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Abstract
Objective—To determine whether Adaptive Physical Activity (APA-stroke), a community-based
exercise program for participants with hemiparetic stroke, improves function in the community.

Methods—Nonrandomized controlled study in Tuscany, Italy, of participants with mild to
moderate hemiparesis at least 9 months after stroke. Forty-nine participants in a geographic health
authority (Empoli) were offered APA-stroke (40 completed the study). Forty-four control
participants in neighboring health authorities (Florence and Pisa) received usual care (38
completed the study). The APA intervention was a community-based progressive group exercise
regimen that included walking, strength, and balance training for 1 hour, thrice a week, in local
gyms, supervised by gym instructors. No serious adverse clinical events occurred during the
exercise intervention. Outcome measures included the following: 6-month change in gait velocity
(6-Minute Timed Walk), Short Physical Performance Battery (SPPB), Berg Balance Scale, Stroke
Impact Scale (SIS), Barthel Index, Hamilton Rating Scale for Depression, and Index of Caregivers
Strain.

Results—After 6 months, the intervention group improved whereas controls declined in gait
velocity, balance, SPPB, and SIS social participation domains. These between-group comparisons
were statistically significant at P < .00015. Individuals with depressive symptoms at baseline
improved whereas controls were unchanged (P < .003). Oral glucose tolerance tests were
performed on a subset of participants in the intervention group. For these individuals, insulin
secretion declined 29% after 6 months (P = .01).
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Conclusion—APA-stroke appears to be safe, feasible, and efficacious in a community setting.
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Stroke; Exercise; Community; Rehabilitation

Stroke is one of the leading causes of death and long-term disability.1 The Framingham
study found that at 6 months following a stroke (ie, after the period of natural recovery2)
50% of stroke survivors aged 65 years or older had some hemiparesis and 30% were unable
to walk without assistance.3 Due in part to the sedentary lifestyle associated with these
limitations, the stroke survivor is at increased risk of diabetes, glucose intolerance, heart
disease, subsequent stroke death, and depression.4,5 There is substantial evidence supporting
a protective role for exercise in the prevention of stroke.1 For stroke survivors, increasing
evidence also links exercise to improved cardiovascular health, with decreased risk for
cardiac events; improvements in indices of insulin sensitivity and glucose tolerance6;
improved physical fitness, ambulatory function,7-12 and bone health13; as well as reduced
depression and social isolation7 even years after the stroke.7-10 Despite the potential, there is
limited experience translating this research into community-based exercise programs
specifically adapted for the needs of stroke survivors.14-17 Most published research has been
conducted in hospital or rehabilitation settings,14-18 and the optimal management strategy to
prevent the progression of disability in chronic stroke survivors is unknown.19 Survivors 1
year after stroke report considerable levels of dissatisfaction with their quality of life, with
the level of dissatisfaction correlated to the level of activity impairment.20 Whether the most
severely impaired chronic patients can recover the ability to ambulate with intense
rehabilitation is the subject of current investigations21; however, those with moderate
disabilities may be more amenable to a community-based intervention.

In this context, we report the results of an evaluation of the Adaptive Physical Activity
(APA) program for stroke (APA-stroke), conducted in the Tuscan region of Italy, under a
memorandum of agreement between the US National Institutes of Health and its Italian
counterpart, the Instituto Superiore di Sanità. The aim of this study was to investigate the
safety, feasibility, and effectiveness of a community-based physical activity program for
people with chronic stroke and moderate hemiparetic gait disorders.

Methods
APA-Stroke Program

This program evaluation was initiated as the first participants were enrolled in the APA-
stroke program, beginning in October 2005, in communities served by the local health
authority of Empoli, Italy. Both APA-stroke participants and controls were followed for 6
months after enrollment in the program. The APA-stroke program was designed to improve
the long-term health and functioning of stroke survivors.22 Individuals who were medically
cleared by their personal physician were eligible to participate in the exercise program that
met for 1 hour, thrice a week, in classes of 9 to 13 people. Participants were also encouraged
to do exercises at home. Both gymnasium and home APA-stroke exercises were aimed at
improving muscle strength, joint flexibility, balance, and cardiorespiratory function.

