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Abstract

Objective—To determine preliminary efficacy and to identify baseline characteristics predicting
who would benefit most from fast walking training plus a step activity monitoring program (FAST
+SAM) compared to fast walking training alone (FAST) in persons with chronic stroke.

Design—Randomized controlled trial with blinded assessors
Setting—Outpatient clinical research laboratory
Participants—37 individuals greater than 6 months post-stroke.

Interventions—Subjects were assigned to either FAST which was walking training at their
fastest possible speed on the treadmill (30 minutes) and over ground 3 times/week for 12 weeks or
FAST plus a step activity monitoring program (FAST+SAM). The step activity monitoring
program consisted of daily step monitoring with a StepWatch Activity monitor, goal setting, and
identification of barriers to activity and strategies to overcome barriers.

Main Outcome Measures—Daily step activity metrics (steps/day, time walking/day), walking
speed and six minute walk test distance (6MWT).

Results—There was a significant effect of time for both groups with all outcomes improving
from pre to post-training, (all p<0.05). The FAST+SAM was superior to FAST for SMWT
(p=0.018), with a larger increase in the FAST+SAM group. The interventions had differential
effectiveness based on baseline step activity. Sequential moderated regression models
demonstrated that for subjects with baseline levels of step activity and 6MWT distances that were
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below the mean, the FAST+SAM intervention was more effective than FAST (17151584 vs.
254+933 steps/day, respectively; p<0.05 for overall model and AR2 for steps/day and 6MWT).

Conclusions—The addition of a step activity monitoring program to a fast walking training
intervention may be most effective in persons with chronic stroke that have initial low levels of
walking endurance and activity. Regardless of baseline performance, the FAST + SAM
intervention was more effective for improving walking endurance.
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INTRODUCTION

Approximately 6.8 million adult Americans are living with strokel and stroke is a leading
cause of serious, long-term disability in the USL. As a group, stroke survivors are more
physically inactive than even the most sedentary older adults?=. Lack of physical activity
has serious consequences in persons with stroke, including an increased risk of having a
second stroke®, developing other diseases and mortality? 3: 6. The potential consequences of
inactivity are even more alarming considering that inactivity gets worse over the first year
after stroke®.

Despite the severe consequences of inactivity after stroke, little attention has been paid to
whether activity is influenced by rehabilitation interventions for chronic stroke
survivors’~11, The few intervention studies that have examined daily walking activity
(steps/day outside of rehabilitation) have generally found no improvement in activity with
the intervention’- % 11, However, one novel intervention, fast treadmill training, was able to
demonstrate improvements in daily walking activity in chronic stroke survivors when
compared with traditional physical therapy®. The participants in the fast treadmill training
group also demonstrated a significant improvement in walking speed and endurance, which
have been suggested to contribute to daily walking activity®: 12-14, Thus, fast treadmill
training may improve daily walking activity through improvements in walking capacity.
Unfortunately, even with these gains, the stroke survivors’ daily walking activity (~4500
steps/day) after fast training was still well below recommended levels (7,000-10,000 steps/
day)1> 16, suggesting that fast walking training alone may not provide an adequate stimulus
to change real-world daily walking activity in those with chronic stroke.

A recent meta-analysis found that step activity monitoring is an extremely effective stimulus
for increasing daily walking activityl’. The key ingredients to the success of these programs
are: 1) monitoring step activity with a pedometer or similar device, 2) setting a daily step
activity goal and 3) identifying barriers to activity and strategies to overcome those
barriers!8-21. Recent evidence from our lab suggests that a step activity monitoring program
results in improvements in real-world walking activity in persons with chronic stroke?2.
However, similar to what was observed with the fast walking training, even with the gains,
subject’s walking activity was still well below recommended amounts22. Moreover, while
the majority of subjects improved, the range of improvement was large and there were
several subjects who did not improve with the intervention?2, This result is consistent with
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other rehabilitation clinical trials in chronic stroke showing variable effects of interventions,
with some individuals showing significant improvements and others no

improvement!l: 23. 24 This is also consistent with recent studies showing that baseline
factors may play an important role in moderating the effectiveness of different post-stroke
walking interventions and that these factors are important for determining for whom the
intervention may be most effectiveZ® 26, Together, these results suggest that some
individuals do not respond to specific therapies. There is growing recognition in the post-
stroke rehabilitation research community that studies should not simply focus on identifying
which interventions are efficacious, but rather identify for whom certain interventions are
most efficacious! 27, acknowledging that one intervention is not likely best for all.
Therefore, in the present study, we were interested in investigating the relationship between
baseline factors and the effectiveness of each intervention.

