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Abstract
Objective: To examine the effects of 12 weeks of twice-weekly intensive aerobic exercise on
physical function and quality of life after subacute stroke.
Design: Randomized controlled trial.
Setting: Ambulatory care.
Participants: Patients (N = 56; 28 women) aged < 50 years who had a mild stroke (98%
ischemic) and were discharged to independent living and enrolled 20 days (median) after
stroke onset.
Interventions: Sixty minutes of group aerobic exercise, including 2 sets of 8 minutes of
exercise with intensity up to exertion level 14 or 15 of 20 on the Borg rating of perceived
exertion scale, twice weekly for 12 weeks (n = 29). The nonintervention group (n = 27)
received no organized rehabilitation or scheduled physical exercise.
Main Outcome Measures: Primary outcome measures included aerobic capacity on the
standard ergometer exercise stress test (peak work rate) and walking distance on the 6-minute
walk test (6MWT). Secondary outcome measures included maximum walking speed for 10m,
balance on the timed Up and Go (TUG) test and single leg stance (SLS), health-related quality
of life on the European Quality of Life Scale (EQ-5D), and participation and recovery after
stroke on the Stroke Impact Scale (SIS) version 2.0 domains 8 and 9. Participants were
evaluated pre- and postintervention. Patient-reported measures were also evaluated at 6-month
follow-up.
Results: The following improved significantly more in the intervention group (pre- to
postintervention): peak work rate (group x time interaction, P=.006), 6MWT (P=.011),
maximum walking speed for 10m (P<.001), TUG test (P<.001), SLS right and left (eyes
open) (P<.001 and P=.022, respectively), and SLS right (eyes closed) (P=.019). Aerobic
exercise was associated with improved EQ-5D scores (visual analog scale, P=.008) and

perceived recovery (SIS domain 9, P=.002). These patient-reported improvements persisted at
6-month follow-up.
Conclusions: Intensive aerobic exercise twice weekly early in subacute mild stroke improved
aerobic capacity, walking, balance, health-related quality of life, and patient-reported
recovery.
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The decrease in aerobic capacity after stroke continues during the subsequent six months and
often remains decreased thereafter. Most patients do not spontaneously recover to the aerobic
levels of comparable healthy subjects.1-4 The maximum oxygen uptake (VO2max) is reduced
to 10–17 ml/kg/min in the 0–30 days after the stroke1-3 and does not increase to over 20
ml/kg/min after six months;2 this is 25–45% lower than the VO2max in age-matched, healthy
subjects.2 This reduction in VO2max might affect rehabilitation of patients with stroke who
have a greater need for aerobic capacity for walking and performing the activities of daily
living.5 An early start to aerobic exercise in order to prevent reduced aerobic capacity could
improve rehabilitation after stroke.
Aerobic exercise has a beneficial effect in chronic stroke.6-8 A systematic review showed
beneficial effects even during sub-acute stages (i.e. 7 days to 6 months after stroke) with
improvements of peak oxygen uptake and walking distance.9 However, the results on walking
speed and balance were unclear or conflicting and the outcome on e.g. quality of life was not
explored. There is a lack of exercise prescription and the range of possible benefits is not
fully explored.9-11
Walking and balance are important functions to recover after stroke.12 Functional limitations
frequently necessitate ongoing rehabilitation.13 Reduced aerobic capacity and muscle
weakness impede participation in everyday physical and social activities, and impaired social
communication ability further reduces quality of life.14 Patients with stroke report a lower
quality of life than healthy individuals.15
According to the Swedish stroke register, only 15% of patients with mild to moderate stroke
receive further rehabilitation after their discharge to independent living.16 At the stroke clinic
of the present study, patients with mild stroke were usually discharged to independent living
without further rehabilitation. All patients had a follow-up visit by their physician three
months after discharge.

The primary aim of the present randomized controlled trial was to determine whether 12
weeks of twice-weekly intensive aerobic exercise in the subacute phase after mild stroke
improved aerobic capacity and walking distance. The secondary aims were to study the
effects of this exercise program on walking speed, functional mobility and balance and on
health-related quality of life (HRQOL) and social participation.

