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Objective: To perform a systematic review of exercise trials post stroke. 
Design: A systematic review of controlled clinical trials. 
Search strategy: MEDLINE, EMBASE, CINAHL, Amed, Sports Discus,
Cochrane controlled trials register and PEDro were searched for relevant
trials.
Inclusion criteria: Studies – randomized or quasi-randomized controlled clinical
trials. Participants – Adults of any age with a clinical diagnosis of stroke.
Interventions – Any cardiovascular exercise intervention aimed at improving
cardiovascular �tness and/or function.
Outcomes: Impairment: gait speed, strength, endurance, balance, �exibility,
tonus and exercise capacity. Disability: global dependency, functional
independence. Extended activities of daily living. Quality of life. Death.
Data collection and analysis: Two independent reviewers categorized
selected trials, documented the methodological quality and extracted the
relevant data. Comparisons of cardiovascular exercise interventions versus no
cardiovascular intervention were made. Statistical comparisons were carried
out using a random effects model to calculate standardized mean differences.
Results: We identi�ed three eligible trials. Small numbers and
heterogeneous outcomes limited the analyses and comparisons. Based on the
limited data available, we found that cardiovascular exercise post stroke was
no better than no exercise with respect to disability, impairment, extended
activities of daily living, quality of life and death.
Conclusion: Insuf�cient evidence was identi�ed to establish if cardiovascular
exercise has a positive effect on disability, impairment, extended activities of
daily living, quality of life and case fatality post stroke.

of stroke patients has been found to be approxi-
mately 40% below that of age- and gender-
adjusted norms for sedentary individuals.4 Stroke
patients often have reduced mobility, and a
reduction in exercise capacity can occur sec-
ondary to immobility.5

The energy expenditure required by patients
with stroke to carry out daily functions, such as
walking, is signi�cantly greater than the normal

Introduction

Survivors of stroke often have poor exercise
capacity.1,2 Although this may in part be due to
the normal ageing process,3 the exercise capacity
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energy expenditure for these tasks.6,7 Hence lim-
ited exercise capacity is likely to further disable
stroke patients in their ability to carry out rou-
tine functional tasks and extended activities of
daily living. Furthermore, the documented reduc-
tion in cardiovascular �tness2,8 may contribute to
the increased risk of further stroke or myocardial
infarction that stroke patients have in compari-
son with normal subjects.9 Exercise has been
proven to be bene�cial post myocardial infarc-
tion in terms of reduction death and increasing
revascularization.10 Epidemiological studies sug-
gest that up to 70% of stroke patients have some
form of coexisting heart disease.11

The documented reduction in cardiovascular
�tness leads to the hypothesis that cardiovascu-
lar training could be bene�cial to patients fol-
lowing stroke. However, physical rehabilitation
post stroke has tended to concentrate on improv-
ing quality of movement and function in reduc-
tion of disability12,13 and cardiovascular training
is not currently a routine part of the process of
stroke rehabilitation. Further investigation is
essential to determine whether cardiovascular
exercise training could bene�t stroke patients in
terms of impairment and handicap, and whether
it should be a routine component of the rehabil-
itation process. 

We carried out a systematic literature review
of randomized and quasi-randomized controlled
trials in order to determine the effects of cardio-
vascular exercise training on selected outcomes.

Methods 

Extensive literature searching was carried out to
identify controlled clinical trials (randomized and
quasi-randomized) of cardiovascular exercise
post stroke. MEDLINE, EMBASE, CINAHL,
Amed, Sports Discus, Pedro and the Cochrane
controlled trials register were searched from 
1985 until October 2001, using key words 
relating to stroke combined with key words relat-
ing to the possible interventions (‘exercise ther-
apy’, ‘exercise’, ‘rehabilitation’, ‘sports medicine’,
‘sports medicine mp’, ‘physical �tness’,
‘class$.tw’, ‘strength$.tw’, ‘train$.tw’). 

The full search strategy is available from the
authors. The reference lists of all trials found

using the search were searched for any relevant
trials.

Identi�cation of relevant trials 
One reviewer read the titles of the identi�ed

references and eliminated obviously irrelevant
studies. The abstracts of the remaining studies
were obtained and, based on the inclusion crite-
ria (Table 1), one reviewer ranked these as rele-
vant, irrelevant or unsure. A second reviewer
then independently ranked these trials using the
same method. Any disagreements were resolved
through discussion between the reviewers.

Two independent reviewers documented the
methodological quality of studies and extracted
relevant data. The following quality criteria were
documented: randomization (allocation conceal-
ment); baseline comparison of groups; blinding of
subjects and providers of care to treatment
group; blinding of outcome assessor; reliability of
outcome measures; possibility of contamina-
tion/cointervention by therapists providing inter-
vention; completeness of follow-up; other
potential confounders. 

