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Abstract
Objective To analyse the effect of task oriented circuit training compared
with usual physiotherapy in terms of self reported walking competency
for patients with stroke discharged from a rehabilitation centre to their
own home.

Design Randomised controlled trial with follow-up to 24 weeks.

Setting Multicentre trial in nine outpatient rehabilitation centres in the
Netherlands

Participants Patients with stroke who were able to walk a minimum of
10 m without physical assistance and were discharged from inpatient
rehabilitation to an outpatient rehabilitation clinic. Patients were randomly
allocated to circuit training or usual physiotherapy, after stratification by
rehabilitation centre, with an online randomisation procedure.

Intervention Patients in the intervention group received circuit training
in 90 minute sessions twice a week for 12 weeks. The training included
eight different workstations in a gym and was intended to improve
performance in tasks relating to walking competency. The control group
received usual outpatient physiotherapy.

Main outcomemeasures The primary outcomewas themobility domain
of the stroke impact scale (SIS, version 3.0). Secondary outcomes were
standing balance, self reported abilities, gait speed, walking distance,
stair climbing, instrumental activities of daily living, fatigue, anxiety, and
depression. Differences between groups were analysed according to
the intention to treat principle. All outcomes were assessed by blinded
observers in a repeated measurement design lasting 24 weeks.

Results 126 patients were included in the circuit training group and 124
in the usual care group (control), with data from 125 and 117,
respectively, available for analysis. One patient from the circuit training
group and seven from the control group dropped out. Circuit training
was a safe intervention, and no serious adverse events were reported.
There were no significant differences between groups for the stroke
impact scale mobility domain (β=0.05 (SE 0.68), P=0.943) at 12 weeks.
Circuit training was associated with significantly higher scores in terms
of gait speed (0.09 m/s (SE 0.02), P<0.001), walking distance (20.0 m

(SE 7.4), P=0.007), and modified stairs test (−1.6 s (SE 0.7), P=0.015).
There were no significant differences between groups for the other
secondary outcomes, except for the leisure domain of the Nottingham
extended activities of daily living and the memory and thinking domain
of the stroke impact scale. With the exception of gait speed (−0.04 m/s
(SE 0.02), P=0.040), there were no significant differences between
groups at follow-up.

Conclusion Task oriented circuit training can safely replace usual
physiotherapy for patients with stroke who are discharged from inpatient
rehabilitation to the community and need further training in gait and gait
related activities as an outpatient.

Trial registration Dutch Trial Register (NTR1534).

Introduction
An estimated 25-74% of the 50 million stroke survivors
worldwide require some assistance or are fully dependent on
care givers for activities of daily living after stroke.1 The activity
with the greatest impact on independency in activities of daily
living is walking, a skill initially lost by as many as 80% of
patients.2 Self reported mobility problems are the most common
unmet long term clinical needs after stroke.3 Next to medical
management after acute stroke to prevent further cerebral
damage, stroke rehabilitation is used to achieve better recovery
in the first months after stroke and reduce disability during the
subsequent years.4

Task specific training targeting goals relevant to patients’ needs,
as well as high intensity practice with sufficient repetitions, are
the main principles determining effective stroke rehabilitation
care.4 Several meta-analyses have shown that task oriented
exercises focusing on balance control, transfers, gait, and gait
related activities such as climbing stairs are effective,
particularly when applied within the first six months after
stroke.4-6
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Recently, two independent meta-analyses showed that group
training with a series of workstations (known as circuit training)
offers benefits in terms of gait speed, walking distance, stair
climbing, and transfers, compared with other commonly used
forms of physiotherapy.7 8 There were no adverse effects in
terms of falls or other complications related to exertion
compared with physiotherapy. Apart from group dynamics and
a focus on progressive repetitive practice of functional tasks,
one of the key components of task oriented circuit class training
is that the treatment is provided in a group setting with more
than two participants per therapist, resulting in a lower ratio of
staff to patients.7 8 In addition, most studies were conducted in
patients with chronic stroke, and therefore we need studies into
the effectiveness for people within the first six months after
stroke.8

We investigated the safety and effects of task oriented circuit
training as an alternative to usual physiotherapy provided during
outpatient treatment at a rehabilitation centre to improve
walking. Usual physiotherapy was provided in individually
tailored, face to face treatment sessions. We hypothesised that
circuit training would be a safe treatment strategy that is superior
to usual physiotherapy in terms of self reported competency in
walking for patients discharged from a rehabilitation centre to
their own home over a 24 week time period.