Methods
This study was a single-center, parallel randomized prospective controlled trial. The study
was guided by the Consolidated Standards of Reporting Trials statement. The study was
approved by the Regional Ethics Committee, Linköping, Sweden.

Participants
Patients were recruited from the stroke unit at Vrinnevi Hospital, Norrköping, Sweden, during
2011–2013. Written informed consent was obtained from the enrolled subjects. The subjects
were ≥50 years old, and there was no upper age limit. There was a structured rehabilitation
program for those <50 years old, and their rehabilitation was carried out in another clinic. All
subjects had a stroke that was diagnosed by a physician within three days prior to the request
for inclusion. Subjects had to be able to walk more than 5 meters with or without support and
to understand spoken and written instructions. Their impairments corresponded to mild stroke
(NHISS <6).17,18 Exclusion criteria were medical or neurological diseases that could either be
a risk or making the training program difficult to fulfill. This judgement was made by the
treating physician.

Procedures
At the start of the study (pre-intervention) and prior to randomization, aerobic capacity was
measured using a standard exercise stress test in the Department of Clinical Physiology by
unbiased investigators blinded to the randomization outcome. Other physical assessments (see
below) were carried out in the stroke unit. The assessments were repeated after three months
(post-intervention).
At pre-intervention, all patients received a questionnaire about HRQOL, social participation
and their sense of recovery. Patients filled out the questionnaires at home and were asked to
send them back to the clinic within two weeks. The second questionnaire was sent to the
participants one week before the post-intervention assessment. The third questionnaire was
sent six months after the start of the study (follow-up). The intervention started within three
days after randomization. Randomization was performed by shuffling concealed envelopes
that were then picked randomly.

Intervention
The American Heart Association recommends 20 to 60 minute sessions of aerobic exercise of
training 3 to 7 days per week after stroke.19 The intensity should be 50–80% of the maximal
heart rate (11–14 on the Borg Rating of Perceived Exertion (RPE) scale).19,20 After discharge
to independent living, the intervention group began a 12-week training period that included
twice-weekly 60-minute aerobic exercise sessions. The sessions were conducted at the
hospital and included a maximum of 10 participants. New patients were included
consecutively and continuously i.e. each patient exercised according to his or her ability. The
exercise sessions were led by an experienced physiotherapist (MK or KS) or by both if the
group had more than six patients. Music was used to guide the exercise intensity using
different numbers of beats per minute. The individual exercise intensity was adapted during

each session by adjusting the load or the cycling speed so that the exercise goals were
achieved. If the patients did not spontaneously reach the target intensity, they were given
verbal encouragement. During exercise weeks 1, 6, and 9, the participants carried heart rate
monitorsa to help them achieve an exercise intensity that was within the prescribed target
heart rate range. The monitors also made the participants aware of the degree of effort that
was required to reach the target range. Attendance at exercise sessions was recorded in the
exercise log.

Aerobic exercise program
Each 60-minute session had five parts: (1) a 15-minute warm-up that included sitting,
standing, and walking; (2) 8 minutes of high-intensity aerobic exercise on an ergometer cycle;
(3) 10 minutes of lower-intensity mixed exercises that were intended to increase the flexibility
of large muscle groups while sitting, standing, and walking; (4) 8 minutes of high-intensity
aerobic exercise on an ergometer cycle; (5) a 15-minute cool-down in different positions.
We calculated that it should take a total of 4 minutes to move between exercise stations
during the session.

Intervention goals
Each patient was given two fitness goals for each exercise session. First, during parts 1, 3, and
5, the goal was to reach a light-to-moderate training level RPE 11–13/2020, that corresponded
to ≥50% of the estimated maximum oxygen uptake and to 60% of the maximum heart
rate.11,20 Second, during parts 2 and 4 of the exercise program, the goal was to reach an
exertion level RPE 14–15/2020 that corresponded to ≥75% of the estimated maximum oxygen
uptake, and to 80% of the maximum heart rate.11,20

The patients were encouraged to try to return to their previous activity level as soon as
possible.