In the present study we therefore hypothesized that the combination of a fast walking
intervention (that improves walking capacity), with a step activity monitoring program (that
facilitates translation of gains from the clinic to the “real-world™), would generate greater
improvements in real world walking activity than fast walking training alone, but that this
effect would depend on baseline walking characteristics. The purpose of this study,
therefore, was to determine preliminary efficacy and to identify baseline characteristics
predicting who would benefit most from fast walking training plus a step activity monitoring
program (FAST+SAM) compared to fast walking training alone (FAST) in persons with
chronic stroke.

METHODS

Participants

Participants were recruited from local physical therapy clinics, stroke support groups, and
newspaper advertisements. Individuals age 21-85 were included in the study if they had
sustained a stroke greater than 6 months prior, were able to walk without assistance (the use
of orthotics or assistive devices were allowed), were able to walk 5 minutes at a self-selected
pace on the treadmill, were able to walk outside the home prior to stroke, walked less than
10,000 steps per day, and were able to communicate with the investigators. Individuals post
stroke were not included in the study if they had experienced more than one stroke, had
evidence of a cerebellar stroke, additional neurologic diseases, cardiac event less than 3
months prior, had received Botox in the lower extremities less than 4 months prior, pain that
limited walking, unexplained dizziness in the past 6 months, or were participating in skilled
physical therapy services. All participants post stroke received medical clearance prior to
beginning the study and signed an informed consent for the study. The study was approved
by the Human Subjects Review Board at University of Delaware. Due the preliminary nature
of the study, formal sample size calculation was not completed.

Study Design

Subjects completed laboratory performance-based and walking activity evaluations at
baseline (pre) and after 12 weeks of training (post) in a University-based laboratory.
Random assignment without replacement was completed following treadmill acclimatization
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(see below) and subjects were assigned to either the Fast Walking alone (FAST) group or the
Fast Walking plus Step Activity Monitoring Program (FAST+SAM) group. Prior to the start
of training, participants underwent a submaximal stress test and secured cardiac clearance.
Subjects then completed training 3 times per week for 12 weeks (36 sessions) followed by
the post-training evaluation. Adverse events were monitored throughout the study.

Intervention

Prior to the start of training, subjects participated in a treadmill acclimatization session. In
this session, the subject’s self-selected and fastest walking speeds on the treadmill were
determined based on over ground walking speed, patient comfort and safety. The fastest
walking speed on the treadmill, as determined in this session, was used as the initial
treadmill training speed.