APA-stroke provided walking, strength, and balance training exercises specifically designed
for individuals with chronic stroke. Exercises were performed both standing and seated.
Walking time and the intensity of exercises progressively increased during the first 3
months. The standing exercises were designed to improve lower extremity function,
strength, and awareness and were performed as the participant held onto a bar for support
and balance. The gait component (walking) was done at the beginning and at the end of each
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class. At the beginning of the class, each participant walked around the perimeter of the
room for 6 minutes at a pace that he or she selected as being comfortable. At the end of the
class, the participant walked around ropes placed on the floor as obstacles to step around for
6 minutes at a pace selected by each participant as comfortable. After the first month, both
walking components were lengthened by 1 minute each week, until by week 13 walking
time reached 15 minutes. Participants were able to sit and rest if the progression was too
taxing for them, but this was infrequent. Rather, it appeared that participants adjusted their
walking speed according to their individual capabilities. As walking time increased, time
spent on other exercises was correspondingly reduced to maintain the 1-hour timeframe.
Instructors had the discretion to reduce the minutes allocated to other exercises or alternate
exercises through the week. Seated exercises included sit-to-stand, trunk twists, shoulder
lifts, arm rolls, and neck stretches. Exercises were also performed at a bar, including weight
shifting, mezzo squats, stretches, and leg/trunk flexion and extensions.

To keep the price low and promote geographic access to the APA-stroke classes, the local
health authority negotiated agreements with local gymnasiums throughout the region served.
Participants paid €1.9 (approximately $3.00) per class and provided for their own
transportation. Classes were typically offered at “off-hours” on weekday mornings. To
enroll in APA, prospective participants called the rehabilitation service of the local health
authority. New classes were started as waiting lists developed.

To maintain safety and quality standards, physical therapists working for the rehabilitation
service recruited and trained the instructors for APA classes. The instructors were generally
recruited from among those already working for the gym where the classes would be
offered. They were not required to be physical therapists, but they were selected for their
experience and motivational qualities. The physical therapists also observed the exercise
classes at random intervals to ensure that the exercise protocol was being followed. The
rehabilitation service conducted telephone satisfaction surveys of APA participants. If
participants reported deterioration in their functional abilities as a reason for stopping
exercise, they were immediately scheduled for a physician's visit. Gym instructors contacted
the rehabilitation service to report any concern regarding participant health or functioning of
their students. All participant complaints or incident reports from the gyms were promptly
followed-up by physical therapists who work for the local health authority.

Throughout the APA-stroke evaluation, adverse clinical events (ACEs) that occurred to
APA participants either in the APA classes or outside were reported to the study team.
Clinical events were classified for gravity, type, and place. An ACE was classified as serious
if a subject presented to the emergency room or was admitted to hospital for any reason.
Attendance was taken at each class. The study team contacted participants who failed to
attend 3 consecutive classes to determine the cause for absence.

Prior to initiation of the community-based APA-stroke program, a pilot safety study of
APA-stroke was conducted in an outpatient setting in Empoli, Italy. In the pilot study, 20
subjects with chronic hemiparesis completed a 2-month group exercise class that included
home exercise, and they showed significant improvements as measured by the Berg
Balance, 6-Minute Timed Walk (6MTW), and Short Physical Performance Battery (SPPB).
23 There were no serious ACEs during the pilot.

Subjects
Study subjects included 93 stroke survivors with chronic mild-to-moderate hemiparetic gait
deficits who resided in 1 of 3 neighboring health authorities in Tuscany—Empoli, Pisa, and
Florence. Forty-nine subjects recruited from Empoli were enrolled in the APA-stroke
program. Forty-four stroke survivors recruited from Florence and Pisa served as
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nonexercising controls and received usual care. Subjects were recruited for the APA
program through flyers, word-of-mouth, and notification of physicians by the local health
authority. Random assignment of subjects to APA-stroke versus control groups was
considered, but deemed politically unacceptable by the local health authorities. Usual care
consisted of medical care as needed, but no additional exercise program. The study was
powered based on the data obtained in the pilot program and the results of glucose tolerance
in stroke survivors after treadmill training.4,6

The Local Ethical Committee of the Health Authority of Empoli as well as the University of
Maryland Internal Review Board reviewed and approved the study. All participants gave
written informed consent.