Control
The nonintervention group did not receive any kind of rehabilitation. The subjects received
general advice about physical training and activity and were encouraged to try to return to
their previous activity level as soon as possible. At our hospital, this was considered standard
care for patients with mild impairments after stroke when they were discharged. There was no
monitoring or estimation of the participants’ physical activities during the study period.

Primary outcome measures
There were two primary outcome measures. Aerobic capacity was measured with a symptomlimited graded cycle ergometer test (Peak WR).21 This standard exercise stress test is used
worldwide and has high validity and good to excellent reliability.22,23 Walking distance was
measured with the 6-Minute Walk Test (6MWT), which is a commonly used test for assessing
the physical performance of people with stroke.24

Secondary outcome measures
Walking speed was assessed by the Maximum Walking Speed 10 meters test
(MWS10m),14,25,26 which has high intrarater reliability and validity in patients with stroke.25
The Timed Up and Go test (TUG)27 was used for testing functional mobility. The test has
excellent reliability and validity.28,29 Balance was determined by the Single Leg Stance (SLS)
test.30-32

HRQOL was estimated using the Euroqol-5D (EQ-5D) index and a visual analog scale
(VAS).33-34 The self-reported Stroke Impact Scale 2.0 (SIS) was used to measure participation
in daily activities (domain 8) and recovery after stroke (domain 9). The SIS is valid, reliable,
and sensitive to change.35

Statistical analysis
The sample size calculation was based on the most important primary outcome measure
6MWT. Using a two-tailed test with a type I error of 0.05 and a power of 80%, a clinically
significant difference between the intervention and nonintervention group (improvement of 50
m (SD 53 m) for the 6MWT would be detected with a minimum sample of 20 subjects per
group.36 Considering possible dropouts, the primary study goal was to include at least 25
patients per group.
The descriptive data are reported as mean ± standard deviation (SD). The Student t-test, chisquare test, and Fisher exact test were used for within-group and between-group comparisons
as appropriate. Differences within and between groups over time were examined using a
mixed design repeated measures ANOVA (2 groups x 2 time points). Cohen d effect sizes and
95% confidence intervals were calculated using R softwareb with the compute.es package.37
The following interpretation for the magnitude of the effect size r is suggested: 0–.1, no
effect; .1–.4, a small effect; .5–.7, an intermediate effect; .8 and higher, a large effect.39 All
other statistical analyses were conducted using SPSS version 22.c The level of significance
was set at .05.

Results
Between 2011 and 2013, 100 patients were assessed for study eligibility. Of these, 11 patients
did not meet the inclusion criteria due to a new stroke or other disease. The exclusion criteria

and the reasons why patients declined participation are shown in figure 1. The study included
56 patients, 29 patients in the intervention group and 27 patients in the nonintervention group
(see figure 1 and table 1). The patients were randomized in the early subacute phase (median
20 days) after stroke onset. Recruitment stopped after 56 subjects enrolled because of a
change in the clinical routine regarding when the definite diagnosis of stroke was determined
by the physician, which caused a delay and was an obstacle to including patients within the
desired period.
The groups did not differ with respect to their demographic and clinical characteristics at
pre-intervention (see table 1 and 2). The intervention attendance rate was 79%, with a median
of 19 exercise sessions per patient. No adverse events or side effects were reported. There
were two dropouts (see figure 1). All subjects reached the estimated exercise goal according
to the RPE scale during their training sessions.

Primary outcome measures
Both aerobic capacity (peak WR, P=.006) and walking distance (6MWT, P=.011) increased
significantly more in the intervention group versus the nonintervention group postintervention (group x time effect, see table 2).