Methods
We used a stratified, multicentre single blinded randomised
controlled trial with repeated measurements to investigate the
effects of the task oriented circuit training programme. Nine
rehabilitation centres in the Netherlands participated in the study.
Full details of this trial, called FIT-Stroke, have been reported
elsewhere.9 Three trained research assistants (LW, HK, LK),
whowere blinded to treatment allocation, measured all outcomes
before randomisation at baseline and after 12 and 24 weeks in
face to face meetings at the patient’s own home or at the
rehabilitation centre. The same assessor tested participants each
time. The mobility domain of the stroke impact scale (the
primary outcome) and the other domains of the scale were also
measured at six and 18 weeks by telephone interview and
included for statistical analysis. Participants were stratified by
rehabilitation centre, and randomisation took place using an
“online” minimisation procedure.10

Participants
We included all patients with stroke who had completed an
inpatient rehabilitation period as soon as they were able to start
outpatient rehabilitation in one of the nine participating centres.
For inclusion, eligible patients had to have had a verified stroke
according to the WHO definition; be able to walk a minimum
of 10 m without physical assistance (functional ambulation
categories ≥3); be discharged home from a rehabilitation centre;
need to continue physiotherapy during outpatient care to improve
walking competency or physical condition, or both; and be able
to give informed consent and be motivated to participate in a
12 week intensive programme of physiotherapy. Patients were
excluded if they had cognitive deficits as evaluated by the
mini-mental state examination (<24 points), were unable to
communicate (<4 points on the Utrechts Communicatie
Onderzoek, UCO), or lived more than 30 km from the
rehabilitation centre.

Interventions
Intervention group—Patients assigned to the intervention group
received a 90 minute, graded task oriented circuit training

programme twice a week over a 12 week period (24 sessions).
The training included eight different workstations, intended to
improve meaningful tasks relating to walking competency.9 At
each workstation, participants worked together in pairs: while
one participant performed the task for three minutes, the other
observed their performance. After three minutes of practice or
observation, they switched roles. After six minutes at the
workstation, each pair had one minute to go to the next
workstation. Each participant’s performance (such as counts)
was recorded in a training log, which was used as a feedback
and motivational tool during the next sessions. Motivational
music was played in the background during the entire training
session. The total FIT-Stroke programme included four stages:
warming up (5minutes), circuit training (60minutes), evaluation
and a short break (10 minutes), and group game (15 minutes).
The physiotherapist and sports therapists who conducted the
programme were trained on a one day course before the
FIT-Stroke trial started. The staff recorded patients’ attendance
at the sessions and adverse events (such as falls, heart problems)
during the intervention. Serious adverse events were defined as
any fall or other adverse event related to treatment that required
a hospital or GP visit. Serious adverse events were reported to
the medical ethics committee.
Control group—Patients allocated to the control group received
usual outpatient physiotherapy, mainly one to one treatments
tailored to the patient with a physiotherapist who had not been
on the circuit training course at one of the participating
rehabilitation centres. Sessions designed to improve control of
standing balance, physical condition, and walking competency
were provided according to Dutch physiotherapy guidelines.11
There were no additional restrictions with respect to content,
time, or duration of the physiotherapy.

Outcomes
Primary outcome measure—This was the mobility domain of
the stroke impact scale. This scale is a self reported, stroke
specific, valid, reliable, and responsive measure that includes
59 items and assesses eight domains related to activities and
participation.12 13 The mobility domain of the scale includes nine
questions about a patient’s perceived competency to keep his
or her balance, to transfer, to walk indoors and climb stairs, to
get in and out of a car, and to move about in the community.
Total scores range from 0 to 100, higher scores indicating better
mobility. The stroke impact scale was administered at baseline
and at six, 12, 18, and 24 weeks after randomisation. At six and
18 weeks, this was carried out in a semistructured telephone
interview. We included 220 patients to give enough power to
detect a clinically relevant difference of 5 points (about 11%)
on the mobility domain of the stroke impact scale in favour of
the experimental group.9

