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A B S T R A C T

Background

Physical fitness is low after stroke. It is unknown whether improving physical fitness after stroke reduces disability.

Objectives

To determine whether fitness training (cardiorespiratory or strength, or both) after stroke reduces death, dependence and disability.

The secondary aims were to determine the effects of fitness training on physical fitness, mobility, physical function, health status and

quality of life, mood and incidence of adverse events.

Search strategy

We searched the Cochrane Stroke Group Trials Register (last searched March 2009), the Cochrane Central Register of Controlled

Trials (The Cochrane Library Issue 1, 2007), MEDLINE (1966 to March 2007), EMBASE (1980 to March 2007), CINAHL (1982

to March 2007), and six additional databases to March 2007. We handsearched relevant journals and conference proceedings, and

screened bibliographies. We searched trials registers and contacted experts in the field.

Selection criteria

We included randomised controlled trials if the aim of the intervention was to improve muscle strength or cardiorespiratory fitness, or

both, and if the control groups comprised either no intervention, usual care or a non-exercise intervention.

Data collection and analysis

Two review authors determined trial eligibility and quality. One review author extracted outcome data at end of intervention and

follow-up scores, or as change from baseline scores. Diverse outcome measures limited the intended analysis.

Main results

We included 24 trials, involving 1147 participants, comprising cardiorespiratory (11 trials, 692 participants), strength (four trials, 158

participants) and mixed training interventions (nine trials, 360 participants). Death was infrequent at the end of the intervention (1/

1147) and follow up (8/627). No dependence data were reported. Diverse disability measures made meta-analysis difficult; the majority

of effect sizes were not significant. Cardiorespiratory training involving walking, improved maximum walking speed (mean difference

(MD) 6.47 metres per minute, 95% confidence interval (CI) 2.37 to 10.57), walking endurance (MD 38.9 metres per six minutes,

95% CI 14.3 to 63.5), and reduced dependence during walking (Functional Ambulation Categories MD 0.72, 95% CI 0.46 to 0.98).

Current data include few strength training trials, and lack non-exercise attention controls, long-term training and follow up.
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Authors’ conclusions

The effects of training on death, dependence and disability after stroke are unclear. There is sufficient evidence to incorporate cardiores-

piratory training, involving walking, within post-stroke rehabilitation in order to improve speed, tolerance and independence during

walking. Further trials are needed to determine the optimal exercise prescription after stroke and identify any long-term benefits.

P L A I N L A N G U A G E S U M M A R Y

Physical fitness training for stroke patients

Little is known about whether fitness training is beneficial for stroke patients. Physical fitness is important for the performance of everyday

activities. The physical fitness of stroke patients is impaired after their stroke and this may reduce their ability to perform everyday

activities and exacerbate any stroke-related disability. This review of 24 trials involving 1147 participants found that cardiorespiratory

fitness training after stroke can improve walking performance. There are too few data for other reliable conclusions to be drawn.

B A C K G R O U N D

Little is known about the effectiveness of interventions that are

aimed at improving the physical fitness of stroke patients. This

review will aim to establish whether physical fitness training is

beneficial to stroke patients when provided during or after their

rehabilitation or ward care and, in particular, whether it is associ-

ated with a reduction in death, dependence, and disability.

What is physical fitness?

’Physical activity’ describes all bodily movement that is produced

by the contraction of skeletal muscle and which substantially in-

creases energy expenditure (USDHHS 1996). This includes the

muscular work required to maintain posture, to walk, to perform

activities of daily living, and for occupational, leisure and sporting

activities. Any temporary and involuntary reduction in the ability

of muscle to generate force or sustain repeated contractions, or

both, during and after physical activity is termed ’fatigue’. Physical

fitness is a set of attributes, that people have or achieve, which re-

lates to the ability to perform physical activity (USDHHS 1996).

The key components of physical fitness include the following.

Cardiorespiratory fitness

This relates to an individual’s ability to perform physical activity

for an extended period. It is conferred by the central capacity of the

circulatory and respiratory systems to supply oxygen (USDHHS

1996), and the peripheral capacity of skeletal muscle to utilise

oxygen (Saltin 1980).

Muscular strength

This is the maximum force that can be generated by a specific

muscle or muscle group. The ability to sustain repeated muscular

actions or a single static contraction is termed ’muscular endurance’

(USDHHS 1996).

Body composition

This includes total and regional bone mineral density, and the

relative amounts and distribution of adipose tissue, muscle and

other vital parts of the body (USDHHS 1996).

All three components of physical fitness can adapt to changes

in physical activity. Physical fitness is improved by activity and

impaired by inactivity.

Physical fitness in patients after stroke

Ageing and disease: pre-existing impairments

Prior to their stroke, many patients already have impaired phys-

ical fitness. This is because many stroke patients are elderly, and

will therefore have already experienced the decline in cardiorespi-

ratory fitness and muscle function that occurs with normal ageing

(Harridge 2000; Malbut-Shennan 2000; Skelton 1999). In addi-

tion, many stroke patients have co-existing physical diseases that

are associated with impaired physical fitness.
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Hemiparesis: a direct effect

The hemiparesis that may occur after stroke can dramatically re-

duce the amount of muscle mass available for contraction during

physical activity. This, therefore, imposes an immediate impair-

ment in physical fitness and can prevent, or increase the difficulty

of, everyday tasks such as walking. The slower speeds of locomo-

tion seen in patients with hemiparesis (30 metres per minute) in-

cur approximately the same oxygen cost (10 millilitres per kilo-

gram per minute) (Hash 1978) as healthy people walking approx-

imately twice as fast (60 metres per minute) (Waters 1999); thus

the hemiparetic gait is energetically very inefficient.

Reduced mobility: an indirect effect

Acute stroke often reduces mobility as a result of neurological

deficits such as motor weakness, ataxia, apraxia, impaired con-

sciousness levels, and sometimes as a result of sensory and visu-

ospatial deficits (Warlow 1996). This often leads to a reduction in

physical activity, which in turn further reduces physical fitness.

In healthy people, reduced mobility through bed rest, habitual

inactivity or joint immobilisation (for example, with a cast) leads

to a rapid loss of physical fitness. For example, bed rest for three

weeks in healthy young adults leads to a 25% reduction in max-

imum oxygen uptake (VO2 max), a measure of cardiorespiratory

fitness (Saltin 1968). Cast immobilisation causes a local reduction

in muscle strength of 3% to 4% in healthy people within one

week (Appell 1990), and is accompanied by muscular atrophy and

changes in local muscle metabolism (MacDougall 1977). Inactiv-

ity or immobility can cause loss of muscle, an increase in body

fat, and a reduction in bone mineral density in all people (Roche

1996).

In stroke patients there appear to be no data examining the re-

lationship between reduced physical activity post stroke, and loss

of cardiorespiratory fitness. After stroke, limb muscle strength is

usually impaired: the deficit is greater on the paretic side, but some

effect is seen bilaterally (Andrews 2000), suggesting that stroke pa-

tients’ immobility, as well as hemiparesis, reduces muscle strength.

After stroke there is a progressive reduction in the bone mineral

density of upper and lower body limbs on both the paretic, and

to a lesser extent, the normal side (Liu 1999), suggesting that a

general reduction in mobility contributes to a reduction in bone

mineral density.

In summary, hemiplegia increases the demands of physical activity,

while age, hemiparesis and reduced physical fitness impair the

ability to perform muscular work and the capacity to tolerate it.

Therefore, even whilst carrying out everyday tasks, stroke patients

may need to draw upon a high proportion of their maximum

capability to perform muscular work, leaving little in reserve. This

will render physical activity more fatiguing and uncomfortable,

and may even prevent it being performed at all.

Physical fitness training (Training)

’Physical fitness training’ (or training) is defined as a planned,

structured regimen of regular physical exercise deliberately per-

formed to improve one or more components of physical fitness

(USDHHS 1996). Training is structured such that the physical

demands of the intervention progressively increase: that is, the

intensity (rate of energy expenditure), frequency or duration, or

both, of the exercise increase throughout the programme. Training

interventions are typically targeted at the improvement or mainte-

nance of either cardiorespiratory fitness, or strength and muscular

endurance (ACSM 1998). Both types of training intervention can

be employed concurrently and both have the capacity to modify

body composition. Importantly, any improvements in the three

components of physical fitness are transient and reversible: that is,

when training is discontinued, physical fitness deteriorates to pre-

training levels.

For people who are already healthy, there is an association between

physical activity, including exercise, and long-term health benefits

(USDHHS 1996). Epidemiological data indicate that physical ac-

tivity may reduce the risk of stroke, ischaemic heart disease, dia-

betes, hypertension, osteoporosis and cancer (Booth 2000). Reg-

ular physical activity, including exercise, can enhance quality of

life and improve the low physical fitness associated with old age

(Young 2001).

People with a variety of existing diseases may benefit from train-

ing that forms part of their rehabilitation (Young 2001). Training

has also been employed in the rehabilitation of people with heart

failure, neuromuscular disease, diabetes mellitus, arthritis, spinal

cord injury, osteoporosis and in the treatment of obesity (Frontera

1999).

Given that healthy people and those with different chronic dis-

eases all benefit from physical activity and training, it is plausible

that stroke patients may also benefit. Improvements in physical

fitness may improve gait, balance, and motor control; which may,

in turn, improve mobility, reduce the risk of falls and fractures,

reduce disability and improve quality of life. For example, im-

provements in cardiorespiratory fitness may compensate for the in-

creased energy requirement of the hemiparetic gait by conferring a

smaller relative demand during ambulation (Macko 1997; Waters

1999). It has been argued that improvements in cardiorespiratory

fitness might also reduce the risk of subsequent cardiovascular and

cerebrovascular events (Goldberg 1988). It should be noted that

physical activity, and training in particular, may be associated with

some adverse effects. Accordingly, we will investigate the risks of

training-induced soft tissue injuries, altered muscle tone, falls and

vascular events as part of this review.

O B J E C T I V E S
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Primary objectives

The three primary objectives of this review were to determine

whether stroke patients allocated training compared with controls,

at any time after the onset of their stroke, were less likely to be:

1. dead;

2. dead or dependent; or

3. disabled at the end of intervention or the end of follow up.

Secondary objectives

1. Determine the effect of training on secondary

outcome measures

(See: Types of outcome measures)

To assess outcomes at the end of intervention or the scheduled

end of follow up. This may be at some defined point during the

training or some weeks or months after the training is complete,

or both.

2. Determine the effect of factors which could

influence the primary and secondary outcome

measures

(See: Subgroup analyses)

(a) Effect of the ’dose’ of training, including:

• whether the frequency, intensity and duration of training

sessions exceeded or fell below recommended levels for

development of fitness (ACSM 1998);

• the degree of progression;

• the duration of the training programme.

(b) Effect of the ’type’ of training, including:

• the type of training (e.g. cardiorespiratory or strength

training, or both);

• the mode of exercise (e.g. cycling, weight training);

• upper or lower extremity, or both;

• affected or unaffected limb, or both.

(c) Effect of ’timing’ of training:

• during usual care versus after usual care.

During usual care refers to training that occurred during inpatient

hospital care or stroke rehabilitation, or both. After usual care

refers to training that occurred after discharge from hospital and

completion of any inpatient or outpatient stroke rehabilitation.

(d) The degree to which benefits or effects were retained:

• duration of training effect;

• effect of measures to facilitate continuation of exercise after

the end of intervention.

(e) Effect of initial patient status on outcome measures:

• effect of initial disability on outcome;

• effect of training on ambulatory patients with mild, severe

or no hemiparesis.

(f ) Effect of physical activity performed by control groups.

(g) Effect of trial quality.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised controlled trials (RCTs), single-

blinded or open, if the studies made the following comparisons.

Cardiorespiratory training versus control

• At the end of intervention

• At the end of scheduled follow up

Strength training versus control

• At the end of intervention

• At the end of scheduled follow up

Mixed training (cardiorespiratory plus strength) versus

control

• At the end of intervention

• At the end of scheduled follow up

Control groups were exposed to either: (1) physical activity oc-

curring during usual care, or (2) ’no training’ after usual care.

’No training’ included either no intervention or a non-exercise

intervention (such as attention control groups or ’sham’ exercises).

Therefore, we anticipated the following study designs.

• Training plus usual care versus usual care (during usual

care).

• Training versus no training (after usual care).

Types of participants

We considered stroke patients of any age if they were considered

medically stable enough for training by the trialists. Our intention

was to categorise ambulatory patients further into subgroups with

mild, severe, or no hemiparesis. We included patients irrespective

of the time since the onset of the stroke.
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Types of interventions

We included any of the following training interventions.

Cardiorespiratory training

The aim of this type of training is to improve the cardiorespiratory

component of fitness. It is typically performed for extended periods

of time on devices or ergometers (e.g. treadmill, cycling, rowing),

or by utilising modes of activity such as walking or stair climbing.

Strength training

This is performed primarily to improve the strength and muscular

endurance component of fitness. It is typically carried out by mak-

ing repeated muscle contractions resisted by body weight, elastic

devices, masses, free weights or specialised machine weights, or

isokinetic devices. We also considered concentric, isometric or ec-

centric contractions of any muscle groups.

Mixed training

This describes training interventions that comprise different ac-

tivity components: some intended to improve cardiorespiratory

fitness and others to improve strength and muscular endurance;

for example, a training programme comprising both cycling and

weight training.

We only included training interventions if clear evidence was de-

scribed of an intention to train the participants; that is, a sys-

tematic, progressive increase in the intensity or resistance, the

frequency or the duration, or both, of exercise throughout the

programme. The ’dose’ of the cardiorespiratory or strength train-

ing components of a programme were individually categorised as

falling within or below the ACSM guidelines on developing and

maintaining fitness (ACSM 1998). We sought measures of adher-

ence to training, since this can modify the ’dose’ of training. For the

purposes of this review, adherence included both (1) attendance

at training sessions, and (2) compliance with exercise instructions,

etc, during training sessions.

Some training programmes may focus the training on either the

upper or lower extremities. Since this may influence some of the

outcome measures, we included subgroup analyses comparing up-

per body, lower body and whole body training interventions.

If any description of a training regimen was unclear, we contacted

the authors for further information.

Types of outcome measures

We included trials that included any scale measuring relevant do-

mains. We also included trials that incorporated any of the fol-

lowing primary or secondary outcome measures.

Primary outcome measures

1. Case fatality; numbers of deaths from all causes.

2. Death or dependence.

3. Disability.

Secondary outcome measures

Adverse effects

Recurrent non-fatal cardiovascular or cerebrovascular events, al-

tered muscle tone, training-induced injury, incidence of falls, in-

cidence of fractures.

Physical fitness

For example, cardiorespiratory fitness, exercise duration, exercise

heart rate and oxygen consumption (VO2); muscle strength and

power output; body composition: bone mineral density, body mass

index (BMI), adiposity.

Mobility

For example, gait speed and walking ability.

Physical function

For example, task performance, balance and stair climbing.

Health-related quality of life

Any relevant scale.

Mood

Any relevant scale.

Assessments of outcome occurred at the scheduled end of a training

period (end of intervention), or at any other defined point either

within the trial or some weeks or months after the training was

complete, or both (scheduled end of follow up).

Search methods for identification of studies

See the ’Specialized register’ section in the Cochrane Stroke Group

module.

We searched the Cochrane Stroke Group Trials Register, which was

last searched by the Managing Editor in March 2009. In addition,

we searched the following electronic bibliographic databases.

1. Cochrane Central Register of Controlled Trials (The
Cochrane Library Issue 1, 2007) (OVID).

2. MEDLINE 1966 to March 2007 (OVID).

3. EMBASE 1980 to March 2007 (OVID).
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4. CINAHL 1982 to March 2007 (OVID).

5. SPORTDiscus 1949 to March 2007 (OVID).

6. Science Citation Index Expanded 1981 to March 2007

(WOK).

7. Web of Science Proceedings 1982 to March 2007 (WOK).

8. Physiotherapy Evidence Database (PEDro) March 2007

(http://www.pedro.fhs.usyd.edu.au/).

9. REHABDATA 1956 to March 2007 (http://

www.naric.com/search/rhab/).

10. Index to UK Theses 1970 to March 2007.

The structure of the searches comprised a generic ’stroke’ com-

ponent, supplemented with search terms for locating studies that

related to exercise, physical fitness, cardiorespiratory training or

strength training. We limited studies to trials and intervention

studies by a further subset of maximally sensitive search strings.

The MEDLINE search strategy (Appendix 1) comprised both

MESH controlled vocabulary (/) and free text terms (.tw.). We

generated an equivalent search strategy for the other databases us-

ing the same logic as the MEDLINE search strategy but modified

to accommodate differences in indexing and syntax.

Additional measures

1. Recursive searching of references lists of included trials.

2. Citation tracking of included trials using Science Citation

Index or OVID Gateway.

3. Examination of proceedings from relevant conferences

listed on the Internet Stroke Centre’s web site (http://

www.strokecenter.org/) including European Stroke Conference

(2000 to 2006), International Stroke Conference 2000 to 2007)

and the World Stroke Conference (2000 and 2004).

4. Liaison with investigators of identified trials to identify

unpublished or ongoing trials.

5. Liaison with investigators involved in relevant

physiotherapy reviews for The Cochrane Collaboration (Anne

Moseley).

6. Contact with national and international experts and

organisations to identify unpublished or ongoing trials.

7. Handsearching journals, particularly those related to

exercise and physical fitness that are currently excluded from The

Cochrane Collaboration handsearching programme. These

included:

◦ Adapted Physical Activity Quarterly (1984 to 2007);

◦ British Journal of Sports Medicine (1974 to 2007);

◦ International Journal of Sports Medicine (1980 to

2007);

◦ Journal of Science and Medicine in Sport (1998 to

2007);

◦ Research Quarterly for Exercise and Sport (1985 to

2007); and

◦ Sports Medicine (1984 to 2007).

8. Identifying ongoing trials using the Internet Stroke Centre’s

Stroke Trials Directory database (http://www.strokecenter.org/

trials/), and the metaRegister of Controlled Trials (http://

www.controlled-trials.com/mrct/).

Data collection and analysis

Study selection

One review author (DS) screened the title and abstract (if available)

of studies identified by the electronic search strategies, along with

correspondence describing any unpublished trials. If the study was

potentially relevant, we obtained the full publication. Two review

authors (DS plus CG or GM) independently applied the selection

criteria to the full publications. A consensus discussion resolved

disagreements on whether we included studies in the review. We

consulted the fourth review author (AY) if disagreements persisted.

For any relevant or potentially relevant trial identified, published

in a language other than English, we sought translation through

the Cochrane Stroke Group.

Methodological quality assessment

Current guidance from the Cochrane Stroke Group is to avoid

quality assessment scales. Therefore, in this review update we

omitted the quality assessment scale (Jadad 1996) previously used

(Saunders 2004a) and recorded the following information instead.

1. Method of randomisation.

2. Method of allocation concealment’

3. Who was blinded and how successful the blinding was.

4. Whether an intention-to-treat (ITT) analysis was possible.

Data extraction

Two review authors (DS plus CG or GM) independently extracted

data. Meta-analysis of continuous variables in the previous version

of the review analysed change from baseline: this usually necessi-

tated estimation of variance data (standard deviation of the dif-

ference; SDdiff ). To simplify this updated review and make the

analysis more closely reflect the objective, the preferred form of

data was outcome data reported at end of intervention or end of

follow up, or both. If only change scores with SDdiff were re-

ported then we recorded these. The data extracted included, but

were not limited to:

• participants: number, sex, stage of care, time since stroke,

losses to follow up;

• intervention: type (cardiorespiratory, strength or mixed),

mode (e.g. treadmill walking, weight training), dose (intensity,

frequency, duration), adherence (attendance, compliance);

6Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



• outcome measures (death, dependence, disability, physical

fitness, mobility, physical function, health status and quality of

life, mood and the incidence of adverse events).

Analysis of results

We carried out statistical analysis using RevMan 5 (RevMan 2008).

For dichotomous variables we calculated the individual and pooled

statistics using a fixed-effect model and reported them as odds ratio

(OR) with 95% confidence intervals (CI). For continuous data we

recorded pooled mean differences (MD) with 95% CI. If different

scales were employed by different studies for the assessment of the

same outcome (i.e. dependence and disability), we calculated stan-

dardised mean differences (SMD) with 95% CI. If meta-analyses

were included, we carried out tests of homogeneity (Chi2 statistic)

between comparable trials. In all meta-analyses we applied both a

fixed-effect and a random-effects model; we considered non-iden-

tical results indicative of statistical heterogeneity, and reported the

most conservative outcome. Whenever this, and other evidence

(Chi2 P < 0.1) of statistical heterogeneity was present, we sought

explanations using subgroup analyses. We planned to investigate

publication bias with funnel plots of pooled data.

If studies reported only change-from-baseline scores (and SD of

the difference) we could pool the data with those reporting end-

of-intervention scores (and SD) by using the mean difference.

Diverse outcomes meant some data were unsuitable for meta-anal-

ysis. Similar outcomes could be combined using SMD if appro-

priate; however, we avoided this where necessary; instead we cal-

culated effect sizes for individual study outcomes and summarised

them in Table 1 to Table 2.

Table 1. Cardiorespiratory training: individual study data - end of intervention

Outcome Measure Study Participants Method Effect Size Significance

Disability FIM locomotor

subscale

da Cunha 2002 12 MD (fixed), 95%

CI

-0.17 [-2.46,

2.12]

NS

Disability Barthel index Pohl 2007 155 MD (fixed), 95%

CI

13.6 [6.89, 20.31] P < 0.0001

Disability Barthel Index >

75

Pohl 2007 155 OR (fixed), 95%

CI

3.62 [1.84, 7.10] P = 0.0002

Disability Motricity index Pohl 2007 155 MD (fixed), 95%

CI

11.60 [3.54,

19.66]

P = 0.005

Physical

function

Timed up and go

(seconds)

Salbach 2004 91 MD (fixed), 95%

CI

-3.90 [-13.75,

5.95

NS

Physical

function

Fugl-Meyer

score

Potempa 1995 42 MD (fixed), 95%

CI

-10.00 [-15.68, -

4.32]

NS

Mood Anxiety - HADS Bateman 2001 60 MD (fixed), 95%

CI

-1.94 [-3.80, -

0.08

NS

Mood Depression -

HADS

Bateman 2001 60 MD (fixed), 95%

CI

-1.40 [-3.21,

0.41]

NS

Risk Body mass (kg) Bateman 2001 72 MD (fixed), 95%

CI

5.38 [-1.69, 12.45 NS

HADS: Hospital anxiety and depression scale

NS: not significant
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Table 2. Mixed training: individual study data - end of retention follow up

Outcome Measure Study Participants Method Effect Size Significance

Disability FIM Instrument Mead 2007 66 MD (fixed), 95%

CI

0.20 [-1.88, 2.28] NS

Disability Nottingham

EADL

Mead 2007 66 MD (fixed), 95%

CI

0.30 [-0.93, 1.53] NS

Disability Rivermead Mo-

tor Index

Mead 2007 66 MD (fixed), 95%

CI

0.20 [-0.41, 0.81] NS

Disability Lawton IADL Duncan 2003 80 MD (fixed), 95%

CI

0.80 [-0.96, 2.56] NS

Disability Barthel ADL Duncan 2003 80 MD (fixed), 95%

CI

-1.70 [-5.51, 2.11] NS

Disability Barthel ambula-

tion subscale

Richards 2004 62 MD (fixed), 95%

CI

-2.00 [-5.13, 1.13] NS

Disability FIM cognitive

subscale

Duncan 2003 80 MD (fixed), 95%

CI

0.40 [-0.25, 1.05] NS

Disability FIM motor sub-

scale

Duncan 2003 80 MD (fixed), 95%

CI

1.90 [-1.88, 5.68] NS

Physical fitness Net gait

economy ml/kg/

10 metre

Mead 2007 65 MD (fixed), 95%

CI

0.00 [-0.02, 0.02] NS

Physical fitness Power, LLEP, af-

fected (w/kg)

Mead 2007 65 MD (fixed), 95%

CI

0.02 [-0.13, 0.17] NS

Mobility Gait endurance

(6-MWT)

Dean 2000 9 MD (fixed), 95%

CI

16.20 [-175.76,

208.16]

NS

Physical

function

Berg Balance Richards 2004 62 MD (fixed), 95%

CI

-2.00 [-5.48, 1.48] NS

Physical

function

Functional reach Mead 2007 66 MD (fixed), 95%

CI

2.50 [-0.97, 5.97] NS

Health and QoL SF-36 social

function

Duncan 2003 80 MD (fixed), 95%

CI

10.60 [0.53,

20.67]

P = 0.04

Mood Anxiety (HADS) Mead 2007 66 MD (fixed), 95%

CI

-0.25 [-1.79, 1.29] NS
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Table 2. Mixed training: individual study data - end of retention follow up (Continued)

Mood Depression

(HADS)

Mead 2007 66 MD (fixed), 95%

CI

0.18 [-1.27, 1.63] NS

6-MWT: 6-Minute Walk Test

EADL: extended activities of daily living

FIM: Functional Independence Measure

HADS: Hospital anxiety and depression scale

Lawton IADL: Lawton instrumental activities of daily living

LLEP: Lower limb extensor power

NS: not significant

QoL: quality of life

SF-36: Short Form 36 questionnaire

We re-analysed data from all included studies as above, not just

the new studies added to this update.

Subgroup analyses

Some, but not all, of the secondary objectives could be fulfilled

using the following subgroup analyses to compare the effects of:

• training programmes which meet the ACSM guidelines

(ACSM 1998) and those that do not;

• long duration (more than 12 weeks) or short duration (less

than 12 weeks) training programmes;

• cardiorespiratory, strength, or mixed training;

• different modes of exercise;

• training programmes involving upper or lower limbs, or

both;

• training programmes concentrating on affected or

unaffected limbs;

• training during usual care or after usual care;

• inclusion of measures to facilitate continuation of exercise

between the end of intervention and the scheduled end of follow

up;

• mild, severe, or no hemiparesis;

• control groups utilising no intervention, a non-exercise

intervention, or other intervention.

Sensitivity analyses

Sensitivity analyses assessed the effect of:

• inclusion of trials in which the review authors considered

the control condition or usual care to contain elements that may

provide an intentional, or unintentional training effect;

• inclusion of trials examining mixed cardiorespiratory/

strength training of which only one component met or exceeded

the ACSM guidelines (ACSM 1998);

• blinding, dropouts and withdrawals.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

We identified 19 systematic and other reviews that were rele-

vant to fitness training after stroke: the bibliographies of these

were screened for trials (Ada 2006; Ada 2007; Andersen 2001;

Barreca 2003; Eng 2004; Ernst 1990; Giuliani 1995; Hiraoka

2001; Manning 2003; Meek 2003; Morris 2004; Moseley 2005;

Pang 2006a; Ramas 2007; Urton 2007; van de Port 2007; van der

Lee 2001; Van Peppen 2004; Wagenaar 1991).

We identified 196 potentially relevant studies (2004 version of

the review: 42 studies; this update: 154 studies) on the basis of

information in the title and abstract and full papers obtained. Of

these:

• 58 studies remain unclassified because they are very recent

or require either additional information or translation into

English in order to apply the inclusion criteria (Characteristics of

studies awaiting classification);

• 96 studies (2004 review: 31 studies; this update: 65 studies)

failed to meet inclusion criteria. We excluded the majority

because they (1) included an intervention that did not meet the

criteria for fitness training, (2) did not use a relevant control, or

(3) included physical activity in the control group that could give

rise to a training effect (Characteristics of excluded studies);

• 19 trials are ongoing (Characteristics of ongoing studies);

• 23 trials met the inclusion criteria;

• 24 comparisons are described in this review and the details

are summarised as 24 separate trials in the Characteristics of

included studies table;

• two trials were dissertations (Cuviello-Palmer 1988; James
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2002) and nine studies have secondary publications (da Cunha

2002; Eich 2004; Katz-Leurer 2003; Salbach 2004; Winstein

2004; Richards 1993; Duncan 2003; Teixeira 1999; Dean 2000).

Participants

A total of 1147 stroke patients (male to female ratio approximately

3:2) were randomised and attended baseline assessment in the

included trials. The mean time since onset of stroke in participants

in the trials ranged from 8.8 days in those examining training

before discharge from hospital (Richards 1993) to 7.7 years in trials

examining training in patients after discharge (Teixeira 1999).

The mean age of the patients was approximately 63 years. Two

trials (Pohl 2007; Richards 1993) recruited 173 patients who were

non-ambulatory at baseline, one trial of 84 participants (Bateman

2001) recruited both ambulatory and non-ambulatory patients

(approximately 1:1 ratio), and the remaining trials, involving 868

participants, all recruited ambulatory people with stroke, apart

from one trial of 42 participants (Winstein 2004), which is not

described.

Interventions

Cardiorespiratory training

Eleven trials (629/1147 participants) (Bateman 2001; Cuviello-

Palmer 1988; da Cunha 2002; Eich 2004; Glasser 1986; Katz-

Leurer 2003; Pohl 2002a; Pohl 2002b; Pohl 2007; Potempa 1995;

Salbach 2004) examined cardiorespiratory training (summarised

in Table 3). The studies employed different forms of ergometry

(cycle, treadmill or Kinetron) apart from one, which used circuit

training (Salbach 2004). These training programmes comprised

regular sessions (three days or more per week) of sufficient duration

(usually greater than 20 minutes) but the exercise intensity was

often not described. In nine of the 11 trials (496/629 participants)

the cardiorespiratory training commenced during usual care: of

these, three of the 11 trials (190/629 participants) were in the acute

phase less than one month post-stroke (Cuviello-Palmer 1988; da

Cunha 2002; Pohl 2007).

Table 3. Cardiorespiratory training interventions

Study Training

mode

During/

after usual

care

Upper/

lower

body

Specific

training

Intensity Duration Frequency Pro-

gramme

length

ACSM cri-

teria met

Glasser

1986

Kinetron During Lower No UN 20 to 60 5 3 UN

Cuveillo-

Palmer

1988

Kinetron During Lower No HR < rest-

ing

+ 20 beats/

minute

7 to 17 5 3 No

da Cunha

2002

BWS

treadmill

During Lower Yes UN 20 5 2 to 3 UN

Pohl

2002a

Treadmill During Lower Yes UN 30 3 4 UN

Pohl

2002b

Treadmill During Lower Yes UN 30 3 4 UN

Eich

2004b

Treadmill During Lower Yes 60% HRR 30 5 6 Yes

Pohl 2007 BWS gait

trainer

During Lower Yes UN 20 5 4 UN

Bateman

2001

Cycle

ergometer

Both Lower No 60% to

80%

≤ 30 3 12 Yes
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Table 3. Cardiorespiratory training interventions (Continued)

ARHRM

Katz-

Leurer

2003a

Cycle

ergometer

Both Lower No ≤ 60%

HRR

20 then 30 5 then 3 2 then 6

(total 8)

Yes

Potempa

1995

Cycle

ergometer

After Lower No 30% to

50%

max effort

30 3 10 Yes

Salbach

2004

Circuit

training

After Lower Yes UN 55 3 6 UN

ARHRM: age-related heart rate maximum

BWS: body weight supported

HR: heart rate

HRR: heart rate reserve

UN: unknown

Strength training

Four trials (158/1147 participants) (Inaba 1973; Kim 2001;

Ouellette 2004; Winstein 2004) examined strength training (sum-

marised in Table 4). All employed muscle contraction resisted by

exercise machines, weights, or elastic devices. Inaba 1973 and Kim

2001 limited the strength training to the affected lower limb, and

Winstein 2004 to the upper limbs. The training met (Inaba 1973;

Kim 2001) or was close to (Ouellette 2004) the ACSM 1998 cri-

teria for strength training. All programmes were short (less than

12 weeks) apart from Ouellette 2004. In two of the four trials

(96/158 participants) (Inaba 1973; Winstein 2004) the strength

training commenced during usual care, with Winstein 2004 dur-

ing the acute phase (less than one month post-stroke).