Secondary outcome measures
Some secondary outcome measures, including the MWS10m (P<.001), TUG (P<.001), SLS
with the right or left leg with both eyes open (P<.001 and P=.022 respectively), and SLS with
the right leg with eyes closed (P=.019) improved significantly more in the intervention group
between pre-intervention and post-intervention (see table 2). During the same period, no
improvements were seen in the nonintervention group (see table 2).

The total group improved over time in terms of the self-reported measures EQ-5D VAS,
participation, and recovery (time effect P<.001, see table 2). For the EQ-5D VAS
(F(1.67,76.76)=5.61, P=.008) and SIS recovery (F(1.59,80.97)=7.55, P=.002) the
intervention group improved significantly more than the nonintervention group between preto post-intervention (table 2), while this was not the case for the EQ-5D Index or the SIS
participation.
However, none of the four self-reported measures from the questionnaire at the 6-month
follow-up showed any further significant improvements between post-intervention and the 6month follow-up (see table 3).

Discussion
This single-center randomized controlled study showed that early intensive aerobic exercise
twice weekly for 12 weeks during the subacute stage of mild stroke could improve patients’
physical performance and quality of life. To our knowledge, this is the first study of subacute
mild stroke that found significant improvements “Within-subjects effects*group” (group x
time) in aerobic capacity, walking distance, walking speed, functional mobility, balance,
HRQOL, and a sense of recovery after aerobic exercise. Improvements in aerobic capacity
and walking capacity after aerobic exercise have been shown previously in chronic stroke.6,7
Aerobic exercise in the early subacute phase of the disease in the present and other studies
showed similar improvements in aerobic capacity.39,40 A study by MacKay-Lyons and
Makrides found that 16.9% of patients with mild to severe stroke showed spontaneous
recovery of peak aerobic capacity during the first 6 months after stroke.2 However, in the
current study, there was almost no spontaneous recovery in the nonintervention group 3

months post-intervention, which could have an impact on daily activities5 even in a longer
perspective.
The present study had a different study design and all patients had a mild stroke, which
complicates comparison with other studies.9,39-41 One study, which used a treadmill as a
training tool and required a lower level of exercise exertion, showed no differences between
groups.41 The use of leg cycle ergometry for both training and assessment in the present study
may allow the participants to perform better than if they used a treadmill. The improvement in
walking distance (6MWT) in the exercise group was nearly twice as great as the established
minimal clinical difference of 54 meters,24 and the mean walking distance in the intervention
group post-treatment was comparable to that of age-related healthy individuals. Tang.40 KatzLeurer.40 and colleagues found no significant difference between groups in terms of walking
distance. Compared to the present study, the studies by Tang.40 and Katz-Leurer.40 and
colleagues used lower intensity exercise and shorter exercise periods.
The walking speed improvement measured by MWS10m in the present study in the
intervention group is not in line with comparable studies,39,40 which found no statistically
significant results in favour of early aerobic exercise. Similarly, the improvements in
functional mobility measured by TUG in the present study have not been seen in other
studies. One other study also showed that exercise improved balance, but the results were not
comparable overall due to differences in measurement methods.9,42 The repetitive motions of
ergometer cycling positively affect walking ability and balance, which could be an important
factor.43
A meta-analysis by Chen and Rimmer of studies of patients with chronic stroke showed the
benefits of aerobic exercise combined with strength exercise on HRQOL, while aerobic
exercise alone did not have these benefits.15 In a study of patients in the subacute phase of
stroke, aerobic exercise alone had no significant effect on HRQOL.40 In the present study, the

improvements in HRQOL and recovery in the intervention group were achieved between preintervention and post-intervention, but there were no further improvements at the 6-month
follow-up. It is not known whether the patients continued to train by themselves after the
intervention. The stagnation in the reported HRQOL and in recovery may suggest that a
longer and continuing aerobic exercise program could be beneficial.
The American Heart Association guidelines recommend training three to seven times per
week.19 Adherence to training is low, however, when these guidelines are applied in clinical
practice.44-46 In a pilot study we tested a design with more than two exercise sessions per
week, but this design failed due to low adherence (K. Sandberg, M. Kleist, unpublished data,
2008). The present study, with exercise sessions twice a week, had a high adherence rate,
suggesting that low training frequency with high aerobic exercise intensity may be optimal.