Treadmill and over ground walking training—Both groups completed a fast walking
treadmill training program followed directly by 10 minutes of over-ground walking
activities. At the beginning of the session, all subjects donned a subject-specific calibrated
StepWatch Activity Monitor (SAM). This was done so that in-session walking activity was
recorded, monitored, and accounted for when monitoring steps taken in training vs. steps
taken out of training for those in the FAST+SAM group. All treadmill walking was
completed while subjects were in an overhead chest-harness system; no body weight support
was provided. Heart rate was measured continuously using a Polar™ heart rate monitor worn
around the subject’s chest. Subjects walked for 30 minutes with the goal of walking at the
fast training speed, one at which Target Heart Rate (THR) = ((220-age) - Resting heart rate)
x 80%)+ Resting heart rate, was achieved. As stated above, this speed was initially
determined at the acclimatization session and progressed based on heart rate response
throughout the intervention. The fast training speed was reduced if the subject requested to
walk slower, the fast speed was no longer safe (i.e. increased toe scuffing or tripping,
inability to stay toward the front of the treadmill), the subject reported a rating of perceived
exertion of =17 on the 6-20 Borg Rate of Perceived Exertion Scale?8 and/if THR was
exceeded. If this occurred, the treadmill speed was lowered to allow the heart rate to return
to, ((220-age) — Resting heart rate) x 50-60%)+ Resting heart rate, or to a rate of perceived
exertion <13. If the recovery criteria were not achieved by walking slower, the treadmill was
stopped and the subject took a standing or seated rest break to achieve recovery. Once
recovery was reached, the subject was transitioned into the fast training speed again. If a
subject was unable to achieve his/her THR through speed increases alone, an incline was
added. If a subject was unable to walk on an incline, resistance was added by placing a
resistance band around the subject’s torso and providing a posterior pull that the subject had
to overcome while fast walking on the treadmill. Following treadmill walking, 10 minutes of
over-ground walking activities were performed with the same THR and rate of perceived
exertion criteria as on the treadmill. Subjects were guarded and activities were progressed by
a physical therapist during all sessions. The purpose of this over ground walking was for the
participant to practice walking activities experienced during everyday activities (e.g. turning,
backward stepping, walking while carrying objects) to gain both skill and confidence with
these routine walking activities that are important in real-world walking.
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Step activity monitoring program—Subjects in the FAST+SAM group wore the SAM
during the 12 weeks of training so that steps/day could be tracked and used for goal setting.
Baseline step activity data for the FAST+SAM group was used to categorizel® and assign
step activity goals?®. Subjects that completed an average of < 5,000 steps per day (SPD)
were given a goal to increase walking activity by 8%. Subjects that averaged between 5,000—
7,499 SPD were given a goal of increasing walking activity by 5%. Subjects that averaged
between 7,500-9,999 SPD were given a goal to increase walking activity by 3%. Subjects
were expected to achieve their daily step goal on the days that they did not attend treadmill
training sessions. In order to advance the goal, subjects needed to attain 6 days of goal
achievement over a 2 week period of time. For those who were able to accomplish 6 days of
elevated activity, a new activity goal was calculated based on the average SPD completed in
the 2nd week of the 2 week monitoring period.

Step activity data were reviewed at each treadmill training session and used to determine and
promote goal achievement. Particularly, subjects were told the number of steps they had
taken in the interim days between training sessions. Since there was no immediate feedback
on the SAM unit, subjects used this information to help them understand how much walking
activity they were performing during certain daily activities, like walking to the mailbox or
walking laps around their home, and how that added to their total steps per day. Subjects
were also advised of how their steps per day related to goal achievement. An individualized
discussion of barriers to increased activity and how to overcome those barriers occurred at
each session?2. Subjects were encouraged to use these strategies to increase steps during
routine daily life around their home and community. Examples include getting up to change
the television station instead of using the remote, walking to get the mail, and walking from
the car parked further from the store22. Like another successful activity monitoring
program39, specific topics related to changing activity levels were discussed between the
physical therapist and those in the FAST+SAM group. Topics were addressed during the 2
week goal advancement session and included: education on the benefits of activity and risks
of inactivity, monitoring a sedentary lifestyle and substituting activity for inactivity,
identifying self-motivators and personal benefits to increasing activity, recognizing and
resolving inconsistencies of being active daily, using a social support system to achieve
goals, improving the ability to differentiate between habits and goals; and throughout the last
week of training, relapse prevention.

Outcome Measurement

All outcome measurement testing was done by an investigator blinded to group assignment.
Our primary outcomes of interest were measures that capture real world walking activity,
including number of steps per day and total time spent walking22 35. Because previous
studies have shown a relationship between walking endurance, speed and walking

activity3 1314 distance covered during the 6MWT and self-selected and maximal walking
speeds were also outcomes of interest.