Table 4. Strength training interventions

Study Mode During/

after usual

care

Upper/

lower

body

Specific

training

Intensity Duration Frequency Pro-

gramme

length

ACSM cri-

teria

Inaba

1973

Resistance

training

During Lower No 50% and

100%

maximum

weight

UN ’Daily’ 4 to 8 Yes

Winstein

2004

Resistance

training;

weights;

Both Upper No UN 60 3 high

2 slow

4 to 6 (tar-

get of 20

UN
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Table 4. Strength training interventions (Continued)

Thera-

band and

grip

devices

sessions)

Kim 2001 Resistance

train-

ing; isoki-

netic dy-

namome-

ter

After Lower No Maximal

effort

3 x 10 repi-

titions

30 3 6 Yes

Ouellette

2004

Resistance

training;

weights

and pneu-

matic resis-

tance ma-

chines

After Lower No 70% 1-

RM

3 x 8 to 10

repititions

N/A 3 12 No (almost

achieves

criteria)

1-RM: one repetition maximum

UN: unknown

Mixed training

Nine trials (360/1147 partiicpants) (Dean 2000; Duncan 1998;

Duncan 2003; James 2002; Mead 2007; Richards 1993; Richards

2004; Teixeira 1999; Yang 2006) examined mixed training (sum-

marised in Table 5). Although Yang 2006 describe their inter-

vention as ’resistance training’, the durations of activity involved

strongly indicate a cardiorespiratory contribution. Therefore, in

this review, it is classified as mixed training and the effects of this

assumption are tested using sensitivity analyses. The modes of ex-

ercise used for mixed training were quite diverse, with most being

presented as circuit training. The lower limbs only were trained

in six of the nine trials, and both the upper and lower body were

trained in the remaining three trials. All interventions contained

one or more functionally relevant activities (such as walking). In-

tensity of exercise was reported sufficiently to classify the cardiores-

piratory component of two trials (James 2002; Teixeira 1999), and

the strength component of three (Duncan 1998; Duncan 2003;

Teixeira 1999) as meeting the ACSM 1998 criteria. In three of

the nine trials (186/360 participants) the intervention programme

was 12 weeks or more in length. The majority (7/9 trials) com-

menced after completion of usual care; only one (Richards 1993)

commenced during the acute phase (less than one month post-

stroke).

Table 5. Mixed training interventions

Study Mode During/

after usual

care

Upper/

lower

body

Specific

training

Intensity Duration Frequency Pro-

gramme

length

ACSM cri-

teria

Richards

1993

Treadmill

+ Kinetron

+ tilt table

During Lower Yes UN 104 5 5 UN
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Table 5. Mixed training interventions (Continued)

Richards

2004

Treadmill

+ Kinetron

+ limb load

monitor

During Lower Yes UN 60 5 8 UN

Duncan

1998

Walking or

cy-

cle ergom-

etry; elastic

re-

sisted con-

tractions

After Both Yes UN 90 3 12 cardio no,

strength

yes

Teixeira-

Salmela

1999

Walking

and step-

ping or cy-

cle ergom-

etry;

resistance

training

body mass,

weights

and elastic

After Lower Yes 50% to

70% maxi-

mum work

rate

(CR) 50%

to 80% 1-

RM 3 x 10

repetitions

(STR)

60 to 90 3 10 cardio yes,

strength

yes

Dean 2000 Walking

and circuit

training

After Lower Yes UN 60 3 4 No

Duncan

2003

Circuit

training

After Lower Yes 50% to

60% HRR

90 to 120 3 4 Cardio yes,

strength

UC

James

2002

Circuit

training

After Both Yes UN 90 3 12 to 14

(total of 36

sessions)

Cardio no,

strength

yes

Yang 2006 Func-

tional step-

ping and

chair rising

After Lower Yes UN 30 3 4 No

Mead

2007

Circuit in-

clud-

ing walk-

ing, step-

ping, cycle

ergometry;

resistance

training

After Both Yes RPE 13 to

16

40 to 75 3 12 to 14

(total of 36

sessions)

UN
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Table 5. Mixed training interventions (Continued)

body mass,

weights

and elastic

1-RM: one repetition maximum

CR: cardiorespiratory component

HRR: heart rate reserve

RPE: rating of perceived exertion

STR: strength component

UN: unknown

Adherence to training interventions

Adherence to the interventions was defined in terms of (1) atten-

dance at planned training intervention sessions, and (2) compli-

ance with the planned content of intervention sessions attended.

Attendance

Rate of attendance (%) could be determined in 13 of 24 trials.

These ranged from 65% (Bateman 2001) up to 100% (Duncan

1998; Eich 2004; Mead 2007; Pohl 2002a; Pohl 2002b; Winstein

2004; Yang 2006). Four of the 13 studies reported attendance for

the training and control groups separately and showed similar rates

(Bateman 2001; Mead 2007; Ouellette 2004; Salbach 2004).

Mead 2007 allowed up to three additional ’catch-up’ sessions to

facilitate attainment of the intended dose of training (36 sessions).

Teixeira 1999 also described attempts to make up missed sessions

but did not report attendance. da Cunha 2002 excluded partici-

pants if they attended fewer than nine training sessions, thus pre-

venting intention-to-treat analysis.

Compliance

Compliance with intended exercise during attended training ses-

sions was described by six studies. For cardiorespiratory training in-

terventions, Pohl 2002a and Pohl 2002b reported ’excellent toler-

ance’ of treadmill training, and Salbach 2004 reported that partic-

ipants usually completed 9/10 circuit training exercises. For mixed

training Duncan 1998 reported ’good compliance’ with home-

based training and Yang 2006 stated that mixed circuit training

was ’performed as planned’. Mead 2007 reported 94% to 99%

compliance with circuit training exercises which were ’tailored’,

if required, to individual requirements. Data on compliance were

not available for other trials.

Risk of bias in included studies

Randomisation

All included trials were described as randomised. The mechanisms

of randomisation were reported in nine trials. These included

physical methods such as picking cards (Dean 2000), or envelopes

(Eich 2004; Pohl 2007; Yang 2006), or random number tables

(da Cunha 2002), or computer-based methods (Bateman 2001;

James 2002; Mead 2007; Salbach 2004).

The methods of randomisation were reported in 16 trials. To bal-

ance participant numbers matched pairs (Dean 2000) or block ran-

domisation (Bateman 2001; Duncan 1998; Duncan 2003; James

2002; Katz-Leurer 2003; Richards 1993; Richards 2004; Salbach

2004; Teixeira 1999) were used.

To balance participant characteristics, allocations were stratified by

walking performance (Pohl 2002a; Pohl 2002b; Salbach 2004), by

age, sex, and time since stroke (Kim 2001), by disability (Richards

1993), stroke severity (Winstein 2004) or by age, sex, and disability

using minimisation (Mead 2007).

Allocation concealment

Seven trials reported the use of sealed envelopes as a mechanism of

allocation concealment (Bateman 2001; Duncan 2003; Eich 2004;

James 2002; Pohl 2007; Winstein 2004; Yang 2006). Duncan

1998 used a third party to administer allocations. The computer-

based allocation of participants in the Mead 2007 trial ensured

allocation concealment.

Intention to treat (ITT)

There were 10 of 24 studies (691/1147 participants) that reported

using ITT analyses (Bateman 2001; Duncan 1998; Duncan 2003;

Eich 2004; James 2002; Mead 2007; Ouellette 2004; Pohl 2007;

Potempa 1995; Richards 2004), although one of these (Bateman
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2001) did not analyse data from some participants who dropped

out. ITT analyses were permitted by imputation of missing data

and recording outcome, where possible, in people who did not

complete the interventions.

Seven of the remaining studies which did not report using ITT

did not have any dropouts (Cuviello-Palmer 1988; Glasser 1986;

Kim 2001; Pohl 2002b; Potempa 1995; Teixeira 1999; Yang 2006)

thus retaining some of the benefits of ITT.

Blinding

Participant blinding

Participants could not be blinded to treatment. Two trials at-

tempted to blind participants to the underlying hypothesis: Kim

2001 informed participants that they would receive one of two

different leg-training interventions, while Mead 2007 informed

participants that they would receive one of two different interven-

tions, both of which may have (different) benefits.

Investigator blinding

In 15 of the 24 trials, blinding of outcome assessors was described

(Bateman 2001; Dean 2000; Duncan 2003; Eich 2004; James

2002; Katz-Leurer 2003; Kim 2001; Mead 2007; Ouellette 2004;

Pohl 2002a/Pohl 2002b; Pohl 2007; Richards 1993; Richards

2004; Salbach 2004; Yang 2006). In two of these, the authors

indicate that some blinding might be compromised (Eich 2004;

Salbach 2004), and in another (Dean 2000) the outcome asses-

sor inadvertently observed the training group exercising, thus po-

tentially identifying indirectly all participants of this small trial

(12 participants). Participants were instructed not to reveal group

assignments to those assessing outcome in three trials (Bateman

2001; Duncan 2003; Mead 2007). There was no outcome assess-

ment blinding for any measure in the Winstein 2004 trial, and

none for the secondary outcome measures (maximum gait speed,

gait endurance (6-MWT), Rivermead Mobility Index and Motric-

ity Index) in Pohl 2007. Detail of blinding is not known in the

remaining seven of the 24 trials.

Losses to follow up

In all included trials, 29/579 participants (5%) in the training

groups and 33/568 participants (6%) in the control groups were

not available for assessment at the end of intervention. In the eight

trials that included follow-up assessments (Bateman 2001; Eich

2004; Dean 2000; Duncan 1998; Katz-Leurer 2003; Mead 2007;

Pohl 2007; Winstein 2004), 27/297 (9%) of those participants

allocated training and 37/304 participants (12%) if the control

group were not available for assessment at the end of the follow-up

period. The proportion of losses was similar for the intervention

and control groups at end of intervention (Chi2 = 0.211; P = 0.646

NS) and the end of follow up (Chi2 = 1.50; P = 0.221 NS).

Losses met or exceeded 20% at the end of intervention in Richards

2004 (15/63 participants; 24%) and Dean 2000 (3/12 partici-

pants; 25%), and at the end of follow up in Bateman 2001 (18/

84 participants; 21%), Winstein 2004 (11/42 participants; 26%),

Dean 2000 (4/12 participants; 33%), and Duncan 2003 (20/100

participants 20%).

da Cunha 2002 excluded participants (number unknown) with

poor attendance, therefore ITT analyses were not possible.

A large proportion (101/177) of patients recruited to the three

groups of the Inaba 1973 trial were lost both before and after

randomisation. The distribution of total losses across the two in-

cluded arms and one excluded arm of the trial remain unknown

(total 88 participants). Data for 54/88 patients were analysed per

protocol for the two included arms of the trial. One reason given

for dropouts was discharge before the end of the study.

Selection bias

Recruitment in some trials involved media advertisement (

Ouellette 2004; Teixeira 1999), and involved a database of vol-

unteers (Dean 2000; Kim 2001; Yang 2006). This renders these

studies susceptible to self-selection bias and thus affects the gen-

eralisability of their findings. All other studies recruited patients

during stroke care.

Publication bias

Two outcome measures included in this review contained eight

studies, sufficient to employ funnel plots as a means of investigat-

ing publication bias and other sources of heterogeneity (Analysis

1.9; Analysis 5.7).

Reliability of outcome measures

The disability, quality of life and mood scales reported in this

review are commonly used in stroke trials and are known to be

reliable in stroke patients. However, the Late Life Function and

Disability Instrument (LLFD) (Ouellette 2004) has not been val-

idated or reliability tested in people with stroke.

The reliability of the included secondary outcome measures have

been established in people with stroke. This includes cardiorespi-

ratory fitness (Potempa 1996), muscle strength (Eng 2002), mus-

cle power (Dawes 2005 ), and indices of walking performance

(Flansbjer 2005).

Types of study design

We identified six different types of study design; these have impli-

cations for establishing the effects of training interventions.

• Training plus per cent usual care versus usual care (8/24

trials).
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• Training plus usual care versus non-exercise intervention

plus usual care (1/24 trials).

• Training versus non-exercise intervention after usual care

(6/24 trials).

• Training plus usual care versus usual care (4/24 trials).

• Training versus no intervention after usual care (3/24 trials).

• Training versus usual outpatient care (2/24 trials).

The first three designs incorporate a non-exercise ’attention con-

trol’ or substitute an appropriate component of usual care with

fitness training. This ensures that the total time spent exposed to

the intervention is the same in both training and controls groups.

These are the best controlled designs for establishing the effects of

training interventions.

The second three designs (9/24 studies; 407/1147 participants)

present problems for establishing effects of training interventions

because the training groups have greater time exposed to interven-

tions. In the case of rehabilitation interventions involving exercise,

this has a known effect on rehabilitation outcomes (’Augmented

Therapy Time’) (Kwakkel 2004). These designs mean any treat-

ment effects arising from physical fitness training interventions

are confounded by increased ’contact time’; that is, time spent re-

ceiving an intervention. Sensitivity analyses were used to examine

whether this source of confounding influenced estimates of effect

for training interventions.

Effects of interventions

Effect of training on primary outcome measures

Case fatality

For all studies, only 1/1147 participants was reported to have died

between baseline and end of intervention assessments (Pohl 2007)

(1/77 control group). For the 9/24 studies (627/1147 participants)

which included a retention follow up, 8/627 participants (1.3%)

were reported to have died between end of intervention and end

of follow up: Duncan 2003 (1/50 training, 2/50 control), Katz-

Leurer 2003 (1/42 training, 1/39 control) and Pohl 2007 (1/77

training, 2/78 control). Death is an uncommon event.

Death or dependence

The composite outcome of death or dependence was not directly

reported by any trial, and we could not determine it since no

relevant dichotomised measures of dependence were reported.

Disability

Cardiorespiratory training

Few cardiorespiratory training data were suitable for meta-analysis

(Analysis 1.1; Analysis 1.2; Analysis 1.3). Pooled FIM Instrument

scores (Analysis 1.1) were not influenced by training after usual

care (SMD (fixed), 95% CI 0.20, -0.17 to 0.58). Bateman 2001

report that the procedures for obtaining FIM data were not uni-

form and there is a high proportion of missing data items (38%) at

end of intervention; however, the meta-analysis of the other stud-

ies (SMD (fixed), 95% CI 0.21 -0.10 to 0.52) is not influenced by

their inclusion. Pooled Rivermead Mobility Index scores (Analysis

1.2) were not influenced by training provided during usual care

(MD (random), 95% CI 1.25 -0.74 to 3.25). The Barthel Index

data reported by Bateman 2001 are not pooled with Pohl 2007 be-

cause much of the data were either missing (17%) or reached ceil-

ing values (27%). When available Barthel and FIM outcomes were

combined (Analysis 1.3), there was a significant benefit (SMD

(fixed) 0.45; 95% CI 0.21 to 0.70) but this was heavily influenced

by a single study (Pohl 2007). In addition, heterogeneity is present

and the result becomes non-significant when repeated with a ran-

dom-effects model.

Individual study data at the end of intervention which could not

be pooled (Table 1) showed a significant difference between the

training and control groups in Barthel Index scores (Pohl 2007)

analysed as both a continuous variable (MD (fixed), 13.6 95%

CI 6.89 to 20.31) or dichotomised at a value of more than 75

(OR (fixed), 3.62 95% CI 1.84 to 7.10). There were no other

significant effects reported for FIM locomotor scale (da Cunha

2002) and the Nottingham EADL (Bateman 2001) (14% missing

values).

At the end of follow up (Analysis 2.1) there remained no between-

group difference in Rivermead Mobility Index (MD (random),

95% CI 1.01 -1.39 to 3.41), but substantial heterogeneity and

missing values (Bateman 2001) (21%) are evident. The Barthel

Index data of Bateman 2001 had substantial missing data (24%)

and ceiling values (38%); therefore we have not included these

data in meta-analyses.

Among the individual study data at the end of follow up that

could not be pooled (Table 6), Pohl 2007 showed a significant

improvement in Barthel Index scores represented as a continuous

variable (MD (fixed), 12.4 95% CI 4.32 to 20.48), but not a

dichotomised one. There were no effects on the Frenchay Activities

Index (Katz-Leurer 2003) or Nottingham EADL (Bateman 2001

(24% missing values)).
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Table 6. Cardiorespiratory training: individual study data - end of retention follow up

Outcome Measure Study Participants Method Effect Size Significance

Disability Nottingham

EADL

Bateman 2001 64 MD (fixed), 95%

CI

2.64 [-5.57,

10.85]

NS

Disability Barthel index Pohl 2007 155 MD (fixed), 95%

CI

12.40 [4.32,

20.48]

P = 0.003

Disability Frenchay Activi-

ties Index

Katz-Leurer

2003

79 MD (fixed), 95%

CI

1.00 [-1.55, 3.55] NS

Disability Barthel Index >

75

Pohl 2007 155 OR (fixed), 95%

CI

1.64 [0.87, 3.10] NS

Physical fitness Maximum

cycling work

(Watts)

Bateman 2001 66 MD (fixed), 95%

CI

2.59 [1.69, 3.49] P < 0.00001

Mobility Functional Am-

bulation

Categories

Pohl 2007 155 MD (fixed), 95%

CI

1.20 [0.65, 1.75 P < 0.0001

Physical

function

Berg Balance

scale

Bateman 2001 66 MD (fixed), 95%

CI

-2.90 [-7.88,

2.08]

NS

Physical

function

Motricity index Pohl 2007 155 MD (fixed), 95%

CI

11.90 [3.63,

20.17

P = 0.005

Mood Anxiety - HADS Bateman 2001 53 MD (fixed), 95%

CI

-1.60 [-3.58,

0.38]

NS

Mood Depression -

HADS

Bateman 2001 53 MD (fixed), 95%

CI

-2.70 [-4.40, -

1.00]

P = 0.002

Risk Body mass (kg) Bateman 2001 64 MD (fixed), 95%

CI

2.81 [-4.63,

10.25]

NS

EADL: extended activities of daily living

HADS: Hospital anxiety and depression scale

NS: not significant

From among the pooled data and individual study data, only

Pohl 2007 showed significant beneficial effects for the Rivermead

Mobility Index and the Barthel Index at both end of intervention

and end of follow up; the Rivermead scores were not investigator

blinded and the study also reported a conflict of interest.

Strength training

Two studies reported effects of strength training on scale measures

of disability (Ouellette 2004; Winstein 2004). No data could be

pooled (Comparison 4) and all individual effect sizes (Table 7)

were non-significant at the end of intervention. Only Winstein
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2004 included follow-up data: this was of borderline significance

(Table 8).

Table 7. Strength training: individual study data - end of intervention

Outcome Measure Study Participants Method Effect Size Significance

Disability LLFDI (fre-

quency dimen-

sion)

Ouellette 2004 41 MD (fixed), 95%

CI

0.10 [-4.65, 4.85] NS

Disability LLFDI (limita-

tion dimension)

Ouellette 2004 41 MD (fixed), 95%

CI

1.30 [-5.02, 7.62] NS

Disability FIM Mobility Winstein 2004 40 MD (fixed), 95%

CI

0.90 [-3.66, 5.46] NS

Disability FIM Self-care Winstein 2004 40 MD (fixed), 95%

CI

-0.85 [-4.26,

2.56]

NS

Disability Improvement in

10 ADL

Inaba 1973 54 OR (fixed), 95%

CI

2.88 [0.95,8.70] NS

Physical

function

Timed up and go

(seconds)

Yang 2006 48 MD (fixed), 95%

CI

-1.50 [-5.23,

2.23]

NS

Health and QoL SF-36 Physical

Health

Kim 2001 20 MD (fixed), 95%

CI

1.47 [-4.24, 7.18] NS

Health and QoL SF-36 Mental

Health

Kim 2001 20 MD (fixed), 95%

CI

2.80 [-4.95,

10.55]

NS

FIM: Functional Independence Measure

LLFDI: late life function and disability

NS: not significant

QoL: quality of life

SF-36: Short Form 36 questionnaire

Table 8. Strength training: individual study data - end of retention follow up

Outcome Measure Study Participants Method Effect size Significance

Disability FIM Mobility Winstein 2004 31 MD (fixed), 95% CI -3.23 [-6.14, -3.32] P = 0.03

Disability FIM Self-care Winstein 2004 31 MD (fixed), 95% CI -3.32 [-6.48, -0.16] P = 0.04

FIM: Functional Independence Measure

18Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Inaba 1973 reported the proportion of patients that improved

performance of 10 activities of daily living (no scale reported).

Although noted as significant in the publication, the odds ratio of

this effect was borderline (OR (fixed) 2.88; 95% CI 0.95 to 8.70);

P = 0.06). Inaba 1973 states that little additional improvement

occurred during a further month of training, although these data

were not available.

Some data may be weakened due to high patient attrition plus

no ITT analyses reported (Inaba 1973; Winstein 2004), and use

of a disability scale not validated in people with stroke (late life

function and disability: LLFDI) (Ouellette 2004).

Mixed training

Five studies report the effects of mixed training on scale measures

of disability (Duncan 1998; Duncan 2003; Mead 2007; Richards

1993; Richards 2004). Meta-analyses were performed at the end

of intervention for the Lawton IADL (Analysis 5.1), the Barthel

Index (Analysis 5.2), and its ambulation subscore (Analysis 5.3)

and the Barthel and FIM scores in combination (Analysis 5.4).

There were no significant effects at the end of intervention, or

end of follow up (Analysis 5.6). In these meta-analyses, two tri-

als (Duncan 1998; Duncan 2003) were confounded by increased

training time and individual patient data for one of them (Duncan

1998) shows Barthel Index scores reaching a ceiling of 100 in 5/

20 participants at baseline and 10/20 at follow up.

Several other individual disability outcomes that could not be

pooled in meta-analyses were reported. None showed a significant

effect of mixed training at either the end of intervention (Table 9)

or end of follow up (Table 2).

Table 9. Mixed training: individual study data - end of intervention

Outcome Measure Study Participants Method Effect size Significance

Disability FIM Instrument Mead 2007 66 MD (fixed), 95%

CI

-0.10 [-1.70, 1.50] NS

Disability Nottingham

EADL

Mead 2007 66 MD (fixed), 95%

CI

-0.20 [-1.08, 0.68] NS

Disability Rivermead Mo-

tor Index

Mead 2007 66 MD (fixed), 95%

CI

-0.41 [-6.14, 0.81 NS

Disability FIM motor sub-

scale

Duncan 2003 93 MD (fixed), 95%

CI

2.60 [-0.29, 5.49] NS

Disability FIM cognitive

subscale

Duncan 2003 93 MD (fixed), 95%

CI

0.10 [-0.37, 0.57] NS

Physical fitness VO2peak Duncan 2003 100 MD (fixed), 95%

CI

0.99 [0.35, 1.63] P = 0.002

Physical fitness Net gait

economy ml/kg/

10 metre

Mead 2007 65 MD (fixed), 95%

CI

-0.14 [-0.27, -

0.01]

P = 0.03

Physical fitness Strength, hand-

grip

Duncan 2003 100 MD (fixed), 95%

CI

0.32 [-1.85, 2.49] NS

Physical fitness Power, LLEP, af-

fected (W/kg)

Mead 2007 65 MD (fixed), 95%

CI

0.07 [-0.07, 0.21] NS

Physical

function

Adjusted Activ-

ity Score

Teixeira 1999 13 MD (fixed), 95%

CI

13.79 [2.11,

25.47]

P = 0.02

Health and QoL Nottingham

Health Profile

Teixeira 1999 13 MD (fixed), 95%

CI

-8.97 [-12.84, -

5.10]

P = 0.00001
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Table 9. Mixed training: individual study data - end of intervention (Continued)

Mood Anxiety (HADS) Mead 2007 66 MD (fixed), 95%

CI

-0.34 [-1.84, 1.16] NS

Mood Depression

(HADS)

Mead 2007 66 MD (fixed), 95%

CI

0.54 [-0.93, 2.01] NS

EADL: extended activities of daily living

FIM: Functional Independence Measure

HADS: Hospital anxiety and depression scale

LLEP: Lower limb extensor power

NS: not significant

QoL: quality of life

Effect of training on secondary outcomes

Adverse effects

Adverse events were not reported systematically for all trials. How-

ever in 10/24 trials (461/1147 (40%) participants), the authors

did comment on the tolerance to the training and there were no

adverse reactions or events such as falls, fractures, or injuries aris-

ing during the intervention. Mead 2007 reported 11 falls in 8/32

patients in the exercise group and five falls in 4/34 patients in the

control group (NS); none occurred during the interventions.

For all studies, 3/1147 (0.3%), participants were reported to have

had a cerebrovascular event between baseline and end of interven-

tion assessments. In 9/24 studies (627/1147 participants) which

included a follow up, 6/627 (1.0%) participants were reported to

have had a stroke between end of intervention and end of follow

up.

For all studies, 6/1147 (0.5%) participants were reported to have

had a cardiovascular event between baseline and end of interven-

tion assessments; none (0/627) were reported between end of in-

tervention and end of follow up.

Few data regarding modification of risk factors for cardiovascu-

lar and cerebrovascular events were available. Three studies (144

participants) reported blood pressure at the end of cardiores-

piratory training (Comparison 1; da Cunha 2002; Katz-Leurer

2003; Potempa 1995). There was no significant effect on sys-

tolic (Analysis 1.4, MD (random) -3.46 mmHg 95%CI -9.57 to

2.64) or diastolic measures (Analysis 1.5, MD (fixed) -0.23 mmHg

95%CI -3.33 to 2.87).

Physical fitness

Cardiorespiratory training

Pooled data from cardiorespiratory training trials (Comparison 1)

show a significant difference between training and control groups

in the VO2peak (Analysis 1.6, MD 3.5 mlkg-1min-1, 95% CI

1.52 to 5.52; P < 0.0001), and the maximal cycling work rate

(Analysis 1.7, SMD (random) 0.60, 95% CI 0.18 to 1.02) at the

end of intervention. The Bateman 2001 work rate data were trans-

formed to a normal distribution (Loge) data with 8% missing val-

ues. da Cunha 2002 assessed the gross economy of gait and re-

ported a moderate (0.7 SD units) but non-significant effect size;

however profound variability in baseline measures and small sam-

ple size limit the contribution of this study.

Strength training

Two studies examine the effects of strength training (Comparison

3) on muscle strength (Kim 2001; Winstein 2004), providing data

that can be pooled in a meta-analysis. Kim 2001 examined the ef-

fect of strength training of the involved lower limb on a composite

measure of strength of the involved lower limb (sum of the per-

centage change in six muscle groups). Winstein 2004 examined

strength training of the upper limbs on a composite measure of

upper limb strength (sum of the torque of the extensors and flexors

of the wrist, elbow and shoulder). The pooled effect size (Analysis

3.1) was marginally significant (SMD (fixed) 0.58, 95% CI 0.06

to 1.10). Included trials report change scores, but the compos-

ite measures of strength do not have a common unit of measure-

ment, therefore SMD is used. However the larger individual effect

(Winstein 2004) is biased by two interacting factors, unblinded

assessment and use of a dynamometer which is hand held by the
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investigator; these data are also confounded by increased training

time.

Ouellette 2004 examined strength bilaterally in the lower limb

extensors, and unilaterally in the knee extensors and the ankle

flexors (plantar and dorsi). All strength measures were reported to

significantly improve after resistance training compared with the

control group, except for ankle dorsiflexion on the unaffected side.

This study also suggested peak power is improved during unilateral

knee extensions, but not during bilateral extension of the whole

lower limb. However strength and power data are limited to graphs

and cannot be satisfactorily interpolated for further analysis.

Inaba 1973 reported that patients allocated strength training of

the involved lower limb made significantly greater gains in the

10 repetition maximum compared with controls (12.18 versus

8.58 kg, P < 0.02) after one month of intervention. There were

no differences between groups after two months of training. No

measures of variance were included with these data.

Mixed training

Individual mixed training data which could not be pooled show

small significant differences in VO2peak (Duncan 2003) and net

economy of gait (Mead 2007) at the end of intervention (Table 9),

although the benefit in economy disappeared after a three-month

follow up (Table 2). Bateman 2001 reported significant retention

of maximum cycling workload at a three-month follow up (Table

2); however there are many missing values (21%).

Meta-analysis of the Duncan 2003 and Yang 2006 trials showed

no effects of mixed training (Comparison 5) on ankle dorsiflexion

strength (Analysis 5.5) or knee extension strength (Analysis 5.6).

This meta-analysis is problematic due to substantial heterogeneity

and both studies being confounded for increased training time.

The Duncan 2003 data are reported as change scores in torque

(Nm; leg unknown), and Yang 2006 report change scores in force

(kg), therefore we used SMD. The Yang 2006 paper reports a

range of other lower limb strength improvements, but all measures

were made using a hand-held dynamometer, which is vulnerable

to bias. Assuming Yang 2006 to be classified as strength training

instead (sensitivity analysis), only the data of Duncan 2003 would

remain along with no significant effects.

Individual mixed training trials (Table 9; Table 2) show no evi-

dence of immediate or retained effect on explosive power of the

lower limb (Mead 2007) or an immediate effect on handgrip

strength (Duncan 2003).

Mobility

Cardiorespiratory training

Meta-analyses of the effects of cardiorespiratory training were pos-

sible at the end of intervention (Comparison 1) and the end of

follow up (Comparison 2). These data show that treadmill train-

ing interventions during usual care led to significantly lower Func-

tional Ambulation Category (FAC) scores at the end of interven-

tion (Analysis 1.8, MD (fixed), 0.72 95% CI 0.46 to 0.98); only

one study (Pohl 2007) followed up FAC (Table 6) and showed

significant retention (MD (fixed), 1.20 95% CI 0.65 to 1.75).

A range of cardiorespiratory training interventions led to improve-

ments in gait performance assessed by maximal gait speed (Analysis

1.9, MD (fixed), 6.47 m/min 95% CI 2.37 to 10.57), preferred

gait speed (Analysis 1.10, MD (fixed), 5.15 m/min 95% CI 2.05

to 8.25) and gait endurance (Analysis 1.11 and Analysis 1.12, MD

(fixed), 38.9 metres 95% CI 14.3 to 63.5) at the end of interven-

tion. Most data were available for interventions during usual care;

however, the direction and magnitudes of the effects appeared sim-

ilar after usual care.

Fewer data were available regarding the retention of mobility bene-

fits (Comparison 2). There is no effect on maximal gait speed after

follow up (Analysis 2.2, MD (random), 6.95 mmin-1 95% CI -

0.79 to 14.70). However, if the Bateman 2001 data based on cycle

ergometry are excluded, then the remaining gait-specific treadmill

subgroup (Eich 2004; Pohl 2007) were homogenous and showed

significant retention of maximum gait speed (Analysis 2.3, MD

(fixed) 10.6 mmin-1 95% CI 4.91 to 16.29) and gait endurance at

follow up (Analysis 2.4, MD (fixed) 57.51 metres 95% CI 25.82

to 89.19). Eich 2004 reported continued improvement in these

outcomes during the follow-up period.

Apart from one trial (Katz-Leurer 2003), none of the studies ex-

amining gait outcomes is confounded by additional training time.

In fact, the time spent receiving the training interventions in Pohl

2002a and Pohl 2002b was less than the control group. Interven-

tions were wholly or partly walking-specific apart from one that

used a Kinetron device (Glasser 1986), and two that used cycle

ergometry (Bateman 2001; Katz-Leurer 2003).

Subgroup analysis indicated that two studies which met the ACSM

1998 criteria for cardiorespiratory training had no effect on max-

imum gait speed (Analysis 1.10), whilst those which did not (or

were unknown) had a significant effect. One plausible reason may

be due to the Bateman 2001 intervention not being specific to gait

outcomes.

A funnel plot of the eight studies in Comparison 1, Outcome 9

(Analysis 1.9) showed a tendency toward asymmetry, suggesting

that there may be some heterogeneity which may arise from pub-

lication bias; however, there are too few data points to explore this

further.

Strength training

Strength training (Comparison 3) showed no significant benefits

for maximal gait speed (Analysis 3.2, MD (fixed) -1.17 mmin
−1 95% CI -5.53 to 3.19) or preferred gait speed (Analysis 3.3,

MD (fixed) -2.16 mmin−1 95% CI -7.73 to 2.51). There was

no training content in the strength training studies specific to the
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performance of walking.

We performed a sensitivity analysis by including the Yang 2006

data categorised as strength training instead of mixed training

(Analysis 3.2). This introduced heterogeneity and the pooled ef-

fect of strength training on preferred gait speed remained not sig-

nificant (MD (random) 2.37 mmin−1 95% CI -6.80 to 11.53).

Inclusion of Yang 2006 as a strength training trial allowed pool-

ing with the Ouellette 2004 data, but there was no effect on gait

endurance (Analysis 3.4, MD (fixed) 39.3 metres 95% CI -8.20

to 86.85).

Mixed training

Meta-analysis of eight studies (332 participants) reporting the ef-

fects of mixed training on preferred gait speed at the end of inter-

vention (Comparison 5) showed no improvement (Analysis 5.7,

MD (random) 2.58 mmin−1 95% CI -0.33 to 5.5). A funnel plot

of these data was symmetrical and did not show any indication of

heterogeneity which might arise from publication bias. Subgroup

analysis showed a borderline (P = 0.06) effect in the 5/8 studies

confounded for additional training time (Analysis 5.8, MD (ran-

dom) 4.43 mmin−1 95% CI -0.13 to 8.99). One study (Richards

1993) showed an indication of dose-response where the improve-

ment in preferred gait speed was positively associated with the

amount of time spent on the gait training component (R2 = 0.63).