Study limitations
Approximately a third of the approached patients declined to participate in the study, citing
transport problems or other issues. It is possible that those who agreed to participate in this
exercise study were mainly patients with an interest in training. However, since there were
almost no dropouts in the nonintervention group, this may not be the case. The previous
fitness level, training activities or functional performance of the patients prior to the stroke
were not registered, and this may have had an impact on the differences between the groups.
The present study did not gather any information about each patient’s activity levels during
and after the intervention. A larger study population is probably needed to detect possible
differences in, for example, self-rated social participation. In this study, multiple outcome
measures were reported, which might increase the possibility of type I error (ie, saying there
is a difference when there is not one). However, there is conflicting advice how to treat this.47
Furthermore, the effect sizes provide important additional information and the outcomes for

the primary outcome measures are fairly clear. In this study, only patients ≥50 years were
accepted because of the local organization of neurological care, and this limits the
generalizability of the study.

Conclusion
Patients with a mild stroke can benefit from intensive aerobic exercise twice weekly for 12
weeks in the early subacute phase. We found that intensive aerobic exercise improved aerobic
capacity, walking, balance, HRQOL, and a sense of recovery in the intervention group
compared with the nonintervention group, who were discharged to independent living without
any specific exercise instructions. More research is needed to optimize the training protocol,
and future studies should examine whether exercise continued beyond three months could
improve outcomes further. Finally, studies should investigate whether patients with more
severe stroke also benefit from early physical exercise.
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Flowchart of Study Participants
Enrollment
Assessed for eligibility (n=100)

Excluded (n=44)
 Did not meet inclusion criteria (n=11)
 Had transport problems (n=12)
 Other reasons (n=21)

Randomized (n=56)

Allocation
Allocated to intervention (n=29)
Received intervention (n=29)
Did not receive allocated intervention (n=0)

Allocated to control (n=27)
Received control (n=27)
Did not receive allocated control (n=0)

Post-intervention
Lost at post-intervention (n=0)
Discontinued intervention (n=0)

Lost at post-intervention (n=0)
Discontinued control (n=0)

Follow-up
Lost to follow-up (n=0)
Discontinued follow-up (n=0)

Lost to follow-up (n=2): 1 due to recurrent
stroke, 1 unknown reason

Analysis
Analyzed (n=29)
Post-intervention (n=29)
Follow-up (n=29)

Analyzed (n=27)
Post-intervention (n=27)
Follow-up (n=25)

Figure 1. Flowchart of study participants through each stage of the trial.

Table 1. Patient characteristics at pre-intervention
Intervention
group
(n = 29)

Nonintervention
group
(n = 27)

P

Mean ± SD

71.3±7.0

70.4±8.1

.657*

Range

61–84

53–87

Variable
Age, years

.789†

Sex, n (%)
Male

14 (48)

14 (52)

Female

15 (52)

13 (48)
.482‡

Type of stroke, n (%)
Ischemic

29 (100)

26 (96.3)

Hemorrhagic

0 (0)

1 (3.7)

Side affected by symptoms, n (%)

.716*

Right

16 (55.2)

12 (44.4)

Left

11 (37.9)

13 (48.1)

Unknown

2 (6.9)

2 (7.4)

4.9±5.8

6.3±7.3

.418*

22.2±10.1

22.8±10.8

.839*

Days from stroke onset to pre-intervention
walking and balance test. Mean ± SD
Days from stroke onset to pre-intervention
standard exercise stress test. Mean ± SD

.424‡

Use of walking aid at recruitment, n (%)
No

24 (82.8)

25 (92.6)

Yes

5 (17.2)

2 (7.4)

Abbreviations: SD Standard Deviation
*Unpaired t test
†Chi-squared test
‡

Fisher’s exact test

Table 2. Primary and secondary outcome measures. Comparisons between groups over the time period pre- to post-intervention.

