 1) confirmed diagnosis of 

stroke by medical records, imaging, or clinical examination; 2) adult patients over 18 years 

of age; 3) intervention and control group treatments clearly defined, and 4) baseline and 

follow-up of at least 4 weeks available for depressive symptoms. Exclusion criteria were 

studies utilizing electrical stimulation, passive movement, or exercise only with the upper 

extremities if they had a focus on motor skill learning or fine motor skills. Studies were also 

excluded if they used a mood instead of depressive symptom scale or if they evaluated an 

exercise intervention against a different type of exercise of similar intensity. For each study, 

the scale’s cut-off point for the diagnosis of a clinical depression is reported in the Online 

supplementary of Appendix 2. Studies which utilized populations with mixed diagnoses 

(e.g., stroke and traumatic brain injury18) were also excluded.

Both authors independently extracted the estimates on the basis of the inclusion and 

exclusion criteria. If there was disagreement regarding eligibility, an independent adjudicator 

was available. We used the Physiotherapy Evidence Database (PEDro) scale19 (maximum 

score of 10) to assess the methodology of the trials for potential bias. We utilized the official 

scores posted on the PEDro website as these have been verified by two trained experts.

If several follow-up end-points were available from one study (for example, follow-up after 

3, 6, and 9 months later), we used the first end-point following the completion of the 

intervention for the immediate effects, and the last follow-up after the completion of the 

intervention for long-term retention effects. If the median and range were reported, we 

converted them to the mean and standard deviation.20 If an interquartile range was reported, 

we converted to a standard deviation.21 All studies reported continuous data that we meta-

analyzed (Review Manager 5.222) with a standardized mean difference (SMD)20 and 

illustrated with Forest plots. A negative SMD indicated that the treatment group resulted in 

less depressive symptoms than the control group. The strength of the effect sizes were 

interpreted as small, moderate or large effect sizes, referring to 0.20, 0.50, and 0.80 

respectively.23 We also explored publication bias using Funnel plots.

Fixed effect models were utilized if statistical heterogeneity was low, while random effect 

models were utilized in all other cases. Statistical heterogeneity was quantified with the I-

squared value (I2).24 I2 values of 25%, 50%, and 75% have been related to low, moderate, 

and high heterogeneity, respectively.
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Planned subgroup analysis was performed for time since stroke (subacute ≤ 6 months versus 

chronic > 6 months), and the intensity of the exercise program. The definition of intensity 

considered the weekly frequency of the sessions, as well as the content of the intervention. 

We defined “higher intensity” if sessions were administered at least three times per week, for 

a minimum of four weeks, and specifically stated that graded strengthening, repetitive 

functional training (e.g., circuit training) or aerobic exercise was undertaken. All other 

interventions were considered “lower intensity”. Sensitivity analysis was used to assess the 

robustness of our results, i.e., we tested the effect of deleting studies of poor quality (less 

than 4 on the PEDro scale) and studies that analyzed according to protocol instead of 

intention to treat.

Results

Thirteen articles met the inclusion criteria (Figure 1).25–37 Mead et al.30 and Ryan et al.32 

did not report the required data but we received it upon contacting the authors, leaving a 

total of 1022 patients from 13 trials. Four studies required some conversion of the data; all 

four of these studies reported median values,25–26,29,32 one study reported range values29 

and three studies reported interquartile ranges25–26,32 and these were converted to mean and 

standard deviation.

Only two studies29,34 confirmed the stroke by imaging, 2 studies28,36 confirmed by imaging 

or clinical presentation, and the rest did not explicitly state the requirements for stroke 

diagnosis beyond medical records, registries or clinical presentation. The time since stroke 

ranged from 30 days to six years and the patients’ age ranged from 21 to 93 years.

The study characteristics are summarized in the online supplementary of Appendix 2. 

Physical exercise included progressive resistance training,28,30,33,37 functional,26,36 aerobic 

exercises,29 treadmill exercises,34,37 Bobath exercises,31 individualized exercises with 

education,27 and community-based rehabilitation services including physical therapy and 

occupational therapy.25,32,35 The majority of studies (6/13) utilized usual care as the control 

group.26,28–29,31–33 Four studies utilized an attention control intervention in the form of a 

relaxation protocol,30 discussion group,27 weekly phone call,34 or cognitive training37, 

however, only one study30 provided equivalent minutes of attention between groups. In one 

study, control subjects were put on a wait list but received the same treatment later.35 A 

control group with no treatment was utilized in two studies.25,36

Eleven of the 13 studies had a frequency of at least two sessions per week for a minimal 

duration of 4 weeks.26–34,36–37 The least frequent intervention comprised three sessions 

within a 13 week period.25 The length of the intervention ranged from 4 weeks34 to 12 

weeks.28,30,32,36,37

Most studies (8/13)25–26,29–32,35,37assessed the patients’ depressive symptoms using the 