Secondary outcome measures—Secondary outcomes included
other domains of the stroke impact scale (version 3.0), the
Rivermead mobility index (RMI), the falls efficacy scale (FES),
the Nottingham extended activities of daily living (NEADL),
the hospital anxiety and depression scale (HADS), and the
fatigue severity scale (FSS). Other secondary outcomes were
performance tests—namely, the Motricity index (MI-arm and
MI-leg), functional ambulation categories, six minute walk
test,14 five metre comfortable walking speed test, timed balance
test, timed up and go, modified stairs test, and letter cancellation
task. Extensive descriptions (including psychometric properties
and references) of all secondary outcomes are available
elsewhere.9 All secondary outcomes (questionnaires and
performance tests) were measured at baseline and at 12 and 24
weeks after randomisation. The physiotherapist recorded adverse
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events, including falls and heart problems, in the patients’ diary.
Serious adverse events were defined as falls and incidents related
to equipment failure or incidents related to treatment leading to
injury requiring a hospital or GP visit. Serious adverse events
were reported to the medical ethics committee. In addition,
patients were asked to record all medical events such as falls
and hospital visits in a weekly dairy kept for at least 12 weeks.

Data analysis
We tested for differences in baseline values between circuit
training and usual care groups with Fisher’s exact test or χ2 test
for nominal outcomes, the Mann-Whitney U test for ordinal
scale outcomes, and Student’s t test for independent groups,
assuming equal variances for interval or ratio scale outcomes.
Subsequently, we used random coefficients analysis (MLwIN,
version 2.23, Centre for Multilevel Modeling, University of
Bristol) to evaluate differences in overall effects between the
groups for the 12 week intervention phase and the follow-up
phase. We included time, group, and the interaction between
group and time in the multilevel regression model. In addition,
we added the baseline value of the dependent variable, as well
as possible significant covariates at baseline, to the model.15All
random coefficient analyses were performed on all included
patients, including those with incomplete sets of data. We also
used different longitudinal imputation forms, including last
value carried forward, for intention to treat analyses.
Subsequently, we calculated regression coefficients for the
effects of circuit training compared with usual physiotherapy
as ß values and standard errors favouring or disfavouring the
circuit training group compared with usual care and used the
Wald test to obtain a probability value for each regression
coefficient.
We used Fisher’s exact test to test for differences in the number
of adverse events, including falls during the intervention phase,
as well as differences in the proportion of patients who showed
a meaningful improvement of 54 m or more on the six minute
walk test, and Student’s t tests for independent groups, assuming
equal variances to test the overall amount of treatment received
in the circuit training or usual care group and differences in the
ratio of staff to patients. All hypotheses were tested two sided,
with a critical value of <0.05.

Results
Between June 2008 and December 2010, 250 patients were
randomly assigned to circuit training (n=126) or usual care
(n=124) (figure⇓). This total of 250 patients represents nearly
26% of the total population of stroke patients who followed an
outpatient rehabilitation programme in the participating
rehabilitation centres in this period. About two thirds (n=662)
of discharged patients could not participate in the study. About
a third of these patients were too able to qualify for 24 sessions
of 90 minutes physiotherapy in an outpatient setting, whereas
another third of the patients were unable to walk independently
for 10 m, had disabling comorbidity, were not able to
communicate, and/or were discharged to a nursing home. For
the 309 patients who fulfilled the inclusion criteria, reasons for
not participating included that they preferred to follow their
outpatient programme in their own community, were not
available for the subsequent 12 weeks, or were not interested
in participating in a study (n=59). Of the 250 included patients,
one patient in the circuit training group and seven in the usual
care group were excluded from the analysis. Reasons were
withdrawal from participation (n=3), death from cancer (n=2),
and recurrent stroke (n=2), while one patient missed the 12 week