There was a small significant effect of mixed training on gait en-

durance (Analysis 5.9, MD (fixed) 30.04 metres 95% CI 8.49 to

51.6). However, 3/4 included studies, the majority of the data

(168/177 participants), are confounded for contact time. This

leaves only one small study (Dean 2000) for which assessment

of this outcome was not blinded, and which showed no effect of

mixed training at the end of intervention or the end of follow up.

Three studies examined retention of benefits in preferred gait speed

but no benefits were observed at follow up (Analysis 6.2).

Comparison of cardiorespiratory and mixed training

(Comparison 7)

There were sufficient cardiorespiratory and mixed training trials

assessing preferred gait speed to perform a meaningful subgroup

analysis to compare the effects of the two training types. Meta-anal-

yses suggest that the effect of cardiorespiratory training is greater

than mixed training (5.15 versus 2.58 mmin−1; Analysis 7.1). If

this is repeated without studies confounded for additional training

time, the difference is increased further (6.98 versus -0.25 mmin
−1; Analysis 7.2).

Physical function

Meta-analysis was possible for scored indices of physical and motor

function (Fugl-Meyer scores, Berg Balance scale), and measures

of performance of specific physical functions (functional reach,

timed up-and-go, stair climbing). Apart from Berg Balance after

cardiorespiratory training (Analysis 1.14; not significant) and stair

climbing speed after strength training (Analysis 3.5; not signifi-

cant) most data related to mixed training.

Meta-analyses showed no significant overall effect after mixed

training (Comparison 5) on Fugl-Meyer upper-extremity scores

(Analysis 5.10), Fugl-Meyer lower extremity (Analysis 5.11), Berg

Balance scores (Analysis 5.12) or functional reach (Analysis 5.13).

Timed three-metre up-and-go performance was significantly faster

by a small margin (Analysis 5.14, MD (fixed), -1.14 sec 95% CI

-2.06 to -0.22) at the end of mixed training. However, the data

of Yang 2006 were confounded for additional training time; if

excluded the effect was no longer significant (Analysis 5.15, MD

(fixed) -1.16 sec 95% CI -2.93 to 0.62). At follow up, there was

no significant retention of benefit in timed three-metre up-and-

go performance (Analysis 6.3).

Individual study data which could not be pooled showed little ev-

idence of benefit (Table 1 to Table 2). Pohl 2007 showed improve-

ment in the Motricity Index (physical function of upper and lower

extremities) at the end of cardiorespiratory training intervention

and the end of follow up; however, there was no blinded assess-

ment of this outcome measure, plus there is a competing inter-

est present. The Adjusted Activity Score data reported by Teixeira

1999 improved, but this was a very small study (13 participants).

Health status and quality of life

No data exist examining the role of cardiorespiratory training on

health status and quality of life.

For strength training only one small study (Kim 2001) (20 par-

ticipants) reported mean change in SF-36 domains of ’Physical

Health’ and ’Mental Health’; there were no effects at the end of

intervention (Table 7).

Three mixed training studies reported SF-36 domains (Duncan

2003; James 2002; Mead 2007) which could be pooled at the

end of intervention (Analysis 5.16, Analysis 5.17; Analysis 5.18)

and end of follow up (Analysis 6.4; Analysis 6.5). However, James

2002 and Duncan 2003 are confounded for additional training

time. The remaining unconfounded study (Mead 2007) showed

a significant improvement in SF-36 ’Role Physical’ after interven-

tion which was retained after a four-month follow up. James 2002

reports an older version of the SF-36, therefore SMD were calcu-

lated.

Mood

Two studies examined the effect of cardiorespiratory training

(Bateman 2001: Table 1; Table 6) and mixed training (Mead 2007:

Table 9; Table 2) on mood. Neither showed any immediate or re-

tained effects on the anxiety and depression components of Hos-

pital Anxiety and Depression Scale (HADS). The Bateman 2001

data had substantial missing values at end of intervention (29%)

and end of follow up (37%).
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D I S C U S S I O N

The outcome measures from the included trials were very diverse.

This has been typical of stroke rehabilitation trials for some time

(Greener 2002) and continues to present a problem when com-

bining data in systematic reviews.

Effect of training on primary outcome measures

Case fatality

It is not known whether physical fitness training reduces case fa-

tality. The observed numbers of deaths in this review may be low

because participants included were at lower risk of death compared

with the wider stroke population. This may occur firstly because

the inclusion criteria of the trials of exercise select participants

with milder strokes (most were ambulatory) and reduced risk fac-

tors (such as blood pressure ceiling criteria). Secondly, there may

be self-selection by participants who are physically active with in-

creased fitness. Higher physical activity is known to be associated

with reduced risk of stroke (Lee 2003; Wendel-Vos 2004) and

higher VO2peak is associated with reduced risk of stroke (Kurl

2003) and mortality (Lee 2002).

In addition, the majority of the training programmes in this review

are all very short duration (12 weeks or less). A Cochrane Review

of the effect of exercise-only interventions showed that exercise re-

duced deaths in people with coronary heart disease (Jolliffe 2002)

but the training programmes often lasted several years. Since many

stroke patients have co-existing heart disease, training might in-

fluence post-stroke mortality provided it comprised cardiorespi-

ratory training delivered over long periods of time. This requires

investigation.

Death or dependence

There are no data available to draw conclusions about the influence

of training on the composite outcome of death or dependence after

stroke. Death is infrequent, and measures of dependency such as

those based on simple questions, Barthel Index score of less than

20 or modified Rankin Scale score of 3, 4 or 5 are lacking (Lindley

1994). Both elements of this composite outcome are likely to be

rare in those eligible for physical fitness training.

Disability

We assessed a number of different global indices of disability, in-

cluding subscales. Limited data were suitable for meta-analysis and

there was no good evidence of either an immediate or retained

effect of fitness training on disability. There may be several rea-

sons for this. Firstly, we identified a number of methodological

issues which weaken and bias these limited data. Secondly, some

measurement tools lacked sensitivity due to the recruitment of

patients typically presenting with milder strokes. There was evi-

dence of ceiling effects in the Barthel Index data from two trials

(Bateman 2001; Duncan 1998), and the FIM Instrument is also

known to show ceiling effects, particularly in community living

patients (Hall 1996). Thirdly, a lack of effect on disability mea-

sures despite functional benefits has been reported in trials of ex-

ercise for healthy elderly people (Keysor 2001).

The lack of an immediate effect, however, does not preclude

longer-term benefits. An increased fitness reserve may ameliorate

the deterioration of function which will occur with increasing age

and thus postpone crossing thresholds of independence (Young

2001). Therefore, indicators of pre-clinical disability (Fried 1996)

coupled with long-term follow up may be a more useful approach

for assessing outcome in trials of fitness training after stroke.

There were insufficient data to investigate any secondary objec-

tives or to perform any subgroup analyses on the primary out-

come measures. Few conclusions can be drawn about the impact

of physical fitness training on death, dependence, or disability af-

ter stroke.

Effect of training on secondary outcome
measures

Adverse events

There was no evidence of adverse events arising from training in

patients who met the criteria for participation in physical fitness

training. However, this may not be generalisable to the wider stroke

population, and few trials specifically intended recording adverse

events. There is a need to improve the recording of adverse events

in trials.

Physical fitness

Cardiorespiratory fitness

VO2peak measured at baseline in three trials (da Cunha 2002;

Duncan 1998; Potempa 1995) was 25%, 50% and 55% of val-

ues expected in untrained age- and sex-matched healthy people

(Shvartz 1990). Mixed training, and in particular cardiorespira-

tory training, significantly improved VO2peak, and improved ex-

ercise tolerance during continuous exercise. This may be beneficial

because low VO2peak is associated with functional limitation in

elderly people (Young 2001). In people with stroke, the functional

benefits are less clear (e.g. contradictory data of Patterson 2007

and Michael 2007); however, low VO2peak is linked to increased

risk of stroke (Kurl 2003) and stroke mortality (Lee 2002).

Economy of walking may improve in response to training which

contains walking activity. However, one of the two studies had a
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small sample size and variable baseline data, making interpretation

difficult. A limited ’fitness reserve’ caused by low VO2peak coupled

with poor walking economy is a common post-stroke problem

(Macko 2001). Therefore, training to improve walking economy

and increase peak may be beneficial for walking performance and

exercise tolerance after stroke. There are too few data to examine

the post-training retention of cardiorespiratory fitness.

Muscle strength

There are limited data to quantify whether mixed training or

strength training improves muscle strength after stroke. Analyses

showing improvements are all associated with studies which are

either confounded for training time or biased. There are no data

to examine the post-training retention of strength.

Mead 2007 measured explosive lower limb extensor power but

showed no immediate or retained effect of mixed training. Non-

response could be due to a lack of explosive, fast movements during

resistance training. In people with stroke, explosive power is asso-

ciated with function and disability after stroke (Saunders 2008),

and in elderly people explosive power output may be more im-

portant than strength for function and disability (Puthoff 2007).

Interventions to improve explosive power after stroke remain un-

der-researched (Evans 2000).

Mobility

There is consistent evidence that cardiorespiratory training which

involves walking can benefit walking ability when provided dur-

ing inpatient stroke care. This intervention reduces dependence

on other people for ambulation, increases walking speed and im-

proves tolerance of continuous walking. Firstly, improvement may

occur due to an increased fitness reserve (arising from increased

VO2peak or improved economy of walking, or both). Secondly,

cardiorespiratory walking training is both task-related and repeti-

tive in nature; these factors may facilitate motor learning and ben-

efit gait performance even in the absence physical fitness improv-

ments.

There is no evidence that strength training benefits walking. None

of the interventions incorporated walking as a mode of exer-

cise, and are therefore not specific. In addition, improvements

in strength may not necessarily produce functional benefits (Kim

2001) and this may be due to complex relationships between fit-

ness and function which may arise from factors such as non-lin-

ear associations (Buchner 1991) and the interaction of ’co-impair-

ments’ such as balance and low muscle strength (Rantanen 2001).

Evidence examining the effect of mixed training on walking per-

formance is problematic since the majority of studies are con-

founded by increased training time. There is no effect of mixed

training on gait outcomes in the unconfounded studies. All studies

except one (Yang 2006) include an element of walking; therefore,

benefits may be due to the additional volume of time spent walk-

ing along with any other potential ’attention’ effects. Two studies

(205 participants) hint that some gait benefits persist after training

finishes, but one (Pohl 2007) has some methodological issues and

a high drop-out rate at follow up.

Physical function

There is no good evidence that training in any form improves a

whole spectrum of functional limitations. The limited pooled data

which suggests a small effect of mixed training after usual care on

balance and lower extremity function are confounded by increased

training time. Any promising effects reported by individual studies

are similarly compromised through bias and confounding. Studies

free of these problems are associated with no effect.

Health status and quality of life

Little is known about whether training can improve self-perceived

health status and quality of life after stroke. Health status and

quality of life are reported by one small study of strength train-

ing and not at all by those investigating cardiorespiratory training.

Two of the three mixed training studies reporting SF-36 are con-

founded for increased training time. The SF-36 ’role physical’ do-

main shows both immediate and persistent benefits, but the scor-

ing of this domain is problematic in those who are not engaged in

employment (Johnson 1999). In addition, various elements of the

SF-36 are prone to ceiling effects in these studies (Hobart 2002).

Mood

There were too few data to examine the effects of training on

mood.

Factors influencing primary and secondary
outcome measures

Dose of training

All the training interventions occurred regularly and were progres-

sive in nature. The interventions differed in the dose of training

quantified in terms of (1) overall volume of training time, and (2)

the intensity of the exercise used.

The ACSM 1998 criteria were used to define an effective overall

’dose’ of fitness training as defined by the parameters of intensity,

duration, and frequency. One of the few intended subgroup anal-

yses which explored this showed benefit was not clearly linked to

those studies which met the criteria. This illustrates the problem

of performing meaningful analyses from the subgrouping of small

numbers of trials: the consequences are reduced power and the

influence of characteristics unrelated to the grouping factors, in

this case the potentially powerful effect of specificity of training.
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Some study interventions may have provided a sufficient dose of

training, but failure to record or report intensity meant they could

not be assigned to a category. Conversely, interventions meeting

the criteria may have provided a low dose of training because they

were of short duration (e.g. Kwakkel 2004).

Underestimation of benefits may arise if interventions are poorly

attended or complied with. Full attendance was reported in six

trials. This may have been facilitated because the interventions

either occurred partly or completely during inpatient care, or were

home-based or of very short duration (four weeks).

Overestimation of benefits may arise in interventions confounded

by increased training time: exaggeration would be greatest in stud-

ies with the biggest training volumes. In seven of the nine con-

founded studies, 20 hours or more training was used, whilst only

two of the 15 unconfounded studies exceeded 20 hours’ training.

Meta-analysis has shown that when stroke rehabilitation is aug-

mented with an additional 16 hours’ exercise therapy, there are

benefits in activities of daily living (Kwakkel 2004). This may ex-

plain why significant training effects are more frequently associated

with the studies confounded by increased training time. However,

this is still problematic since the greater benefits may arise from

greater training volumes. The data of Richards 1993 support these

observations, showing that time spent gait training was associated

with mobility outcomes - this also may be indicative of a dose-

response relationship.

Exercise intensity is probably one of the most important fitness

training variables. Only the interventions of Pohl 2002a and Pohl

2002b examined this directly and showed that the higher intensity

walking intervention (Pohl 2002b) was more beneficial for max-

imal walking speed than lower intensity walking (Pohl 2002a).

However, this intervention was also the most rapidly progressing,

so this effect is difficult to separate the effect from that of intensity.

This review indicates stroke patients can participate in and com-

plete a variety of different short-term training interventions, but

the optimal dose of training for people with stroke is difficult to

establish from these data.

Type of training

No included studies directly compare cardiorespiratory, strength,

and mixed training. In this review it was only feasible to com-

pare the effect of cardiorespiratory training and mixed training on

one shared outcome: preferred gait speed. It is difficult to draw

conclusions from the greater benefit associated with cardiorespi-

ratory training, since the cardiorespiratory training interventions

comprised a greater amount of gait-related training and the effect

could therefore be one of specificity of training rather than the

type of training.

The review does show that adaptations and benefits are linked to

the specificity of the training response, as follows.

1. Cardiorespiratory fitness (VO2peak) improved after

cardiorespiratory training (Analysis 1.6).

2. Muscle strength improved after strength training (Analysis

3.1).

3. Walking performance improved after training interventions

employing walking or walking-like modes of exercise (Analysis

1.10).

4. Walking performance did not improve after an intervention

based on cycling (Bateman 2001, Analysis 1.10) even though

this did improve cardiorespiratory fitness.

5. Walking and physical function outcomes did not improve

after strength training interventions probably because

functionally relevant movements are difficult to incorporate into

strength training interventions.

6. Muscle explosive power output did not improve after an

intervention which lacked explosive movements (Mead 2007).

There were too few data to determine the relative effects training

the upper versus lower limbs, or the affected versus unaffected

limbs. In summary, it is not known which type of training, if any,

is most beneficial. However, the findings support the concept of

training specificity.

Timing of training

Although some important findings of this review are based on

interventions performed during usual care, there were too few data

to compare interventions during usual care versus after usual care.

Retention of benefits

Eight of the 24 studies incorporated follow-up data. Some ben-

efits observed at the end of intervention remained at the end of

follow up. These included maximum cycling workload (Bateman

2001), Functional Ambulation Categories and Motricity Index

(Pohl 2007), maximum gait speed and gait endurance (Eich 2004;

Pohl 2007), and SF-36 ’Role Physical’ (Duncan 2003; Mead

2007). These observations should be viewed with caution because

of unblinded assessments (Pohl 2007), high participant attrition

(greater than 20% in Bateman 2001; Duncan 2003; Pohl 2007)

and measurement validity issues (SF-36 ’Role Physical’).

The only significant benefit to emerge after follow up that was not

previously present at the end of intervention was SF-36 ’Social

Function’ but this is based on only one study (Duncan 2003).

Functional advantages observed at the end of rehabilitation inter-

ventions are known to be transient, disappearing at a later stage

(Kwakkel 1999; Kwakkel 2002). This is probably due to contin-

ued improvements in the control group rather than deterioration

in function (Langhorne 2002). However, fitness improvements

observed at the end of training interventions are known to deteri-

orate. An immediate improvement in economy of walking disap-

peared at the end of follow up (Mead 2007), but other cardiores-

piratory and strength follow-up data are lacking. There are lim-

ited data examining retention of benefits as a whole, and no clear

pattern of retention emerges.

25Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



In summary, functional benefits mediated by increased physical

fitness may not be sustained unless some form of training stimulus

is maintained. At present there are no data examining long-term

fitness training, or facilitation of continued exercise after the end

of fitness training. Long-term follow up should be incorporated

into future trials of physical fitness training.

Effect of initial patient status on outcome measures

Two studies dichotomised their participants on measures of stroke

severity and showed those with lower severity benefited most from

training in terms of Fugl-Meyer scores at the end of training (

Winstein 2004) and the Frenchay Activities Index scores at the

end of follow up (Katz-Leurer 2003). However, this type of sub-

grouping reduces statistical power and there are methodological

issues associated with both of these studies. Other than this, there

were too few suitable data to determine the effects of disability,

ambulatory status, or degree of hemiparesis using meta-analyses.

Nothing can be concluded about initial patient status.

Effect of physical activity performed by control groups

Training effects arising from physical activity in the control group

interventions could explain the frequent lack of effect in some of

the higher quality studies. However, a strength of this review is

the inclusion criteria, which ensure that control group interven-

tions other than usual care were restricted to being passive or be-

ing unlikely to provide a benefit which could influence outcome

measures.

Effect of trial quality

There are insufficient data to examine the effects of trial quality

on outcome measures. However, five of the 24 studies reported

outcome assessments unblinded from the outset or were subject to

subsequent inadvertent unblinding. This inadvertent unblinding

may have happened in other studies, but was not reported. Un-

blinded outcome assessment risks biasing the data of 350 of the

1147 participants (31%).

Summary of findings

• Most available data relate to ambulatory people in the

chronic phase (less than one month) post stroke.

• It is feasible for stroke patients to participate in a variety of

short-term fitness training regimens presented in a range of

settings either during usual stroke care or after discharge.

• There is nothing to suggest that adverse events arise from

participation in fitness training.

• Little is known about the effect of any form of training on

the primary outcomes of death and dependence.

• Few studies reported global indices of disability; no meta-

analyses showed effects on measures of disability.

• There is some evidence that cardiorespiratory fitness can be

improved via training containing some cardiorespiratory training

content.

• There is good evidence that cardiorespiratory training

during usual care, which involves walking as a mode of exercise,

can reduce dependence on others during ambulation and

improve walking performance in terms of speed (maximum

speed +9.85 mmin−1; preferred speed +5.85 mmin−1) and the

distance walked in six minutes (+38.9 m).

• Few strength training data exist. Some studies hint at an

improvement in muscle strength, but there is no other evidence

of benefit from the studies, either individually or collectively.

• The majority (six out of nine) of mixed training

interventions are confounded for training time; without these

there is no clear evidence of any benefits. Currently little can be

safely concluded about mixed training interventions.

• There are very few outcome data relating to physical

function, health status and quality of life, and mood.

• It was not possible to determine the effect of fitness training

variables, such as ’dose’ or type of training, on outcome measures.

• A consistent pattern of findings supports the idea that

benefits may be greater when fitness training is specific or ’task-

related’.

• No conclusions can be drawn about retention or loss of

benefits after training is completed.

• There were methodological problems and study design

issues which bias and confound much of the available data, and

affect its generalisability.

Issues for research

Control groups

In terms of trial designs, there should be a concerted effort to bal-

ance total contact time across all arms of trials to avoid confounded

results. Whatever control exposure is chosen to balance time spent

training should contain minimal or preferably no physical activity,

since even performing activities of daily living may be sufficient

to cause training effects in elderly people (Young 2001). One ro-

bust way of clarifying whether the content of the training itself is

beneficial would be comparison of two doses of training (e.g. Pohl

2002b); this has not been repeated.

Intervention

In people with stroke, muscle strength and power are more clearly

associated with functional advantages than cardiorespiratory fit-

ness, yet well controlled studies containing interventions to im-

prove muscle force production are lacking. In addition, resistance
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training often involves exercise modes in which the movements

performed in training bear little resemblance to those relevant to

everyday life: although strength may improve, no functional ben-

efit arises. The nature of the associations between physical fitness

and functional benefit are complex, and this suggests that train-

ing interventions should be more complex and address other co-

impairments such as balance.

Outcome measures

Currently used measures of disability and dependence are prob-

lematic, since stroke patients who are eligible for fitness training

have typically mild disability. This is difficult to detect (as many

disability measures have ceiling effects), yet it may be a precur-

sor to the later onset of disability arising from functional decline.

Therefore, an appropriate way of assessing long-term outcome in

this group of stroke patients may be measures of pre-clinical dis-

ability (e.g. Fried 1996).

Long-term studies

Improvements in physical fitness after training, and improvements

in physical function after rehabilitation are transient. Since physi-

cal fitness may be linked to functional status, the long-term reten-

tion of benefit should be examined routinely in training studies.

Fitness and function deteriorate with increasing age in everybody,

and this is exacerbated by physical inactivity. Therefore, it is plau-

sible that short-term effects of training only emerge as being ben-

eficial after a period of functional decline.

Related to this is the need to examine strategies aimed at promoting

physical activity and maintaining physical fitness in the long term

after stroke. This has not been investigated.

In general terms, there remains a general need for more, larger

trials of functionally relevant physical fitness training that should

include participants with a greater range of stroke severity, includ-

ing non-ambulatory patients.

Ongoing studies

Some of the issues for research will be addressed by ongoing or

completing studies (Characteristics of ongoing studies); for ex-

ample, more strength training (Eng; Patten; Pomeroy) and power

training (Kilbreath) data will emerge. However, key issues remain

unaddressed; most ongoing studies still omit a suitable attention

control and are based on short-term interventions and follow up.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Cardiorespiratory walking training during usual stroke care can

increase walking speed and walking distance, and reduce depen-

dence on other people during walking. No other evidence is suf-

ficient to influence practice at the present time, other than the

observation that most benefits in fitness, mobility, and physical

function appear to be associated with ’task-related’ training.

Implications for research

Little is known about the benefits of physical fitness training after

stroke, or the optimal regimen for improving fitness. More trials

are needed. Resistance training interventions to improve muscle

strength and power need investigation but the training must be

functionally relevant.

Trials need to be longer: Long-term follow up should be incorpo-

rated in all training RCTs. Long-term training interventions (more

than 12 weeks) and strategies to facilitate long-term maintenance

of physical fitness are under investigated.

Duration of exposure to training interventions and control inter-

ventions must be matched to prevent overestimation of treatment

effects.

The content of an attention control intervention should be chosen

carefully to minimise impact on key outcome measures; this will

prevent underestimation of treatment effects caused by control

group training effects.

Systematic review of the effects of physical fitness training after

stroke is complicated with the availability of new data and would

now benefit from being split in relation to specific outcomes of

interest.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bateman 2001

Methods Design: training + usual care versus non-exercise intervention + usual care; 12-week follow up

Randomisation: mechanism - computer; method - blocks size of 10 participants

Allocation concealment: sealed envelopes

Blinding: investigator blinded; participants encouraged to maintain blinding; efficacy unknown

Intention to treat: yes; however, participants were excluded after recruitment and baseline assessments due

to discharge

Losses to follow up: intervention (12 participants: 4 before and 8 after the 12-week follow up); control

(12 participants: 2 before and 10 after the 12-week follow up)

Reasons unclear but included early discharge

Participants Randomised: 84 participants

Intervention: 40 participants; m/f 20/20; age 47.0 years ± 13.1 years; 144 ± 84 days post-stroke

Control: 44 participants; m/f 29/14; age 50.3 years ± 10.1 years; 184 ± 127 day post-stroke

Inclusion criteria: single stroke; could comply with planned interventions; could sit on a cycle ergometer

Exclusion criteria: likely to be inpatient for < 3 months; impairments severe enough to limit training

compliance and participation; cardiac disease; co-morbidities contraindicated for exercise

Interventions Intervention: cardiorespiratory training; cycle ergometry at 60% to 80% of age-related heart rate maximum

for up to 30 minutes/day 3 days/week for 12 weeks

Control: relaxation - programme individualised: included breathing exercises, progressive muscle relax-

ation, autogenic exercises, visualisation techniques

Setting: multicentre, 4 rehabilitation units

Outcomes Included outcomes: FIM Instrument; Barthel Index (0 to 20 scale); Nottingham EADL; Rivermead Mo-

bility Index; Hospital Anxiety and Depression Scale; Berg Balance scale; gait maximum speed; maximum

cycling workload (data transformed to Log base e)

Other outcomes: fatigue questionnaire; BMI

Notes Mixed brain injury data provided by author; stroke-only data retained and re-analysed

A lot of missing data items makes analysis of these data difficult

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes
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Cuviello-Palmer 1988

Methods Design: training + % usual care versus usual care; no follow up

Randomisation: unknown

Allocation concealment: unknown

Blinding: unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 20 participants

Intervention: 10 participants; m/f 6/4; age 69.5 years ± 14.1 years; 20.7 ± 13.2 days post-stroke

Control: 10 participants; m/f 7/3; age 71.8 years ± 12.0 years; 12.0 ± 16.8 days post-stroke

Inclusion criteria: unknown

Exclusion criteria: unknown

Interventions Intervention: cardiorespiratory training: isokinetic ergometer allowing resisted reciprocal leg movements

(Kinetron II); commencing at 2 x 7 minutes/day for 5 days/week and 1 x 7 minutes/day for 1 day/week

(total 6 days/week) for 3 weeks progressing to 10 minutes per session in week 2 and 12 minutes in week

3

Exercise intensity maintained at a heart rate of < 20 beats/minute above resting

Control: usual care: 2 x 45 minutes/day for 5 days/week and 1 x 45 minutes/day for 1 day/week (total 6

days/week) for 3 weeks

Gait training, mat exercises, and transfer training achieved via strengthening exercises, PNF, FES, Brunns-

tum, Rood and neurodevelopment techniques

Setting: rehabilitation centre

Outcomes Included outcomes: FIM Instrument (old version); gait speed preferred (7 seconds)

Other outcomes: stance symmetry; contact time (seconds); stride cadence steps/minute and other biome-

chanical gait parameters

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

da Cunha 2002

Methods Design: training + % usual care versus usual care; no follow up

Randomisation mechanism: random number table

Allocation concealment: unknown

Blinding: unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 15 participants

Intervention: 7 participants; m/f 6/1; age 57.8 years ± 5.5 years; 15.7 ± 7.7 days post-stroke

Control: 8 participants; m/f 7/1; age 58.9 years ± 12.9 years; 19.0 ± 12.7 days post-stroke

Inclusion criteria: recent stroke (onset < 6 weeks); significant gait deficit (< 36 metres/minute; FAC score
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da Cunha 2002 (Continued)

of 0, 1 or 2); sufficient cognition to participate in training (MMSE ≥ 21); able to stand and take 1 or

more steps without assistance

Exclusion criteria: co-morbidity or disability other than hemiparesis; recent MI; any uncontrolled health

condition; joint disease or rheumatoid arthritis; obesity (> 110 kg); cognitive impairment (MMSE < 21)

Interventions Intervention: cardiorespiratory training: treadmill walking with body weight support 20 minutes/day

6 days/week for 2 to 3 weeks (until discharge); intensity unknown but rapid progression imposed by

increasing speed and reducing body weight support; the 20-minute training replaced the 20-minute gait

training component of the control

Control: usual care 3 hours/day for 6 days/week for 2 to 3 weeks until discharge; included kinesiotherapy

(1 hour/day), occupational therapy (1 hour/day) and physical therapy (1 hour/day): the physical therapist

included 20 minutes of gait training comprising stepping, standing, turning, etc, but not continuous

walking

Setting: rehabilitation centre

Outcomes Included outcomes: cycle performance work rate (Watts); VO2peak; blood pressure; FAC; FIM (lower

limb); gait speed maximal (5 metres); gait endurance (5 minutes); gait economy

Other outcomes: stance symmetry; contact time (seconds); stride cadence steps/minute and other biome-

chanical gait parameters

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

Dean 2000

Methods Design: training versus non-exercise intervention; 2-month follow up

Randomisation mechanism: drawing cards; method: pairs matched on walking speed

Allocation concealment: n/a

Blinding: investigator: for all except 1 outcome measure

Outcome assessor unblinded on observing a group training session

Intention-to-treat: no

Losses to follow up: 4 participants (2 in the intervention group: 1 withdrew before training, 1 unavailable

for follow up; 2 in the control group: 1 withdrew before training, 1 withdrew due to illness)

Participants Randomised: 12 participants

Intervention: 6 participants, 3 male; age 68.8 years ± 4.7 years; 1.3 ± 0.9 years post-stroke

Control: 6 participants, 4 male; age 64.8 years ± 3.3 years; 2.1 ± 0.5 years post-stroke

Inclusion criteria: first stroke resulting in hemiplegia; at least 3 months post-stroke; discharged from all

usual rehabilitation; available to attend all training sessions; able to walk 10 metres with or without walking

aids

Exclusion criteria: no medical condition which would prevent fitness training
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Dean 2000 (Continued)

Interventions Intervention: mixed training: performed in a group for 60 minutes/day 3 days/week for 4 weeks, task-

related lower limb circuit training comprising cardiorespiratory training (treadmill and graded walking)

, strength training (stepping, raising and reaching), training intensity not quantified, but participants

observed as being ’tired and sweaty’ post-exercise

Control: upper limb functional exercises, considered ’sham’ lower limb training, performed in a group for

60 minutes/day 3 days/week for 4 weeks

Setting: rehabilitation centre

Outcomes Included outcomes: gait endurance (6-MWT, outcome assessor not blinded); gait preferred speed; 3-metre

timed up-and-go; step test

Other outcomes: peak vertical ground reaction force on sit to stand; grip strength (upper extremity);

biomechanical analysis of gait, bi- and uni-manual Purdue Pegboard

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

Duncan 1998

Methods Design: training versus usual care (outpatient); no follow up

Randomisation mechanism: unknown; method: blocks of 10

Allocation concealment: third-party involvement

Blinding: unclear

Intention-to-treat: yes

Losses to follow up: none

Participants Randomised: 20 participants

Intervention: 10 participants; m/f unknown; age 67.3 years ± 9.6 years; 66 days post-stroke

Control: 10 participants; m/f unknown; age 67.8 years ± 7.2 years; 56 days post-stroke

Inclusion criteria: 30 to 90 days post-stroke; minimal/moderately impaired sensorimotor function; avail-

able to attend all training sessions; ambulatory with or without supervision or walking aids; living at home

within 50 miles

Exclusion criteria: medical condition which compromised outcome assessment or prevented fitness train-

ing; MMSE score < 18 or receptive aphasia

Interventions Intervention: mixed training, performed approximately 90 minutes/day 3 days/week for 12 weeks (8 weeks

supervised 1:1 with therapist, 4 weeks alone), functional exercises comprising assistive/resistive exercise,

balance exercises, upper limb functional activities, walking or cycling; apart from some resisted exercise

the training intensity was not quantified

Control: usual outpatient care, physical and occupational therapy as advised by the patient’s physician,

averaging 44 minutes/day, 3.25 days/week for 12 weeks, therapeutic interventions were during home

or outpatient visits and comprised balance training (60%), strength training (40%), bimanual activities

(50%) and facilitative exercise (30%); cardiorespiratory training was not provided (0%)

Setting: home-based, therapist-supervised for first 8 weeks
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Duncan 1998 (Continued)

Outcomes Included outcomes: Barthel Index; Lawton Instrumental ADL; gait endurance (6-MWT); Berg Balance

Scale; Fugl Meyer (upper and lower extremity)

Other outcomes: gait preferred speed (data lack variance measures), SF-36 (non-standard pooling of data)

, Jebsen Hand Test

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Third party

Duncan 2003

Methods Design: training versus usual care (outpatient); 6-month follow up

Randomisation mechanism: unknown; method: blocks of 6

Allocation concealment: sealed envelopes

Blinding: investigator; participants asked to maintain blinding

Intention-to-treat: yes

Losses to follow up: intervention (10 participants: 6 before (1 renal insufficiency, 1 subclavian steal

syndrome, 1 chose withdrawal, 3 recurrent stroke) 4 after the 3-months follow up (1 died, 1 hospital, 2

recurrent stroke)); control (11 participants: 2 before (1 withdrew, 1 non-return), 9 after 3-months follow

up (2 died, 2 hospital, 5 withdrew))