Hospital Anxiety and Depression Scale.38 Two studies27,28 used the Geriatric Depression 

Scale,39 and two studies34,36 used the Beck Depression Scale.40 The Centre for 

Epidemiology Scale for Depression41 was used in one study.33
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The mean baseline depressive symptoms of the study samples were below established 

thresholds for clinically relevant depressive symptoms in the majority of studies (12/13).
25–30,32–37 Mean depressive symptoms for one study31 was above the depressive symptom 

threshold, i.e., abnormal or symptomatic. While mean depressive symptoms were relatively 

low, there were a substantial proportion of participants who had clinically relevant 

symptoms or were taking antidepressant medication. The proportion of patients who had 

clinically relevant depressive symptoms (i.e., above established cut-points) was reported in 

three studies and ranged from 18–34%.25,28,31 The percentage of patients taking 

antidepressants was reported in two studies and ranged from 21 to 40%.27,28 Lai et al.28 

found that drop-outs were more depressed at baseline and were more likely to report 

antidepressant use compared to the rest of the sample.

Funnel plots showed that trials with non-significant results were underrepresented. The 

quality of the included studies on the PEDro scale ranged from three34 to eight25–26 (Online 

supplementary Appendix 3). Four studies did not perform an intention to treat analysis.
31,34–36 Lack of blinding of the assessor undertaking the outcome measures was a potential 

for bias in six studies.27–30,33,34 More than 15% of loss to follow-up occurred in four 

studies.32,34,36–37

Only two studies reported whether any adverse events took place,30,33 while the other eleven 

did not state whether any adverse events occurred or not. Sims et al.33 reported there were 

no adverse events. Mead et al.30 found that eight of the 32 patients in the exercise group 

reported 11 falls and four of 34 patients in the control group reported five falls. All falls 

occurred outside the sessions.

Overall, physical exercise resulted in less depressive symptoms over 13 studies involving 

1022 patients (SMD=−0.13 [95%CI = −0.26, −0.01], I2=6%, p=0.03) with low heterogeneity 

(Figure 2).25–37 Ten studies evaluated the effect of depressive symptoms after a period of 

time had elapsed following the exercise sessions (range from 10 weeks to 9 months). 

Physical exercise did not change depressive symptoms over these 10 follow-up studies 

involving 889 patients (SMD=−0.04 [95%CI = −0.17, 0.09], I2=1%, p=0.53).
25–28,30–31,33,35–37

Restricting the analysis to studies which utilized an intent to treat protocol 

(n=10)25–30,32–34,37 produced a near-significant model (SMD=−0.14 [95%CI = −0.28, 0.0], 

p=0.05, I2=22%). Removing the one study34 which had a PEDro score less than of 4 out of 

10 (i.e., considered poor quality)42 also produced a significant model (SMD=−0.13 [95%CI 

= −0.25, 0.0, p=0.04, I2=9%). Of importance, only one study30 matched for equivalent 

minutes of attention between the control and treatment groups, and this study did not find 

that exercise affected depressive symptoms over relaxation training.

Physical exercise resulted in less depressive symptoms upon restricting the data to the four 

studies involving 273 patients undertaken during the subacute phase of stroke (≤ 6 months 

since stroke) (SMD=−0.30 [95%CI = −0.54, −0.05], p=0.02, I2 =17%).27–28,31–32 There was 

also a tendency for exercise to result in less depressive symptoms in the five trials involving 

393 patients in the chronic phase (> 6 months since stroke) (SMD=−0.20 [95%CI = −0.40, 

Eng and Reime Page 5

Clin Rehabil. Author manuscript; available in PMC 2015 October 02.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



0.0], p=0.05, I2=0%).25,29,35–37 Four studies included both subacute and chronic patients 

and were not part of these subgroup analyses.26,30,33–34

Six studies involving 333 patients utilized a high intensity program according to our pre-

defined criteria.27–28,30,34,36–37 These studies produced a significant model: SMD=−0.24 

[95%CI = −0.46, −0.02], p=0.03, I2=33% using a fixed (p=0.03), but not random model 

(p=0.07). A model utilizing the seven studies involving 689 patients with lower intensity 

treatments,25–26,29,31–33,35 was not significant (SMD=−0.08 [95%CI = −0.23, 0.07], p=0.27, 

I2 = 0%).

Discussion

From a meta-analysis of thirteen studies, we found that depressive symptoms after stroke 

were lower immediately after 4 or more weeks of exercise (SMD=−0.13 [−0.26, −0.01], 

I2=6%, p=0.03). Exercise appeared to have a positive effect on depressive symptoms across 

both the sub-acute and chronic stages of stroke recovery, but these effects were not retained 

after the exercise was terminated. While one study30 did report that twice as many 

individuals in the exercise group experienced falls compared to the control group, it is 

difficult to draw conclusions about adverse events when eleven of the thirteen studies did not 

state whether any adverse events occurred or not.