To be eligible for participation, subjects had to be in the chronic phase of stroke recovery
(ie, at least 9 months after the acute stroke) and have a mild-to-moderate hemiparetic gait.
Nine months poststroke was chosen to ensure that any functional improvement observed
was not due to the natural trajectory of recovery.24 Mild-to-moderate hemiparetic gait
disorder was defined as the ability to walk independently for 6 minutes at a velocity ≥30 to
90 cm/s, either with or without an assistive device.

Patients were referred to the APA-stroke study by their general practitioner and were further
screened by the study team to determine that the subjects met study participation criteria. To
be included in the study, chronic stroke survivors had to be at least 40 years of age with
onset more than 9 months prior to enrolling in the study and have no comorbid conditions
that were contraindications to participation, such as dementia, aphasia with inability to
follow 2-step commands, symptomatic heart failure, unstable angina, and hypertension
(diastolic BP ≥95 mm Hg; systolic BP ≥160 mm Hg), which would preclude participation in
exercise. Stroke survivors who were too deconditioned to meet study criteria were offered
an outpatient preparatory course under the supervision of a physical therapist and
subsequently reevaluated for inclusion in APA-stroke.

Measurements and Statistical Methods
Gait velocity, measured during the 6MTW, was the primary outcome measure for the study.
The course in each location was 10 meters long, and subjects were required to make 180°
turns. Evaluators received a 2-day training session prior to the initiation of the study to
ensure that the same procedures for encouraging patients were used in all locations.
Evaluators were observed periodically by an external review team to determine whether
these procedures were being followed. Subjects were allowed to stop and rest; however, the
rest time was included in their total time and computation of gait velocity. Evaluators were
not blinded to subject assignment. The evaluation team at each location included a
neurologist and a physical therapist. The physical therapists at Empoli did not run the APA
exercise classes, but did intermittently observe classes to ensure program adherence.

Participants were evaluated at baseline and at 6 months. Comorbidities were assessed with
the Cumulative Illness Rating Scale.25 The Mini Mental State Examination26 was used to
screen for dementia, and the Hamilton Rating Scale for Depression27 was used to screen for
depression. Stroke impairments were assessed using the Motricity Index.28,29 Various
dimensions of mobility were measured using the SPPB,30,31 the 6MTW,32,33 and the Berg
Balance Scale.34 Basic activities of daily living (ADL) were profiled using the Barthel Index
(BI).35 Participant-rated outcomes related to quality of life were examined using the Stroke
Impact Scale (SIS).36 Caregiver burden was measured using the Caregiver Strain Index.37

Oral glucose tolerance tests (OGTTs)38 were performed on 19 subjects in the APA-stroke
intervention group at baseline and after 6 months in the APA program. Subjects with
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diabetes (fasting glucose 125 mg/dL or 2-hour postprandial glucose 200 mg/dL) or
hyperglycemia (2-hour postprandial glucose >150) were excluded from analysis (22 of the
original 49 APA participants), as were 6 subjects who refused OGTT. OGTT was performed
only for the subjects in the APA group, not for control subjects.

For each outcome variable and subject, a within-subject change (6 months minus baseline)
was computed. The mean within-subject change in the APA group was compared with the
mean within-subject change in the control group using analysis of variance adjusted for age,
sex, and initial values of the outcome variables. Values at baseline in the APA intervention
and control groups were compared using χ2 tests for dichotomous variables and the paired 2-
tailed t test for continuous variables. All data are expressed as mean ± standard error.

Results
A total of 93 people met participation criteria at baseline, 49 in the APA intervention group
and 44 in the control group. Seventy-eight subjects completed the study (40 in the
intervention group and 38 in the control group; see Table 1). Two subjects died (1 patient in
each group). Serious ACEs that caused prolonged immobilization, and subsequent exclusion
from the study, were observed in 4 subjects, 1 in the intervention group and 3 in the control
group. No serious ACEs occurred during the APA exercise classes. Two subjects from the
control group did not attend the follow-up assessments, and 7 subjects in the APA
intervention group dropped the exercise program (4 for transportation problems and 3 for
other reasons). Thus, 40 (82%) participants of the APA group and 38 (86%) of the control
group completed the 6-month study.