Participants Randomised: 100 participants

Intervention: 50 participants; m/f 23/27; age 68.5 years ± 9.0 years; 77.5 ± 28.7 days post-stroke

Control: 50 participants; m/f 27/23; age 70.2 years ± 11.4 years; 73.5 ± 27.1 days post-stroke

Inclusion criteria: 30 to 150 days post-stroke; independent ambulation for 25 feet; Fugl-Meyer scores 27

to 90; Orpington Prognostic Scale 2.0 to 5.2); Folstein Mini-Mental State score 16

Exclusion criteria: serious cardiac condition; oxygen dependence; severe weight bearing pain; serious organ

system disease; life expectancy < 1 year

Interventions Intervention: mixed training, performed approximately 90 minutes/day 3 days/week for 12 to 14 weeks

(36 sessions); training included range of motion and flexibility, strength training, balance, functional upper

extremity practice, endurance training via interval training on cycle ergometer: all elements progressive

but intensity not quantified

Control: those who required it received usual outpatient care including physiotherapy and occupational

therapy; all controls received 30-minute visit/2 weeks including provision of health promotion information

Setting: home-based, therapist-supervised for first 8 weeks

Outcomes Included outcomes: FIM cognitive and motor subscales; SF-36 subscales; ankle dorsiflexion and knee

extension isometric strength (Nm); isometric grip strength (N); Fugl Meyer scores; Berg Balance Scale;

Functional reach; VO2peak; gait speed preferred (10-metre); 6-MWT; Community ambulation (> 0.8

metres/second)

Other outcomes: Stroke impact scale; cycle duration
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Duncan 2003 (Continued)

Notes Some outcomes reported as change from baseline scores

Others reported as means at end of 6-month follow up

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes

Eich 2004

Methods Design: training + usual care versus usual care; 3-month follow up

Randomisation mechanism: picking envelopes; method: restricted

Allocation concealment: sealed envelopes

Blinding: investigator; efficacy was compromised

Intention-to-treat: yes

Losses to follow up: intervention 1 participant (refusal) after the 6-week follow up

Participants Randomised: 50 participants

Intervention: 25 participants; male 17; age 62.4 years ± 4.8 years; 43 ± 15 days post-stroke

Control: 25 participants; male 16; age 64 years ± 9 years; 44 ± 18 days post-stroke

Inclusion criteria: aged 50 to 75 years; first stroke; time since stroke < 6 weeks; walk 12 metres with/without

assistance; Barthel score 50 to 80; participating in 12-week comprehensive rehabilitation programme;

stable cardiovascular responses; no non-stroke walking impairments; able to understand purpose and

content of study

Interventions Intervention: cardiorespiratory training, performed 30 minutes/day 5 days/week for 6 weeks; progressive

treadmill training with either no or minimal support of bodyweight; intensity was 60% of heart rate

reserve

Control: both groups received usual care comprising individual physiotherapy based on Bobath concept

plus occupational and speech therapy, and neuropsychology as required

Setting: rehabilitation unit - inpatient care

Outcomes Included outcomes: gait speed maximal (10-metres); gait endurance (6-MWT)

Other outcomes: Rivermead motor assessment (non-normal data); walking quality scale (non-normal

data)

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes
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Glasser 1986

Methods Design: training + % usual care versus usual care; no follow up

Randomisation: unknown

Allocation concealment: unknown

Blinding: unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 20 participants

Intervention: 10 participants; m/f 4/6

Control: 10 participants; m/f 6/4

All participants age 40 to 75 years and were 3 to 6 months post-stroke; all participants exhibited hemiparesis

with upper and lower extremity motor dysfunction; some showed sensory deficits and mild expressive or

receptive aphasia

Inclusion criteria: unknown

Exclusion criteria: unknown

Interventions Intervention: cardiorespiratory training: isokinetic ergometer (Kinetron) training twice a day 5 days/week

for 10 weeks; the intensity was maintained at 50 -100 psi and duration of each session progressed from

10 to 30 minutes over the first 5 weeks

Control: therapeutic exercise and gait training 1 hour/session 2 sessions/day 5 days/week for 5 weeks

Setting: physical therapy department

Outcomes Included outcomes: gait speed maximal (6-metres)

Other outcomes: Functional Ambulation Profile Score

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

Inaba 1973

Methods Design: training + usual care versus usual care; 2-month follow up

Randomisation: unknown

Allocation concealment: unknown

Blinding: outcome assessor - unclear

Intention-to-treat: no

Losses to follow up: unclear: 101/177 patients lost to follow up across the control and both intervention

groups; 54 patients completed the control versus strength training comparison; estimated dropouts ap-

proximately 60

One reason given for dropouts was discharge before end of the study

Participants Randomised: 54 participants

Intervention: 28 participants; m/f 11/17; age 55.6 years; < 3 months post-stroke

Control: 26 participants; m/f 15/11; age 56.9 years; < 3 months post-stroke

All participants had hemiparesis
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Inaba 1973 (Continued)

Inclusion criteria: hemiparesis arising from cerebrovasular accident secondary to thrombosis; embolus or

haemorrhage; able to follow verbal or demonstrated directions; extend the involved lower limb against a

load of 1.1 kg; independent ambulation

Exclusion criteria: aetiology of aneurysm or trauma

Interventions Intervention: strength training: progressive resistive exercise once per day for 4 to 8 weeks; extension of

the affected lower limb from 90º to full-knee extension whilst in the supine position on an Elgin table

(machine weights), 5 repetitions at 50% maximum weight, and 10 at maximum

Control: usual care: conventional functional training, including stretching, 4 to 8 weeks until discharge

Setting: rehabilitation centre

Outcomes Included outcomes: leg strength (10 repetition maximum) lacked variance measures number of participants

able to perform 10 ADL

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

James 2002

Methods Design: training versus no intervention; no follow up

Randomisation mechanism: computer; method: blocks of 4

Allocation concealment: sealed envelopes

Blinding: investigator

Intention-to-treat: yes

Losses to follow up: control group 2 dropped out (neurological problems)

Participants Randomised: 20 participants

Intervention: 10 participants; m/f 4/6; age 76.1 years ± 12.33 years; 1826 ± ?days post-stroke

Control: 10 participants; m/f 2/8; age 80.8 years ± 9.0 years; 1845 ± ?days post-stroke

Inclusion criteria: stroke with hemiplegia; ability to give informed consent

Exclusion criteria: no complicating medical history (cardiac, pulmonary or neurological); no severe deficits

in communication, memory or understanding; no painful orthopaedic conditions which could limit

participation

Interventions Intervention: mixed training, performed 90 to 120 minutes/day 3 days/week for 4 weeks

Warm up followed by half squats; chair squats; small knee bends; standing on affected leg; single-leg

half squat on affected leg; standing on unaffected leg and bending affected hip and knee; stair stepping;

stepping on spot; walking indoors and outdoors; stepping forwards, backwards and sideways; opening

and closing doors; walking and placing/lifting objects; placing objects on shelves

Finished with a cool down; progression achieved increasing pulse rate from 50% (first 2 weeks) to 60%

(last 2 weeks) of HRR, increasing total distance walked, and increasing step height and repetition number

Control: no intervention

Setting: patients’ homes
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James 2002 (Continued)

Outcomes Included outcomes: gait speed preferred (5-metre with mixed surfaces and a dead turn at 2.5 metres)

Other outcomes: functional walking ability questionnaire; upright motor control test; SF-36 - older

version

Notes Unpublished thesis

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes

Katz-Leurer 2003

Methods Design: training + usual care versus usual care; follow up 6 months post stroke

Randomisation mechanism: unknown; method: blocks based on side of lesion

Allocation concealment: sealed envelopes

Blinding: investigator; efficacy unknown

Intention-to-treat: unknown

Losses to follow up: intervention: no losses at end of intervention, 5 losses at 6-month follow up (4 not

located, 1 died); control: 2 discontinued intervention (1 acute MI, 1 DVT), 6 losses to follow up (3 not

located, 1 died, 2 recurrent stroke)

Participants Randomised: 92 participants

Intervention: 46 participants; m/f 26/20; age 62 years ± 11 years; time since stroke unknown

Control: 46 participants; m/f 23/23; age 65 years ± 11 years; time since stroke unknown

Inclusion criteria: age > 50 years; > 6 months after first ever stroke; walk 40 metres with +/- rest, +/-

assistive device; ≥ stage 3 of Chedoke-McMaster Stroke Assessment: tolerate 45 minutes of exercise with

rest intervals; non-participation in other therapy programmes

Exclusion criteria: comprehensive aphasia; not medically stable; musculoskeletal problems not associated

with stroke

Interventions Intervention: cardiorespiratory training: cycle ergometer; 8-week programme: (1) 20 minutes/day 5 days/

week for 2 weeks of intermittent (10 x 1 minute) exercise progressing to 20 minutes continuous exercise

by end of week 2; (2) 30 minutes/day 3 days/week for 6 weeks not exceeding 60% HRR; ACSM car-

diorespiratory training guidelines met

Control: usual physiotherapy, occupational therapy, speech therapy and group activity/exercise

Setting: rehabilitation centre

Outcomes Included outcomes: FIM; blood pressure; maximum cycle workload (Watts); comfortable walking speed

(10-metre) gait endurance; distance until fatigue; Frenchay activity index; stairs climbed

Other outcomes: Scandinavian Stroke Scale

Notes

Risk of bias

Item Authors’ judgement Description
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Katz-Leurer 2003 (Continued)

Allocation concealment? Yes Sealed envelopes

Kim 2001

Methods Design: training versus non-exercise intervention; no follow up

Randomisation mechanism: unknown; method: stratified based on sex (m/f ), age (50 to 59 or 60+ years)

and time since onset of stroke (6 months to 2 years/2+ years)

Allocation concealment: unknown

Blinding: investigator; participants blinded to purpose of interventions

Intention-to-treat: unknown

Losses to follow up: none

Participants Randomised: 20 participants

Intervention: 10 participants; m/f 7/3; age 60.4 years ± 9.5 years; 4.9 ± 3.3 years post-stroke

Control: 10 participants; m/f 7/3; age 61.9 years ± 7.5 years; 3.2 ± 1.2 years post-stroke

All participants had hemiparesis

Inclusion criteria: age > 50 years; > 6 months after first ever stroke; walk 40 metres with +/- rest, +/-

assistive device; ?stage 3 of Chedoke-McMaster Stroke Assessment; tolerate 45 minutes of exercise with

rest intervals; non-participation in other therapy programmes

Exclusion criteria: comprehensive aphasia; not medically stable; musculoskeletal problems not associated

with stroke

Interventions Intervention: strength training: isokinetic dynamometer (Kin-Com); 45 minutes/day 3 days/week for 6

weeks; after a warm up this comprised 30 minutes of 3 x 10 resisted repetitions of maximal effort concentric

hip flexion/extension, knee flexion/extension and ankle dorsiflexion/plantarflexion of the affected lower

limb; progression in the resistance was achieved by increasing the preload on the Kin-Com device; ACSM

guidelines met

Control: exactly the same as intervention except the resisted contractions replaced with passive range of

motion movements

Setting: rehabilitation centre

Outcomes Included outcomes: gait preferred speed (metres/minute over 8 metres); gait maximum speed (metres/

minute); stair climbing speed (stairs/second); composite strength score for the affected (trained) lower

limb

Other outcomes: stair walking performance (4 x 18 cm steps) self selected and maximal; SF-36 Physical

and Mental Health Component Summary Scores; composite strength score for the affected (trained) lower

limb

Notes Data reported as change scores

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported
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Mead 2007

Methods Design: training versus non-exercise intervention; 4-month follow up

Randomisation mechanism: internet application; minimisation dichotomised on sex; FIM score (120);

age (70 years)

Allocation concealment: n/a; sequence generation and allocation occurred simultaneously

Blinding: investigator; participants encouraged to maintain blinding

Intention-to-treat: yes

Losses to follow up: intervention 0; control 4: 1 withdrew before intervention; 3 after end of intervention

follow up (1 stroke-related illness, 1 fall, 1 recurrent stroke)

Participants Randomised: 66 participants

Intervention: 32 participants; m/f 18/14; age 72.0 years ± 10.4 years; median 171 (IQR 55 to 287) days

post-stroke

Control: 34 participants; m/f 18/16; age 71.7 years ± 9.6 years; median 147.5 (IQR 78.8 to 235.5) days

post-stroke

Inclusion criteria: independently ambulatory; living within central or south Edinburgh

Exclusion criteria: dysphasia or confusion severe enough to prevent informed consent or impair safety in

exercise classes; medical contraindications to exercise training

Interventions Intervention: mixed training: group circuit training performed 40 to 75 minutes/day 3 days/week for 12

to 14 weeks (36 sessions); after a warm up the training comprised 2 components: (1) a cardiorespiratory

circuit (cycle ergometry, raising and lowering an exercise ball, shuttle walking, standing chest press, and

stair climbing and descending); (2) resistance training circuit (upper back exercise and tricep extension

using Thera-Band, lifting a weighted pole, a sit-to-stand exercise); progression in duration, repetition

number, speed, mass of objects and resistance of Thera-Band whilst maintaining an RPE (6 to 20 scale)

of 13 to 60

Control: non-exercise intervention; seated relaxation involving deep breathing and progressive muscular

relaxation; no muscle contractions were involved

Setting: rehabilitation hospital

Outcomes Included outcomes: FIM Instrument; Nottingham Extended ADL; Rivermead Mobility Index; functional

reach; timed up-and-go; sit-to-stand time; SF-36 version 2; Hospital Anxiety and Depression Score; gait

preferred speed; gait economy (VO2 ml/kg/m); lower limb extensor explosive power (W/kg)

Other outcomes: Elderly Mobility Scale (ceiling effect); FAC (ceiling effect)

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sequence generation and allocation occurred simul-

taneously
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Ouellette 2004

Methods Design: training versus non-exercise intervention; no follow up

Randomisation: unknown

Allocation concealment: unknown

Blinding: investigator

Intention-to-treat: yes

Losses to follow up: intervention: 1 withdrawn (cardiac problem), 1 no follow up (hernia); control: 2

withdrew during intervention, 1 no follow up (abnormal ECG)

Participants Randomised: 42 participants

Intervention: 21 participants; m/f unknown; age 65.8 years ± 11.5 years; 968 ± 460 days post-stroke

Control: 21 participants; m/f unknown; age 66.1 years ± 9.62 years; 779 ± 558 days post-stroke

Inclusion criteria: age ≥ 50 years; 6 months to 6 years after single unilateral mild/moderate stroke with

residual lower extremity hemiparesis; community dwelling; independently ambulatory +/- walking aids;

report of ?2 limitations on the physical function subscale of the SF-36; ability to travel to the exercise

laboratory; willing to be randomised

Interventions Intervention: strength training: progressive resistive training of both lower limbs performed 3 days/week

for 12 weeks comprising 3 sets of 8 to 10 repetitions at 70% of 1-RM; exercises were (1) seated bilateral leg

press, and (2) unilateral knee extension, both using pneumatic resistance, and unilateral ankle; dorsiflexion;

plantarflexion, both using weights; progression achieved via weekly assessment of 1-RM; warm up for

each exercise was 4 repetitions of 25% 1-RM

Control: non-exercise: bilateral range of motion and upper body flexibility exercises 3 days/week for 12

weeks

Setting: exercise laboratory

Outcomes Included outcomes: muscle strength (bilateral lower limb extension force); muscle strength (unilateral

knee extension, ankle dorsiflexion and ankle plantarflexion); gait endurance (6-MWT), preferred speed

(10 metres) and maximal speed (10 metres); chair rise time (5 repetitions); stair climb time (10 steps);

late life function and disability instrument scale; SF-36 physical function subscale

Other outcomes: muscle power - bilateral lower limb extension and unilateral knee extension; geriatric

depression scale (data not reported); sickness impact profile; Ewarts self-efficacy scale

Notes Variance reported as SE and converted to SD

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported
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Pohl 2002a

Methods Design: training + % usual care versus usual care; no follow up

Randomisation mechanism: unknown; method: equal block based on gait speed

Allocation concealment: unknown

Blinding: investigator; efficacy unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 40 participants

Intervention: 20 participants; m/f 14/16; age 57.1 years ± 13.9 years; 118 ± 144 days post-stroke

Control: 20 participants; m/f 13/17; age 61.6 years ± 10.6 years; 113 ± 130 days post-stroke

Inclusion criteria: left or right hemiparesis for > 4 weeks; impaired gait; no or slight abnormal muscle

tone (Ashworth Score 0 and 1); walk without assistance (FAC = 3); 10-metre walk time > 5 seconds and

< 60 seconds; class B exercise risk (ACSM 1998); absence of known heart disease; no evidence of heart

failure, ischaemia or angina at rest or exercise; appropriate rise in systolic blood pressure and absence of

ventricular tachycardia during exercise

Exclusion criteria: revious treadmill training; class C or D exercise risk (ACSM 1998); cognitive deficits

(MMSE < 26 of 30); movement disorders; orthopaedic or gait-influencing diseases

Interventions Intervention: (1) cardiorespiratory training: treadmill walking (limited progression treadmill training); 30

minutes/day 3 days/week for 4 weeks; minimal (?10%) body weight support for first 3 sessions; speed

progressed ?5% of maximum per week (20% over 4 weeks); gradient maintained at 0%; (2) conventional

physiotherapy 45 minutes/day 2 days/week for 4 weeks (included some gait training); total 12 hours of

treatment

Control: conventional gait training 30 minutes/day 3 days/week for 4 weeks; comprised PNF and Bobath

techniques; conventional physiotherapy 45 minutes/day 2 days/week for 4 weeks (included some gait

training); total 15 hours of treatment

Setting: rehabilitation centre

Outcomes Included outcomes: gait maximum speed; FAC

Other outcomes: stride cadence (steps/minute); stride length (metres)

Notes For meta-analysis the control group (20 participants) is divided between the 2 comparisons of Pohl 2002a

and Pohl 2002b to avoid exaggeration of overall participant numbers

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported
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Pohl 2002b

Methods Design: training + % usual care versus usual care; no follow up

Randomisation mechanism: unknown; method: equal block based on gait speed

Allocation concealment: unknown

Blinding: investigator; efficacy unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 40 participants

Intervention: 20 participants; m/f 16/4; age 58.2 years ± 10.5 years; 113 ± 115 days post-stroke

Control: 20 participants; m/f 13/17; age 61.6 years ± 10.6 years; 113 ± 130 days post-stroke

Inclusion criteria: left or right hemiparesis for > 4 weeks; impaired gait; no or slight abnormal muscle

tone (Ashworth Score 0 and 1); walk without assistance (FAC = 3); 10-metre walk time > 5 seconds and

< 60 seconds; class B exercise risk (ACSM 1998); absence of known heart disease; no evidence of heart

failure, ischaemia or angina at rest or exercise; appropriate rise in systolic blood pressure and absence of

ventricular tachycardia during exercise

Exclusion criteria: previous treadmill training; class C or D exercise risk (ACSM 1998); cognitive deficits

(MMSE < 26 of 30); movement disorders; orthopaedic or gait-influencing diseases

Interventions Intervention: (1) cardiorespiratory training: treadmill walking (structured speed dependent treadmill

training); 30 minutes/day 3 days/week for 4 weeks; minimal (?10%) body weight support for first 3

sessions; training sessions comprised repeated bouts increasing from 50% maximum up to maximum

speed with rests between; speed progressed maximally at each training visit; gradient maintained at 0%,

(2) conventional physiotherapy 45 minutes/day 2 days/week for 4 weeks (usual care, included some gait

training), total 12 hours of treatment

Control: (1) conventional gait training 30 minutes/day 3 days/week for 4 weeks: comprised PNF and

Bobath techniques. (2) conventional physiotherapy 45 minutes/day 2 days/week for 4 weeks (included

some gait training); total 15 hours of treatment

Setting: rehabilitation centre

Outcomes Included outcomes: gait maximum speed; FAC

Other outcomes: stride cadence (steps/minute); stride length (metres)

Notes For meta-analysis of FAC data an SD of 0.01 is inserted for the intervention group to avoid a value of

zero

For meta-analysis the control group (20 participants) is divided between the 2 comparisons of Pohl 2002a

and Pohl 2002b to avoid exaggeration of overall participant numbers

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported
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Pohl 2007

Methods Design: training + % usual care versus usual care; follow up at 6 months

Randomisation mechanism: picking envelopes; method: restricted randomisation

Allocation concealment: sealed envelopes

Blinding: investigator (only for Barthel Index and FAC); efficacy unknown

Intention-to-treat: yes

Losses to follow up: intervention: 13 losses to follow up: 5 at end of intervention (1 cardiovascular unstable,

1 tumour, 1 intra-cranial pressure, 2 refusals) rising to 13 at end of follow up (1 died, 6 moved, 6 refusals)

; control: 13 losses to follow up: 6 at end of intervention (1 died (MI), 1 MI, 4 refusals) rising to 13 at

end of follow up (1 died (stroke), 1 moved, 11 refusals)

Participants Randomised: 155 participants

Intervention: 77 participants; m/f 50/27; age 62.3 years ± 12.0 years; 29.4 ± 12.6 days post-stroke

Control: 78 participants; m/f 54/24; age 64.0 years ± 11.6 years; 31.5 ± 13.3 days post-stroke

Inclusion criteria: first stroke; age 18 to 79 years; < 60 days since stroke; sit unsupported; non-ambulatory

dependent on assistance for ambulation; understand the meaning of the study and follow instructions

Interventions Intervention: cardiorespiratory training: body weight supported electromechanical gait trainer (Reha-

Stim), performed 20 minutes/day 5 days/week for 4 weeks; 10% to 20% bodyweight support progressive

unloading over programme and increase in number of steps taken plus individual physiotherapy based on

Bobath concept performed 25 minutes/day 5 days/week for 4 weeks

Control: individual physiotherapy based on Bobath concept; performed 45 minutes/day 5 days/week for

4 weeks

Setting: rehabilitation hospital

Outcomes Included outcomes: FAC; Barthel index; gait maximal speed (10-metre); gait endurance (6-MWT); River-

mead Mobility Index; Motricity Index

Notes DEGAS Study: competing interest: the patent for the gait trainer device (Reha-Stim) is owned by the

spouse of one of the authors (Hesse S)

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes

Potempa 1995

Methods Design: training versus non-exercise intervention; no follow up

Randomisation: unknown

Allocation concealment: unknown

Blinding: unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 42 participants

Intervention: 19 participants; m/f 8/11

Control: 23 participants; m/f 15/8
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Potempa 1995 (Continued)

All participants aged 43 to 70 years and were 216 ± 43 days post-stroke

All participants had upper and lower limb hemiparesis

Inclusion criteria: medically stable; at least 6 months post-stroke; completed formal rehabilitation

Exclusion criteria: patients with brain stem lesions; any clinical evidence that would preclude maximal

exercise testing

Interventions Intervention: cardiorespiratory training: cycle ergometer training for 30 minutes/day 3 days/week for 10

weeks; intensity 30% to 50% of maximal effort increasing to maximum sustainable over first 4 weeks

Control: non-exercise intervention: passive range of motion exercises for 30 minutes/day 3 days/week for

10 weeks

Setting: unknown

Outcomes Included outcomes: Fugl Meyer score; blood pressure; max cycling work rate (Watts)

Other outcomes: body mass; heart rate at rest and during maximal exercise; RER and other respiratory

variables; exercise duration

Notes Variance reported as SEM and converted to SD

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

Richards 1993

Methods Design: training + usual care versus usual care; no follow up

Randomisation mechanism: unknown; method: stratified on Barthel Index scores

Allocation concealment: unknown

Blinding: investigator; efficacy unknown

Intention-to-treat: no

Losses to follow up: control group 3 (1 refusal, 2 unknown)

Participants Randomised: 18 participants

Intervention: 10 participants; m/f 5/5; age 69.6 years ± 7.4 years; 8.3 ± 1.4 days post-stroke

Control: 8 participants; m/f 2/6; age 67.3 years ± 11.2 years; 8.8 ± 1.5 days post-stroke

Inclusion criteria: within 50 km of treatment center; men or women aged 40 to 80 years; 0 to 7 days

after first stroke; middle cerebral artery syndrome identified by CT; under care of neurologist involved in

study; willing to sign informed consent

Exclusion criteria: other major medical conditions that would interfere with functional capacity or interfere

with rehabilitation; patients who were independently ambulatory 1 week after stroke; patients who were

unconscious at onset

Interventions Intervention: mixed training: task-oriented gait training programme which used a tilt table, resisted

exercises using a Kinetron, and treadmill walking, 104 minutes/day 5 days/week for 5 weeks; progression

achieved via velocity and resistance (Kinetron) increments

Control: traditional neurophysical techniques 109 minutes/day 5 days/week for 5 weeks

Setting: hospital
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Richards 1993 (Continued)

Outcomes Included outcomes: Fugl-Meyer balance (FM-B); upper (FM-U) and lower (FM-L) extremity scores;

Barthel Ambulation scores; Berg Balance; gait velocity

Notes A second control group of early conventional therapy was not used for comparison since it differed from

the institution’s usual care; it commenced earlier than usual during hospital care and had substantially

longer contact time

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

Richards 2004

Methods Design: training + % usual care versus usual care; 3-month follow up

Randomisation mechanism: unknown; method: variable blocks stratified on time since stroke, disability,

and age

Allocation concealment: unknown

Blinding: investigator; efficacy unknown

Intention-to-treat: yes

Losses to follow up: intervention: 8 (2 discontinued Intervention: 1 hip fracture, 1 cardiac problem), 5

unavailable for follow up; control: 8 (1 withdrew from intervention, 7 unavailable for follow up)

Participants Randomised: 63 participants

Intervention: 32 participants; m/f 22/10; age 62.9 years ± 12 years; 52 ± 22 days post-stroke

Control: 31 participants; m/f 21/10; age 60.7 years ± 12 years; 52.8 ± 18 days post-stroke

Inclusion criteria: first or second stroke; men or women aged 30 to 89 years; impaired walking; follow

verbal instructions; Barthel ambulation score ?10; gait speed of 10 to 60 cm/second

Exclusion criteria: cerebral and subarachnoid haemorrhage; major medical problems (cancer, heart con-

ditions, diabetes); receptive or expressive aphasia; lower extremity musculoskeletal disorders affecting gait

Interventions Intervention: mixed training: task-oriented gait training programme which used a limb-load monitor,

resisted exercises using a Kinetron, and treadmill walking, intervention occurred during physiotherapy

sessions of 60 minutes/day 5 days/week for 8 weeks, progression achieved via velocity and resistance

(Kinetron) increments

Control: physiotherapy sessions of 60 minutes/day 5 days/week for 8 weeks not including the task-oriented

gait training content above

Setting: 2 rehabilitation units

Outcomes Included outcomes: preferred walking speed; Fugl-Meyer leg and arm scores; Timed up-and-go; Barthel

Index (ambulation sub-score); Berg Balance Scale

Other outcomes: kinematic gait analysis weakened by missing data in 50% participants

Notes A second control group of conventional therapy was not used for comparison since (1) it was much shorter

in duration, and (2) commenced later than the training intervention

Outcome data imputed from graphs in publication
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Richards 2004 (Continued)

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported

Salbach 2004

Methods Design: training versus non-exercise intervention; no follow up

Randomisation mechanism: computer; method: stratified on gait speed

Allocation concealment: unknown

Blinding: investigator blinded: unblinding during assessment of intervention group 18/42 and control

group 16/43

Intention-to-treat: yes

Losses to follow up: intervention: 3 discontinued (refused to travel, wanted both interventions, groin

pain) with 2 of these lost to follow up; control: 4 discontinued (MI, prostate cancer, fall + fracture, wanted

other intervention) with 3 of these lost to follow up

Participants Randomised: 91 participants

Intervention: 44 participants; m/f 26/18; age 71 years ± 12 years; 239 ± 83 days post-stroke

Control: 47 participants; m/f 30/17; age 73 years ± 8 years; 217 ± 73 days post-stroke

Inclusion criteria: first or recurrent stroke; gait deficit from recent stroke; mental competency; indepen-

dently ambulatory for 10-metres +/- aids or supervision; ability to comprehend instructions; resident in

community; discharged from rehabilitation; recent stroke 1 year or less

Exclusion criteria: neurological deficit caused by metastatic disease; gait function (6-MWT) equivalent to

healthy norms; discharged to permanent care; comorbidity preventing participation in either intervention

Interventions Intervention: cardiorespiratory training: task-oriented circuit training, performed 55 minutes/day 3 days/

week for 6 weeks, comprising a warm up followed by 10 walking-related tasks (step ups, balance beam,

kicking ball, stand up and walk, obstacle course, treadmill, walk and carry, speed walk, backward walking,

stairs); progression of speed, load and degree of assistance

Control: functional practice, whilst seated, of writing, keyboard use, and manipulating cards; some practice

encouraged at home

Setting: 2 centre location: rehabilitation centre or hospital

Outcomes Included outcomes: gait endurance 6-MWT; gait comfortable speed; gait maximal speed; timed up-and-

go; Berg Balance Scale

Other outcomes: activity-specific balance confidence scale

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported
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Teixeira 1999

Methods Design: training versus no intervention; no follow up

First iteration only of a lag control design; participants randomly allocated to immediate or delayed -

participants allocated delayed intervention initially received no intervention

Randomisation mechanism: unknown; method: unclear (’balanced blocks’)

Allocation concealment: unknown

Blinding: unknown

Intention-to-treat: no

Losses to follow up: none

Participants Randomised: 13 participants

Intervention: 6 participants; m/f 6/1; age 65.9 years ± 10.2 years; 9.15 ± 12.7 years post-stroke

Control: 7 participants; m/f 1/5; age 69.4 years ± 8.85 years; 6.4 ± 6.23 years post-stroke

All participants had unilateral stroke resulting in residual weakness or abnormal muscle tone or both

Inclusion criteria: at least 9 months post-stroke; independently ambulatory +/- walking aids; no compre-

hensive aphasia

Exclusion criteria: non-stroke related disability

Interventions Intervention: mixed training: cardiorespiratory and lower extremity strength training 60 to 90 minutes/day

3 days/week for 10 weeks; cardiorespiratory training: graded walking plus stepping or cycling progressing

from 10 to 20 minutes/day and from 50% to 70% of maximal cycling work rate over first 5 weeks; strength

training: 7 exercises involving use of body weight and progressive resistive exercise using different masses

and elastic bands (Thera-Band), each performed as 3 x 10 repetitions and progressing from 50% to 80%

of 1 repetition maximum; warm up and warm down 10 to 20 minutes/day

Control: no intervention

Setting: unclear

Outcomes Included outcomes: gait preferred speed (22-metre); Adjusted Activity Score; Nottingham Health Profile

Other outcomes: insufficient data to compare lower limb muscle strength (peak torque Nm); muscle tone

assessment; and stair climbing

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear Not reported
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Winstein 2004

Methods Design: training + usual care versus usual care; follow up 9 months post-stroke, during and after usual

care

Randomisation mechanism: unknown; method: stratified on Orpington Prognostic Scale (1.6 to 1.4 and

4.2 to 6.8)

Allocation concealment: sealed envelopes

Blinding: principal investigator but not outcome assessor

Intention-to-treat: no

Losses to follow up: before end of intervention: 1 (treatment group, medical complications), 1 (control

group, lost interest); before end of follow up: 9 (treatment group 4, control group 5 - moved away or lost

contact)

Participants Randomised: 42 participants

Intervention: 21 participants; m/f 12/8; time since stroke 17.3 ± 10.6 days

Control: 20 participants; m/f 12/8; time since stroke 15.4 ± 5.5 days

Age: 29 to 76 years, most 35 to 75 years

Inclusion criteria: first stroke; 2 to 35 days post-stroke; FIM score

Exclusion criteria: peripheral nerve or orthopaedic condition limiting arm movement; function limited

by cardiac disease; SAH without infarction; progressive hydrocephalus; history of brain injury; severe

aphasia, neglect, agitation or depression which could limit participation

Interventions Intervention: strength training: upper limb movements resisted by gravity, free weights, Thera-Band and

grip devices for fingers, 60 minutes/day 5 days/week for 4 to 6 weeks, high intensity for 3 days/week and

low intensity higher velocity for 2 days/week, training target 20 hours total

Control: standard care delivered by occupational therapy, included muscle facilitation exercises using

neuro-developmental approach, electrical stimulation, stretching, ADL and caregiver training; activities

included use of upper limbs

Setting: inpatient rehabilitation hospital and outpatient clinic

Outcomes Included outcomes: FIM mobility and self care; Fugl-Meyer scores; Functional test of the hemiparetic

upper extremity (FTHUE); composite measure of strength (sum of torque from extension and flexion of

the wrist elbow and shoulder); grip and pinch force

Notes Change from baseline scores reported and analysed.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes
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Yang 2006