Data extraction was undertaken to document
where possible: trial setting (i.e., hospital, com-
munity); details of participants (i.e., age, gender,
side of hemiplegia, stroke classi�cation, comor-
bid conditions, premorbid disability); inclusion
and exclusion criteria; all assessed outcomes.
Authors were contacted for clari�cation, or to
provide missing data, where necessary.

Analysis
Comparisons were planned as cardiovascular

exercise intervention versus (a) no intervention,
(b) placebo exercise, (c) usual care. In addition,
a number of subgroup analyses were planned to
determine the relative ef�cacy of the various
types of cardiovascular exercise (e.g., cycle
ergometer, one-to-one exercise, treadmill train-
ing) and the effects of training in relation to
length of time since stroke. 

All outcomes analysed were presented as con-
tinuous data. Standardized mean differences and
95% con�dence intervals were calculated using a
random effects model.
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of relevant outcome measures, Table 4 illustrates
the outcome measures for which data could be
extracted.

The large number of heterogeneous outcome
measures reported made it impossible to analyse
all the documented data, and limited the poten-
tial for combination and comparison of outcome
measures. There were insuf�cient data to carry
out the preplanned subgroup analyses.

Data from Teixeira-Salmela et al.26 and
Duncan et al.27 could be combined within meta-
analysis for gait speed, extended activities of
daily living (ADL) and quality of life outcomes;
data from Potempa et al.28 and Duncan et al.27

could be combined within a meta-analysis for the
functional independence outcomes. These analy-
ses demonstrated that there were no signi�cant
differences between patients carrying out cardio-
vascular exercise and those not carrying out
cardiovascular exercise. Standardized mean dif-
ference and 95% con�dence intervals for each
outcome are displayed in Table 4.

Although the meta-analyses demonstrated no
signi�cant differences between the outcomes of
patients who did or did not carry out cardiovas-
cular exercise, a number of statistically signi�cant
effects were reported in the results of the 
three individual trials. Teixeira-Salmela et al.26

Results

The electronic searching resulted in 18 934 poten-
tially relevant trials. One reviewer disregarded
obviously irrelevant trials from abstract or title.
This left 16 potentially relevant trials. Of these
16 trials three were found to meet the criteria.
Exclusion of the other 13 trials was primarily on
the grounds of methodological quality and two of
the trials had mixed pathologies; 11 reports were
of nontrial methodologies and two recruited
mainly nonstroke pathologies.4,14–25

Two of the three included trials compared
cardiovascular exercise with no cardiovascular
exercise26,27; the remaining trial compared car-
diovascular exercise with a placebo interven-
tion.28 The types of cardiovascular exercise
investigated were exercise programme26,27 and
cycle ergometer.28 There were no disagreements
between reviewers in terms of inclusion and
exclusion criteria.

Details of the methodological quality of the
included trials are provided in Table 2.

Details of the cardiovascular exercise inter-
ventions and types of participants are given in
Table 3.

The three included trials all recorded different
outcome measures. Based on the pre-stated list

Table 1 Inclusion criteria for studies

Types of studies Controlled trials, where participants were randomly assigned or
quasi-randomly assigned
Trials with or without blinding of participants, physiotherapists and
assessors

Types of participants Men and women of all ages
Diagnosis of stroke de�ned by scan or medical practitioner

Types of intervention Cardiovascular intervention aimed at improving cardiovascular �tness
and/or function (exercise programme, cycle ergometer, treadmill)

Types of outcome measures Global dependency
Functional independence
Gait speed
Strength
Endurance
Balance
Flexibility
Tonus
Exercise capacity
Extended ADL
Quality of life
Death
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reported statistically signi�cantly positive effects
of cardiovascular training for all assessed out-
comes (gait speed, stair climbing, human activity
pro�le, Nottingham health pro�le and isokinetic
strength) in the intervention group (p < 0.01);
Duncan et al.27 found signi�cant improvements in
motor function (p < 0.01) and gait velocity 
(p < 0.05); Potempa et al.28 found signi�cant
improvements in VC O 2 (p = 0.01), VO 2, workload
and exercise time (p = 0.0001). Potempa et al.28

also reported that a signi�cant correlation existed
between increase in VO 2 max and motor function. 

Discussion

This review could not identify compelling evi-
dence that cardiovascular exercise is bene�cial to
outcome following stroke. However it must be
stressed that no evidence of effect is different
from evidence of no effect. 