At baseline (Table 2), demographic and most other characteristics of the groups were not
significantly different. Most notably there was no significant difference between the 2
groups in the primary outcome measure, 6MTW gait velocity. The mean velocity for the
6MTW was 51.1 ± 3.0 cm/s for the APA group and 54.5 ± 2.6 cm/s for the control group.
Distances traversed in the 6MTW were comparable with those reported in previous studies39

and were not significantly different at baseline between groups. Additionally, there was no
difference in upper limb function. The Motricity Index of the upper limb on the stroke-
affected side was 63.7 ± 3.5 for the APA group and 60.6 ± 4.2 for the control group. There
was no significant difference in the BI, 79.5 ± 2.6 for the APA group and 85.4 ± 2.0 for the
control group.

At baseline there were a few significant differences between the groups. The control group
was significantly less impaired than the APA-stroke group in balance and gait: Berg Balance
Scale 39.9 ± 1.7 for the APA group and 44.7 ± 1.7 for the control group; SPPB summary
performance score 4.75 ± 0.45 for the APA group and 6.74 ± 0.54 for the control group (P
< .04 and .006, respectively). The APA group had significantly lower scores on 2 SIS items,
communication and mobility (P < .01 and .006, respectively). The APA group had
significantly higher scores than the control group for SIS activities of daily living and
instrumental activities of daily living (P < .03).

Six-Month Outcomes
Six-month outcomes are reported in Table 3. The performance of the control group on the
6MTW test declined by 4.7 cm/s, whereas the performance of the APA group increased by
7.1 cm/s. This difference in changes between groups was significant, P < .0001. Similarly,
performance on the SPPB declined by 0.84 for the control group, whereas the performance
on the SPPB increased by 1.58 in the APA group. Berg Balance scores declined for the
control group by 1.5, whereas they increased by 5.1 in the APA group. The differences in
changes between the control and APA groups for both SPPB and Berg scores were
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significant at P < .00004. On the SIS, only participation scores showed significant between-
group changes. SIS participation in the control group declined by 9.2, whereas it increased
by 11.6 in the APA group (difference in changes between groups was significant, P < .
00015). The Motricity Index of the paretic upper extremity improved by 7.4 in the APA
group, whereas the value for the control group declined slightly by 2.1. This difference in
changes between groups was significant at P < .05. Changes in the BI, other SIS scores, and
Index of Caregiver Stress failed to reach statistical significance.

In assessing depression, we included only those individuals with depressive symptoms at
baseline (Hamilton Rating Scale for Depression ≥ 8; APA [n = 15], Control [n = 13]).
Participants in the APA group improved by an average score of 4.4 at 6 months, whereas the
scores of the participants in the control group were unchanged. The difference in change
scores between the APA and control groups were significant at P < .003.

Of the 40 participants who completed the intervention, 28 (70%) attended more than 60% of
the classes and 12 (30%) attended less than 60% of the classes. For individuals who attended
less than 60% of the sessions, the average change in walking speed was 5.5 cm/s, when
compared with 8.4 cm/s for individuals who attended more than 60% of the sessions.
Although there was a positive relationship between attendance and change in velocity, the
strength of the relationship was modest. Attendance explained 10.5% of the variance in
change in walking speed (R2 = .105 using an ordinary least squares regression, excluding
outliers, with attendance as a continuous independent variable and change in walking speed
as a dependent variable). The low R2 value suggests that other factors such as comorbidities,
age, and severity of stroke may be as important as attendance rates (or may be confounders
with attendance) in influencing change in walking speed. A larger study population will be
required to address this question.

To examine the functional significance of the changes in gait velocity over time, we
classified subjects into 3 groups according to gait velocity40—severely disabled (<40 cm/s),
limited community ambulators (40-80 cm/s), and full community ambulators (>80 cm/s).
Table 4 presents this analysis. In the APA group, the number of subjects severely limited
declined from 18 to 10, limited ambulators increased from 17 to 22, and the number of full
ambulators increased from 5 to 8. In contrast, the number of severely limited ambulators in
the control group increased from 11 to 16, whereas the number of limited ambulators
declined from 25 to 19.

Glucose Studies
Glucose levels at baseline and at 6 months for the APA-stroke intervention group are plotted
in Figure 1A, and are essentially overlapping. Insulin secretion, however, changed over the
interval, as demonstrated in Figure 1B. The mean insulin secretion (area under the insulin
curve) declined by 29% after APA training (P = .01, paired t test). The magnitude of this
change is comparable with that observed in chronic stroke patients undergoing treadmill
training6 and in healthy elderly individuals in response to endurance training.41 We did not
measure caloric intake. However, weight loss was not a factor in the APA group. This group
actually gained an average of 1.2 kg during the study.