Methods Design: training versus no intervention; no follow up

Randomisation mechanism: picking envelopes

Allocation concealment: sealed envelopes

Blinding: investigator

Intention-to-treat: unknown

Losses to follow up: none

Participants Randomised: 48 participants

Intervention: 24 participants; m/f 16/8; age 56.8 years ± 10.2 years; time since stroke > 1 year

Control: 24 participants; m/f 18/8; age 60 years ± 10.4 years; time since stroke > 1 year

Inclusion criteria: first stroke < 1 year ago; not receiving rehabilitation; ambulatory, independent with no

aids; medically stable to participate; able to understand instructions and follow commands

Exclusion criteria: medical condition preventing participation; uncontrolled health condition for which

exercise was contraindicated

Interventions Intervention: mixed training performed as a circuit 30 minutes/day 3 days/week for 4 weeks; circuit

comprised 6 x 5-minute lower extremity workstations (standing and reaching, sit to stand from chair,

stepping forwards and backwards onto blocks, stepping sideways onto blocks, forward step-up onto blocks)

, participants encouraged to work hard, progression achieved by increasing number of repetitions in each

5-minute block, and increasing step and chair height, and the complexity of task; extended periods (5-

minute) warrant acknowledgement of a cardiorespiratory component despite the author’s title (progressive

resistance strength training)

Control: no intervention

Outcomes Included outcomes: gait endurance (6-MWT: outcome assessor not blinded); gait speed preferred (10-

metres); 3-metre timed up and go; step test; osometric strength of knee and hip ankle extension and

flexion; and ankle dorsi-flexion and plantar-flexion (using handheld dynamometer)

Other outcomes: gait cadence and stride length

Notes Data reported as absolute and change scores

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes Sealed envelopes

1-RM: 1 repetition maximum

6-MWT: Six-Minute Walk Test

ACSM: American College of Sports Medicine

ADL: activities of daily living

BMI: body mass index

CT: computerised tomography

DVT: deep vein thrombosis

EADL: extended activities of daily living

ECG: electrocardiogram

f: female

FAC: Functional Ambulation Categories
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FES: Funcational Electrical Stimulation

FIM: Functional Independence Measure

HRR: heart rate reserve

IQR: interquartile range

m: male

MI: myocardial infarction

MMSE: Mini Mental State Examination

PNF: post neuromuscular facilitation

psi: pounds per square inch

RER: respiratory exchange ratio

RPE: rating of perceived exertion

SAH: subarachnoid haemorrhage

SD: standard deviation

SE: standard error

SEM: standard error of the mean

SF-36: Short Form 36 questionnaire

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ada 2003 Control intervention was described as training and included prescribed walking which confounds this

walking study

Akbari 2006 Not valid control group

Barreca 2004 Allocation not randomised; not progressive physical fitness training

Barreca 2007 Not progressive physical fitness training

Baskett 1999 Intervention not physical fitness training: it is described as exercise and activities but no evidence of

progressive cardiorespiratory or strength elements, or both

Blennerhassett 2004 Control group perform upper limb training intervention - this could theoretically influence lower limb

outcome measures

Bourbonnais 2002 Comparison of upper and lower body exercise

Brown 2002 Comparison of two exercise regimens

Butefisch 1995 Non-random, alternate allocation on admission method

Carr 2003 No relevent comparisons: comparison of cardiorespiratory training and mixed training

Chu 2004 Control group perform upper limb training intervention - this could theoretically influence lower limb

outcome measures

Davis 2003 No relevent comparisons: comparison of cardiorespiratory training and strength training
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(Continued)

Davis 2006 Control group included physical activity: comprised 30 minutes ’sham’ aerobic training (which was mo-

torised and passive) and 30 minutes of ’sham’ resistance training; resistance training was not passive as it

involved movement of legs against gravity and it included some stretching

Dean 1997 Intervention not physical fitness training: although an element of progression is present the intervention

is more ’practice’ than training as defined in this review

Desrosiers 2005 Not a valid compaison: control contained additional dose of ’usual arm therapy’

Intervention not physical fitness training: repetition and practice

Di Lauro 2003 Not a valid comparison

It is ’training’ versus usual care, the intervention is also not physical fitness training

Dickstein 1986 Intervention not physical fitness training: although post neuromuscular facilitation and Bobath approaches

may contain resistive exercises

Patient allocation not randomised: based on hospital administration procedures

Dickstein 1997 Intervention not physical fitness training: muscle contractions not resisted and not progressive

Patient allocation not randomised: patients were sequentially assigned

Dromerick 2005 Intervention not physical fitness training: constraint induced movement therapy

Drummond 1996 Interventions not physical fitness training: 2 interventions: (1) leisure therapy, and (2) conventional oc-

cupational therapy

English 2003 Non-random allocation

Feys 1998 Intervention not physical fitness training: the physical activity (rocking movements) showed no progression

of intensity

Fletcher 1994 Not an intervention for stroke; 35% of sample were not stroke

Foley 2004 Only 15 of 338 participants (4%) had stroke

Gelber 1995 Intervention not physical fitness training: comparison of traditional functional retraining and neurodevel-

opmenal techniques

No relevent comparisons

Gilbertson 1998 Intervention not physical fitness training: home-based occupational therapy

Gregson 2006 Intervention was not fitness training, it was repetitive practice with no progression of exercise load except

for some participants initially unable to complete the target number of repetitions (10)

Hart 2004 Control intervention not a valid comparison: not usual care, not non-exercise, and balance exercises

confound
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(Continued)

Helbostad 2004 Only 16 of 77 participants with stroke

Not a valid comparison, both groups receiving home training

Hidler 2007 No a valid compaison: comparison of 2 types of training

Higgins 2006 Intervention not fitness training: experimental group dexterity practice

Control group not valid: included physical activity (walking)

Howe 2005 Intervention not physical fitness training

Hu 2003 Intervention (Bobath) not physical fitness training

Hu 2006 Intervention not physical fitness training

Ishida 2001 Regular rehabilitation was suspended in some participants during a period of usual care

Not an exercise intervention

Jongbloed 1989 No relevent control group: comparison of 2 occupational therapy interventions

Interventions not physical fitness training

Jongbloed 1991 Intervention not physical fitness training: occupational therapy related to leisure activities

Kamps 2005 Not relevent control group: participants recruited after usual care yet were exposed to physiotherapy and

’ergotherapeutic’ interventions

Klassen 2005 Not a valid control group: low intensity upper body exercise

Kwakkel 1999 Intervention not physical fitness training: investigation of rehabilitation of functional tasks

The principal author clarified that there was no progression of training intensity, the content of training

was variable, and the treadmill training volume comprised only approximately 10% of patients

Laufer 2001 Intervention not physical fitness training: comparison of treadmill ambulation and overground walking

No relevent comparisons

LEAPS No relevent comparisons

Leveille 1998 Contained few people with stroke: intervention (8%) control (9%)

Not a valid intervention - other healthy living interventions included

Not a valid control - provided access to training facilities of intervention group

Lin 2004 Intervention not physical fitness training

Lincoln 1999 Interventions not physical fitness training: comprised additional physiotherapy

Lincoln 2003 Comparison of 2 physiotherapy approaches
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(Continued)

Lindsley 1994 This was published as an abstract only, the numerical data were not included and could not be recovered

from the authors This intervention may have been training although the abstract contained no mention

of progression

Liston 2000 Intervention not physical fitness training

Logan 2003 Intervention not physical fitness training: comprised leisure activities, although sport was included

Logigian 1983 No relevent comparisons: comparison of traditional and facilitation techniques

Intervention not physical fitness training: although training elements may have been included it would be

difficult to separate the effect of training from therapy

Luft 2004 Intervention not physical fitness training

Control group contained physical activity not linked to usual care

Macko 2005 Control group is not non-exercise, or conventional treatment

Maeshima 2003 Not a relevant comparison: 2 exercise groups, with and without family members present

Marigold 2005 Not a relevant comparison: comparison of agility and stretching/weight shifting; neither is physical fitness

training

McClellan 2004 Control group not non-exercise

Michaelsen 2006 Control group is not non-exercise

Miller 2000 Intervention not physical fitness training

Moreland 2003 Control group not non-exercise

Nelles 2001 Not a valid comparison

Intervention not physical fitness training

Included non-stroke healthy controls

Nilsson 2001 Comparison not relevant: comparison of treadmill training with a physiotherapy approach to gait training

(motor relearning programme) during usual care

Olney 2006 Not a valid comparison: trial of supervised versus unsupervised exercise

Pan 2004 Not a valid comparison: trial of training versus unsupervised training

Pang 2006b Control group not non-exercise

Parker 2001 Intervention not physical fitness training: leisure therapy and occupational therapy

Parry 1999 Intervention not physical fitness training: physiotherapy using Bobath and movement science approaches
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(Continued)

Partridge 2000 Intervention not physical fitness training: comparison of amount of physiotherapy

Peel 1995 Not RCT: case report

Peng 2002 Intervention not physical fitness training

Peurala 2005 Not a valid comparison: control group physical activity

Pitsch 2006 Intervention not physical fitness training

Platz 2001 Intervention not physical fitness training: arm ability training comprised simple functional and manipu-

lative tasks

Platz 2005 2 interventions, neither were physical fitness training

Pomeroy 2001 Intervention not physical fitness training: weighted garments may offer increased resistance to muscle

contraction but physical activity was neither controlled nor accurately monitored (patients log book)

Rimmer 2000 Patient allocation not randomised: influenced by geographical location

The intervention was physical fitness training and comprised elements of cardiorespiratory, strength and

flexibility training

Shatil 2005 Intervention not physical fitness training

Control involved some strengthening

Shimada 2003 Only 25% of cohort were people with stroke (only 1 with stroke in control group)

Shimizu 2002 Non-random allocation (order of admission)

Only 11 of 16 participants were people with stroke

Sivenius 2007 Comparison not relevent: comparison of 2 therapies

Smith 1981 Intervention not physical fitness training: intensive and conventional physiotherapy and occupational

therapy

Sullivan 2002 Comparison not relevant: participants allocated 3 different treadmill training speeds

Sunderland 1994 Intervention not physical fitness training: comparison of orthodox and enhanced physiotherapy

Suputtitada 2004 Control is active walking

Thielman 2004 Not a relevant comparison: resistance training versus task-related training

Thielman 2005 Not a relevant comparison: resistance training versus task-related training

Trueblood 2001 Not randomised
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(Continued)

Turton 2004 Study not an RCT

van der Lee 1999 Intervention not physical fitness training

Comparison not relevant: comparison between forced use of affected arm and use of both arms

Walker 1999 Intervention not physical fitness training: occupational therapy

Werner 1996 Intervention not physical fitness training: physical and occupational therapy

Werner 2002 Not a valid comparison: comparison of 2 forms of training

Widén Holmqvist 1998 Intervention not physical fitness training: home-based physical and occupational therapy

Wing 2006 Control group exposed to exercise (upper body)

Wolfe 2000 Intervention not physical fitness training: community-based physical and occupational therapy

Xiao 2002 Not a valid comparison

Yang 2005 Not a valid comparison: control intervention included strengthening, function, mobility and gait training

after competion of usual care

Yokokawa 1999 Ongoing rehabilitation classes were randomised, not individuals; this is biased

RCT: randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

AMBULATE

Trial name or title AMBULATE

Methods

Participants 122 participants

Inclusion criteria: > 18 years old; < 5 years of first stroke; able to walk 10 metres unaided or with a single-

point stick; 10 metre walk time > 9 seconds; finished formal rehabilitation; able to gain medical clearance to

participate

Exclusion criteria: any barriers to taking part in a physical rehabilitation program; insufficient cognition/

language

Interventions Intervention:

Group 1 - treadmill and overground walking program 30 minutes/day 3 days/week for 4 months

Group 2 - treadmill and overground walking program 30 minutes/day 3 days/week for 2 months

Control - no intervention
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AMBULATE (Continued)

Outcomes Primary outcome measures: 10-metre walk speed, 6-minute walk distance

Secondary outcome measures: falls, self-efficacy of community ambulation, Adelaide Activites Profile, Euro-

QOL

Timepoint: measured at baseline, 2 months, 4 months, 6 months and 12 months

Starting date Start: 27 April 2007

Completion:

Contact information Associate Professor Louise Ada

Discipline of Physiotherapy Faculty of Health Sciences

University of Sydney, PO Box 170

Lidcombe NSW 1825, Australia

Tel: +61 2 93519544

Fax: +61 2 93519278

Email: L.Ada@usyd.edu.au

Notes ACTRN12607000227493

Askim

Trial name or title Does intensive task specific training improve balance after acute stroke?

Methods

Participants 62 participants

Inclusion criteria: admitted to the stroke unit with a diagnosis of stroke; living in the city of Trondheim;

included 4 to 14 days after first sign of symptoms; Modified Rankin Scale > 3 before admission to hospital;

SSS less than 58 points and more than 14 points; SSS leg item less than 6 points or SSS movement item less

than 12 points; discharged to home or a rehabilitation clinic; MMSE score more than 20 points; able and

willing to provide informed consent

Exclusion criteria: serious heart and lung diseases; other diseases which makes it difficult to evaluate the

function; already included in the trial

Interventions Intervention: intensive task specific balance training (physical therapy technique and exercises) 3 days/week

for 4 weeks then 1 day/week for 8 weeks plus usual physical therapy

Control: usual physical therapy alone

Outcomes Primary outcome measures: Berg Balance Scale

Secondary outcome measures: MMSE; SSS; Motor Assessment Scale; Timed Up and Go

Step Test; walking speed; Barthel Index; Modified Rankin Scale; Fall Efficacy Scale; Stroke Impact Scale

Time frame: inclusion 1, 3 and 6 months follow up

Starting date Start: April 2004

Completion: April 2008

Contact information Associate Professor Bent Indredavik

Department of Neuroscience

Faculty of Medicine
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Askim (Continued)

Norwegian University of Science and Technology

Trondheim

Norway

Notes Norwegian University of Science and Technology

Brissot

Trial name or title Efficacy of a mechanical gait repetitive training technique in hemiparetic stroke patients

Methods

Participants 122 participants

Inclusion criteria: men or women aged 18 years or more; hemiplegia secondary to stroke; iInterval between

stroke and study inclusion of 2 months or less; first time supratentorial stroke; non-ambulatory patient

(FAC stage 0); being able to sit unsupported at the edge of the bed; no severe impairment of cognition or

communication; written informed consent

Exclusion criteria: orthopedic and/or rheumatological disease impairing mobility; other neurological associ-

ated disease; history of myocardial infarction or deep veinous embolism or pulmonary embolism less than 3

months before study inclusion; chronic pulmonary disease; intolerance to stand up

Interventions Intervention: body weight support treadmill gait training + physiotherapy for 4 weeks

Control: physiotherapy alone for 4 weeks

Outcomes Primary outcome measures: walking speed (time needed to walk 10 metres) after the 4 week rehabilitation

program

Time frame: after 4 weeks

Secondary outcome measures: FAC; walking endurance (6 minute walk); time to self sufficient gait recovery;

spasticity (modified Ashworth score); Motricity index, need for mobility and self-assistance (Barthel score,

PMSI-SSR scores, need for physical assistance); economic evaluation (healthcare requirements, rehabilitation

unit length of stay)

Starting date Start: March 2006

Completion: Unknown

Contact information Dr Régine Brissot

Service de Médecine Physique et Réadaptation

Hôpital Pontchaillou

Rennes

France 35033

Tel: +33 2 9928 4219

Email: regine.brissot@chu-rennes.fr

Notes NCT00284115
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Eng

Trial name or title The effect of a supplementary exercise program for upper extremity function in stroke rehabilitation

Methods

Participants 250 stroke patients

Inclusion criteria: 19 years of age or older; arm recovery as a rehabilitation goal; have palpatable movement

of wrist extension; able to follow 3-step verbal commands

Exclusion criteria: unstable cardiovascular status (congestive heart failure, uncontrolled hypertension, uncon-

trolled atrial fibrillation, or left ventricular failure); significant musculo-skeletal problems (e.g., rheumatoid

arthritis) or neurological conditions (e.g. Parkinson’s disease) due to conditions other than stroke; receptive

aphasia

Interventions Intervention: usual care + arm and hand exercise (muscle strengthening and stretching, repetitive reaching,

folding, stacking, pushing and pulling tasks, picking up objects, and activities that use speed and accuracy)

60 minutes/day for 4 weeks during inpatient care

Control: usual care only

Outcomes Primary outcome measures: the primary outcome is the ability to use the paretic arm in activities of daily

living

Secondary outcome measures: amount of use and quality of movement of the paretic arm; motor recovery;

strength; tone; and health-related quality of life

Measures will be evaluated pre and post program

Starting date Start: July 2006

Completion: June 2008

Contact information Jocelyn Harris

GF Strong Rehab Center

Vancouver

British Columbia

Status: Recruiting

Contact: Jocelyn Harris

Tel: +1 604 737 6310

Email: jocelyn.harris@vch.ca

Notes NCT00359255

ExStroke

Trial name or title ExStroke Pilot Trial: physical exercise after acute ischaemic stroke

Methods

Participants 314 stroke patients

Inclusion criteria: participants aged 40 years or older; patients with a clinical diagnosis of stroke; symptoms

lasting 24 hours or more; computed tomography (CT) scan of the brain must either show a new infarct or be

normal (patients only with infarcts without clinical symptoms cannot be included); inclusion shall take place

before day 90 after stroke onset; informed consent after verbal and written information; the patient must be

able to walk either unaided or with a cane or a walker
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ExStroke (Continued)

Exclusion criteria: patients who are unable to understand the information, or who cannot cooperate; patients

confined to a wheelchair or bed; CT scanning showing intracranial haemorrhage or focal pathology other than

infarction, cerebral atrophy, or leucoaraiosis; Modified Rankin score of 4 or 5 before the actual stroke; serious

medical disease such as AIDS, metastatic cancer, or abnormalities that the investigator feels may compromise

the patient’s successful participation in the trial; earlier randomisation in this trial

Interventions Intervention: instruction in physical training

Control: no intervention

Outcomes Primary outcome measures: difference in physical activity over 24 months

Secondary outcome measures: occurrence of stroke, myocardial infarction or death

Starting date Start: September 2003

Completion: October 2007

Contact information Dr Gudrun Boysen, MD

Dept. of Neurology

Bispebjerg Hospital

Copenhagen, Denmark, 2400

Email: gb01@bbh.hosp.dk

Notes NCT00132483

FAME

Trial name or title A RCT of FAmily Mediated Exercises (FAME) following stroke

Methods

Participants 40 stroke patients

Age > 18 years

Inclusion criteria: diagnosis of first unilateral stroke; patients who score between 3.2 and 5.2 on the Orpington

Prognostic Scale; patients participating in a physiotherapy programme; patients willing to give informed

written consent; patients with family willing to participate in their assigned physiotherapy intervention

programme

Exclusion criteria: hemiplegia of a non-vascular origin; discharged from hospital less than 2 weeks following

stroke; pre-existing neurological disorder; any lower limb orthopaedic condition that may limit exercise

capacity; aphasia; cognitive impairment; not willing to give written consent

Interventions Intervention: routine therapy plus additional ’family mediated exercise therapy’ (repetitive sit-to-stand exer-

cises, weight bearing exercises during standing, bridging, straight leg raises, quadriceps strengthening exercises,

active/active assisted range of movement exercises for the lower limb and walking; total > 1200 minutes over

8 weeks)

Control: routine therapy only

Outcomes Fugl Meyer Assessment, Berg Balance Scale, Motor Assessment Scale, 6-Minute Walk Test, Barthel Index, re-

integration into Normal Living Index; Nottingham Extended Activities of Daily Living

Baseline, post-intervention and 3-month follow up
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FAME (Continued)

Starting date Start: April 2008

Completion: March 2009

Contact information Dr Emma Stokes

Principal Investigator, University of Dublin, Trinity College

Tel: 00 353 1 896 2127

Email: estokes@tcd.ie

Notes NCT00666744

Kilbreath

Trial name or title Power training and treadmill training to improve walking ability in sub-acute stroke patients

Methods

Participants 102 stroke patients aged 45 years to 80 years

Inclusion criteria: first stroke resulting in hemiplegia; MMSE score > 15; distance walked in 6-minute walk

test is less than the lower limit of ‘normal’ according to reference equations for healthy adults (adjusted for

sex, age, body mass index); score on walking subscale of the Motor Assessment Scale of = 2

Exclusion criteria: unstable cardiac disease; known unrepaired aortic or cerebral aneurysm; haemorrhagic

stroke, symptomatic hernias, symptom limiting peripheral vascular disease; end-stage congestive cardiac fail-

ure; any of the exclusion criteria contraindicating moderate exercise as outlined by American College of

Sports Medicine guidelines for cardiac disease rehabilitation or for frail and elderly adults; significant muscu-

lotendinous or bony restrictions of either limb; any serious chronic disease independently causing significant

disability or profound atrophy of the affected limb will comprise further exclusion criteria

Interventions Intervention 1: treadmill training + power training + usual care

Intervention 2: treadmill training + usual care

Control: usual care

Interventions 3 days/week for 10 weeks followed by home-based training for 6 months

Outcomes Primary outcome measures: distance walked in 6 minutes

Secondary outcome measures: other walking variables and balance variables - lower limb muscular strength,

power and endurance will be assessed using the pneumatic resistance machines; cardiorespiratory fitness will

be assessed from variables collected during a maximal effort cycle test and a multistage exercise test; Stroke

impact scale, a self-efficacy scale, health-related qualify of life questionnaire, and a geriatric depression scale

Starting date Start: March 2004

Completion: December 2006

Contact information Dr Sharon L Kilbreath

School of Physiotherapy, University of Sydney, Sydney, New South Wales, Australia, 2141

Tel: +61 2 9351 9272

Email: s.kilbreath@fhs.usyd.edu.au

Notes NCT00108030

74Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Kuys

Trial name or title Treadmill walking to improve walking and fitness following stroke: a single blinded pilot RCT

Methods

Participants 20 participants

Inclusion criteria: diagnosis of stroke; medically stable; able to walk independently prior to stroke; are referred

for physiotherapy; have gait deficits on initial assessment; have sufficient cognition and communication to

understand the purpose of the study and give informed consent or mini mental state exam > 22; attain a score

of at least 3 on Motor Assessment Scale, Walking; able to walk on the treadmill with or without assistance of

1 person

Exclusion criteria: have any other neurological conditions that may influence their gait (e.g. multiple scle-

rosis); have major musculoskeletal disorders that may influence their gait (e.g. amputation, fracture); have

any uncompensated sensory dysfunction that may affect their gait (e.g. blindness); have any cardiovascular

problems that would limit their participation in physiotherapy

Interventions Intervention: treadmill walking for 30 minutes/day, 3 days/week for 6 weeks plus usual physiotherapy and

rehabilitation

Control: usual physiotherapy and rehabilitation incorporating gait retraining based on motor relearning

principles without including treadmill walking

Outcomes Primary outcome measures: Motor Assessment Scale, Walking; spatial temporal gait variables measured by

GAITRite Joint angles during overground walking

Secondary outcome measures: 6-minute walk test distance; peak oxygen uptake during 6-minute walk test

Timepoint: all measures are at baseline, at end of 6-week intervention and 3 months following completion

of intervention

Starting date Start: July 2007

Contact information Suzanne Kuys

Physiotherapy Department

Princess Alexandra Hospital

Ipswich Road

Woolloongabba QLD 4102

Australia

Tel: 07 32402401

Email: suzanne˙kuys@health.qld.gov.au

Notes ACTRN12607000412437

Luft

Trial name or title Structural neuroplasticity associated with aerobic treadmill training in geriatric chronic stroke survivors

Methods

Participants 40 patients aged over 60 years with lower extremity paresis after a first-ever clinical stroke longer than 6

months prior to study inclusion will be recruited

Inclusion criteria: women and men aged > 60 years; first-ever ischaemic stroke at least prior 6 months;

all conventional inpatient and outpatient physical therapy completed; residual hemiparetic gait disturbance
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Luft (Continued)

adequate language and neurocognitive function to

participate in exercise training and testing

Exclusion criteria: already performing > 20 minutes aerobic exercise 3 times a week; alcohol consumption >

2 oz liquor, or 2 x 4 oz glasses of wine, or 2 x 12 oz cans of beer per day; cardiac history of unstable angina,

recent (< 3 months) myocardial infarction, congestive heart failure (NYHA category II), hemodynamically

significant valvular dysfunction; medical history of recent hospitalisation (< 3 months) for severe medical

disease: symptomatic peripheral arterial occlusive disease, orthopaedic or chronic pain conditions restricting

exercise, pulmonary or renal failure, active cancer,poorly controlled hypertension (> 160/100) or diabetes

mellitis (fasting glucose >180 mg/dl, HbA1C > 10%); neurological history of dementia, receptive or global

aphasia that confounds testing and training (operationally defined as unable to follow 2-point commands),

cognitive deficits (other than dementia and aphasia, as above), non-stroke neuromuscular disorder restricting

exercise (e.g. Parkinson’s Syndrome), untreated major depression; exclusion criteria for magnetic resonance

imaging scanning (metal implants (e.g. pacemaker), claustrophobia, etc)

Interventions Intervention: 3 months progressive graded aerobic treadmill exercise training (3 times/week, duration 10 to

45 minutes)

Control: attention control

Outcomes Aerobic capacity (VO2peak)

Gait velocity

Starting date Start: January 2008

Completion: July 2009

Contact information Dr Andreas Luft

Department of Neurology, University Hospital Tuebingen

Notes NCT00614224

Mudge

Trial name or title The impact of a group exercise programme on usual walking performance in adults who are at least 6 months

post stroke: a single blinded RCT

Methods

Participants 60 participants

Inclusion criteria: ≥18 years old; ≥ 6 months post stroke; discharged from rehabilitation; community dwelling;

medical clearance to participate in an exercise programme; independently ambulatory (with or without assistive

devices) but with some difficulty with walking as confirmed by the physical functioning scale of the Short

Form 36 (SF-36) questionnaire

Exclusion criteria: progressive neurological disease; significant health problems that adversely affect walking

ability; > 2 falls in the previous 6 months; unstable cardiac conditions; uncontrolled hypertension or congestive

heart failure; initial gait speed > 1 metre/second

Interventions Experimental group: circuit training (strengthening and functional exercises) 1 hour/day, 3 days/week for 4

weeks

Control group: social and educational attention control 1 hour/day, 3 days/week for 4 weeks
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Mudge (Continued)

Outcomes Primary outcome measures: ambulatory physical activity (mean step count over 7 days), assessed 3 weeks and

3 months after the end of intervention

Secondary outcome measures: 10-metre walk test; 6-minute walk test; activities-specific balance confidence

scale; Rivermead Mobility Index; Physical Activity and Disability Scale

Assessed at the end of intervention and at 3 months follow up

Starting date Start: March 2007

Completion: unknown

Contact information Suzie Mudge

Department of Surgery

University of Auckland

Private Bag 92019

Auckland 1142

New Zealand

Tel: +64 9 3737599 ext. 85387

Email: s.mudge@auckland.ac.nz

Notes ACTRN12607000081415

Olsson

Trial name or title Evaluation of an intervention program targeted at improving balance and functional skills after stroke: a

randomised controlled study

Methods

Participants 50 stroke patients

Age ≥ 55 years; 3 to 6 months post stroke; ambulatory ≥ 10 metres with or without assistive device; ability

to understand simple instructions

Exclusion criteria: TIA; independent in walking outdoors; serious visual or hearing impairment; long distance

to intervention station

Interventions Intervention: high intensity functional exercise + theory session

Control: theory session

Outcomes Balance, incidence of falls, self-efficacy, ADL, walking ability

Starting date Start: September 2006

Completion: February 2008

Contact information Eva Olsson

Tel: +46 90 786 91 37

Email: eva.olsson@physiother.umu.se

Notes NCT00377689
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Patten

Trial name or title Effects of strength training on upper-limb function in post-stroke hemiparesis

Methods

Participants 60 participants expected

Community dwelling stroke survivors (< 6 months)

Aged 18 years or older, male or female

Interventions Intervention: standard functional rehabilitation + high-intensity upper-body strength training

Control: standard functional rehabilitation

Outcomes Strength, Modified Ashworth Scale, Barthel Index, FIM, Fugl-Meyer (upper body)

Starting date Start: October 2000

Completion: September 2003

Contact information Dr Peter Lum

VAMC, Palo Alto, California

Tel: +1 650 493 5000 664488

E-mail: lum@roses.stanford.edu

Notes NCT00037908

Pomeroy

Trial name or title Evaluation of the effects of functional strength training on weakness and function of the lower limb after

stroke

Methods

Participants 300 stroke patients

Inclusion criteria: aged over 50 years; between 1 week and 3 months after stroke when recruited to the

study; have been independently mobile indoors, with or without aids, before the stroke; have some voluntary

movement in the paretic lower limb, i.e. score above 28/100 on the lower limb section of the Motricity Index;

demonstrate adequate orientation and communication (be able to complete a one-stage command using the

non-paretic upper limb e.g. point at the ceiling)

Interventions Intervention 1: conventional therapy + additional conventional therapy

Intervention 2: conventional therapy + functional strength training

Control: conventional therapy alone

1 hour/day, 4 days/week for 6 weeks

Outcomes Primary outcome measures: maximum torque around the knee joint, gait velocity

Secondary outcome measures: Modified Rivermead Mobility Index; lower limb kinematics during standing

up, sitting down and walking; timing and pattern of muscle activation during functional activity; EuroQuol

for health-related quality of life; transmission in the corticospinal pathways for suitable patients who provide

additional written informed consent for TMS
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Starting date Start: January 2004

Completion: December 2006

Contact information Dr Valerie M Pomeroy

St George’s Hospital NHS Trust, London, United Kingdom, SW17 0RE

Tel: +44(0)20 8725 5327

Email: v.pomeroy@sgul.ac.uk

Notes NCT00322192

Protas

Trial name or title Stroke rehabilitation outcomes with supported treadmill ambulation training

Methods

Participants 48 recent unilateral stroke patients expected

Aged 18 years or older, male or female

Interventions Intervention: supported treatmill ambulation training + usual care

Control: usual care

Outcomes FIM, oxygen consumption, BMCA

Starting date Start: January 2001

Completion: December 2003

Contact information Dr Elizabth Protas

VAMC, Houston, Texas

Tel: +1 713 794 7117

E-mail: lim.peter@houston.va.gov

Notes NCT00037895

Quaney

Trial name or title Effect of cardiovascular fitness on motor learning and executive function in individuals after stroke

Methods

Participants 40 stroke patients

Age: 18 Years to 85 years

Inclusion criteria: single ischaemic stroke occuring 6 to 72 months prior; Fugl-Meyer score (upper + lower

extremity) 45 or greater; mini mental status score of > 23; approval of the patient’s medical doctor

Exclusion criteria: already performing > 20 minutes of cardiovascular exercise 3 times/week or more; alcohol

consumption of > 2 oz liquor, 8 oz wine or 24 oz beer/day; cardiac history of unstable angina, recent myocardial

infarction within the last 3 months, congestive heart failure, significant valve dysfunction; medical history
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of recent hospitalisation (> 3 months) for medical illness; symptomatic peripheral arterial occlusive disease;

orthopedic or chronic pain conditions restricting exercise; pulmonary or renal failure; active cancer; unstable

hypertension (> 160/100 mmHg); diabetes mellitus (fasting glucose > 180 NG/dk, HgA1C > 10%) that is

unable to be controlled < month; receptive or expressive aphasia as indicated on MMSE; multiple strokes or

other neuromuscular conditions; major depression that is untreated using the Beck depression inventory

Interventions Intervention: aerobic training 3 times/week for 8 weeks

Control: usual daily activities

Outcomes Primary outcome: motor learning behavioral measures; executive function behavioral measures

Baseline, 8 weeks, 12 weeks

Secondary outcome: VO2peak and other aerobic capacity measures; physical disability measures