Measures

Intervention
group
(n=29)

Noninterve
ntion group
(n=27)

Between-group
comparison

Aerobic capacity, peak WR (watts),
n=28,25
Pre-intervention

113.9± 27.6

123.8±41.9

t= -1.027, df=51, P=.309,
d= -.28(- .84 to .27)

Post-intervention

130.4±33.7

125.8±42.9

t=.436, df=51, P=.665,
d=.12(- .43 to .67)

16.4±11.0

1.9±23.9

Change pre- to post-intervention
6-Minute Walk Test (meters),
n=29,27
Pre-intervention

394.7±114.7

384.3±131.9

t=.315, df=54, P=.754,
d=.08(- .45 to .62)

Post-intervention

499.8±93.1

420.2.±131.6

t=2.626, df=54, P=.011,
d=.7(.15 to 1.25)

105.1±79.5

35.9±115.1

Change pre- to post-intervention
Maximum Walking Speed 10 meters
(seconds), n=29,27
Pre-intervention

8.2±3.0

7.4±1.9

t=1.148, df=54, P=.256,
d=.31(- .23 to .85)

Post-intervention

6.0±1.5

7.4±1.8

t= -3.090, df=54, P=.003,
d=.83(.27 to 1.38)

-2.2±2.2

- .1±1.5

Change pre- to post-intervention
Timed up and go test (seconds),
n=29,27
Pre-intervention

12.3±5.5

10.0±2.9

t=1.931, df=42.93, P=.060,
d=.52(- .03 to 1.06)

Post-intervention

8.1±1.9

9.3±2.6

t= -2.066, df=54, P=.044,
d=.55(.01 to 1.1)

-4.2±4.5

- .7±1.8

Change pre- to post-intervention

Mixed design repeated measures ANOVA
Within-subjects
Within-subjects effects
effects*group
(time effect)
(group x time)

Between-subjects effects
(group effect)

F(1,51)=13.319, P=.001
d=1(.42 to 1.59)

F(1,51)=8.327, P=.006,
d=.79(.22 to 1.37)

F(1,51)=.074, P=.787,
d=.07(- .48 to .63)

F(1,54)=28.771, P<.001,
d=1.43(.83 to 2.04)

F(1,54)=6.930, P=.011,
d=.7(.15 to 1.26)

F(1,54)=2.439, P=.124,
d=.42(- .12 to .96)

F(1,54)=20.742, P<.001,
d=1.22(.63 to 1.8)

F(1,54)=17.694, P<.001,
d=1.12(.55 to 1.7)

F(1,54)=.357, P=.553,
d=.16(- .38 to .7)

F(1,54)=28.468, P<.001,
d=1.43(.83 to 2.03)

F(1,54)=14.397, P<.001,
d=1.01(.45 to 1.58)

F(1,54)=.357, P=.553,
d=.16(- .38 to .7)

Single Leg Stance right (eyes open)
(seconds), n=29,27
Pre-intervention

9.6±10.3

11.8±10.8

t= -.782, df=54, P=.438,
d= - .21(- .75 to .33)

Post-intervention

20.0±10.6

12.7±10.7

t=2.578, df=54, P=.013,
d=.69(.14 to 1.24)

10.4±10.5

.9±7.6

Change pre- to post-intervention
Single Leg Stance left (eyes open)
(seconds), n=29,27
Pre-intervention

12.4±10.7

11.6±11.4

t=.282, df=54, P=.779,
d=.08(- .46 to .61)

Post-intervention

20.9±11.2

14.7±11.5

t=2.039, df=54, P=.046,
d=.55(0 to 1.09)

8.4±9.1

3.0±7.8

Change pre- to post-intervention
Single Leg Stance right (eyes closed)
(seconds), n=29,27
Pre-intervention

1.9±2.0

1.8±1.7

t=.228, df =54, P=.820,
d=.06(- .48 to .6)