Discussion
A major objective of this study was to assess the effectiveness of APA-stroke in a
community-based population of patients with moderate hemiparetic disability. The main
outcome was gait velocity, a measure strongly associated with both indoor and outdoor
disability.42,43 A clear-cut increase in gait velocity in the APA group was paralleled by the
results of the other measures of function and physical performance, for example, SPPB,
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Berg Balance Score, and the Motricity Index. We observed an opposite pattern in the control
group, where gait velocity declined during the study period, along with the other measures
of function and physical performance. The rapid rate of decline experienced by the control
group in this 6-month study is worth noting. Moreover, the level of community participation
measured with patient self-report using the SIS parallels the results obtained with the
functional measures—increases in the intervention group and declines in the control group.
These findings are consistent with the notion that functional limitations in patients with
chronic disability are exacerbated by a sedentary lifestyle and that they can be reversed by
participation in appropriately designed long-term, regular exercise programs.

The magnitude of change in gait velocity in this study was modest, but within the range of
effects achieved by more intensive rehabilitation interventions (4-20 cm/s).44 These changes
did have functional significance. Although the proportion of subjects classified as severely
limited ambulators decreased from 45% to 25% in the APA group, this number increased
from 29% to 42% in the control group.

Metabolic syndrome is a risk factor for adverse outcome in patients with cardiovascular
disease. After myocardial infarction, patients with metabolic syndrome have a risk of major
cardiovascular events of 2.6 times that of patients without the metabolic syndrome.45

Whether treatment of the metabolic syndrome with medications or drugs will lower this risk
is unknown. However, it is interesting to note that the magnitude of the decline in insulin
secretion with exercise observed in the current study is comparable with that observed with
oral hypoglycemic agents.46

Sustained improvement in community activities with exercise training in stroke patients has
been difficult to demonstrate. A recent meta-analysis18 found a medium-size effect of gait
training on gait speed and walking distance for stroke patients, while cardiorespiratory and
leg strengthening programs produced no effects. However, no convincing evidence of
improvement in ADL or health-related quality of life was observed. Several characteristics
of the trials included in the meta-analysis merit further scrutiny. First, only 1 study lasted 6
months, and another 19 weeks. All the remaining studies were from 4 to 12 weeks in
duration. Second, only limited long-term follow-up of the subjects was attempted in these
studies. Ada et al16 found that gains in walking speed, as compared with control, were
maintained 3 months after cessation of their 4-week program, whereas in a more recent
study of a 12-week exercise program, Mead et al47 found essentially no difference between
treatment and control groups 4 months after the program ended. In another more recent
study, Studenski et al48 found that a 12-week home exercise program significantly improved
physical function and social participation as measured by the SF-36 and SIS, but these gains
receded after 6 months. A randomized study of a treadmill aerobic exercise training
intervention found a significant increase (17%) in absolute Vo2 peak. Similar findings were
noted in measures of gait, with the treadmill-trained group improving 4-fold compared with
the physical therapy–exercise control group32; however, as with earlier studies, gains from
the laboratory-based treadmill studies have not been demonstrated to translate into ongoing
ambulatory activity in the home and community.

The improvements demonstrated on performance measures were not reflected in the BI (a
measure of ADLs) or on the Index of Caregiver Stress. The known ceiling effects of the
BI49 may have diminished the sensitivity to the APA intervention, but it is also likely that
the improvements in balance and gait had only very limited impact on the majority of
domains in the BI (feeding, bathing, grooming, dressing, bowel, bladder, toilet use,
transfers, mobility, and stairs). Many of the caregivers for the participants enrolled in the
APA study still provided transportation to the gymnasiums, so it may be that, from their
point of view, the increases in mobility did not result in a striking increase in independence,
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either in performing ADLs or in requirements for transportation assistance. We were
surprised that the SIS mobility scores did not achieve statistical significance between APA
and control groups. The scores for this measure in the APA group had a very wide spread,
and subjects were required to be able to perform the first 4 items to enter the study, thus
introducing a substantial floor effect into this measurement.