Given that the studies included subjects who had a clinically relevant level of depressive 

symptoms, as well as those that did not, the results of the meta-analysis may be relevant to 

the prevention as well as treatment of depressive symptoms. There was a significant fixed 

effects model when higher intensity studies were pooled, but not for lower intensity exercise 

protocols. Our definition of “higher intensity” adheres to adult exercise guidelines (e.g., 

American College of Sports Medicine recommends 150 weekly minutes of exercise which 

includes cardiorespiratory, resistance, and neuromotor activities43) and aligns with current 

guidelines for depression (e.g., United Kingdom Institute for Clinical Systems Improvement 

recommends physical activity for 30 minutes 3–5 days per week to decrease symptoms of a 

major depression44). The study by Lai et al.28 is typical of a high intensity protocol and was 

administered three times a week for 36 sessions and consisted of progressive exercise 

targeting strength, balance, endurance and upper extremity function. In our study, 

determining the dose effect of exercise on depressive symptoms was limited by the 

utilization of highly diverse types of exercise without any reporting of exertion. Only four 

studies reported the exertional intensity of the training protocol (50–60% maximal heart 

rate29; RPE 13–1630, RPE ≤ 1334; 40–70% maximal heart rate37) and no studies reported the 

actual exertional levels of the participants during the training. Several studies utilized 

progressive, functional exercises which might not have had a planned aerobic component but 

it is possible that participants reached high levels of intensity as it is known that energy 

expenditure per covered distance is almost double in stroke patients.45 In the future, it would 

be useful for studies to report common metrics of training intensity (e.g., heart rate, ratings 

of perceived exertion) to facilitate analyses on the dosage of exercise.

These studies do not identify the mechanisms behind the link between exercise and 

depressive symptoms. Among the suggested pathways are psycho-endocrinological effects 
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of exercise such as a decline in stress hormones and an increase in the concentrations of 

circulating beta-endorphins and monoamines as well as an increase in body temperature and 

fitness level,46 and a stimulation of new nerve cells and release of proteins that supports the 

survival of nerve cells such as brain-derived growth neurotrophic factor.47 Further, 

interactions with peers during some of the group exercise interventions may have functioned 

as a distraction from negative thoughts. As well, it is not known whether exercise itself 

improved depressive symptoms, or whether this was secondary to the functional gains.

The present systematic review has some limitations. It is possible that the effects were over-

estimated as trials with non-significant results were under-represented, possibly as a result of 

publication bias. There was heterogeneity in the study characteristics (e.g., varying exercise 

protocols, low and high quality studies), however, we undertook sensitivity analysis to 

explore potential effects of time since stroke, exercise intensity and study quality. Four of the 

studies required some conversion of the data (e.g., reported median values) and this could 

inherently increase the error especially if the sample size was small and the data distribution 

was not normal. Two of these studies25,26 had large sample sizes (n=170; n=243), while the 

other two studies had moderately sized samples of 8932 and 48.29 The studies in this 

systematic review assessed depressive symptoms, rather than depression as diagnosed using 

the Diagnostic and Statistical Manual of Mental Disorders. Since only two studies27,28 

reported whether participants were using antidepressants or not, we cannot assess the 

potential confounding interactions of exercise and pharmacological management of 

depressive symptoms. We recommend that future studies consider reporting the number of 

subjects taking depressive medication, the number of subjects with clinically relevant 

depressive symptoms, the prescribed training intensity, and the actual exertional levels 

during training. Future studies should include a control group matched for the minutes of 

attention. Furthermore, studies should be sufficiently powered to determine the effect of 

exercise on depressive symptoms as a primary outcome in samples of individuals who are 

clinically depressed who may have the most to gain from exercise. As well, the rigor of 

future trials can be improved by ensuring concealed allocation, assessor blinding and the 

reporting of adverse events.

In summary, our meta-analysis based on all the available evidence shows a small benefit of 

exercise for stroke patients in terms of their depressive symptoms. Screening for depressive 

symptoms should occur along the continuum of stroke recovery and health care providers 

may consider prescribing a structured exercise program as one element of treatment for 

stroke survivors with depressive symptoms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical message

Based on the available evidence, exercise may be a potential treatment to prevent or 

reduce depressive symptoms in individuals with stroke
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Figure 1. 
Selection process of individual trials examining the effect of exercise on depressive1 

symptoms
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Figure 2. 
Standardized mean difference for experimental (exercise) versus control trials on depressive 

symptoms.
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