Post-intervention

4.2±3.5

2.4±2.5

t=2.135, df=54, P=.037,
d=.57(.02 to 1.12)

2.2±2.7

.6±2.3

Change pre- to post-intervention
Single Leg Stance left (eyes closed)
(seconds), n=29,27
Pre-intervention

2.8±2.5

2.0±1.9

t=1.433, df=54, P=.158,
d=.38(- .16 to .92)

Post-intervention

4.5±4.6

2.7±2.6

t=1.790, df=54, P=.079,
d=.48(- .07,1.02)

1.7±3.9

.7±2.1

Change pre- to post-intervention
EQ-5D index,
n=28,22
Pre-intervention

.75±.16

.81±.21

t= -1.239, df=48, P=.221,
d=.35(- .22 to .93)

Post-intervention

.85±.12

.78±.31

t=.964, df=26.310, P=.344,
d=.27(-.3 to .85)

F(1,54)=20.878, P<.001,
d=1.22(.64 to 1.81)

F(1,54)=14.958, P<.001,
d=1.03(.46 to 1.61)

F(1,54)=1.017, P=.318,
d=.27(- .27 to .81)

F(1,54)=25.415, P<.001,
d=1.35(.75 to 1.94)

F(1,54)=5.573, P=.022,
d=.63(.08 to 1.18)

F(1,54)=1.606, P=.210,
d=.34(- .2 to .88)

F(1,54)=17.228, P<.001,
d=1.11(.53 to 1.69)

F(1,54)=5.855, P=.019,
d=.65(.1 to 1.2)

F(1,54)=2.515, P=.119,
d=.42(- .12 to .97)

F(1,54)=8.094, P=.006,
d=.76(.21 to 1.32)

F(1,54)=1.261, P=.266,
d=.3(- .24 to .84)

F(1,54)=3.509, P=.066,
d=.5(- .04 to 1.05)

F(1,48)=.948, P=.335,
d=.28 (- .30 to .85)

F(1,48)=3.404, P=.071,
d=.53 (- .06 to 1.11)

F(1,48)=.001, P=.969,
d=.01 (- .56 to .58)

Change pre- to post-intervention

.10±.16

- .03±.33

EQ-5D VAS,
n=27,21
Pre-intervention

72.3±22.3

80.4±18.9

t= -1.346, df=46, P=.185,
d= - .39(- .98 to .2)

Post-intervention

87.2±9.1

81.1±17.5

t=1.446, df=28.359, P=.159,
d=.42(- .17 to 1.01)

15.0±19.2

.7±17.7

Change pre- to post-intervention
SIS (domain 8) Participation (0–100),
n=28,23
Pre-intervention

67.6±20.6

68.4±28.0

t= -.116, df=39.510, P=.908,
d= - .03(- .6 to .53)

Post-intervention

82.5±20.5

79.4±19.2

t=.547, df=49, P=.587,
d=.15(- .41 to .72)

14.9±19.1

11.0±22.0

Change pre- to post-intervention
SIS (domain 9) Recovery VAS (0–100),
n=28,25
Pre-intervention

73.2±19.7

83.4±17.9

t= -1.961, df=51, P=.055,
d= - .54(-1.1 to .02)

Post-intervention

89.2±8.6

84.0±15.4

t=1.506, df=36.677, P=.141,
d=.41(- .14 to .97)

16.0±16.6

.6±17.1

Change pre- to post-intervention

F(1,46)=8.443, P=.006,
d=.85(.23 to 1.46)

F(1,46)=6.975, P=.011,
d=.77(.16 to 1.37)

F(1,46)=.058, P=.811,
d=.07(- .52 to .66)

F(1,49)=20.411, P<.001,
d=1.27(.65 to 1.89)

F(1.49)=.455, P=.503,
d=.19 (- .38 to .76)

F(1,49)=.041, P=.840,
d=.06 (- .51 to .62)

F(1,51)=12.948, P=.001,
d=.99(.41 to 1.58)

F(1,51)=11.147, P=.002,
d=.93(.35 to 1.51)

F(1,51)=.438, P=.511,
d=.18 (- .37 to .74)

Note. Values are mean ± Standard Deviation (SD). Bold type: statistically significant differences (P<.05).
Abbreviations: EQ-5D, European Quality of Life 5 Dimensions; VAS, Visual Analogue Scale; SIS, Stroke Impact Scale version 2; df, degrees of
freedom d, Cohen’s d effect size (95% Confidence Interval).
Between-group comparisons were calculated using the unpaired t-test. Within- and between-subjects effects were calculated using mixed design
repeated measures ANOVA.