assessment visit because of change of address. No patients were
lost to follow-up after 12 weeks. The patients attended an
average of 83% of the 24 sessions, corresponding to an average
treatment time of 1793 minutes per patient over 12 weeks. Four
patients allocated to the intervention group did not attend the
circuit training sessions.
The circuit training group received 4461 treatment sessions
compared with 4378 for the usual care group. The average
treatment time per session was 72 (SD 39) minutes for the
intervention group compared with 34 (SD 10) minutes for the
control group (P<0.05). As the intervention group received the
treatment in groups, this longer treatment time could be provided
with a lower ratio of staff to patients. The ratio was 0.56 (1:1.8)
for the circuit training group and 0.78 (1:1.3) for the usual care
group.
Twenty nine falls were reported in the circuit training group
and 26 in the usual physiotherapy group (P=0.93). Two serious
adverse events were reported in the circuit training group: one
participant fell and consulted a GP and one patient experienced
arrhythmias during one session. She discontinued the training
session but was able to continue the programme after a medical
check up.
Comparison between the observers’ guesses about allocation
(circuit training or control) and actual allocation showed that
76 of 126 predictions were correct in the control group and 79
of 127 in the experimental group, resulting in a Cohen’s κ of
0.24. This suggests that the blinding procedure was successful.
Table 1⇓ shows the baseline characteristics of patients for the
primary and secondary outcomes.

Outcomes
Table 2⇓ shows the β (SE) and P values for the effects within
groups of time (baseline to 24 weeks) and effects between
groups for the intervention phase (baseline to 12 weeks) and
follow-up phase (12 to 24 weeks) of primary and secondary
outcomemeasures.We found no significant differences between
groups for mobility on the stroke impact scale (−0.05 (SE 0.68),
P=0.94). Significant effects between groups in favour of the
circuit training group were found for the five metre comfortable
walking speed test (0.09 m/s (0.02), P<0.001), the six minute
walk test (20.0 m (7.4), P=0.007), and the modified stairs test
(−1.61 s (0.66), P=0.015) during the intervention phase. Fifty
eight out of 116 (50%) patients in the usual physiotherapy group
and 76 out of the 125 (61%) in the circuit training group showed
a clinically meaningful change beyond 50 metres on the six
minute walk test (P=0.06).
There were significant effects between groups favouring the
usual care group for the memory and thinking domain of the
stroke impact scale (β=−1.61 (0.71), P=0.024) and the leisure
domain of the Nottingham extended activities of daily living
scale (β=−0.74 (0.37), P=0.043) (table 2⇓). There were no
significant differences between groups for the other secondary
outcomes. Nor were there significant differences between groups
during the follow-up phase for any of the variables, except for
the five metre comfortable walking speed test (−0.04 (0.02),
P=0.040.

Discussion
Task oriented circuit training in patients with mild to moderate
disability after stroke is safe and as effective as an individually
tailored face to face treatment in the first six months after stroke.
The present study stems from the recommendations of the
American Heart Association, issued to promote the investigation
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of innovative methods to increase duration of practice with
minimum use of resources.16 We found that circuit training was
not superior to usual care in terms of self reported mobility
according to the mobility domain of the stroke impact scale.
This negative result might have been caused by a small impact
of circuit training on perceived gait performance and might also
relate to ceiling effects of the stroke impact scale, probably
because of the relatively high baseline scores in patients who
were able to walk for 10 m without assistance at baseline.

Effects on secondary outcomes
In contrast to patients’ self reported mobility, the circuit training
proved more effective in terms of walking speed, stair walking,
and walking distance, though differences were small: 9 cm/s
for walking speed and 20 m for walking distance, respectively.
These differences were below the reported smallest detectable
differences of 0.16 m/s for the comfortable 10 mwalking speed
test17 18 and 54 m for the six minute walk test.19 Although the
differences were small, they were within the 95% confidence
intervals for overall effect sizes reported in the meta-analyses
byWevers et al7 and English and Hillier.8Apparently, the gains
in walking speed we found are not enough to be reflected in
improved walking capacity in the community.20 Also the
difference in the proportion of patients (about 10%) who had a
clinically meaningful improvement on the six minute walk test
was not significant. We had also hypothesised that there would
be significant gains in patients’ self reported competency to
walk and transfer according to the stroke impact scale, the
Rivermead mobility index, and their ability to walk in the
community as measured with the mobility domain of the
Nottingham extended activities of daily living scale. Our trial,
however, yielded no significant differences for these outcomes,
which further supports the task and context specific nature of
exercise training and suggests that small gains in walking speed
and walking distance are insufficient to result in significant
improvements in patients’ perception of gait performance. Nor
can they be generalised to improvements in patients’ ability to
walk outdoors. The latter finding is in line with the inconclusive
findings of previous studies regarding the relation between gait
speed and community ambulation.21-23 Despite the small effects
of the circuit training on gait speed and distance, the covariate
of time (baseline to 24 weeks) was significant for almost all
primary and secondary outcomes, except the stroke impact
scale’s domains of mood and emotions, the fatigue severity
scale, the hospital anxiety and depression scale, time to
accomplish the letter cancellation task, omissions on the letter
cancellation task, and the timed balance test. This suggests that
patients continue to improve their body functions, activities,
and participation after discharge from a rehabilitation centre,
irrespective of treatment type. The significant effect of time
alone could reflect spontaneous neurological recovery, which
might be considerable up to 12 weeks after stroke,24 as almost
half of our patients were discharged within three months after
stroke.
In designing the trial we also assumed that circuit training might
help treat fatigue and depression in patients after stroke. Several
studies have suggested that physical training has a positive effect
on non-physical outcomes such as fatigue and depression in
healthy people and patients.25 26 In our study, however, we found
no significant favourable effects for these outcomes, possibly
because our patients showed low average levels of depression
and fatigue at baseline.9 Future studies are needed in which
circuit class training is targeted towards patients with fatigue
or depression, or both.