Baseline, 8 weeks, 12 weeks

Starting date Start: September 2005

Completion: December 2009

Contact information Dr Barbara Quaney

Principal Investigator, University of Kansas Medical Center

Kansas City

Kansas 66160

Notes NCT00228306

REHAB

Trial name or title Reshaping Exercise Habits And Beliefs (REHAB): pilot testing of a behavioural intervention to improve

mobility after stroke

Methods

Participants 90 stroke patients aged 40 to 85 years

Inclusion criteria: 40 to 85 years old ischaemic stroke patients; stroke onset < 90 days at enrollment; hemiparetic

gait disorder; patients able to walk 30 feet with or without assistive device; sufficient English comprehension to

understand instructions, provide consent, and answer questions; live within 30 miles of the Greater Baltimore

area

Exclusion criteria: dementia (extended MMSE < 85 or < 80 if education level below 9th grade); untreated

major clinical depression (CES-D > 16); heavy alcohol use (< 3 oz liquor, 3 x 4-oz glasses of wine, or 3 x 12-oz

beers daily); active cancer, or any illness with a life expectancy of less than 6 months; any condition in which

exercise activity would be contraindicated including, but not limited to: unstable angina, cardiac ischaemic

event within the past 6 months, congestive heart failure (Stage III or IV), major orthopedic chronic pain or

non-stroke neuromuscular disorders restricting exercise, oxygen-dependent COPD or peripheral neuropathy

Interventions Intervention: home-based exercise prescriptions with weekly motivational telephone calls

Control: stroke education program with matched attention phone calls

Outcomes Ambulatory Activity Profile

80Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



REHAB (Continued)

Starting date Start: October 2006

Completion: June 2010

Contact information Alyssa D Stookey, PhD MS

VA Maryland Health Care System, Baltimore, Maryland, United States, 21201

Tel: +1 410 605 7000 ext 5431

Email: alyssa.mealey@va.gov

Notes NCT00431821

SIRROWS

Trial name or title SIRROWS (Stroke Inpatient Rehabilitation Reinforcement of Walking Speed)

Methods

Participants 500 participants

Inclusion criteria: 35 years or older; suffered a stroke from any cause that is unlikely to progress or recur

within 2 years of onset; unilateral hemiparesis with strength of the proximal leg muscles = 4/5; able to follow

simple instructions and understand verbal reinforcement about walking speed; able to take 5 steps with not

more than the assistance of one person

Exclusion criteria: premorbid walking difficulty in the community; history of dementia; current medical

disease that will limit physical therapy at the time of randomisation

Interventions Intervention: daily reinforcement of walking speed during a daily 10-metre walk as part of their usual physical

therapy

Control: no reinforcement of walking speed: inpatients complete a 10-metre walk as part of their daily physical

therapy but are not given any encouragement to walk faster or feedback on their walking speed

Outcomes Primary outcome measures: gait speed

Secondary outcome measures: distance walked in 3 minutes; FAC; number of falls post inpatient rehabilitation

Starting date Start: May 2007

Completion: April 2009

Contact information Dr Bruce H Dobkin

University of California Los Angeles

Los Angeles

California 90095

USA

Tel: +1 310 206 6500

Email: bdobkin@mednet.ucla.edu

Notes NCT00428480
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Suskin 2007

Trial name or title Cardiac Rehabilitation for TIA patients (CR-TIA)

Methods

Participants 200 participants

Inclusion criteria: age > 20 years; documented TIA or mild non-disabling stroke within the previous 3 months;

at least 1 of the following vascular risk factors: hypertension, ischaemic heart disease, diabetes mellitus,

dyslipidaemia or cigarette smoking

Exclusion criteria: inability to speak or understand English or provide informed consent; severe aphasia that

renders communication difficult or impossible; Modified Rankin Scale score of greater than or equal to 3;

MMSE score ≤ 20; evidence of intracranial haemorrhage confirmed by CT scan or MRI study; anticipated

or recent (< 30 days) carotid endarterectomy, angioplasty and/or stenting; resides > 1 hour travel time from

London or Ottawa; prior participation in a CCR program; inability to perform expected exercise training of

CCR program; evidence of cardioembolic source for TIA/stroke such as atrial fibrillation, valvular disease,

septal defect or left ventricular wall motion abnormality; participation in another clinical trial that could

interfere with the intervention or outcomes of the current study

Interventions Intervention: comprehensive CCR Program plus usual care (include home-based exercise 2 days/week for 6

months)

Control: usual care alone

Outcomes Primary outcome measures: functional capacity; lipid profile; depression symptoms; cognition

Secondary outcome measures: cerebrovascular and cardiovascular events; physiological, anthropometric and

behavioral vascular risk factors; neurocognitive measure; quality of life

Time frame: 6 months

Starting date Start: September 2007

Completion: March 2010

Contact information Neville G. Suskin, MBChB, MSc

University of Western Ontario and London Health Sciences Centre

London

Ontario

Canada

N6A 5A5

Tel: + 1 519 663 3488

Email: neville.suskin@lhsc.on.ca

Notes NCT00536562

Tanne

Trial name or title Early aerobic training program after ischaemic stroke

Methods

Participants Number of participants is unknown

Age: 18 to 80 years; sex: both

Inclusion criteria: minor ischaemic stroke
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Exclusion criteria: unstable angina; severe lung disease; severe symptomatic peripheral vascular disease; de-

mentia or other severe neurological disease; other severe uncontrolled medical problem

Interventions Intervention: immediate aerobic training program

Control: 6 weeks of low intensity stretching and coordination exercises followed by a supervised aerobic

training program

Outcomes Primary outcome measure: 6-Minute Walk Test at 6 weeks; Modified Bruce Exercise Test at 6 weeks; activity

by ankle accelerometer at 6 weeks

Secondary outcome measures: recurrent vascular events at 6 weeks; metabolic syndrome at 6 weeks; stair

climbing ascend and descend test at 6 weeks; 4-Square Step Test at 6 weeks; gait symmetry by SmartStep

at 6 weeks; Walking Impairment Questionnaire at 6 weeks; Rivermead Mobility Index at 6 weeks; similar

outcome measures 3 months later

Starting date Start: October 2005

Completion: unknown

Contact information Dr David Tanne, MD, Principal Investigator, Sheba Medical Center, Israel

Tel: Hashomer 52621

Notes NCT00248222

ADL: activities of daily living

BMCA: brain motor control assessment

CCR: Circulatory, Cardiac and Respiratory Research Program

CES-D: Center for Epidemiologic Studies Depression Scale

COPD: chronic obstructive pulmonary disease

CT: computerised tomography

FAC: Functional Ambulation Classification

FIM: Functional Independence Measure

MMSE: Mini Mental State Examination

MRI: magnetic resonance imaging

NYHA: New York Heart Association

SSS: Scandinavian Stroke Scale

TIA: transient ischaemic attack

TMS: transcranial magnetic stimulation

83Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



D A T A A N D A N A L Y S E S

Comparison 1. Cardiorespiratory training versus control - end of intervention

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Disability - FIM Instrument 3 162 Std. Mean Difference (IV, Fixed, 95% CI) 0.21 [-0.10, 0.52]

1.1 During usual care 1 52 Std. Mean Difference (IV, Fixed, 95% CI) 0.23 [-0.32, 0.78]

1.2 After usual care 2 110 Std. Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.17, 0.58]

2 Disability - Rivermead Mobility

Index

2 Mean Difference (IV, Random, 95% CI) Subtotals only

2.1 During usual care 2 232 Mean Difference (IV, Random, 95% CI) 1.25 [-0.74, 3.25]

2.2 During usual care - LOCF 2 238 Mean Difference (IV, Random, 95% CI) 1.18 [-0.92, 3.29]

2.3 After usual care 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

3 Disability - mixed FIM + Barthel

scales

4 317 Std. Mean Difference (IV, Fixed, 95% CI) 0.42 [0.19, 0.64]

3.1 During usual care 2 207 Std. Mean Difference (IV, Fixed, 95% CI) 0.53 [0.25, 0.81]

3.2 After usual care 2 110 Std. Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.17, 0.58]

4 Adverse events and risk factors -

blood pressure, systolic

3 144 Mean Difference (IV, Random, 95% CI) 0.83 [-12.50, 14.17]

4.1 During usual care 1 12 Mean Difference (IV, Random, 95% CI) 26.33 [1.95, 50.71]

4.2 After usual care 2 132 Mean Difference (IV, Random, 95% CI) -5.46 [-11.76, 0.85]

5 Adverse events and risk factors -

blood pressure, diastolic

3 144 Mean Difference (IV, Fixed, 95% CI) -0.23 [-3.33, 2.87]

5.1 During usual care 1 12 Mean Difference (IV, Fixed, 95% CI) 1.0 [-10.46, 12.46]

5.2 After usual care 2 132 Mean Difference (IV, Fixed, 95% CI) -0.33 [-3.55, 2.89]

6 Physical fitness -

cardiorespiratory, VO2

(ml/kg/min)

2 54 Mean Difference (IV, Random, 95% CI) 3.52 [1.52, 5.52]

6.1 During usual care 1 12 Mean Difference (IV, Random, 95% CI) 3.43 [0.56, 6.30]

6.2 After usual care 1 42 Mean Difference (IV, Random, 95% CI) 3.60 [0.82, 6.38]

7 Physical fitness -

cardiorespiratory, maximum

cycling work rate (Watts)

4 221 Std. Mean Difference (IV, Random, 95% CI) 0.60 [0.18, 1.02]

7.1 During usual care 2 89 Std. Mean Difference (IV, Random, 95% CI) 0.32 [-0.34, 0.98]

7.2 After usual care 2 132 Std. Mean Difference (IV, Random, 95% CI) 0.83 [0.47, 1.18]

8 Mobility - functional ambulation

categories

4 Mean Difference (IV, Fixed, 95% CI) Subtotals only

8.1 During usual care 4 228 Mean Difference (IV, Fixed, 95% CI) 0.72 [0.46, 0.98]

8.2 After usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

9 Mobility - gait speed, maximal

(m/min over 5 to 10 metres)

8 462 Mean Difference (IV, Fixed, 95% CI) 6.47 [2.37, 10.57]

9.1 During usual care 7 371 Mean Difference (IV, Fixed, 95% CI) 5.93 [1.61, 10.24]

9.2 After usual care 1 91 Mean Difference (IV, Fixed, 95% CI) 11.40 [-1.61, 24.41]

10 Mobility - gait speed, maximal

(m/min over 5 to 10 metres);

subgroup: ACSM

8 462 Mean Difference (IV, Fixed, 95% CI) 6.47 [2.37, 10.57]

10.1 ACSM criteria met 2 123 Mean Difference (IV, Fixed, 95% CI) 2.55 [-3.03, 8.13]

10.2 ACSM criteria unknown 4 235 Mean Difference (IV, Fixed, 95% CI) 9.44 [2.02, 16.86]
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10.3 ACSM criteria not met 2 104 Mean Difference (IV, Fixed, 95% CI) 14.22 [3.83, 24.61]

11 Mobility - gait speed, preferred

(m/min)

4 356 Mean Difference (IV, Fixed, 95% CI) 5.15 [2.05, 8.25]

11.1 During usual care 2 175 Mean Difference (IV, Fixed, 95% CI) 6.55 [1.32, 11.77]

11.2 After usual care 2 181 Mean Difference (IV, Fixed, 95% CI) 4.39 [0.53, 8.24]

12 Mobility - gait endurance

(6-MWT metres)

3 296 Mean Difference (IV, Fixed, 95% CI) 38.93 [14.34, 63.52]

12.1 During usual care 2 205 Mean Difference (IV, Fixed, 95% CI) 38.66 [11.19, 66.13]

12.2 After usual care 1 91 Mean Difference (IV, Fixed, 95% CI) 40.0 [-15.13, 95.13]

13 Mobility - gait endurance

(m/min)

4 309 Mean Difference (IV, Fixed, 95% CI) 7.44 [3.47, 11.42]

13.1 During usual care 3 218 Mean Difference (IV, Fixed, 95% CI) 7.63 [3.23, 12.03]

13.2 After usual care 1 91 Mean Difference (IV, Fixed, 95% CI) 6.60 [-2.66, 15.86]

14 Physical function - Berg

Balance scale

2 168 Mean Difference (IV, Fixed, 95% CI) 1.44 [-2.15, 5.03]

14.1 During usual care 1 77 Mean Difference (IV, Fixed, 95% CI) -0.30 [-5.52, 4.92]

14.2 After usual care 1 91 Mean Difference (IV, Fixed, 95% CI) 3.0 [-1.94, 7.94]

Comparison 2. Cardiorespiratory training versus control - end of retention follow up

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Disability - Rivermead Mobility

Index

2 Mean Difference (IV, Random, 95% CI) Subtotals only

1.1 During usual care 2 221 Mean Difference (IV, Random, 95% CI) 1.01 [-1.39, 3.41]

1.2 During usual care - LOCF

Bateman

2 239 Mean Difference (IV, Random, 95% CI) 1.14 [-0.98, 3.26]

1.3 After usual care 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2 Mobility - gait speed, maximal

(m/min)

3 283 Mean Difference (IV, Fixed, 95% CI) 9.01 [4.42, 13.61]

2.1 During usual care 3 283 Mean Difference (IV, Fixed, 95% CI) 9.01 [4.42, 13.61]

2.2 After usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

3 Mobility - gait speed, maximal

(m/min); subgroup: specificity

3 268 Mean Difference (IV, Fixed, 95% CI) 7.53 [2.59, 12.48]

3.1 Gait specific training 2 204 Mean Difference (IV, Fixed, 95% CI) 10.60 [4.91, 16.29]

3.2 Cycle ergometry training 1 64 Mean Difference (IV, Fixed, 95% CI) -1.90 [-11.89, 8.09]

4 Mobility - gait endurance

(6-MWT metres)

2 204 Mean Difference (IV, Fixed, 95% CI) 57.51 [25.82, 89.19]

4.1 During usual care 2 204 Mean Difference (IV, Fixed, 95% CI) 57.51 [25.82, 89.19]

4.2 After usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable
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Comparison 3. Strength training versus control - end of intervention

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Physical fitness - muscle strength 2 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.58 [0.06, 1.10]

1.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

1.2 During and after usual

care

1 40 Std. Mean Difference (IV, Fixed, 95% CI) 0.47 [-0.16, 1.10]

1.3 After usual care 1 20 Std. Mean Difference (IV, Fixed, 95% CI) 0.84 [-0.09, 1.76]

2 Mobility - gait speed, maximal

(m/min)

2 62 Mean Difference (IV, Fixed, 95% CI) -1.17 [-5.53, 3.19]

2.1 During usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

2.2 After usual care 2 62 Mean Difference (IV, Fixed, 95% CI) -1.17 [-5.53, 3.19]

3 Mobility - gait speed, preferred

(m/min)

3 Mean Difference (IV, Random, 95% CI) Subtotals only

3.1 During usual care 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

3.2 After usual care 2 62 Mean Difference (IV, Random, 95% CI) -2.61 [-7.73, 2.51]

3.3 After usual care -

sensitivity analysis

3 110 Mean Difference (IV, Random, 95% CI) 2.37 [-6.80, 11.53]

4 Mobility - gait endurance

(6-MWT metres)

2 90 Mean Difference (IV, Fixed, 95% CI) 39.33 [-8.20, 86.85]

4.1 During usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

4.2 After usual care 2 90 Mean Difference (IV, Fixed, 95% CI) 39.33 [-8.20, 86.85]

5 Physical function - stair

climbing, maximal (sec/step)

2 61 Std. Mean Difference (IV, Fixed, 95% CI) 0.04 [-0.47, 0.55]

5.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

5.2 After usual care 2 61 Std. Mean Difference (IV, Fixed, 95% CI) 0.04 [-0.47, 0.55]

Comparison 5. Mixed training versus control - end of intervention

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Disability - Lawton IADL 2 Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 During usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

1.2 After usual care 2 113 Mean Difference (IV, Fixed, 95% CI) 0.83 [-0.51, 2.17]

2 Disability - Barthel ADL 2 Mean Difference (IV, Random, 95% CI) Subtotals only

2.1 During usual care 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.2 After usual care 2 113 Mean Difference (IV, Random, 95% CI) 2.87 [-1.37, 7.12]

3 Disability - Barthel ADL

ambulation subscale

2 Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 During usual care 2 79 Mean Difference (IV, Fixed, 95% CI) -1.94 [-5.92, 2.04]

3.2 After usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

4 Disability - Barthel & FIM

Instrument

3 179 Std. Mean Difference (IV, Fixed, 95% CI) 0.27 [-0.02, 0.57]

4.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

4.2 After usual care 3 179 Std. Mean Difference (IV, Fixed, 95% CI) 0.27 [-0.02, 0.57]
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5 Physical fitness - strength, ankle

dorsiflexion*

2 Std. Mean Difference (IV, Random, 95% CI) Subtotals only

5.1 During usual care 0 0 Std. Mean Difference (IV, Random, 95% CI) Not estimable

5.2 After usual care 2 148 Std. Mean Difference (IV, Random, 95% CI) 0.80 [-0.82, 2.41]

6 Physical fitness - strength, knee

extension*

2 Std. Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

6.2 After usual care 2 148 Std. Mean Difference (IV, Fixed, 95% CI) 0.34 [0.02, 0.67]

7 Mobility - gait preferred speed

(m/min)

8 332 Std. Mean Difference (IV, Fixed, 95% CI) 0.27 [0.05, 0.49]

7.1 During usual care 2 79 Std. Mean Difference (IV, Fixed, 95% CI) -0.01 [-0.45, 0.43]

7.2 After usual care 6 253 Std. Mean Difference (IV, Fixed, 95% CI) 0.36 [0.11, 0.61]

8 Mobility - gait preferred speed

(m/min); subgroup: therapy

time

8 332 Std. Mean Difference (IV, Fixed, 95% CI) 0.27 [0.05, 0.49]

8.1 Confounded 5 196 Std. Mean Difference (IV, Fixed, 95% CI) 0.51 [0.23, 0.80]

8.2 Unconfounded 3 136 Std. Mean Difference (IV, Fixed, 95% CI) -0.07 [-0.41, 0.27]

9 Mobility - gait endurance (6

MWT metres)

4 177 Std. Mean Difference (IV, Fixed, 95% CI) 0.39 [0.09, 0.69]

9.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

9.2 After usual care 4 177 Std. Mean Difference (IV, Fixed, 95% CI) 0.39 [0.09, 0.69]

10 Physical function - Fugl-Meyer

lower extremity

4 199 Std. Mean Difference (IV, Fixed, 95% CI) 0.25 [-0.03, 0.53]

10.1 During usual care 2 79 Std. Mean Difference (IV, Fixed, 95% CI) 0.08 [-0.36, 0.53]

10.2 After usual care 2 120 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

11 Physical function - Fugl-Meyer

upper extremity

4 199 Std. Mean Difference (IV, Fixed, 95% CI) 0.07 [-0.21, 0.35]

11.1 During usual care 2 79 Std. Mean Difference (IV, Fixed, 95% CI) -0.04 [-0.48, 0.40]

11.2 After usual care 2 120 Std. Mean Difference (IV, Fixed, 95% CI) 0.14 [-0.22, 0.50]

12 Physical function - Berg

Balance

4 199 Std. Mean Difference (IV, Random, 95% CI) 0.21 [-0.27, 0.69]

12.1 During usual care 2 79 Std. Mean Difference (IV, Random, 95% CI) -0.15 [-0.60, 0.29]

12.2 After usual care 2 120 Std. Mean Difference (IV, Random, 95% CI) 0.54 [0.17, 0.90]

13 Physical function - functional

reach

2 Std. Mean Difference (IV, Fixed, 95% CI) Subtotals only

13.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

13.2 After usual care 2 166 Std. Mean Difference (IV, Fixed, 95% CI) 0.13 [-0.18, 0.43]

14 Physical function - timed up

and go (sec)

4 185 Mean Difference (IV, Fixed, 95% CI) -1.14 [-2.06, -0.22]

14.1 During usual care 1 62 Mean Difference (IV, Fixed, 95% CI) -2.0 [-11.24, 7.24]

14.2 After usual care 3 123 Mean Difference (IV, Fixed, 95% CI) -1.13 [-2.05, -0.21]

15 Physical function - timed

up and go (sec); sensitivity

analysis: excluding Yang 2006

3 137 Mean Difference (IV, Fixed, 95% CI) -1.16 [-2.93, 0.62]

15.1 During usual care 1 62 Mean Difference (IV, Fixed, 95% CI) -2.0 [-11.24, 7.24]

15.2 After usual care 2 75 Mean Difference (IV, Fixed, 95% CI) -1.12 [-2.93, 0.69]

16 Health related QoL - SF-36

role physical

3 178 Std. Mean Difference (IV, Fixed, 95% CI) 0.56 [0.26, 0.86]

16.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

16.2 After usual care 3 178 Std. Mean Difference (IV, Fixed, 95% CI) 0.56 [0.26, 0.86]

17 Health related QoL - SF-36

physical function

2 112 Std. Mean Difference (IV, Fixed, 95% CI) 0.48 [0.10, 0.85]
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17.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

17.2 After usual care 2 112 Std. Mean Difference (IV, Fixed, 95% CI) 0.48 [0.10, 0.85]

18 Health related QoL - SF-36

social function

2 112 Std. Mean Difference (IV, Random, 95% CI) 0.48 [-0.22, 1.17]

18.1 During usual care 0 0 Std. Mean Difference (IV, Random, 95% CI) Not estimable

18.2 After usual care 2 112 Std. Mean Difference (IV, Random, 95% CI) 0.48 [-0.22, 1.17]

19 Mobility - Community

Ambulation Speed (> 0.8

m/sec)

2 165 Odds Ratio (M-H, Fixed, 95% CI) 1.31 [0.70, 2.44]

19.1 During usual care 0 0 Odds Ratio (M-H, Fixed, 95% CI) Not estimable

19.2 After usual care 2 165 Odds Ratio (M-H, Fixed, 95% CI) 1.31 [0.70, 2.44]

Comparison 6. Mixed training versus control - end of retention follow up

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Disability - Barthel & FIM

combined

2 Std. Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 During usual care 0 0 Std. Mean Difference (IV, Fixed, 95% CI) Not estimable

1.2 After usual care 2 146 Std. Mean Difference (IV, Fixed, 95% CI) -0.09 [-0.41, 0.24]

2 Mobility - gait preferred speed

(m/min)

3 135 Mean Difference (IV, Fixed, 95% CI) -2.34 [-5.17, 0.49]

2.1 During usual care 1 62 Mean Difference (IV, Fixed, 95% CI) -3.60 [-14.80, 7.60]

2.2 After usual care 2 73 Mean Difference (IV, Fixed, 95% CI) -2.26 [-5.18, 0.67]

3 Physical function - timed up and

go (sec)

3 136 Mean Difference (IV, Fixed, 95% CI) -0.30 [-1.14, 0.55]

3.1 During usual care 1 62 Mean Difference (IV, Fixed, 95% CI) Not estimable

3.2 After usual care 2 74 Mean Difference (IV, Fixed, 95% CI) -0.30 [-1.15, 0.55]

4 Health related QoL - SF-36 role

physical

2 146 Mean Difference (IV, Fixed, 95% CI) 11.61 [2.38, 20.84]

4.1 During usual care 0 0 Mean Difference (IV, Fixed, 95% CI) Not estimable

4.2 After usual care 2 146 Mean Difference (IV, Fixed, 95% CI) 11.61 [2.38, 20.84]

5 Health related QoL - SF-36

physical function

2 146 Mean Difference (IV, Random, 95% CI) 2.46 [-7.20, 12.11]

5.1 During usual care 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

5.2 After usual care 2 146 Mean Difference (IV, Random, 95% CI) 2.46 [-7.20, 12.11]

6 Case fatality 3 211 Odds Ratio (M-H, Fixed, 95% CI) 0.48 [0.04, 5.47]

6.1 During usual care 0 0 Odds Ratio (M-H, Fixed, 95% CI) Not estimable

6.2 After usual care 3 211 Odds Ratio (M-H, Fixed, 95% CI) 0.48 [0.04, 5.47]

7 Mobility - Community

Ambulation Speed (> 0.8

m/sec)

2 165 Odds Ratio (M-H, Fixed, 95% CI) 1.19 [0.63, 2.26]

7.1 During usual care 0 0 Odds Ratio (M-H, Fixed, 95% CI) Not estimable

7.2 After usual care 2 165 Odds Ratio (M-H, Fixed, 95% CI) 1.19 [0.63, 2.26]
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Comparison 7. Cardiorespiratory training versus strength training

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Mobility - gait preferred speed

(m/min)

12 Std. Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 Cardiorespiratory training 4 356 Std. Mean Difference (IV, Fixed, 95% CI) 0.34 [0.13, 0.55]

1.2 Mixed training 8 332 Std. Mean Difference (IV, Fixed, 95% CI) 0.27 [0.05, 0.49]

2 Mobility - gait preferred speed

(m/min); sensitivity analysis:

confounded studies removed

6 Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 Cardiorespiratory training 3 266 Mean Difference (IV, Fixed, 95% CI) 6.98 [2.39, 11.56]

2.2 Mixed training 3 136 Mean Difference (IV, Fixed, 95% CI) -0.25 [-3.21, 2.71]

Analysis 1.1. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 1

Disability - FIM Instrument.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 1 Disability - FIM Instrument

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Bateman 2001 23 104.74 (17.7) 29 100.38 (18.92) 31.9 % 0.23 [ -0.32, 0.78 ]

Subtotal (95% CI) 23 29 31.9 % 0.23 [ -0.32, 0.78 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.83 (P = 0.40)

2 After usual care

Cuviello-Palmer 1988 10 44.79 (8.77) 10 47.18 (9.88) 12.4 % -0.25 [ -1.13, 0.64 ]

Katz-Leurer 2003 46 105.8 (12.5) 44 101.4 (16) 55.7 % 0.30 [ -0.11, 0.72 ]

Subtotal (95% CI) 56 54 68.1 % 0.20 [ -0.17, 0.58 ]

Heterogeneity: Chi2 = 1.22, df = 1 (P = 0.27); I2 =18%

Test for overall effect: Z = 1.07 (P = 0.29)

Total (95% CI) 79 83 100.0 % 0.21 [ -0.10, 0.52 ]

Heterogeneity: Chi2 = 1.23, df = 2 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 1.35 (P = 0.18)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.93), I2 =0.0%
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Analysis 1.2. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 2

Disability - Rivermead Mobility Index.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 2 Disability - Rivermead Mobility Index

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Bateman 2001 36 10.06 (3.53) 41 9.9 (3.65) 44.8 % 0.16 [ -1.45, 1.77 ]

Pohl 2007 77 8.5 (3.9) 78 6.3 (3.7) 55.2 % 2.20 [ 1.00, 3.40 ]

Subtotal (95% CI) 113 119 100.0 % 1.25 [ -0.74, 3.25 ]

Heterogeneity: Tau2 = 1.56; Chi2 = 3.99, df = 1 (P = 0.05); I2 =75%

Test for overall effect: Z = 1.23 (P = 0.22)

2 During usual care - LOCF

Bateman 2001 39 9.87 (3.58) 44 9.82 (3.59) 45.6 % 0.05 [ -1.50, 1.60 ]

Pohl 2007 77 8.5 (3.9) 78 6.3 (3.7) 54.4 % 2.20 [ 1.00, 3.40 ]

Subtotal (95% CI) 116 122 100.0 % 1.18 [ -0.92, 3.29 ]

Heterogeneity: Tau2 = 1.81; Chi2 = 4.65, df = 1 (P = 0.03); I2 =78%

Test for overall effect: Z = 1.10 (P = 0.27)

3 After usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable
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Analysis 1.3. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 3

Disability - mixed FIM + Barthel scales.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 3 Disability - mixed FIM + Barthel scales

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Bateman 2001 23 104.74 (17.7) 29 100.38 (18.92) 16.6 % 0.23 [ -0.32, 0.78 ]

Pohl 2007 77 72.3 (21) 78 58.7 (21.6) 48.0 % 0.64 [ 0.31, 0.96 ]

Subtotal (95% CI) 100 107 64.6 % 0.53 [ 0.25, 0.81 ]

Heterogeneity: Chi2 = 1.53, df = 1 (P = 0.22); I2 =35%

Test for overall effect: Z = 3.75 (P = 0.00018)

2 After usual care

Cuviello-Palmer 1988 10 44.79 (8.77) 10 47.18 (9.88) 6.5 % -0.25 [ -1.13, 0.64 ]

Katz-Leurer 2003 46 105.8 (12.5) 44 101.4 (16) 29.0 % 0.30 [ -0.11, 0.72 ]

Subtotal (95% CI) 56 54 35.4 % 0.20 [ -0.17, 0.58 ]

Heterogeneity: Chi2 = 1.22, df = 1 (P = 0.27); I2 =18%

Test for overall effect: Z = 1.07 (P = 0.29)

Total (95% CI) 156 161 100.0 % 0.42 [ 0.19, 0.64 ]

Heterogeneity: Chi2 = 4.64, df = 3 (P = 0.20); I2 =35%

Test for overall effect: Z = 3.65 (P = 0.00027)

Test for subgroup differences: Chi2 = 1.88, df = 1 (P = 0.17), I2 =47%
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Analysis 1.4. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 4

Adverse events and risk factors - blood pressure, systolic.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 4 Adverse events and risk factors - blood pressure, systolic

Study or subgroup Training Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

da Cunha 2002 6 191.33 (9.93) 6 165 (28.81) 19.0 % 26.33 [ 1.95, 50.71 ]

Subtotal (95% CI) 6 6 19.0 % 26.33 [ 1.95, 50.71 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.12 (P = 0.034)

2 After usual care

Katz-Leurer 2003 46 130.3 (15.7) 44 136.2 (19.5) 45.0 % -5.90 [ -13.23, 1.43 ]

Potempa 1995 19 127.3 (18.31) 23 131.5 (22.54) 36.0 % -4.20 [ -16.55, 8.15 ]

Subtotal (95% CI) 65 67 81.0 % -5.46 [ -11.76, 0.85 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.05, df = 1 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 1.70 (P = 0.090)

Total (95% CI) 71 73 100.0 % 0.83 [ -12.50, 14.17 ]

Heterogeneity: Tau2 = 88.79; Chi2 = 6.17, df = 2 (P = 0.05); I2 =68%

Test for overall effect: Z = 0.12 (P = 0.90)
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Analysis 1.5. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 5

Adverse events and risk factors - blood pressure, diastolic.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 5 Adverse events and risk factors - blood pressure, diastolic

Study or subgroup Training Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

da Cunha 2002 6 95.33 (9.69) 6 94.33 (10.54) 7.3 % 1.00 [ -10.46, 12.46 ]

Subtotal (95% CI) 6 6 7.3 % 1.00 [ -10.46, 12.46 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.17 (P = 0.86)

2 After usual care

Katz-Leurer 2003 46 79 (9.7) 44 80.8 (10.2) 56.7 % -1.80 [ -5.92, 2.32 ]

Potempa 1995 19 78.4 (9.15) 23 76.4 (7.67) 35.9 % 2.00 [ -3.17, 7.17 ]

Subtotal (95% CI) 65 67 92.7 % -0.33 [ -3.55, 2.89 ]

Heterogeneity: Chi2 = 1.27, df = 1 (P = 0.26); I2 =21%

Test for overall effect: Z = 0.20 (P = 0.84)

Total (95% CI) 71 73 100.0 % -0.23 [ -3.33, 2.87 ]

Heterogeneity: Chi2 = 1.32, df = 2 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 0.15 (P = 0.88)

Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.83), I2 =0.0%
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Analysis 1.6. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 6

Physical fitness - cardiorespiratory, VO2 (ml/kg/min).

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 6 Physical fitness - cardiorespiratory, VO2 (ml/kg/min)

Study or subgroup Training Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

da Cunha 2002 6 11.55 (2.76) 6 8.12 (2.3) 48.4 % 3.43 [ 0.56, 6.30 ]

Subtotal (95% CI) 6 6 48.4 % 3.43 [ 0.56, 6.30 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.34 (P = 0.019)

2 After usual care

Potempa 1995 19 18.8 (4.79) 23 15.2 (4.32) 51.6 % 3.60 [ 0.82, 6.38 ]

Subtotal (95% CI) 19 23 51.6 % 3.60 [ 0.82, 6.38 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.53 (P = 0.011)

Total (95% CI) 25 29 100.0 % 3.52 [ 1.52, 5.52 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.01, df = 1 (P = 0.93); I2 =0.0%

Test for overall effect: Z = 3.45 (P = 0.00057)
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Analysis 1.7. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 7

Physical fitness - cardiorespiratory, maximum cycling work rate (Watts).