Important Characteristics of the APA-Stroke Model
To promote fitness, enhance motor learning, disrupt patterns of learned nonuse, and
optimize stroke mobility recovery, exercise behaviors must be integrated into everyday lives
of stroke survivors. We believe the following characteristics of the APA-stroke model
contribute to its success in this regard. First, the APA-stroke exercise intervention was
specifically designed for stroke survivors, based on empirical evidence from previous
research.32 Second, the group support demonstrated in the community-based APA-stroke
program provided social support50 and may have contributed to improved self-efficacy and
outcomes expectations.50-54 Participation was further reinforced by physician referral.55

It is also noteworthy that the local health authority worked closely with the gym instructors
as part of chronic disease management. When a participant missed more than 3 consecutive
classes or if the instructor observed something about a participant that raised concern, he or
she was expected to contact the local health authority. The participant then received a
telephone call from a physical therapist and, if appropriate, was referred to his or her
physician or scheduled for a consultation with the rehabilitation service.

Community-Based Implementation of Exercise Programs for Stroke
A major barrier to participation in exercise programs for individuals with chronic stroke is
the absence of accessible and appropriate exercise programs in the community. Prior to
APA, efforts to implement evidence-based exercise interventions for people with chronic
stroke in the community settings have not been widespread.14,15 APA-stroke was designed
for implementation in community settings. It does not require costly equipment or room
modifications and is taught by exercise professionals who have been hired by local gyms
and received specialized APA-stroke instructor training. A major factor in sustainability and
expansion of APA-stroke is that participants pay for the courses and cost is relatively low.

To the best of our knowledge, the Italian APA-stroke program is the largest of its kind in the
world.56

After completion of the APA-stroke evaluation, the local health authority serving Empoli
has continued to expand the program. From October 2005 to May 2008, the number of
participants grew to 257 in 27 classes in 17 gyms, distributed in 11 out the 15 municipalities
served by the local health authority. Because of differences in the financing of health
services in Italy and other countries, community implementation of APA-stroke outside of
Italy will require different organizational structures. For example, in the United States, new
models that foster coordination between the health system (rehabilitation and physicians)
and community-based organizations that offer exercise programs (such as Office on Aging
Senior Centers, YMCAs, and private gyms) could provide a network of community-based
APA-stroke programs with significant geographic access.

Community Safety
Previous research in an outpatient setting has demonstrated that stroke survivors with severe
disabilities and comorbidities can safely accomplish exercise training using a treadmill
equipped with a safety harness, and the exercise can induce positive functional and
physiologic changes, even years following a stroke.32 The APA-study contributes new

Stuart et al. Page 8

Neurorehabil Neural Repair. Author manuscript; available in PMC 2011 January 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



evidence that stroke survivors with appropriate medical screening can safely exercise in
small groups in a community-based exercise program that includes an intervention
specifically designed to improve ambulatory function. However, given the mixed results of
previous exercise studies for stroke,19 and the vulnerability of the stroke population to falls,
13 we recommend that any modification to this program be subjected to tests of safety and
efficacy in a controlled setting before introduction to the community. Furthermore, ongoing
monitoring to ensure that exercise protocols are being followed is important to safety as well
as efficacy.57

Limitations
The major limitation of this study was lack of random assignment of subjects to APA-
exercise versus control interventions. We note the robustness of the statistical findings and
that at baseline our APA and control groups were similar on most major characteristics
examined. However, the possibility of unmeasured selection bias must be considered.
Additionally, our sample size was modest and did not cover the entire spectrum of
impairments that cause functional limitations and disability after stroke. Moreover,
examiners were not blinded to subject group assignment. Finally, the effects of socialization
in the experimental group cannot be separated from the effects of the exercise. A pilot study
is currently underway to test a more aerobically intense version of APA-stroke, and a large
randomized trial will begin shortly to test the Empoli model of APA-stroke protocol versus
an attention control featuring socialization and seated exercise.