For step activity monitoring, data was collected while subjects wore a calibrated StepWatch
Activity Monitor (SAM). The SAM has been shown to be an accurate and reliable device for
measuring walking activity post-stroke31-33, The SAM was placed above the ankle on the
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non-paretic lower extremity and calibrated to the participants’ height and walking
characteristics per manufacturer’s instructions. To calibrate the SAM, participants walked 30
strides at their self-selected pace and 10 strides at a slightly faster pace. If the number of
steps differed from manual counting by + 2 strides, the sensitivity of the SAM was adjusted
until accuracy was obtained. The number of strides was counted in each consecutive 10
second interval (changed from the SAM default interval of 60 seconds) to ensure the most
accurate representation of continuous stepping in individuals across a wide range of walking
speeds?2: 34,35 At the pre-testing session participants were educated on proper wear and
care of the SAM unit and demonstrated appropriate donning and doffing techniques.
Participants in both groups wore the SAM for all waking hours, except during bathing and
swimming activities for seven days at pre and post-testing.

For laboratory performance-based walking testing, subjects completed the 10 Meter Walk
Test to measure short distance walking speed3® and the 6 Minute Walk Test (6MWT) as a
measure of long distance walking3’. These measures have been shown to be reliable and
valid in individuals after stroke37-38:39, During this testing, subjects were permitted to use
devices typically used in their everyday life. To assess walking speed (self-selected and
maximal), subjects were instructed to walk 10 meters while the time was measured for the
intermediate 6 meters, to allow for acceleration and deceleration. To complete the 6MWT,
subjects walked a 53.5 meter tiled pathway and were instructed to cover as much ground as
possible within the 6 minutes. No verbal encouragement was given and subjects were not
permitted to talk during the test.

Data and Statistical Analysis

Data from the SAM for at least 4 complete days of walking pre and post-training was
analyzed using a custom MATLAB program (MathWorks, Natick, MA) to obtain
information on participants” walking activity. Days with less than 10 hours of recorded data
were examined to determine whether the number of hours recorded were consistent with
previous days. To be conservative, if the number of hours was substantially less than other
days, the day was not included in the analysis. We determined the start and end of a walking
bout based on methods from previous studies?%: 41, The start of a walking bout was
operationally defined as 2 strides in a 10 second interval and the end of a walking bout was
defined as zero strides in a 10 second interval. These algorithms prevented leg movements
during rest and standing from being counted as strides. Once walking activity was sorted
into bouts, the number of strides from the SAM output was doubled to obtain the total
number of steps per day. Total time walking for each day was calculated as the sum of the
time spent walking in all bouts for the day.

To determine self-selected and maximal walking speed, time to cover the middle 6 meters of
the 10 meter walk test was converted to meters per second and an average of 3 trials was
used in the analysis. For the 6MWT, the total distance covered during the test was used in
the analysis. All statistical analyses were conducted in SPSS version 22. 2 x 2 mixed design
ANOVA'’s and linear regression models were used to examine differences across groups and
time for the primary outcomes. Assumptions for the statistical tests were evaluated; outliers
were identified through residual analysis. One outlier was removed from the analyses of
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change in self-selected and maximal walking speed and 2 outliers were removed from the
analysis of change in 6MWT distance. In addition to examining changes from pre- to post-
training, changes relative to baseline values [(pre-training-post-training)/pre-training] were
tested for each outcome.

As discussed in the Introduction, we hypothesized that the interventions would be most
effective for those with lower initial activity. In order to test this research question,
sequential moderated regression models were run to determine how Group and pre-training
values were related to changes in outcomes of interest from pre to post-training. A separate
model was used for each outcome (e.g.- dependent variables of change in steps/day, change
in total time walking/day, change in walking speed, change in endurance). Each model had
two blocks (independent variables), the first contained the main effects, Group and the pre-
training values (for the outcome being tested), and the second block included the Group x
pre-training interaction. For each model, we evaluated the overall model significance along
with the AR with the addition of the interaction term. An a level of .05 was set as the
threshold for statistical significance.