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 7 Physical fitness - cardiorespiratory, maximum cycling work rate (Watts)

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Bateman 2001 36 4.22 (0.72) 41 4.13 (0.59) 32.7 % 0.14 [ -0.31, 0.58 ]

da Cunha 2002 6 62.5 (26.22) 6 41.67 (12.91) 9.7 % 0.93 [ -0.29, 2.15 ]

Subtotal (95% CI) 42 47 42.4 % 0.32 [ -0.34, 0.98 ]

Heterogeneity: Tau2 = 0.10; Chi2 = 1.44, df = 1 (P = 0.23); I2 =30%

Test for overall effect: Z = 0.96 (P = 0.34)

2 After usual care

Katz-Leurer 2003 46 25.2 (14.9) 44 12.9 (12.6) 33.5 % 0.88 [ 0.45, 1.32 ]

Potempa 1995 19 94.2 (46.64) 23 66.1 (30.69) 24.1 % 0.71 [ 0.08, 1.34 ]

Subtotal (95% CI) 65 67 57.6 % 0.83 [ 0.47, 1.18 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.19, df = 1 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 4.54 (P < 0.00001)

Total (95% CI) 107 114 100.0 % 0.60 [ 0.18, 1.02 ]

Heterogeneity: Tau2 = 0.09; Chi2 = 6.12, df = 3 (P = 0.11); I2 =51%

Test for overall effect: Z = 2.80 (P = 0.0052)

-4 -2 0 2 4

Favours control Favours training

95Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.8. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 8

Mobility - functional ambulation categories.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 8 Mobility - functional ambulation categories

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

da Cunha 2002 6 2.33 (1.37) 7 1.86 (1.77) 2.4 % 0.47 [ -1.24, 2.18 ]

Pohl 2002a 20 4.6 (0.6) 10 4.3 (0.7) 27.1 % 0.30 [ -0.21, 0.81 ]

Pohl 2002b 20 5 (0.01) 10 4.3 (0.7) 37.1 % 0.70 [ 0.27, 1.13 ]

Pohl 2007 77 3.2 (1.4) 78 2.1 (1.5) 33.4 % 1.10 [ 0.64, 1.56 ]

Subtotal (95% CI) 123 105 100.0 % 0.72 [ 0.46, 0.98 ]

Heterogeneity: Chi2 = 5.38, df = 3 (P = 0.15); I2 =44%

Test for overall effect: Z = 5.34 (P < 0.00001)

2 After usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable
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Analysis 1.9. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 9

Mobility - gait speed, maximal (m/min over 5 to 10 metres).

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 9 Mobility - gait speed, maximal (m/min over 5 to 10 metres)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

da Cunha 2002 6 35.4 (17.4) 7 16.2 (13.8) 5.6 % 19.20 [ 1.93, 36.47 ]

Glasser 1986 10 36.07 (118.81) 10 27.07 (46.04) 0.3 % 9.00 [ -69.97, 87.97 ]

Pohl 2002a 20 73.2 (44.4) 10 58.2 (38.4) 1.8 % 15.00 [ -15.74, 45.74 ]

Pohl 2002b 20 97.8 (48) 10 58.2 (38.4) 1.7 % 39.60 [ 7.84, 71.36 ]

Bateman 2001 36 16 (11.06) 37 16.22 (19.49) 32.0 % -0.22 [ -7.47, 7.03 ]

Eich 2004 25 42.6 (18) 25 36 (13.2) 21.9 % 6.60 [ -2.15, 15.35 ]

Pohl 2007 77 26.4 (28.2) 78 19.2 (21.6) 26.8 % 7.20 [ -0.72, 15.12 ]

Subtotal (95% CI) 194 177 90.1 % 5.93 [ 1.61, 10.24 ]

Heterogeneity: Chi2 = 9.81, df = 6 (P = 0.13); I2 =39%

Test for overall effect: Z = 2.69 (P = 0.0071)

2 After usual care

Salbach 2004 44 59.4 (33.6) 47 48 (29.4) 9.9 % 11.40 [ -1.61, 24.41 ]

Subtotal (95% CI) 44 47 9.9 % 11.40 [ -1.61, 24.41 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.72 (P = 0.086)

Total (95% CI) 238 224 100.0 % 6.47 [ 2.37, 10.57 ]

Heterogeneity: Chi2 = 10.43, df = 7 (P = 0.17); I2 =33%

Test for overall effect: Z = 3.09 (P = 0.0020)

Test for subgroup differences: Chi2 = 0.61, df = 1 (P = 0.43), I2 =0.0%
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Analysis 1.10. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 10

Mobility - gait speed, maximal (m/min over 5 to 10 metres); subgroup: ACSM.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 10 Mobility - gait speed, maximal (m/min over 5 to 10 metres); subgroup: ACSM

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 ACSM criteria met

Bateman 2001 36 16 (11.06) 37 16.22 (19.49) 32.0 % -0.22 [ -7.47, 7.03 ]

Eich 2004 25 42.6 (18) 25 36 (13.2) 21.9 % 6.60 [ -2.15, 15.35 ]

Subtotal (95% CI) 61 62 53.9 % 2.55 [ -3.03, 8.13 ]

Heterogeneity: Chi2 = 1.38, df = 1 (P = 0.24); I2 =28%

Test for overall effect: Z = 0.90 (P = 0.37)

2 ACSM criteria unknown

Glasser 1986 10 36.07 (118.81) 10 27.07 (46.04) 0.3 % 9.00 [ -69.97, 87.97 ]

Pohl 2002a 20 73.2 (44.4) 10 58.2 (38.4) 1.8 % 15.00 [ -15.74, 45.74 ]

Pohl 2002b 20 97.8 (48) 10 58.2 (38.4) 1.7 % 39.60 [ 7.84, 71.36 ]

Pohl 2007 77 26.4 (28.2) 78 19.2 (21.6) 26.8 % 7.20 [ -0.72, 15.12 ]

Subtotal (95% CI) 127 108 30.5 % 9.44 [ 2.02, 16.86 ]

Heterogeneity: Chi2 = 3.90, df = 3 (P = 0.27); I2 =23%

Test for overall effect: Z = 2.49 (P = 0.013)

3 ACSM criteria not met

da Cunha 2002 6 35.4 (17.4) 7 16.2 (13.8) 5.6 % 19.20 [ 1.93, 36.47 ]

Salbach 2004 44 59.4 (33.6) 47 48 (29.4) 9.9 % 11.40 [ -1.61, 24.41 ]

Subtotal (95% CI) 50 54 15.6 % 14.22 [ 3.83, 24.61 ]

Heterogeneity: Chi2 = 0.50, df = 1 (P = 0.48); I2 =0.0%

Test for overall effect: Z = 2.68 (P = 0.0073)

Total (95% CI) 238 224 100.0 % 6.47 [ 2.37, 10.57 ]

Heterogeneity: Chi2 = 10.43, df = 7 (P = 0.17); I2 =33%

Test for overall effect: Z = 3.09 (P = 0.0020)

Test for subgroup differences: Chi2 = 4.64, df = 2 (P = 0.10), I2 =57%
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Analysis 1.11. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 11

Mobility - gait speed, preferred (m/min).

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 11 Mobility - gait speed, preferred (m/min)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Cuviello-Palmer 1988 10 18.11 (9.22) 10 12.07 (6.41) 19.9 % 6.04 [ -0.92, 13.00 ]

Pohl 2007 77 26.4 (28.2) 78 19.2 (21.6) 15.4 % 7.20 [ -0.72, 15.12 ]

Subtotal (95% CI) 87 88 35.2 % 6.55 [ 1.32, 11.77 ]

Heterogeneity: Chi2 = 0.05, df = 1 (P = 0.83); I2 =0.0%

Test for overall effect: Z = 2.45 (P = 0.014)

2 After usual care

Katz-Leurer 2003 46 30.6 (10.8) 44 27 (9.6) 54.1 % 3.60 [ -0.62, 7.82 ]

Salbach 2004 44 46.8 (24) 47 38.4 (22.2) 10.6 % 8.40 [ -1.12, 17.92 ]

Subtotal (95% CI) 90 91 64.8 % 4.39 [ 0.53, 8.24 ]

Heterogeneity: Chi2 = 0.82, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 2.23 (P = 0.026)

Total (95% CI) 177 179 100.0 % 5.15 [ 2.05, 8.25 ]

Heterogeneity: Chi2 = 1.29, df = 3 (P = 0.73); I2 =0.0%

Test for overall effect: Z = 3.25 (P = 0.0011)

Test for subgroup differences: Chi2 = 0.42, df = 1 (P = 0.51), I2 =0.0%
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Analysis 1.12. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 12

Mobility - gait endurance (6-MWT metres).

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 12 Mobility - gait endurance (6-MWT metres)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Eich 2004 25 198.8 (81.1) 25 164.4 (69.3) 34.6 % 34.40 [ -7.42, 76.22 ]

Pohl 2007 77 134.4 (125.5) 78 92.5 (104.9) 45.5 % 41.90 [ 5.46, 78.34 ]

Subtotal (95% CI) 102 103 80.1 % 38.66 [ 11.19, 66.13 ]

Heterogeneity: Chi2 = 0.07, df = 1 (P = 0.79); I2 =0.0%

Test for overall effect: Z = 2.76 (P = 0.0058)

2 After usual care

Salbach 2004 44 249 (136) 47 209 (132) 19.9 % 40.00 [ -15.13, 95.13 ]

Subtotal (95% CI) 44 47 19.9 % 40.00 [ -15.13, 95.13 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.42 (P = 0.15)

Total (95% CI) 146 150 100.0 % 38.93 [ 14.34, 63.52 ]

Heterogeneity: Chi2 = 0.07, df = 2 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 3.10 (P = 0.0019)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.97), I2 =0.0%
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Analysis 1.13. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 13

Mobility - gait endurance (m/min).

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 13 Mobility - gait endurance (m/min)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

da Cunha 2002 6 34.17 (17.17) 7 12.14 (10.87) 6.2 % 22.03 [ 6.11, 37.95 ]

Eich 2004 25 33.13 (13.52) 25 27.4 (11.55) 32.5 % 5.73 [ -1.24, 12.70 ]

Pohl 2007 77 22.4 (20.92) 78 15.42 (17.48) 42.8 % 6.98 [ 0.91, 13.05 ]

Subtotal (95% CI) 108 110 81.6 % 7.63 [ 3.23, 12.03 ]

Heterogeneity: Chi2 = 3.47, df = 2 (P = 0.18); I2 =42%

Test for overall effect: Z = 3.40 (P = 0.00068)

2 After usual care

Salbach 2004 44 41.4 (22.8) 47 34.8 (22.2) 18.4 % 6.60 [ -2.66, 15.86 ]

Subtotal (95% CI) 44 47 18.4 % 6.60 [ -2.66, 15.86 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.40 (P = 0.16)

Total (95% CI) 152 157 100.0 % 7.44 [ 3.47, 11.42 ]

Heterogeneity: Chi2 = 3.51, df = 3 (P = 0.32); I2 =15%

Test for overall effect: Z = 3.67 (P = 0.00024)

Test for subgroup differences: Chi2 = 0.04, df = 1 (P = 0.84), I2 =0.0%
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Analysis 1.14. Comparison 1 Cardiorespiratory training versus control - end of intervention, Outcome 14

Physical function - Berg Balance scale.

Review: Physical fitness training for stroke patients

Comparison: 1 Cardiorespiratory training versus control - end of intervention

Outcome: 14 Physical function - Berg Balance scale

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Bateman 2001 35 45 (11.9) 42 45.3 (11.3) 47.2 % -0.30 [ -5.52, 4.92 ]

Subtotal (95% CI) 35 42 47.2 % -0.30 [ -5.52, 4.92 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.11 (P = 0.91)

2 After usual care

Salbach 2004 44 44 (11) 47 41 (13) 52.8 % 3.00 [ -1.94, 7.94 ]

Subtotal (95% CI) 44 47 52.8 % 3.00 [ -1.94, 7.94 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.19 (P = 0.23)

Total (95% CI) 79 89 100.0 % 1.44 [ -2.15, 5.03 ]

Heterogeneity: Chi2 = 0.81, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 0.79 (P = 0.43)

Test for subgroup differences: Chi2 = 0.81, df = 1 (P = 0.37), I2 =0.0%
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Analysis 2.1. Comparison 2 Cardiorespiratory training versus control - end of retention follow up, Outcome

1 Disability - Rivermead Mobility Index.

Review: Physical fitness training for stroke patients

Comparison: 2 Cardiorespiratory training versus control - end of retention follow up

Outcome: 1 Disability - Rivermead Mobility Index

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Bateman 2001 32 10.72 (3.3) 34 10.97 (3.35) 47.8 % -0.25 [ -1.85, 1.35 ]

Pohl 2007 77 10 (4.1) 78 7.8 (4.8) 52.2 % 2.20 [ 0.80, 3.60 ]

Subtotal (95% CI) 109 112 100.0 % 1.01 [ -1.39, 3.41 ]

Heterogeneity: Tau2 = 2.41; Chi2 = 5.07, df = 1 (P = 0.02); I2 =80%

Test for overall effect: Z = 0.82 (P = 0.41)

2 During usual care - LOCF Bateman

Bateman 2001 40 10.45 (3.57) 44 10.41 (3.49) 48.8 % 0.04 [ -1.47, 1.55 ]

Pohl 2007 77 10 (4.1) 78 7.8 (4.8) 51.2 % 2.20 [ 0.80, 3.60 ]

Subtotal (95% CI) 117 122 100.0 % 1.14 [ -0.98, 3.26 ]

Heterogeneity: Tau2 = 1.78; Chi2 = 4.21, df = 1 (P = 0.04); I2 =76%

Test for overall effect: Z = 1.05 (P = 0.29)

3 After usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable
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Analysis 2.2. Comparison 2 Cardiorespiratory training versus control - end of retention follow up, Outcome

2 Mobility - gait speed, maximal (m/min).

Review: Physical fitness training for stroke patients

Comparison: 2 Cardiorespiratory training versus control - end of retention follow up

Outcome: 2 Mobility - gait speed, maximal (m/min)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Bateman 2001 39 21.04 (12.31) 40 15 (21.86) 34.7 % 6.04 [ -1.76, 13.84 ]

Eich 2004 24 46.2 (21) 25 34.8 (13.2) 21.7 % 11.40 [ 1.53, 21.27 ]

Pohl 2007 77 31.8 (18.6) 78 21.6 (25.2) 43.5 % 10.20 [ 3.23, 17.17 ]

Subtotal (95% CI) 140 143 100.0 % 9.01 [ 4.42, 13.61 ]

Heterogeneity: Chi2 = 0.89, df = 2 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 3.84 (P = 0.00012)

2 After usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 140 143 100.0 % 9.01 [ 4.42, 13.61 ]

Heterogeneity: Chi2 = 0.89, df = 2 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 3.84 (P = 0.00012)
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Analysis 2.3. Comparison 2 Cardiorespiratory training versus control - end of retention follow up, Outcome

3 Mobility - gait speed, maximal (m/min); subgroup: specificity.

Review: Physical fitness training for stroke patients

Comparison: 2 Cardiorespiratory training versus control - end of retention follow up

Outcome: 3 Mobility - gait speed, maximal (m/min); subgroup: specificity

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Gait specific training

Eich 2004 24 46.2 (21) 25 34.8 (13.2) 25.1 % 11.40 [ 1.53, 21.27 ]

Pohl 2007 77 31.8 (18.6) 78 21.6 (25.2) 50.4 % 10.20 [ 3.23, 17.17 ]

Subtotal (95% CI) 101 103 75.5 % 10.60 [ 4.91, 16.29 ]

Heterogeneity: Chi2 = 0.04, df = 1 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 3.65 (P = 0.00026)

2 Cycle ergometry training

Bateman 2001 31 21.1 (18.6) 33 23 (22.1) 24.5 % -1.90 [ -11.89, 8.09 ]

Subtotal (95% CI) 31 33 24.5 % -1.90 [ -11.89, 8.09 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.37 (P = 0.71)

Total (95% CI) 132 136 100.0 % 7.53 [ 2.59, 12.48 ]

Heterogeneity: Chi2 = 4.58, df = 2 (P = 0.10); I2 =56%

Test for overall effect: Z = 2.99 (P = 0.0028)

Test for subgroup differences: Chi2 = 4.54, df = 1 (P = 0.03), I2 =78%
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Analysis 2.4. Comparison 2 Cardiorespiratory training versus control - end of retention follow up, Outcome

4 Mobility - gait endurance (6-MWT metres).

Review: Physical fitness training for stroke patients

Comparison: 2 Cardiorespiratory training versus control - end of retention follow up

Outcome: 4 Mobility - gait endurance (6-MWT metres)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Eich 2004 24 224.8 (90) 25 163 (70.2) 48.9 % 61.80 [ 16.48, 107.12 ]

Pohl 2007 77 165.5 (152.5) 78 112.1 (127.7) 51.1 % 53.40 [ 9.09, 97.71 ]

Subtotal (95% CI) 101 103 100.0 % 57.51 [ 25.82, 89.19 ]

Heterogeneity: Chi2 = 0.07, df = 1 (P = 0.80); I2 =0.0%

Test for overall effect: Z = 3.56 (P = 0.00037)

2 After usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 101 103 100.0 % 57.51 [ 25.82, 89.19 ]

Heterogeneity: Chi2 = 0.07, df = 1 (P = 0.80); I2 =0.0%

Test for overall effect: Z = 3.56 (P = 0.00037)
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Analysis 3.1. Comparison 3 Strength training versus control - end of intervention, Outcome 1 Physical

fitness - muscle strength.

Review: Physical fitness training for stroke patients

Comparison: 3 Strength training versus control - end of intervention

Outcome: 1 Physical fitness - muscle strength

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 During and after usual care

Winstein 2004 20 353.53 (296.25) 20 220.58 (260.26) 68.3 % 0.47 [ -0.16, 1.10 ]

Subtotal (95% CI) 20 20 68.3 % 0.47 [ -0.16, 1.10 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.46 (P = 0.15)

3 After usual care

Kim 2001 10 507 (559) 10 142 (193) 31.7 % 0.84 [ -0.09, 1.76 ]

Subtotal (95% CI) 10 10 31.7 % 0.84 [ -0.09, 1.76 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.78 (P = 0.076)

Total (95% CI) 30 30 100.0 % 0.58 [ 0.06, 1.10 ]

Heterogeneity: Chi2 = 0.42, df = 1 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 2.20 (P = 0.028)

Test for subgroup differences: Chi2 = 0.42, df = 1 (P = 0.52), I2 =0.0%
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Analysis 3.2. Comparison 3 Strength training versus control - end of intervention, Outcome 2 Mobility - gait

speed, maximal (m/min).

Review: Physical fitness training for stroke patients

Comparison: 3 Strength training versus control - end of intervention

Outcome: 2 Mobility - gait speed, maximal (m/min)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Kim 2001 10 3 (5.4) 10 4.2 (4.8) 94.8 % -1.20 [ -5.68, 3.28 ]

Ouellette 2004 21 51.6 (30.24) 21 52.2 (32.99) 5.2 % -0.60 [ -19.74, 18.54 ]

Subtotal (95% CI) 31 31 100.0 % -1.17 [ -5.53, 3.19 ]

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.95); I2 =0.0%

Test for overall effect: Z = 0.53 (P = 0.60)

Total (95% CI) 31 31 100.0 % -1.17 [ -5.53, 3.19 ]

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.95); I2 =0.0%

Test for overall effect: Z = 0.53 (P = 0.60)
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Analysis 3.3. Comparison 3 Strength training versus control - end of intervention, Outcome 3 Mobility - gait

speed, preferred (m/min).

Review: Physical fitness training for stroke patients

Comparison: 3 Strength training versus control - end of intervention

Outcome: 3 Mobility - gait speed, preferred (m/min)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Kim 2001 10 2.4 (7.8) 10 5.4 (4.2) 68.3 % -3.00 [ -8.49, 2.49 ]

Ouellette 2004 21 38.4 (22) 21 38.4 (24.75) 31.7 % 0.0 [ -14.16, 14.16 ]

Subtotal (95% CI) 31 31 100.0 % -2.61 [ -7.73, 2.51 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.15, df = 1 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 1.00 (P = 0.32)

3 After usual care - sensitivity analysis

Kim 2001 10 2.4 (7.8) 10 5.4 (4.2) 39.9 % -3.00 [ -8.49, 2.49 ]

Ouellette 2004 21 38.4 (22) 21 38.4 (24.75) 18.5 % 0.0 [ -14.16, 14.16 ]

Yang 2006 24 55.5 (8.1) 24 46.62 (9.24) 41.6 % 8.88 [ 3.96, 13.80 ]

Subtotal (95% CI) 55 55 100.0 % 2.37 [ -6.80, 11.53 ]

Heterogeneity: Tau2 = 48.75; Chi2 = 10.21, df = 2 (P = 0.01); I2 =80%

Test for overall effect: Z = 0.51 (P = 0.61)
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Analysis 3.4. Comparison 3 Strength training versus control - end of intervention, Outcome 4 Mobility - gait

endurance (6-MWT metres).

Review: Physical fitness training for stroke patients

Comparison: 3 Strength training versus control - end of intervention

Outcome: 4 Mobility - gait endurance (6-MWT metres)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Ouellette 2004 21 239.1 (138.85) 21 234.8 (169.1) 25.8 % 4.30 [ -89.28, 97.88 ]

Yang 2006 24 392.8 (54.2) 24 341.3 (126.8) 74.2 % 51.50 [ -3.67, 106.67 ]

Subtotal (95% CI) 45 45 100.0 % 39.33 [ -8.20, 86.85 ]

Heterogeneity: Chi2 = 0.73, df = 1 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 1.62 (P = 0.10)

Total (95% CI) 45 45 100.0 % 39.33 [ -8.20, 86.85 ]

Heterogeneity: Chi2 = 0.73, df = 1 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 1.62 (P = 0.10)

-1000 -500 0 500 1000

Favours control Favours training

110Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 3.5. Comparison 3 Strength training versus control - end of intervention, Outcome 5 Physical

function - stair climbing, maximal (sec/step).

Review: Physical fitness training for stroke patients

Comparison: 3 Strength training versus control - end of intervention

Outcome: 5 Physical function - stair climbing, maximal (sec/step)

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Kim 2001 10 0.03 (0.08) 10 0.08 (0.1) 32.2 % -0.53 [ -1.42, 0.37 ]

Ouellette 2004 20 0.65 (0.41) 21 0.53 (0.34) 67.8 % 0.31 [ -0.30, 0.93 ]

Subtotal (95% CI) 30 31 100.0 % 0.04 [ -0.47, 0.55 ]

Heterogeneity: Chi2 = 2.30, df = 1 (P = 0.13); I2 =57%

Test for overall effect: Z = 0.16 (P = 0.87)

Total (95% CI) 30 31 100.0 % 0.04 [ -0.47, 0.55 ]

Heterogeneity: Chi2 = 2.30, df = 1 (P = 0.13); I2 =57%

Test for overall effect: Z = 0.16 (P = 0.87)
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Analysis 5.1. Comparison 5 Mixed training versus control - end of intervention, Outcome 1 Disability -

Lawton IADL.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 1 Disability - Lawton IADL

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 1998 10 22 (4.24) 10 22.2 (3.82) 14.3 % -0.20 [ -3.74, 3.34 ]

Duncan 2003 44 22.8 (3.2) 49 21.8 (3.9) 85.7 % 1.00 [ -0.44, 2.44 ]

Subtotal (95% CI) 54 59 100.0 % 0.83 [ -0.51, 2.17 ]

Heterogeneity: Chi2 = 0.38, df = 1 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 1.21 (P = 0.22)

-4 -2 0 2 4

Favours control Favours training

112Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 5.2. Comparison 5 Mixed training versus control - end of intervention, Outcome 2 Disability -

Barthel ADL.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 2 Disability - Barthel ADL

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 1998 10 96 (5.16) 10 95.56 (5.27) 44.2 % 0.44 [ -4.13, 5.01 ]

Duncan 2003 44 94.4 (6.7) 49 89.6 (10.4) 55.8 % 4.80 [ 1.28, 8.32 ]

Subtotal (95% CI) 54 59 100.0 % 2.87 [ -1.37, 7.12 ]

Heterogeneity: Tau2 = 5.17; Chi2 = 2.19, df = 1 (P = 0.14); I2 =54%

Test for overall effect: Z = 1.33 (P = 0.18)
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Analysis 5.3. Comparison 5 Mixed training versus control - end of intervention, Outcome 3 Disability -

Barthel ADL ambulation subscale.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 3 Disability - Barthel ADL ambulation subscale

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 1993 9 25.8 (14.8) 8 26.8 (18.5) 6.1 % -1.00 [ -17.06, 15.06 ]

Richards 2004 31 37 (8) 31 39 (8.5) 93.9 % -2.00 [ -6.11, 2.11 ]

Subtotal (95% CI) 40 39 100.0 % -1.94 [ -5.92, 2.04 ]

Heterogeneity: Chi2 = 0.01, df = 1 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 0.95 (P = 0.34)

2 After usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable
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Analysis 5.4. Comparison 5 Mixed training versus control - end of intervention, Outcome 4 Disability -

Barthel & FIM Instrument.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 4 Disability - Barthel % FIM Instrument

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 1998 10 96 (5.16) 10 95.56 (5.27) 11.4 % 0.08 [ -0.80, 0.96 ]

Duncan 2003 44 94.4 (6.7) 49 89.6 (10.4) 51.0 % 0.54 [ 0.12, 0.95 ]

Mead 2007 32 118.2 (3.33) 34 118.3 (3.3) 37.6 % -0.03 [ -0.51, 0.45 ]

Subtotal (95% CI) 86 93 100.0 % 0.27 [ -0.02, 0.57 ]

Heterogeneity: Chi2 = 3.27, df = 2 (P = 0.20); I2 =39%

Test for overall effect: Z = 1.80 (P = 0.071)

Total (95% CI) 86 93 100.0 % 0.27 [ -0.02, 0.57 ]

Heterogeneity: Chi2 = 3.27, df = 2 (P = 0.20); I2 =39%

Test for overall effect: Z = 1.80 (P = 0.071)
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Analysis 5.5. Comparison 5 Mixed training versus control - end of intervention, Outcome 5 Physical fitness -

strength, ankle dorsiflexion*.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 5 Physical fitness - strength, ankle dorsiflexion*

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 50 1.79 (5.52) 50 1.83 (5.87) 51.4 % -0.01 [ -0.40, 0.39 ]

Yang 2006 24 4.67 (4.13) 24 -2.77 (4.76) 48.6 % 1.64 [ 0.98, 2.30 ]

Subtotal (95% CI) 74 74 100.0 % 0.80 [ -0.82, 2.41 ]

Heterogeneity: Tau2 = 1.28; Chi2 = 17.67, df = 1 (P = 0.00003); I2 =94%

Test for overall effect: Z = 0.96 (P = 0.33)
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Analysis 5.6. Comparison 5 Mixed training versus control - end of intervention, Outcome 6 Physical fitness -

strength, knee extension*.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 6 Physical fitness - strength, knee extension*

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 50 7.71 (16.4) 50 4.12 (16.8) 68.5 % 0.21 [ -0.18, 0.61 ]

Yang 2006 24 4.49 (5.44) 24 1.09 (5.44) 31.5 % 0.61 [ 0.03, 1.19 ]

Subtotal (95% CI) 74 74 100.0 % 0.34 [ 0.02, 0.67 ]

Heterogeneity: Chi2 = 1.25, df = 1 (P = 0.26); I2 =20%

Test for overall effect: Z = 2.05 (P = 0.040)
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Analysis 5.7. Comparison 5 Mixed training versus control - end of intervention, Outcome 7 Mobility - gait

preferred speed (m/min).

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 7 Mobility - gait preferred speed (m/min)

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 1993 9 18.78 (11.88) 8 13.5 (8.76) 5.1 % 0.48 [ -0.49, 1.45 ]

Richards 2004 31 33 (21) 31 36 (21.6) 19.2 % -0.14 [ -0.64, 0.36 ]

Subtotal (95% CI) 40 39 24.3 % -0.01 [ -0.45, 0.43 ]

Heterogeneity: Chi2 = 1.22, df = 1 (P = 0.27); I2 =18%

Test for overall effect: Z = 0.05 (P = 0.96)

2 After usual care

Dean 2000 5 48.12 (25.68) 4 53.04 (48.9) 2.8 % -0.12 [ -1.43, 1.20 ]

Duncan 2003 50 10.8 (12.6) 50 6.6 (8.4) 30.4 % 0.39 [ -0.01, 0.79 ]

James 2002 10 12 (1.68) 8 12 (1.68) 5.5 % 0.0 [ -0.93, 0.93 ]

Mead 2007 32 44.1 (6.3) 33 44.1 (6.42) 20.2 % 0.0 [ -0.49, 0.49 ]

Teixeira 1999 6 61.8 (24) 7 46.8 (22.2) 3.8 % 0.61 [ -0.52, 1.73 ]

Yang 2006 24 55.5 (8.1) 24 46.62 (9.24) 13.1 % 1.01 [ 0.40, 1.61 ]

Subtotal (95% CI) 127 126 75.7 % 0.36 [ 0.11, 0.61 ]

Heterogeneity: Chi2 = 7.78, df = 5 (P = 0.17); I2 =36%

Test for overall effect: Z = 2.78 (P = 0.0054)

Total (95% CI) 167 165 100.0 % 0.27 [ 0.05, 0.49 ]

Heterogeneity: Chi2 = 10.99, df = 7 (P = 0.14); I2 =36%

Test for overall effect: Z = 2.40 (P = 0.017)

Test for subgroup differences: Chi2 = 1.99, df = 1 (P = 0.16), I2 =50%
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Analysis 5.8. Comparison 5 Mixed training versus control - end of intervention, Outcome 8 Mobility - gait

preferred speed (m/min); subgroup: therapy time.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 8 Mobility - gait preferred speed (m/min); subgroup: therapy time

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Confounded

Duncan 2003 50 10.8 (12.6) 50 6.6 (8.4) 30.4 % 0.39 [ -0.01, 0.79 ]

James 2002 10 12 (1.68) 8 12 (1.68) 5.5 % 0.0 [ -0.93, 0.93 ]

Richards 1993 9 18.78 (11.88) 8 13.5 (8.76) 5.1 % 0.48 [ -0.49, 1.45 ]

Teixeira 1999 6 61.8 (24) 7 46.8 (22.2) 3.8 % 0.61 [ -0.52, 1.73 ]

Yang 2006 24 55.5 (8.1) 24 46.62 (9.24) 13.1 % 1.01 [ 0.40, 1.61 ]

Subtotal (95% CI) 99 97 57.9 % 0.51 [ 0.23, 0.80 ]

Heterogeneity: Chi2 = 4.13, df = 4 (P = 0.39); I2 =3%

Test for overall effect: Z = 3.50 (P = 0.00046)

2 Unconfounded

Dean 2000 5 48.12 (25.68) 4 53.04 (48.9) 2.8 % -0.12 [ -1.43, 1.20 ]

Mead 2007 32 44.1 (6.3) 33 44.1 (6.42) 20.2 % 0.0 [ -0.49, 0.49 ]

Richards 2004 31 33 (21) 31 36 (21.6) 19.2 % -0.14 [ -0.64, 0.36 ]

Subtotal (95% CI) 68 68 42.1 % -0.07 [ -0.41, 0.27 ]

Heterogeneity: Chi2 = 0.16, df = 2 (P = 0.92); I2 =0.0%

Test for overall effect: Z = 0.41 (P = 0.68)

Total (95% CI) 167 165 100.0 % 0.27 [ 0.05, 0.49 ]

Heterogeneity: Chi2 = 10.99, df = 7 (P = 0.14); I2 =36%

Test for overall effect: Z = 2.40 (P = 0.017)

Test for subgroup differences: Chi2 = 6.70, df = 1 (P = 0.01), I2 =85%
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Analysis 5.9. Comparison 5 Mixed training versus control - end of intervention, Outcome 9 Mobility - gait

endurance (6 MWT metres).