Functional gains obtained through participation in a program like APA-stroke may lead to
improved health outcomes and reduced health care costs. However, larger scale studies will
be required to build on our pilot study.
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Figure 1. Oral Glucose Tolerance Test (OGTT)
Note: A, Adaptive Physical Activity (APA) participants' serum glucose tolerance test.
Diabetic and pre-diabetic patients excluded. OGTT was performed only on the subjects in
the APA group, not on control subjects. B, APA participants' serum insulin in the oral
glucose tolerance test. Diabetic and pre-diabetic patients excluded. OGTT was performed
only on the subjects in the APA group, not on control subjects
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Table 1
Study Population

Status APA Intervention Group APA Control Group

Eligible subjects 49 44

Deaths 1 1

Abandonment due to adverse clinical events 1 3

Refusal 0 2

Interrupted APA 7

Evaluated subjects 40 38

Abbreviation: APA, Adaptive Physical Activity.
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Table 2
Comparison of Participant Demographic and Other Characteristics for Intervention and
Control Groups at Baseline

Variables APA Intervention Group (Mean ± SE) APA Control Group (Mean ± SE) P

Age (years) 66.8 ± 1.4 70.0 ± 1.7 .15

Gender

 Male 25 29 .29

 Female 15 9

Body mass index 27.4 ± 0.6 26.2 ± 0.6 .15

Number of falls (annually) 0.45 ± 0.18 0.63 ± 0.23 .53

Time since stroke (years) 4.2 ± 0.8 3.5 ± 0.5 .46

Hemiparesis

 Right 14 19 .27

 Left 26 19

Cumulative Illness Rating Scale comorbidity index 0.75 ± 0.12 0.58 ± 0.12 .32

Number of pharmaceuticals (number of drugs) 5.1 ± 0.4 5.2 ± 0.4 .80

MMSE corrected for age and education 23.6 ± 0.9 24.3 ± 0.9 .55

Systolic BP (standing) 130.3 ± 2.7 135.8 ± 3.1 .18

Diastolic BP (standing) 77.0 ± 1.8 81.8 ± 1.3 .04

Motricity Index

 Upper limb paretic side 63.7 ± 3.5 60.6 ± 4.2 .59

 Upper limb non–paretic side 97.7 ± 1.4 98.7 ± 1.0 .56

Berg Balanced Scale total 39.9 ± 1.7 44.7 ± 1.7 .04

SPPB

 Gait 1.78 ± 0.16 2.21 ± 0.20 .09

 Repeated chair stand 1.18 ± 0.13 1.84 ± 0.20 .007

 Balance 1.80 ± 0.26 2.68 ± 0.25 .02

 Summary performance score 4.75 ± 0.45 6.74 ± 0.54 .006

Six-Minute Timed Walk

 Distance 184.0 ± 11.8 194.4 ± 9.2 .47

 Mean velocity (cm/s) 51.1 ± 3.0 54.5 ± 2.6 .47

SIS

 Strength 35.8 ± 3.2 38 ± 3.2 .63

 Memory and thinking 73.4 ± 3.7 75.8 ± 3.7 .69

 Emotions 56.4 ± 2.3 58.4 ± 1.8 .47

 Communication 74.6 ± 4.1 88.3 ± 2.9 .01

 ADL/IADL 79.3 ± 4.5 66.3 ± 3.6 .03

 Mobility 68.9 ± 2.6 80.7 ± 3.2 .006

 Hand function 32.5 ± 5.1 38 ± 6.5 .50

 Participation/role 59.4 ± 3.3 61.5 ± 4.3 .70

 Stroke Recovery Scale 52.3 ± 3.7 54.7 ± 3.6 .63

Hamilton Depression Scale 11.8 ± 1.2 10.7 ± 0.9 .17
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Variables APA Intervention Group (Mean ± SE) APA Control Group (Mean ± SE) P

Barthel Index 79.5 ± 2.6 85.4 ± 2.0 .08

Caregiver Stress Index 5.1 ± 0.5 4.8 ± 0.6 .71

Abbreviations: APA, Adaptive Physical Activity; SE, standard error; MMSE, Mini-Mental State Examination; BP, blood pressure; SPPB, Short
Physical Performance Battery; SIS, Stoke Impact Scale; ADL, activities of daily living; IADL, instrumental activities of daily living.
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Table 4
Distribution of Subjects by Ambulatory Category

Ambulation/Velocity APA,
Before

APA,
After

Control,
Before

Control,
After

Severe, <40 18 10 11 16

Limited, 40 to 80 17 22 25 19

Full community, >80 5 8 2 3

Abbreviation: APA, Adaptive Physical Activity.
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