Information regarding subject screening, enrollment and drop-out can be found in the
CONSORT diagram. No serious adverse events occurred. Two subjects chose to discontinue
the intervention due to exacerbation of previous orthopedic pain. Table 1 presents the basic
demographic information on the participants. There were no statistically significant
differences in age or time since stroke between groups. Participants in the FAST+SAM
group attended 29+3 training sessions and participants in the FAST group attended 27+2
training sessions. Participants in the FAST+SAM group met their daily step activity goals on
42% of the non-training days. Training days were not included in this calculation because
we were interested in real-world activity outside of the supervised intervention.

Table 2 shows the means and standard deviations for the walking activity and walking speed
and distance variables prior to and following training. There were no significant differences
between the groups on any of the outcome measures at baseline, with the exception of total
time walking, which was greater in the FAST group at baseline (p=0.025). In the ANOVA’s,
a significant effect of time was observed for steps/day, total time walking, self-selected
walking speed, maximal walking speed and distance covered on the 6BMWT (all p<0.05,
Table 2). There was a group x time interaction observed for the 6BMWT (p=0.018) with a
larger increase in 6MWT distance in the FAST+SAM group (Table 2).

To test the hypothesis that baseline walking activity would moderate the changes in walking
activity with each intervention, sequential moderated regressions for the walking activity
variables were completed. For the walking activity data, the overall moderated regression
model was significant for steps/day (p=0.021, overall model R?= 0.341, Table 3). In the first
block, Group and pre-training steps/day did not predict the change in steps/day with the
intervention (A% = 0.158; P=.127); adding the (Group x pre-training steps/day) interaction
term significantly improved the model (AR2 = 0.183; A= .019; Table 3, Figure 1a). The
results of the regression analysis were reinforced by comparing the average change in
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steps/day across subjects between the two groups for those with low initial steps/day (below
the mean at baseline). The average change in steps/day from pre- to post-training in the
FAST+SAM group was 1715+1584 steps, compared to only 254+933 for those in the FAST
group (Figure 2a).

To test the hypothesis that baseline walking speed and endurance would moderate the
changes in speed and endurance with each intervention, sequential moderated regressions for
these variables were completed. The overall moderated regression model was significant for
the BMWT (p=0.010, overall model R2=0.353, Table 4). In the first block, Group and pre-
training BMWT did not predict the change in 6BMWT (&2 = 0.102; £ =.129); adding the
(Group x pre-training 6MWT) interaction term significantly improved the model (AR2 =
0.252; P=.009; Table 4, Figure 1b). The results of the regression analysis were reinforced
by the result that for subjects with 6MWT distances below the mean value at baseline, the
average change in 6MWT distance from pre- to post-training in the FAST+SAM group was
49+28 meters, whereas it was only 2641 meters for those in the FAST group (Figure 2b).

DISCUSSION

The results of this study demonstrate that combining a fast walking intervention that
improves walking capacity, with a step activity monitoring program that facilitates
translation of gains from the clinic to the “real-world”, is effective for increasing real-world
walking activity after stroke. The benefits of adding the step activity monitoring program are
however, preferentially observed in those with low levels of baseline walking activity and
long distance walking. These results suggest that future work studying how participants’
baseline characteristics interact to influence the effects of interventions to improve physical
activity may be critical to the advancement of individualized, evidence-based intervention
efforts in this heterogeneous population.

Previous studies have shown that a step activity monitoring program can be quite effective
for improving daily walking activity in persons with and without a variety of medical
diagnoses!” and recent evidence from our lab provides support for such programs in persons
with chronic stroke?2. In addition to the actual monitoring of real-world walking, critical
aspects of such programs include goal-setting, identification of barriers and the development
of strategies to overcome those barriers. A recent meta-analysis found that interventions that
include such tailored counseling improve long-term physical activity participation and
functional exercise capacity after stroke29 more so than supervised exercise alone. The
results of the present study extend these findings and suggest that for those with low levels
of walking activity at baseline, a supervised walking training program in conjunction with a
step activity monitoring program was more effective for increasing real world walking
activity after stroke than a fast walking training intervention alone. The present study design,
however, cannot address whether step monitoring alone would be equally as effective as the
complete step activity monitoring program that was utilized in this study.