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 9 Mobility - gait endurance (6 MWT metres)

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Dean 2000 5 250 (135) 4 264.3 (159.1) 5.1 % -0.09 [ -1.40, 1.23 ]

Duncan 1998 10 209.09 (110.58) 10 204.45 (121.43) 11.6 % 0.04 [ -0.84, 0.91 ]

Duncan 2003 50 61.61 (70.5) 50 33.59 (51.8) 56.5 % 0.45 [ 0.05, 0.85 ]

Yang 2006 24 392.8 (54.2) 24 341.3 (126.8) 26.8 % 0.52 [ -0.06, 1.10 ]

Subtotal (95% CI) 89 88 100.0 % 0.39 [ 0.09, 0.69 ]

Heterogeneity: Chi2 = 1.40, df = 3 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 2.58 (P = 0.0098)

Total (95% CI) 89 88 100.0 % 0.39 [ 0.09, 0.69 ]

Heterogeneity: Chi2 = 1.40, df = 3 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 2.58 (P = 0.0098)
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Analysis 5.10. Comparison 5 Mixed training versus control - end of intervention, Outcome 10 Physical

function - Fugl-Meyer lower extremity.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 10 Physical function - Fugl-Meyer lower extremity

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 1993 9 23.7 (6.7) 8 20 (10.7) 8.5 % 0.40 [ -0.57, 1.36 ]

Richards 2004 31 23 (6) 31 23 (7) 31.7 % 0.0 [ -0.50, 0.50 ]

Subtotal (95% CI) 40 39 40.2 % 0.08 [ -0.36, 0.53 ]

Heterogeneity: Chi2 = 0.52, df = 1 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 0.37 (P = 0.71)

2 After usual care

Duncan 1998 10 26.1 (2.51) 10 22.6 (4.7) 9.1 % 0.89 [ -0.04, 1.82 ]

Duncan 2003 50 2.74 (3.25) 50 1.76 (3.96) 50.7 % 0.27 [ -0.13, 0.66 ]

Subtotal (95% CI) 60 60 59.8 % 0.36 [ 0.00, 0.73 ]

Heterogeneity: Chi2 = 1.46, df = 1 (P = 0.23); I2 =31%

Test for overall effect: Z = 1.96 (P = 0.050)

Total (95% CI) 100 99 100.0 % 0.25 [ -0.03, 0.53 ]

Heterogeneity: Chi2 = 2.89, df = 3 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 1.75 (P = 0.079)

Test for subgroup differences: Chi2 = 0.91, df = 1 (P = 0.34), I2 =0.0%
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Analysis 5.11. Comparison 5 Mixed training versus control - end of intervention, Outcome 11 Physical

function - Fugl-Meyer upper extremity.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 11 Physical function - Fugl-Meyer upper extremity

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 1993 9 31.7 (21.3) 8 28.1 (25.3) 8.5 % 0.15 [ -0.81, 1.10 ]

Richards 2004 31 30 (20) 31 32 (23) 31.3 % -0.09 [ -0.59, 0.41 ]

Subtotal (95% CI) 40 39 39.8 % -0.04 [ -0.48, 0.40 ]

Heterogeneity: Chi2 = 0.19, df = 1 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 0.18 (P = 0.86)

2 After usual care

Duncan 1998 10 47.6 (17.35) 10 38.6 (17.73) 9.7 % 0.49 [ -0.40, 1.38 ]

Duncan 2003 50 4.48 (5.73) 50 4.04 (6.36) 50.5 % 0.07 [ -0.32, 0.46 ]

Subtotal (95% CI) 60 60 60.2 % 0.14 [ -0.22, 0.50 ]

Heterogeneity: Chi2 = 0.71, df = 1 (P = 0.40); I2 =0.0%

Test for overall effect: Z = 0.76 (P = 0.44)

Total (95% CI) 100 99 100.0 % 0.07 [ -0.21, 0.35 ]

Heterogeneity: Chi2 = 1.29, df = 3 (P = 0.73); I2 =0.0%

Test for overall effect: Z = 0.48 (P = 0.63)

Test for subgroup differences: Chi2 = 0.39, df = 1 (P = 0.53), I2 =0.0%
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Analysis 5.12. Comparison 5 Mixed training versus control - end of intervention, Outcome 12 Physical

function - Berg Balance.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 12 Physical function - Berg Balance

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Richards 1993 9 33.2 (18.2) 8 28.4 (19.7) 16.2 % 0.24 [ -0.72, 1.20 ]

Richards 2004 31 45 (7) 31 47 (8) 30.8 % -0.26 [ -0.76, 0.24 ]

Subtotal (95% CI) 40 39 47.0 % -0.15 [ -0.60, 0.29 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.84, df = 1 (P = 0.36); I2 =0.0%

Test for overall effect: Z = 0.68 (P = 0.49)

2 After usual care

Duncan 1998 10 46.9 (3.63) 10 45.8 (5.39) 18.0 % 0.23 [ -0.65, 1.11 ]

Duncan 2003 50 4.36 (5.02) 50 1.7 (3.68) 35.0 % 0.60 [ 0.20, 1.00 ]

Subtotal (95% CI) 60 60 53.0 % 0.54 [ 0.17, 0.90 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.56, df = 1 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 2.88 (P = 0.0040)

Total (95% CI) 100 99 100.0 % 0.21 [ -0.27, 0.69 ]

Heterogeneity: Tau2 = 0.13; Chi2 = 6.96, df = 3 (P = 0.07); I2 =57%

Test for overall effect: Z = 0.86 (P = 0.39)
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Analysis 5.13. Comparison 5 Mixed training versus control - end of intervention, Outcome 13 Physical

function - functional reach.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 13 Physical function - functional reach

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 50 0.53 (4.88) 50 0.63 (5.37) 60.7 % -0.02 [ -0.41, 0.37 ]

Mead 2007 32 28.8 (6.66) 34 26.3 (7.17) 39.3 % 0.36 [ -0.13, 0.84 ]

Subtotal (95% CI) 82 84 100.0 % 0.13 [ -0.18, 0.43 ]

Heterogeneity: Chi2 = 1.39, df = 1 (P = 0.24); I2 =28%

Test for overall effect: Z = 0.83 (P = 0.41)
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Analysis 5.14. Comparison 5 Mixed training versus control - end of intervention, Outcome 14 Physical

function - timed up and go (sec).

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 14 Physical function - timed up and go (sec)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 2004 31 31 (17) 31 33 (20) 1.0 % -2.00 [ -11.24, 7.24 ]

Subtotal (95% CI) 31 31 1.0 % -2.00 [ -11.24, 7.24 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.42 (P = 0.67)

2 After usual care

Dean 2000 5 19.5 (14.1) 4 26.1 (25.4) 0.1 % -6.60 [ -34.39, 21.19 ]

Mead 2007 32 10.4 (1.8) 34 11.5 (2.15) 92.8 % -1.10 [ -2.05, -0.15 ]

Yang 2006 24 12.9 (6.5) 24 14.4 (6.7) 6.1 % -1.50 [ -5.23, 2.23 ]

Subtotal (95% CI) 61 62 99.0 % -1.13 [ -2.05, -0.21 ]

Heterogeneity: Chi2 = 0.19, df = 2 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 2.40 (P = 0.017)

Total (95% CI) 92 93 100.0 % -1.14 [ -2.06, -0.22 ]

Heterogeneity: Chi2 = 0.22, df = 3 (P = 0.97); I2 =0.0%

Test for overall effect: Z = 2.43 (P = 0.015)

Test for subgroup differences: Chi2 = 0.03, df = 1 (P = 0.85), I2 =0.0%
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Analysis 5.15. Comparison 5 Mixed training versus control - end of intervention, Outcome 15 Physical

function - timed up and go (sec); sensitivity analysis: excluding Yang 2006.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 15 Physical function - timed up and go (sec); sensitivity analysis: excluding Yang 2006

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 2004 31 31 (17) 31 33 (20) 3.7 % -2.00 [ -11.24, 7.24 ]

Subtotal (95% CI) 31 31 3.7 % -2.00 [ -11.24, 7.24 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.42 (P = 0.67)

2 After usual care

Dean 2000 5 19.5 (14.1) 4 26.1 (25.4) 0.4 % -6.60 [ -34.39, 21.19 ]

Mead 2007 32 10.4 (4.8) 34 11.5 (2.15) 95.9 % -1.10 [ -2.91, 0.71 ]

Subtotal (95% CI) 37 38 96.3 % -1.12 [ -2.93, 0.69 ]

Heterogeneity: Chi2 = 0.15, df = 1 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 1.22 (P = 0.22)

Total (95% CI) 68 69 100.0 % -1.16 [ -2.93, 0.62 ]

Heterogeneity: Chi2 = 0.18, df = 2 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 1.28 (P = 0.20)

Test for subgroup differences: Chi2 = 0.03, df = 1 (P = 0.86), I2 =0.0%
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Analysis 5.16. Comparison 5 Mixed training versus control - end of intervention, Outcome 16 Health

related QoL - SF-36 role physical.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 16 Health related QoL - SF-36 role physical

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 44 44.2 (33.6) 49 27.2 (33.3) 52.9 % 0.50 [ 0.09, 0.92 ]

James 2002 10 5.5 (1.64) 9 5.33 (1.5) 11.2 % 0.10 [ -0.80, 1.00 ]

Mead 2007 32 90.8 (14.01) 34 75.5 (22.93) 35.9 % 0.79 [ 0.29, 1.29 ]

Subtotal (95% CI) 86 92 100.0 % 0.56 [ 0.26, 0.86 ]

Heterogeneity: Chi2 = 1.86, df = 2 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 3.66 (P = 0.00025)

Total (95% CI) 86 92 100.0 % 0.56 [ 0.26, 0.86 ]

Heterogeneity: Chi2 = 1.86, df = 2 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 3.66 (P = 0.00025)
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Analysis 5.17. Comparison 5 Mixed training versus control - end of intervention, Outcome 17 Health

related QoL - SF-36 physical function.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 17 Health related QoL - SF-36 physical function

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 44 56 (22.1) 49 43.7 (21.2) 82.5 % 0.56 [ 0.15, 0.98 ]

James 2002 10 14.9 (4.43) 9 14.6 (3.67) 17.5 % 0.07 [ -0.83, 0.97 ]

Subtotal (95% CI) 54 58 100.0 % 0.48 [ 0.10, 0.85 ]

Heterogeneity: Chi2 = 0.95, df = 1 (P = 0.33); I2 =0.0%

Test for overall effect: Z = 2.48 (P = 0.013)

Total (95% CI) 54 58 100.0 % 0.48 [ 0.10, 0.85 ]

Heterogeneity: Chi2 = 0.95, df = 1 (P = 0.33); I2 =0.0%

Test for overall effect: Z = 2.48 (P = 0.013)
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Analysis 5.18. Comparison 5 Mixed training versus control - end of intervention, Outcome 18 Health

related QoL - SF-36 social function.

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 18 Health related QoL - SF-36 social function

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

James 2002 10 6.2 (3.82) 9 6.22 (2.72) 35.1 % -0.01 [ -0.91, 0.89 ]

Duncan 2003 44 79.9 (21) 49 62.8 (24.6) 64.9 % 0.74 [ 0.32, 1.16 ]

Subtotal (95% CI) 54 58 100.0 % 0.48 [ -0.22, 1.17 ]

Heterogeneity: Tau2 = 0.15; Chi2 = 2.15, df = 1 (P = 0.14); I2 =54%

Test for overall effect: Z = 1.34 (P = 0.18)

Total (95% CI) 54 58 100.0 % 0.48 [ -0.22, 1.17 ]

Heterogeneity: Tau2 = 0.15; Chi2 = 2.15, df = 1 (P = 0.14); I2 =54%

Test for overall effect: Z = 1.34 (P = 0.18)

-1 -0.5 0 0.5 1

Favours control Favours training

129Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 5.19. Comparison 5 Mixed training versus control - end of intervention, Outcome 19 Mobility -

Community Ambulation Speed (> 0.8 m/sec).

Review: Physical fitness training for stroke patients

Comparison: 5 Mixed training versus control - end of intervention

Outcome: 19 Mobility - Community Ambulation Speed (> 0.8 m/sec)

Study or subgroup Treatment Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Total events: 0 (Treatment), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 25/50 20/50 57.5 % 1.50 [ 0.68, 3.31 ]

Mead 2007 12/32 12/33 42.5 % 1.05 [ 0.38, 2.88 ]

Subtotal (95% CI) 82 83 100.0 % 1.31 [ 0.70, 2.44 ]

Total events: 37 (Treatment), 32 (Control)

Heterogeneity: Chi2 = 0.30, df = 1 (P = 0.59); I2 =0.0%

Test for overall effect: Z = 0.85 (P = 0.40)

Total (95% CI) 82 83 100.0 % 1.31 [ 0.70, 2.44 ]

Total events: 37 (Treatment), 32 (Control)

Heterogeneity: Chi2 = 0.30, df = 1 (P = 0.59); I2 =0.0%

Test for overall effect: Z = 0.85 (P = 0.40)

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

130Physical fitness training for stroke patients (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 6.1. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 1 Disability

- Barthel & FIM combined.

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 1 Disability - Barthel % FIM combined

Study or subgroup Training Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 40 92.6 (9.5) 40 94.3 (7.8) 54.7 % -0.19 [ -0.63, 0.25 ]

Mead 2007 32 117.9 (4.3) 34 117.7 (4.3) 45.3 % 0.05 [ -0.44, 0.53 ]

Subtotal (95% CI) 72 74 100.0 % -0.09 [ -0.41, 0.24 ]

Heterogeneity: Chi2 = 0.52, df = 1 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 0.51 (P = 0.61)
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Analysis 6.2. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 2 Mobility -

gait preferred speed (m/min).

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 2 Mobility - gait preferred speed (m/min)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 1993 31 39 (22.8) 31 42.6 (22.2) 6.4 % -3.60 [ -14.80, 7.60 ]

Subtotal (95% CI) 31 31 6.4 % -3.60 [ -14.80, 7.60 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

2 After usual care

Dean 2000 4 50.4 (28.02) 4 48.9 (28.32) 0.5 % 1.50 [ -37.54, 40.54 ]

Mead 2007 32 41.88 (6.06) 33 44.16 (6) 93.1 % -2.28 [ -5.21, 0.65 ]

Subtotal (95% CI) 36 37 93.6 % -2.26 [ -5.18, 0.67 ]

Heterogeneity: Chi2 = 0.04, df = 1 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 1.51 (P = 0.13)

Total (95% CI) 67 68 100.0 % -2.34 [ -5.17, 0.49 ]

Heterogeneity: Chi2 = 0.09, df = 2 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 1.62 (P = 0.10)

Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.82), I2 =0.0%
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Analysis 6.3. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 3 Physical

function - timed up and go (sec).

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 3 Physical function - timed up and go (sec)

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Richards 2004 31 25 (14) 31 25 (14) 1.5 % 0.0 [ -6.97, 6.97 ]

Subtotal (95% CI) 31 31 1.5 % 0.0 [ -6.97, 6.97 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

2 After usual care

Dean 2000 4 23.6 (22.9) 4 28.1 (29.5) 0.1 % -4.50 [ -41.10, 32.10 ]

Mead 2007 32 11.2 (1.66) 34 11.5 (1.86) 98.5 % -0.30 [ -1.15, 0.55 ]

Subtotal (95% CI) 36 38 98.5 % -0.30 [ -1.15, 0.55 ]

Heterogeneity: Chi2 = 0.05, df = 1 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 0.70 (P = 0.49)

Total (95% CI) 67 69 100.0 % -0.30 [ -1.14, 0.55 ]

Heterogeneity: Chi2 = 0.06, df = 2 (P = 0.97); I2 =0.0%

Test for overall effect: Z = 0.69 (P = 0.49)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.93), I2 =0.0%
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Analysis 6.4. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 4 Health

related QoL - SF-36 role physical.

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 4 Health related QoL - SF-36 role physical

Study or subgroup Training Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 40 50 (37.6) 40 40 (32.9) 35.5 % 10.00 [ -5.48, 25.48 ]

Mead 2007 32 84.2 (20.25) 34 71.7 (27.08) 64.5 % 12.50 [ 1.01, 23.99 ]

Subtotal (95% CI) 72 74 100.0 % 11.61 [ 2.38, 20.84 ]

Heterogeneity: Chi2 = 0.06, df = 1 (P = 0.80); I2 =0.0%

Test for overall effect: Z = 2.47 (P = 0.014)

Total (95% CI) 72 74 100.0 % 11.61 [ 2.38, 20.84 ]

Heterogeneity: Chi2 = 0.06, df = 1 (P = 0.80); I2 =0.0%

Test for overall effect: Z = 2.47 (P = 0.014)
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Analysis 6.5. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 5 Health

related QoL - SF-36 physical function.

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 5 Health related QoL - SF-36 physical function

Study or subgroup Training Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 40 58.9 (22.7) 40 51 (22.9) 45.0 % 7.90 [ -2.09, 17.89 ]

Mead 2007 32 55.8 (16.36) 34 57.8 (16.34) 55.0 % -2.00 [ -9.89, 5.89 ]

Subtotal (95% CI) 72 74 100.0 % 2.46 [ -7.20, 12.11 ]

Heterogeneity: Tau2 = 27.90; Chi2 = 2.32, df = 1 (P = 0.13); I2 =57%

Test for overall effect: Z = 0.50 (P = 0.62)

Total (95% CI) 72 74 100.0 % 2.46 [ -7.20, 12.11 ]

Heterogeneity: Tau2 = 27.90; Chi2 = 2.32, df = 1 (P = 0.13); I2 =57%

Test for overall effect: Z = 0.50 (P = 0.62)
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Analysis 6.6. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 6 Case

fatality.

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 6 Case fatality

Study or subgroup Treatment Control Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 [ 0.0, 0.0 ]

Total events: 0 (Treatment), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 1/49 2/48 0.48 [ 0.04, 5.47 ]

Mead 2007 0/32 0/34 0.0 [ 0.0, 0.0 ]

Yang 2006 0/24 0/24 0.0 [ 0.0, 0.0 ]

Subtotal (95% CI) 105 106 0.48 [ 0.04, 5.47 ]

Total events: 1 (Treatment), 2 (Control)

Heterogeneity: Chi2 = 0.0, df = 0 (P = 1.00); I2 =0.0%

Test for overall effect: Z = 0.59 (P = 0.55)

Total (95% CI) 105 106 0.48 [ 0.04, 5.47 ]

Total events: 1 (Treatment), 2 (Control)

Heterogeneity: Chi2 = 0.0, df = 0 (P = 1.00); I2 =0.0%

Test for overall effect: Z = 0.59 (P = 0.55)
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Analysis 6.7. Comparison 6 Mixed training versus control - end of retention follow up, Outcome 7 Mobility -

Community Ambulation Speed (> 0.8 m/sec).

Review: Physical fitness training for stroke patients

Comparison: 6 Mixed training versus control - end of retention follow up

Outcome: 7 Mobility - Community Ambulation Speed (> 0.8 m/sec)

Study or subgroup Treatment Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 During usual care

Subtotal (95% CI) 0 0 0.0 % 0.0 [ 0.0, 0.0 ]

Total events: 0 (Treatment), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: not applicable

2 After usual care

Duncan 2003 20/50 14/50 48.8 % 1.71 [ 0.74, 3.96 ]

Mead 2007 10/32 13/33 51.2 % 0.70 [ 0.25, 1.94 ]

Subtotal (95% CI) 82 83 100.0 % 1.19 [ 0.63, 2.26 ]

Total events: 30 (Treatment), 27 (Control)

Heterogeneity: Chi2 = 1.77, df = 1 (P = 0.18); I2 =43%

Test for overall effect: Z = 0.55 (P = 0.59)

Total (95% CI) 82 83 100.0 % 1.19 [ 0.63, 2.26 ]

Total events: 30 (Treatment), 27 (Control)

Heterogeneity: Chi2 = 1.77, df = 1 (P = 0.18); I2 =43%

Test for overall effect: Z = 0.55 (P = 0.59)
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Analysis 7.1. Comparison 7 Cardiorespiratory training versus strength training, Outcome 1 Mobility - gait

preferred speed (m/min).

Review: Physical fitness training for stroke patients

Comparison: 7 Cardiorespiratory training versus strength training

Outcome: 1 Mobility - gait preferred speed (m/min)

Study or subgroup Treatment Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Cardiorespiratory training

Cuviello-Palmer 1988 10 18.11 (9.22) 10 12.07 (6.41) 5.3 % 0.73 [ -0.18, 1.64 ]

Katz-Leurer 2003 46 30.6 (10.8) 44 27 (9.6) 25.3 % 0.35 [ -0.07, 0.77 ]

Pohl 2007 77 26.4 (28.2) 78 19.2 (21.6) 43.9 % 0.29 [ -0.03, 0.60 ]

Salbach 2004 44 46.8 (24) 47 38.4 (22.2) 25.6 % 0.36 [ -0.05, 0.78 ]

Subtotal (95% CI) 177 179 100.0 % 0.34 [ 0.13, 0.55 ]

Heterogeneity: Chi2 = 0.82, df = 3 (P = 0.84); I2 =0.0%

Test for overall effect: Z = 3.22 (P = 0.0013)

2 Mixed training

Dean 2000 5 48.12 (25.68) 4 53.04 (48.9) 2.8 % -0.12 [ -1.43, 1.20 ]

Duncan 2003 50 10.8 (12.6) 50 6.6 (8.4) 30.4 % 0.39 [ -0.01, 0.79 ]

James 2002 10 12 (1.68) 8 12 (1.68) 5.5 % 0.0 [ -0.93, 0.93 ]

Mead 2007 32 44.1 (6.3) 33 44.1 (6.42) 20.2 % 0.0 [ -0.49, 0.49 ]

Richards 1993 9 18.78 (11.88) 8 13.5 (8.76) 5.1 % 0.48 [ -0.49, 1.45 ]

Richards 2004 31 33 (21) 31 36 (21.6) 19.2 % -0.14 [ -0.64, 0.36 ]

Teixeira 1999 6 61.8 (24) 7 46.8 (22.2) 3.8 % 0.61 [ -0.52, 1.73 ]

Yang 2006 24 55.5 (8.1) 24 46.62 (9.24) 13.1 % 1.01 [ 0.40, 1.61 ]

Subtotal (95% CI) 167 165 100.0 % 0.27 [ 0.05, 0.49 ]

Heterogeneity: Chi2 = 10.99, df = 7 (P = 0.14); I2 =36%

Test for overall effect: Z = 2.40 (P = 0.017)

Test for subgroup differences: Chi2 = 0.25, df = 1 (P = 0.62), I2 =0.0%

-4 -2 0 2 4

Favours control Favours training
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Analysis 7.2. Comparison 7 Cardiorespiratory training versus strength training, Outcome 2 Mobility - gait

preferred speed (m/min); sensitivity analysis: confounded studies removed.

Review: Physical fitness training for stroke patients

Comparison: 7 Cardiorespiratory training versus strength training

Outcome: 2 Mobility - gait preferred speed (m/min); sensitivity analysis: confounded studies removed

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Cardiorespiratory training

Cuviello-Palmer 1988 10 18.11 (9.22) 10 12.07 (6.41) 43.3 % 6.04 [ -0.92, 13.00 ]

Pohl 2007 77 26.4 (28.2) 78 19.2 (21.6) 33.5 % 7.20 [ -0.72, 15.12 ]

Salbach 2004 44 46.8 (24) 47 38.4 (22.2) 23.2 % 8.40 [ -1.12, 17.92 ]

Subtotal (95% CI) 131 135 100.0 % 6.98 [ 2.39, 11.56 ]

Heterogeneity: Chi2 = 0.16, df = 2 (P = 0.92); I2 =0.0%

Test for overall effect: Z = 2.98 (P = 0.0028)

2 Mixed training

Dean 2000 5 48.12 (25.68) 4 53.04 (48.9) 0.3 % -4.92 [ -57.86, 48.02 ]

Mead 2007 32 44.1 (6.3) 33 44.1 (6.42) 91.9 % 0.0 [ -3.09, 3.09 ]

Richards 2004 31 33 (21) 31 36 (21.6) 7.8 % -3.00 [ -13.60, 7.60 ]

Subtotal (95% CI) 68 68 100.0 % -0.25 [ -3.21, 2.71 ]

Heterogeneity: Chi2 = 0.31, df = 2 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 0.17 (P = 0.87)

Test for subgroup differences: Chi2 = 6.74, df = 1 (P = 0.01), I2 =85%

-100 -50 0 50 100

Favours control Favours training

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

Part A: Stroke search strings (Cochrane Stroke Group)

1. cerebrovascular disorders/

2. exp basal ganglia cerebrovascular disease/

3. exp brain ischemia/

4. exp carotid artery diseases/

5. cerebrovascular accident/

6. exp brain infarction/

7. exp cerebrovascular trauma/

8. exp hypoxia-ischemia, brain/

9. exp intracranial arterial diseases/

10. intracranial arteriovenous malformations/
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11. exp “Intracranial Embolism and Thrombosis”/

12. exp intracranial hemorrhages/

13. vasospasm, intracranial/

14. vertebral artery dissection/

15. aneurysm, ruptured/

16. brain injuries/

17. brain injury, chronic/

18. exp carotid arteries/

19. endarterectomy, carotid/ or endarterectomy/

20. *heart septal defects, atrial/

21. *atrial fibrillation/

22. (stroke or poststroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$ or isch?emi$ attack$ or

tia$1 or neurologic$ deficit$ or SAH or AVM).tw.

23. ((brain$ or cerebr$ or cerebell$ or cortical or vertebrobasilar or hemispher$ or intracran$ or intracerebral or infratentorial or

supratentorial or MCA or anterior circulation or posterior circulation or basal ganglia) adj10 (isch?emi$ or infarct$ or thrombo$ or

emboli$ or occlus$ or hypox$ or vasospasm or obstruction or vasculopathy)).tw.

24. ((lacunar or cortical) adj5 infarct$).tw.

25. ((brain$ or cerebr$ or cerebell$ or intracerebral or intracran$ or parenchymal or intraventricular or infratentorial or supratentorial

or basal gangli$ or subarachnoid or putaminal or putamen or posterior fossa) adj10 (haemorrhage$ or hemorrhage$ or haematoma$

or hematoma$ or bleed$)).tw.

26. ((brain or cerebral or intracranial or communicating or giant or basilar or vertebral artery or berry or saccular or ruptured) adj10

aneurysm$).tw.

27. (vertebral artery dissection or cerebral art$ disease$).tw.

28. ((brain or intracranial or basal ganglia or lenticulostriate) adj10 (vascular adj5 (disease$ or disorder or accident or injur$ or trauma$

or insult or event))).tw.

29. ((isch?emic or apoplectic) adj5 (event or events or insult or attack$)).tw.

30. ((cerebral vein or cerebral venous or sinus or sagittal) adj5 thrombo$).tw.

31. (CVDST or CVT).tw.

32. ((intracranial or cerebral art$ or basilar art$ or vertebral art$ or vertebrobasilar or vertebral basilar) adj5 (stenosis or isch?emia or

insufficiency or arteriosclero$ or atherosclero$ or occlus$)).tw.

33. ((venous or arteriovenous or brain vasc$) adj5 malformation$).tw.

34. ((brain or cerebral) adj5 (angioma$ or hemangioma$ or haemangioma$)).tw.

35. carotid$.tw.

36. (patent foramen ovale or PFO).tw.

37. ((atrial or atrium or auricular) adj fibrillation).tw.

38. asymptomatic cervical bruit.tw.

39. exp aphasia/ or anomia/ or hemiplegia/ or hemianopsia/ or exp paresis/ or deglutition disorders/ or dysarthria/ or pseudobulbar

palsy/ or muscle spasticity/

40. (aphasi$ or apraxi$ or dysphasi$ or dysphagi$ or deglutition disorder$ or swallow$ disorder$ or dysarthri$ or hemipleg$ or hemipar$

or paresis or paretic or hemianop$ or hemineglect or spasticity or anomi$ or dysnomi$ or acquired brain injur$ or hemiball$).tw.

41. ((unilateral or visual or hemispatial or attentional or spatial) adj10 neglect).tw.

42. or/1-41

Part B: Randomised controlled trial search strings (Cochrane Stroke Group)

43. Randomized Controlled Trials/

44. random allocation/

45. Controlled Clinical Trials/

46. control groups/

47. clinical trials/ or clinical trials, phase i/ or clinical trials, phase ii/ or clinical trials, phase iii/ or clinical trials, phase iv/

48. Clinical Trials Data Monitoring Committees/

49. double-blind method/

50. single-blind method/

51. Placebos/
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52. placebo effect/

53. cross-over studies/

54. Multicenter Studies/

55. Therapies, Investigational/

56. Drug Evaluation/

57. Research Design/

58. Program Evaluation/

59. evaluation studies/

60. randomized controlled trial.pt.

61. controlled clinical trial.pt.

62. clinical trial.pt.

63. multicenter study.pt.

64. evaluation studies.pt.

65. meta analysis.pt.

66. meta-analysis/

67. random$.tw.

68. (controlled adj5 (trial$ or stud$)).tw.

69. (clinical$ adj5 trial$).tw.

70. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.

71. (surgical adj5 group$).tw.

72. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.

73. ((multicenter or multicentre or therapeutic) adj5 (trial$ or stud$)).tw.

74. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.

75. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.

76. (coin adj5 (flip or flipped or toss$)).tw.

77. latin square.tw.

78. versus.tw.

79. (cross-over or cross over or crossover).tw.

80. placebo$.tw.

81. sham.tw.

82. (assign$ or alternate or allocat$ or counterbalance$ or multiple baseline).tw.

83. controls.tw.

84. (treatment$ adj6 order).tw.

85. (meta-analy$ or metaanaly$ or meta analy$ or systematic review or systematic overview).tw.

86. or/43-85

87. 42 and 86

88. 87 not exp animals/

89. 87 and humans/

90. 88 or 89

Part C: Physical fitness training search strings

91. exp exercise/

92. exercise test/

93. exp exertion/

94. exercise therapy/

95. physical fitness/

96. exp sports/

97. isometric contraction/

98. isotonic contraction/

99. walking/

100. exp physical endurance/

101. exp locomotion/

102. early ambulation/
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103. “sports equipment”/

104. tai ji/

105. yoga/

106. fitness centers/

107. leisure activities/

108. recreation/

109. (physical adj3 (exercise$ or therap$ or conditioning or activit$ or fitness)).tw.

110. (exercise adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.

111. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.

112. ((training or conditioning) adj3 (intervention$ or protocol$ or program$ or activit$ or regim$)).tw.

113. (sport$ or recreation$ or leisure or cycl$ or bicycl$ or treadmill$ or run$ or swim$ or walk$).tw.

114. ((endurance or aerobic or cardio$) adj3 (fitness or train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or

regim$)).tw.

115. (muscle strengthening or progressive resist$).tw.

116. ((weight or strength$ or resistance) adj (train$ or lift$ or exercise$)).tw.

117. ((isometric or isotonic or eccentric or concentric) adj (action$ or contraction$ or exercise$)).tw.

118. or/91-117

119. 90 and 118

W H A T ’ S N E W

Last assessed as up-to-date: 31 March 2009.

Date Event Description

2 March 2009 New search has been performed We updated the search of the Cochrane Stroke Group

Trials Register in March 2009.

3 November 2008 New search has been performed We updated the searches to March 2007. There are now

24 trials, involving 1147 participants, included in the

review; 12 more trials than in the previous version. The

text of the review has been revised throughout.

3 November 2008 New citation required and conclusions have changed There is sufficient evidence to incorporate cardiorespi-

ratory training, using walking as a mode of exercise,

into the rehabilitation of patients with stroke in order

to improve speed, tolerance and independence during

walking, but further trials are needed to determine the

optimal exercise prescription after stroke and to estab-

lish whether any long-term benefits exist.
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H I S T O R Y

Protocol first published: Issue 4, 2001

Review first published: Issue 1, 2004

Date Event Description

23 October 2008 Amended Converted to new review format.

C O N T R I B U T I O N S O F A U T H O R S

DS wrote the protocol, wrote and performed the literature searches, screened the titles and abstracts, applied inclusion criteria and

methodological quality assessments; extracted and analysed data and entered this into RevMan; analysed and interpreted data; wrote

and entered text into RevMan.

CG wrote the protocol, applied inclusion criteria and methodological quality assessments; extracted and interpreted data; wrote text

of the review and provided critical comment on interim drafts of the review.

GM wrote the protocol, applied inclusion criteria and methodological quality assessments; extracted and interpreted data; wrote text

of the review and provided critical comment on interim drafts of the review.

AY wrote the protocol, reviewed and provided critical comment on interim drafts of the review.

D E C L A R A T I O N S O F I N T E R E S T

GM was the principal applicant, and DS, CG, and AY were co-authors, of the STARTER trial (Mead 2007), which is an included

study in this review. This trial was funded by the Chief Scientist Office of the Scottish Government Health Directorates.

AY is married to a director of a company which provides training for those who deliver or supervise exercise for patients, including after

stroke.

I N D E X T E R M S
Medical Subject Headings (MeSH)

∗Exercise Therapy; ∗Physical Fitness; Randomized Controlled Trials as Topic; Resistance Training; Stroke [mortality; ∗rehabilitation]

MeSH check words

Humans
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