Only three small studies met inclusion criteria,
providing data from only 75 patients. Use of a
large number of heterogeneous outcome mea-
sures limited the ability to combine results in
meta-analyses. Although the results from the
three individual studies do provide encouraging

Table 2 Methods of included trials 

Study Duncan et al. Potempa et al. Teixeira-Salmela et al.
(1998)27 (1995)28 (1999)26

Method of Randomized in States randomly States randomly
randomization blocks of 10 but allocated but does allocated but does not

does not state not state method state method
method

Patient blinded No Aware of type of No
intervention but
does not state if
explanation given
to patient

Therapist blinded No Not stated No

Assessor blinded Yes Not stated Not stated

Time of follow-up 12 weeks 10 weeks 10 weeks
assessment (used
for analysis in
review)

Relevant outcome *10-metre walk29 *Fugl-Meyer *Gait speed (time to
measures Berg balance scale30 Maximum oxygen cover central 22 m)
reported *36 Health Status consumption *Nottingham Health

Measurement (VO 2max) Pro�le36

(SF36)31 Weight Pendulum test
*Fugl-Meyer32 Heart rate (Spasticity)37

*Barthel33 Blood pressure Strength
*Lawton ADL34 Carbon dioxide *Human activity
6-min walk test35 production pro�le38

(VcO 2 max) Stair climbing39

Expiration per
minute (VE max)

Respiratory
exchange ratio
(RER)

Exercise time

* denotes outcomes included in the analysis.
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vascular exercise in stroke patients.
Poor methodological quality led to the exclu-

sion of a number of studies, and a lack of
reported details (e.g., method of randomization,
blinding or assessors, patients and therapists)
makes it dif�cult to fully assess the quality of the
included trials. A further limitation of all of the

evidence that cardiovascular training may be able
to improve outcomes in patients with stroke, this
evidence is derived from very small numbers of
patients carrying out a variety of different exer-
cise programmes, in studies with possible
methodological limitations. Further research is
required to address the effectiveness of cardio-

Table 3 Participants and interventions used in included trials

Study Duncan et al. Potempa et al. Teixeira-Salmela et al.
(1998)27 (1995)28 (1999)26

Nos of subjects 20 42 13
x = intervention x = 10 x = 19 x = 6
y = control y = 10 y = 23 y = 7

Time post stroke 30–90 days At least 6 months Mean time since stroke
6.4 years

Type of intervention One-to-one Cycle ergometer Class
supervised exercise

Method of Exercise intervention 30-min session Three mornings a week
cardiovascular within 5 days of 3´ week 10 weeks
exercise baseline testing. First 4 weeks 60–90 min

Three home visits a week gradually increased Heart rate monitored 
for 8 weeks. from 30% max effort throughout.
Patients then to the 50% of the Exercise for home. 
instructed to continue highest attainable Encouraged to perform these 
for another 4 weeks effort for the last 6 3 times a week.
� 10-min warm-up weeks. 5–10-min warm-up – 
� Proprioceptive Maximal effort was callisthenics mild stretching 

neuromuscular described as the point ROM exercises.
facilitation or of voluntary Aerobics 
Theraband exhaustion or an � Target heart rate 

� Balance exercises expiratory exchange (THR)=70% of max 
15 min ratio of >1.5. heart rate

� Upper limb � First 5 weeks increase 
functional from 50 to 70% of THR
activities 15 min Strength

� Progressive � Hip �ex/ext/abduction
walking or cycle � Knee �ex/extension
ergometer to aim � Ankle dorsi�exion
for 20 min of /plantar �exion
sustained exercise

Method of placebo No exercise 10m week Lag control design
exercise Assessed 2´ a week programme of

to ascertain the passive Range Of 
patients’ activity Movement (ROM)

Exercise

Amount of 10 weeks 10 weeks 10 weeks 
treatment 3´ week 3´ week 3´ week

60 min 30 min per session 60–90 min
(8 weeks supervised
4 weeks independent)
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potential for the introduction of bias. Any sys-
tematic review/meta-analysis is reliant on the
quantity and quality of trial data identi�ed.
Although the lack of trials identi�ed prevents this
review from reaching any clear conclusions
regarding the ef�cacy of cardiovascular exercise

included studies was the failure to include a long-
term (i.e., six months to one year) follow-up to
enable assessment of the maintenance of any
changes in outcome. Future studies should be
careful to address these important areas of
methodological quality in order to reduce the

Table 4 Cardiovascular exercise post stroke versus none: results of statistical comparisons

Outcome Outcome Standardized Studies with
category measures mean difference data included in 

reported (95% CI, random) analysis

Global Barthel Index Insuf�cient
dependency data, therefore

not estimable

Functional Fugl-Meyer Index
independence –0.27 (–1.91,1.37) Duncan et al. (1998)27