Outcomes of the FIT-Stroke trial are important for the healthcare
system as most patients with stroke discharged from a
rehabilitation setting still require physiotherapy. Our trial shows
that circuit training is a safe and feasible treatment with
relatively high compliance rates and no serious adverse events.

Strengths and limitations
The present study also had some limitations. Firstly, although
the trial was well powered, including 250 patients with few
drop-outs, we found significant baseline differences in favour
of the circuit training group for a few secondary outcomes. All
analyses, however, were adjusted for these covariates at baseline.
A second limitation is that we were able to recruit only a quarter
of all patients who were discharged from one of the participating
rehabilitation centres. These centres receive about 10% of all
patients with stroke discharged from hospitals in the
Netherlands. About a third of all patients discharged from these
rehabilitation centres showed no or insufficient problems with
walking and another third were too ill to be included in the
present study. It should therefore be emphasised that patients
with only mild to moderate stroke were selected, which limits
the generalisability of our trial. A third limitation is that the
combination of workstations in FIT-Stroke represents an
arbitrary selection. Our workstations were selected for safety,
clinical relevance in terms of activities, simplicity of execution,
and feasibility, without additional costs to the physiotherapy
department.9 27 Hence, it remains unclear whether a different
combination of workstations would have resulted in other
outcomes. In our opinion, the workstations for task oriented
circuit training should at least be task specific, intensive, and
graded in time.
Another important aspect of the task oriented circuit training is
that it is offered in groups ranging from two to eight patients,
suggesting that it is a cost effective treatment after stroke by
lowering ratios of staff to patients. Our meta-analyses7 and the
experience gained in the FIT-Stroke trial, as well as a recent
Cochrane review,8 suggest that a ratio of 1:3 (that is, one staff
member for three clients) is feasible in circuit training.8 When
training is done in pairs, as in the FIT-Stroke study, an even
higher ratio can be achieved. The direct and indirect cost benefits
of using circuit training as an alternative to usual physiotherapy
will be investigated separately in the FIT-Stroke programme.

Conclusions and policy implications
In these patients with mild to moderate disability after stroke,
task oriented circuit training was safe and as effective as an
individually tailored face to face treatment in the first six months
after stroke. The lower ratio of staff to patients suggests that
circuit training can be cheaper and a valuable treatment to
intensify physiotherapy for patients with stroke. Further cost
benefit analysis is required, and additional trials in different
(sub)acute and chronic settings are needed to identify which
patients might do better with each approach.
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What is already known on this topic

In patients with stroke, group circuit training is a safe and has good results in terms of walking distance and walking speed
Most previous trials were conducted in patients with chronic stroke, were small, and failed to follow-up adequately