Both interventions (FAST and FAST+SAM) were effective for improving standard
laboratory based performance measures of walking function after stroke. However the FAST
+SAM intervention was superior to FAST for improving 6BMWT distance. The average
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change on the 6MWT in the FAST+SAM group was 61 meters, which exceeds the minimal
detectable change for this test in those with chronic stroke (34m*2, 52m*3). Similarly, both
interventions were effective for increasing measures of daily, real world walking activity and
the changes were comparable to results from our previous study of a step activity monitoring
program alone in those with chronic stroke?2. What was most interesting from these results,
however, was that baseline walking capacity and activity moderated the effectiveness of each
intervention.

The results from the moderated regression analysis suggest that the FAST+SAM
intervention is substantially more effective in subjects with limited baseline walking activity
and long distance walking. For subjects with steps/day below the mean of all subjects, the
FAST+SAM intervention resulted in a more than 60% improvement in steps/days (1715
steps/day on average). Similar results were found for improvements in the distance on the
6MWT; those with baseline levels below the mean had substantially greater improvements
with FAST+SAM. This is in contrast to the results from the FAST group, where
improvements in walking activity were not moderated by baseline activity or walking
distance. Regardless of baseline level, subjects in the FAST group had a less than 10%
improvement in measures of daily walking activity. Together these results suggest that
subjects with low baseline levels of walking activity and long distance walking will show
greater benefit when a step activity monitoring program is used in conjunction with an
intervention designed to increase walking capacity.

Why would the addition of the step activity monitoring program be preferentially beneficial
for those with low baseline levels of walking activity and long distance walking? One
explanation could lie in the design of our step activity monitoring program. The focus of this
program was to work with participants to identify barriers to increasing their walking
activity and develop strategies to overcome those barriers. To the extent that participants
with low levels of real-world walking activity at baseline may have more perceived barriers
to walking or more difficulty developing strategies to overcome these barriers**, then it
would be likely that a program aimed at addressing these areas would be more beneficial for
these participants. In addition, the greater increase in the 6MWT distance in the FAST+SAM
group compared to the FAST group would suggest that there is some positive summary
effect of the fast walking training and the step activity monitoring program. This effect
appears to have the greatest benefit for those who were most impaired at baseline. Previous
cross-sectional studies have found a significant relationship between 6MWT distance and
real-world step activity in persons with chronic strokel3: 45,46 thus, it is possible that
improvements in one benefit the other.

Study Limitations

This study was limited by a small sample size. Future studies should examine whether the
pattern of results observed here are found with a larger sample, based on a priori sample size
calculations. Participants and PT’s providing the training were not blinded to group
assignment, however, all outcome assessments were completed by a PT blinded to group
assignment. Participants in the FAST group were asked not to start using a pedometer-type
device during the intervention. To our knowledge, participants honored this request however
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this was not regularly monitored. Another limitation is that step activity goals were
determined using a specific algorithm and participants did not select their step activity goal.
Future studies should use such algorithms to assist participants in actively engaging in the
goal setting process. Finally, the StepWatch Activity monitor does not provide real-time step
activity feedback to the participant. Future studies should utilize accurate and reliable
activity monitors that provide real-time feedback which may further enhance participant
motivation and engagement.

Conclusions

The results of this study suggest that the addition of a step activity monitoring program to a
fast walking training intervention may be most effective in persons with chronic stroke that
have initial low levels of walking endurance and activity. Regardless of baseline
performance, the FAST + SAM intervention was more effective for improving walking
endurance.
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Table 3

Sequential regression model predicting change in steps/day from pre- to post-training.
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Model # Predictors Modelp ARZ ARZp
Group

! Pre-training steps/day 127 158 127
Group

2 Pre-training steps/day .021 183 .019

Group x pre-training steps/day

Arch Phys Med Rehabil. Author manuscript; available in PMC 2017 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Danks et al.

Table 4

Sequential regression model predicting change in 6MWT distance from pre- to post-training.

Model # Predictors Modelp AR? ARZp
Group

! Pre-training 6SMWT 129 102129
Group

2 Pre-training BMWT .010 252 .009

Group x Pre-training 6MWT
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