Table 3. Patient-reported outcome measures. Comparisons between groups over the time period post-intervention to 6-month follow-up.

Measures

Intervention
group
(n=29)

Noninterve
ntion group
(n=27)

Between-group
comparison

EQ-5D index,
n=28,22
Post-intervention

.85±.12

.78±.31

t=.964, df=26.310, P=.344,
d=.27(-.3 to .85)

6-month follow-up

.88±.18

.82±.27

t=.959, df=33.921, P=.344,
d=.27(- .3 to .85)

.03±.17

.03±.22

Change post-intervention to follow-up
EQ-5D VAS,
n=27,21
Post-intervention

87.2±9.1

81.1±17.5

t=1.446, df=28.359, P=.159,
d=.42(- .17 to 1.01)

6-month follow-up

89.6±11.3

84.7±18.3

t=1.075, df=31.367, P=.291,
d=.31(- .28 to .9)

2.3±7.9

3.5±16.2

Change post-intervention to follow-up
SIS (domain 8) Participation (0–100),
n=28,23
Post-intervention

82.5±20.5

79.4±19.2

t=.547, df=49, P=.587,
d=.15(- .41 to .72)

6-month follow-up

85.7±19.4

81.7±21.5

t=.699, df=49, P=.488,
d=.2(- .37 to .76)

3.2±11.3

2.3±16.7

Change post-intervention to follow-up
SIS (domain 9) Recovery VAS (0–100),
n=28,25
Post-intervention

89.2±8.6

84.0±15.4

t=1.506, df=36.677, P=.141,
d=.41(- .14 to .97)

6-month follow-up

91.1±8.5

85.4±20.3

t=1.288, df=31.482, P=.207,
d=.35(- .2 to .91)

1.9±6.0

1.5±17.3

Change post-intervention to follow-up

Mixed design repeated measures ANOVA
Within-subjects
Within-subjects effects
effects*group
(time effect)
(group x time)

Between-subjects effects
(group effect)

F(1,48)=1.231, P=.273,
d=.32 (- .26 to .89)

F(1,48)=.002, P=.961,
d=.01 (- .56 to .59)

F(1,48)=1.323, P=.256,
d=.33 (- .25 to .90)

F(1,46)=2.718, P=.106,
d=.48(- .11 to 1.07)

F(1,46)=.112, P=.739,
d=.1(- .49 to .68)

F(1,46)= 2.198, P=.145,
d=.43 (- .16 to 1.02)

F(1,49)=1.911, P=.173,
d=.39(- .18 to .96)

F(1.49)=.058, P=.811,
d=.07 (- .5 to .63)

F(1,49)=.442, P=.509,
d=.19 ( - .38 to .75)

F(1,51)=.918, P=.343,
d=.26(- .29 to .82)

F(1,51)=.012, P=.914,
d=.03(- .52 to .58)

F(1,51)=2.574, P=.115,
d=.44 (- .12 to 1)

Note. Values are mean ± Standard Deviation (SD). Bold type: statistically significant differences (P<.05).

Abbreviations: EQ-5D, European Quality of Life 5 Dimensions; VAS, Visual Analogue Scale; SIS, Stroke Impact Scale version 2; df, degrees of
freedom d, Cohen’s d effect size (95% Confidence Interval).
Between-group comparisons were calculated using the unpaired t-test. Within- and between-subjects effects were calculated using mixed design
repeated measures ANOVA.