What this study adds

Task oriented circuit training started in the first six months is as effective as individually tailored physiotherapy for patients with moderate
to mild stroke
Circuit training could replace usual physiotherapy, allowing patients to exercise more intensively with a lower ratio of staff to patients
Small task specific treatment effects favouring circuit training were found for walking distance, walking speed, and stair walking, though
the differences between groups were small and the sustainability of effects in terms of gait was limited
There were no significant effects between groups in non-physical outcomes such as depression and fatigue
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present manuscript, and executed the data analyses. IGLvdP
coordinated the FIT-Stroke trial and collaborated in designing the study,
writing the study proposal and manuscript, and analysing the data.
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of the analysis. All authors reviewed the manuscript and approved the
final version. GK is guarantor.
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request from the corresponding author) and declare: no support from
any organisation for the submitted work; no financial relationships with
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Tables

Table 1| Baseline characteristics of people with stroke allocated to task oriented circuit training intervention or usual care (control group).
Values are means (SD) unless stated otherwise

P valueControl group (n=124)Circuit training group (n=126)

Patients’ characteristics

0.9380 (65)82 (65)No (%) of men

0.3258 (10)56 (10)Age (years)

No (%) by type of stroke:

0.82100 (81)103 (82)Ischaemic

24 (19)23 (18)Haemorrhagic

No (%) by site of stroke:

0.5361 (49)57 (45)Right hemisphere

43 (35)49 (39)Left hemisphere

14 (11)6 (5)Brainstem

6 (5)14 (11)Cerebellum

No (%) by Bamford classification:

0.914 (4)3 (3)Total anterior cerebral infarct

34 (34)39 (38)Lacunar circulation infarct

51 (51)45 (44)Partial anterior cerebral infarct

11 (11)16 (15)Posterior circulation infarct

0.04103 (51)91 (42)Time from stroke onset to randomisation (days)

Primary outcome

0.0877.8 (15.00)80.9 (13.04)Stroke impact scale 3.0 mobility (0-100)

Secondary outcome

Stroke impact scale 3.0:

<0.0148.19 (19.82)55.36 (20.15)Strength (0-100)

0.4981.05 (18.14)82.60 (16.84)Memory/thinking (0-100)

0.7482.84 (13.76)82.28 (13.42)Emotion (0-100)

0.7784.53 (20.09)85.23 (17.80)Communication (0-100)

0.2568.99 (15.43)71.25 (15.42)ADL/IADL (0-100)

0.1541.81 (34.41)48.33 (36.55)Hand function (0-100)

0.3767.94 (20.18)65.58 (21.49)Participation (0-100)

0.8356.76 (16.37)56.32 (16.76)Stroke recovery (0-100)

0.163.98 (1.69)4.28 (1.67)Fatigue severity scale (1-7)

0.1795.59 (18.90)98.98 (19.77)Falls efficacy scale (0-130)

Hospital anxiety and depression scale:

0.114.40 (3.23)5.10 (3.60)Depression (0-21)

0.543.63 (3.27)3.89 (3.42)Anxiety (0-21)

Nottingham extended ADL:

0.4010.90 (4.21)11.34 (4.11)Mobility (0-18)

0.9410.06 (3.80)10.10 (4.10)Kitchen (0-15)

0.264.53 (3.93)5.15 (4.73)Domestic (0-15)

0.077.31 (2.87)7.99 (2.97)Leisure (0-18)

0.1612.35 (2.00)12.67 (1.58)Rivermead mobility index (0-15)

0.163.46 (1.11)3.65 (1.05)Timed balance test (0-5)

Motricity index:

0.1557.97 (26.23)62.73 (26.48)Arm (0-100)

0.0164.98 (20.06)71.23 (19.85)Leg (0-100)

Letter cancellation task:
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Table 1 (continued)

P valueControl group (n=124)Circuit training group (n=126)

0.3415 (75)146 (73)Time to accomplish (s)

0.731.37 (3.05)1.25 (2.34)Omissions left (0-20)*

0.740.48 (1.06)0.53 (1.24)Omissions right (0-20)

0.154.53 (0.60)4.64 (0.60)Functional ambulation (0-5)

0.090.8 (0.4)0.9 (0.3)Comfortable walking speed (m/sec)

0.04306 (135)339 (120)Six minute walk test (m)

0.1118 (19)15 (10)Timed up and go test (sec)

0.3820 (10)19 (11)Modified stairs test (sec)*

ADL=activities of daily living; IADL=instrumental activities of daily living.
*N=120 v 121.
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Table 2| Outcomes at 12 and 24 weeks for people with stroke randomised to task oriented circuit training intervention or usual care. Values
for after treatment (12 weeks) and follow-up (24 weeks) are means (SD)