Potempa et al. (1995)28

Gait speed Gait speed 0.24 (–0.45,0.94) Duncan et al. (1998)27

Teixeira-Salmela et al.
(1999)26

Strength Peak Insuf�cient
torque data, therefore
lower not estimable
limb

Endurance 6-min walk test Insuf�cient
data, therefore
not estimable

Balance Berg Insuf�cient
Balance data, therefore
Scale not estimable

Flexibility Insuf�cient
data, therefore
not estimable

Tonus Pendulum Insuf�cient
test data, therefore

not estimable

Exercise VO 2 max Insuf�cient
capacity data, therefore

not estimable

Extended ADL Lawton 0.49 (–0.71, 1.69) Duncan et al. (1998)27

Scale
Human Teixeira-Salmela et al.
Activities (1999)26

Pro�le

Quality of life SF36 1.00(–1.16,3.16) Duncan et al. (1998)27

Nottingham Teixeira-Salmela et al. 
Health (1999)26

Pro�le

Death Insuf�cient
data, therefore
not estimable
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Effects of resistance training on strength, power 
and selected functional abilities of women aged 
75 and older. J Amer Geriatr Soc 1995; 43: 
1081–87.

4 Macko RF, Smith GV, Dobrovolny CL, Sorkin JD,
Goldberg AP, Silver KH. Treadmill training
improves �tness reserve in chronic stroke patients.
Arch Phys Med Rehabil 2001; 82: 879–84.

5 Convertino VA, Hung J, Goldwater DJ, De Busk
RF. Cardiovascular responses to exercise in middle
aged men after days bed rest. Circulation 1982; 1:
134–40.

6 Bard G. Energy expenditure of hemiplegic subjects
during walking. Arch Phys Med Rehabil 1970; 51:
69–77.

7 Olney SJ, Monga TN, Costingan PA. Mechanical
energy of walking of stroke patients. Arch Phys Med
Rehabil 1986; 51: 69–77.

8 Ryan A, Dobrovolny L, Silver K, Smith G, Macko
R. Cardiovascular �tness after stroke: Role of
muscle mass and gait de�cit severity. J Stroke
Cardiovasc Dis 2000; 9: 185–91.

9 Wilterdink JL, Easton JD. Vascular disease. Arch
Neurol 1992; 49: 857–63.

10 Jolliffe JA, Rees K, Taylor RS, Thompson D,
Oldridge N, Ebrahim S. Exercise-based
rehabilitation for coronary heart disease (Cochrane
Review). In: The Cochrane Library, Issue 4. Oxford:
Update Software, 2000.

11 Roth E. Heart disease in patients with stroke;
incidence, impact and implications for rehabilitation
part 1: Classi�cation and prevalance. Arch Phys Med
Rehabil 1993; 74: 752–60.

12 Ryerson S, Levitt K. Functional movement
re-education, �rst edition. New York: Churchill
Livingstone, 1997.

13 Carr JH, Shepherd RB. A motor relearning
programme for stroke, second edition. Heinemann:
London, 1987.

14 Bastien M, Korner-Bitensky N, Lalonde S, LeBrun
N, Matte D. A health and leisure programme for
community-dwelling individuals with stroke: a pilot
study. Can J Rehabil 1998; 12: 7–14.

15 Bateman A, Cuplan J, Pickering A, Powell J, Scott
O, Greenwood R. The effect of aerobic training on
rehabilitation outcomes after recent severe brain
injury: a randomised controlled evaluation. Arch
Phys Med Rehabil 2001; 82: 174–82.

16 Dawes H, Bateman A, Wade D, Scott OM. High
intensity cycling exercise after a stroke: a single case
study. Clin Rehabil 2000; 14: 570–73.

17 Gordon W, Sliwinski M, Echo J, McLoughlin M,
Sheerer M, Meili T. The bene�ts of exercise in
individuals with traumatic brain injury: a

in patients with stroke, this should in no way
diminish the importance of this research question
or the results of this review.

The ef�cacy of cardiovascular exercise post
stroke remains a clinically important question in
terms of a patient’s function, exercise capacity,
quality of life and risk of future vascular events.
This review indicates the need for more, high-
quality, randomized controlled trials into the
effects of cardiovascular exercise post stroke.

Conclusions

We could not identify evidence from randomized
trials to con�rm or refute the ef�cacy of cardio-
vascular exercise post stroke. Individual studies
of cardiovascular exercise post stroke show sig-
ni�cant improvements in impairment26–28 and
quality of life.26 Further research is needed in this
important area of stroke rehabilitation.

Future studies should ensure that they clearly
de�ne and monitor what is meant by ‘cardiovas-
cular exercise’ and concentrate on the effects of
cardiovascular exercise on function, quality of life
and exercise capacity. 
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