Multilevel regression analysis*, β (SE)

Usual physiotherapyCircuit training Group×time

Time (baseline to
24 weeks) 12 to 24 weeks

Baseline to 12
weeks

Follow-up
(n=117)

12 weeks
(n=117)

24 weeks
(n=125)

12 weeks
(n=125)

Primary outcome

−0.64 (0.60), P=0.28−0.05 (0.68), P=0.941.66 (0.23), P<0.00184.42 (14.48)83.73 (13.25)86.56 (13.19)87.27 (12.38)Stroke impact scale
3.0 mobility domain
(0-100)

Secondary outcomes, other domains of stroke impact scale (0-100)

0.00 (0.81), P=1.0−0.49 (0.98), P=0.471.58 (0.16), P<0.00157.52 (24.56)56.30 (23.81)63.85 (22.20)62.70 (21.49)Strength

0.79 (2.53), P=0.76−1.61 (0.71),
P=0.024

2.18 (0.55), P<0.00187.08 (15.92)87.12 (15.32)87.23 (15.92)85.49 (16.75)Memory and thinking

0.44 (0.54), P=0.4140.46 (0.55), P=0.410.00 (0.58), P=1.0082.18 (16.02)81.86 (14.25)82.02 (14.87)81.91 (14.81)Mood and emotions

0.27 (0.68), P=0.69−0.99 (0.67),
P=0.140

−0.67 (0.23),
P<0.001

87.32 (17.23)87.09 (17.14)86.74 (16.67)85.97 (18.84)Communication with
others

−0.27 (0.54), P=0.61−0.09 (0.74), P=0.915.17.(0.44), P<0.00177.37 (17.89)76.07 (16.82)79.34 (16.12)78.70 (16.30)ADLs during typical
day

0.52 (0.77), P=0.500.85 (1.06), P=0.423.48 (0.35), P<0.00155.51 (37.94)52.56 (37.94)60.64 (36.55)58.60 (37.36)Ability to use most
affected hand

−0.84 (1.10), P=0.45−0.08 (1.21), P=0.951.56 (0.64), P=0.00775.74 (16.44)73.05 (18.25)71.78 (21.18)70.90 (20.78)Social participation in
ADLs

1.52 (1.56), P=0.330.98 (2.00), P=0.625.20 (0.65), P<0.00166.63 (18.94)64.07 (17.13)67.08 (16.57)63.09 (17.60)Stroke recovery
(0-100)

0.18 (0.16), P=0.27−0.25 (0.19), P=0.190.01 (0.07), P=0.874.03 (1.67)4.22 (1.66)4.23 (1.72)4.25 (1.74)Fatigue severity
scale (1-7)

0.02 (1.56), P=0.96−3.25 (1.99), P=0.10−4.36 (0.69),
P<0.001

104.03 (22.19)102.15 (20.68)104.45 (20.38)102.70 (21.11)Falls efficacy scale
(0-130)

Hospital anxiety and depression scale:

−0.29 (0.32), P=0.37−0.07 (0.37), P=0.860.10 (0.13), P=0.454.28 (4.00)4.42 (3.69)4.52 (3.52)4.92 (3.62)Depression (0-21)

0.18 (0.30), P=0.55−0.35 (0.364),
P=0.34

−0.02 (0.13), P=0.883.66 (3.55)4.01 (3.60)3.65 (3.13)3.80 (3.40)Anxiety (0-21)

Nottingham extended ADL:

−0.35 (0.38), P=0.350.33 (0.44), P=0.451.40 (0.17), P<0.00113.62 (4.14)12.97 (4.31)14.17 (3.75)13.90 (3.77)Mobility (0-18)

0.06 (0.287), P=0.840.67 (0.40), P=0.091.53 (0.15), P<0.00112.45 (3.53)12.08 (3.71)13.18 (2.89)12.76 (3.33)Kitchen (0-15)

−0.53 (0.384),
P=0.17

0.23 (0.46), P=0.621.77 (0.17), P<0.0017.95 (4.08)7.20 (3.95)8.39 (4.56)8.19 (4.45)Domestic (0-15)

0.15 (0.41), P=0.72−0.74 (0.37), P=0.041.53 (0.15), P<0.00110.39 (3.60)9.46 (2.90)10.50 (3.79)9.45 (3.16)Leisure (0-18)

−0.15 (0.116),
P=0.21

0.24 (0.14), P=0.080.37 (0.05), P<0.00113.03 (1.82)12.82 (1.90)13.50 (1.42)13.47 (1.44)Rivermead mobility
index (0-15)

0.12 (0.133),
P=0.371

0.09 (0.11), P=0.08−0.03 (0.05), P=0.553.36 (1.52)3.74 (1.06)3.82 (1.45)4.06 (1.02)Timed balance test
(0-5)

Motricity index:

1.14 (1.07), P=0.290.46 (1.25), P=0.723.77 (0.47), P<0.00165.04 (27.49)62.20 (27.21)69.88 (24.44)68.30 (25.12)Arm (0-100)

−1.81 (1.28), P=0.160.69 (1.48), P=0.642.61 (0.53), P<0.00169.68 (21.09)69.20 (21.20)75.18 (19.64)76.41 (19.18)Leg (0-100)

Letter cancellation task:

−0.85 (5.11), P=0.871.09 (5.11), P=0.84−0.62 (1.93), P=0.93149 (86)146 (89)151 (69)148 (64)Time to accomplish
(sec)

−0.06 (0.01), P=0.53−0.27 (0.19), P=0.16−0.15 (0.07), P=0.030.68 (1.56)0.76 (1.61)0.81 (1.72)0.69 (1.43)Omissions (left)

−0.11 (0.11), P=0.34−0.15 (0.12), P=0.210.08 (0.044),
P=0.088

0.57 (1.13)0.41 (1.12)0.47 (1.19)0.44 (1.06)Omissions (right)

−0.03 (0.03), P=0.320.01 (0.05), P=0.880.13 (0.02), P<0.0014.78 (0.49)4.74 (0.55)4.89 (0.36)4.87 (0.36)Functional
ambulation (0-5)

−0.04 (0.02), P=0.040.09 (0.02), P<0.0010.09 (0.01), P<0.0010.94 (0.39)0.89 (0.36)1.1 (0.3)1.1 (0.3)Comfortable walk test
(m/sec)
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Table 2 (continued)

Multilevel regression analysis*, β (SE)

Usual physiotherapyCircuit training Group×time

Time (baseline to
24 weeks) 12 to 24 weeks

Baseline to 12
weeks

Follow-up
(n=117)

12 weeks
(n=117)

24 weeks
(n=125)

12 weeks
(n=125)

−8.27 (4.45), P=0.0620.00 (7.44), P=0.0132.13 (2.86),
P<0.001

366 (151)354 (145)416 (118)412 (117)Six minute walk test
(m)

−0.54 (0.38), P=0.15−0.65 (0.73), P=0.38−1.76 (0.28),
P<0.001

14.60 (13.79)15 (16)11 (8)11 (7)Timed up and go test
(sec)

−0.40 (0.21), P=0.06−1.61 (0.66), P=0.15−0.71 (0.16),
P<0.001

16.78 (9.82)17 (10)14 (9)14 (8)Modified stairs test
(comfortable) (sec)†

ADL=activities of daily living.
*Regression coefficients of adjusted covariates of each analysis and regression coefficients for group available from corresponding author.
†N=111 in control and 120 in intervention group.
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Figure

Flow of patients with stroke through study of circuit training compared with usual physiotherapy as part of rehabilitation

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2012;344:e2672 doi: 10.1136/bmj.e2672 (Published 10 May 2012) Page 10 of 10

RESEARCH
P

ro
tected

 b
y co

p
yrig

h
t, in

clu
d

in
g

 fo
r u

ses related
 to

 text an
d

 d
ata m

in
in

g
, A

I train
in

g
, an

d
 sim

ilar tech
n

o
lo

g
ies. 

.
at D

ep
artm

en
t G

E
Z

-L
T

A
 E

rasm
u

sh
o

g
esch

o
o

l
 

o
n

 4 Ju
n

e 2025
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

10 M
ay 2012. 

10.1136/b
m

j.e2672 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
https://www.bmj.com/

