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Abstract

Background/Purpose—Many factors appear to be related to physical activity after stroke, yet it
is unclear how these factors interact and which ones might be the best predictors. Therefore, the
purpose of this study was twofold: 1) to examine the relationship between walking capacity and
walking activity, and 2) to investigate how biopsychosocial factors and self-efficacy relate to
walking activity, above and beyond walking capacity impairment post-stroke.

Methods—Individuals greater than 3 months post-stroke (n=55) completed the Yesavage
Geriatric Depression Scale (GDS), Fatigue Severity Scale (FSS), Modified Cumulative Illness
Rating (MCIR) Scale, Walk 12, Activities Specific Balance Confidence (ABC) Scale, Functional
Gait Assessment (FGA), and oxygen consumption testing. Walking activity data was collected via
a StepWatch Activity Monitor (SAM). Predictors were grouped into 3 constructs: (1) Walking
Capacity: oxygen consumption and FGA,; (2) Biopsychosocial: GDS, FSS, and MCIR; (3) Self-
Efficacy: Walk 12 and ABC. Moderated sequential regression models were used to examine what
factors best predicted walking activity.

Results—Wialking capacity explained 35.9% (p<0.001) of the variance in walking activity. Self-
efficacy (AR2 = 0.15, p<0.001) and the interaction between the FGA*ABC (AR2 = 0.047,
p<0.001) significantly increased the variability explained. FGA (p=0.37, p=0.01), MCIR (B=
-0.26, p=0.01), and Walk 12 (B=-0.45, p=0.00) were each individually significantly associated
with walking activity.

Discussion/Conclusion—While measures of walking capacity and self-efficacy significantly
contributed to "real-world" walking activity, balance self-efficacy moderated the relationship
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between walking capacity and walking activity. Improving low balance self-efficacy may augment
walking capacity and translate to improved walking activity post-stroke.

Keywords
stroke; physical activity; walking

INTRODUCTION

In the United States, stroke is the leading cause of disability,! affecting approximately
795,000 people each year.2 Daily walking activity in persons with chronic stroke (>6
months) is well below the activity level of even the most sedentary adults (<5,000 steps/
day).3 4 A recent 3 year longitudinal study suggested that at the 3" year of recovery, stroke
survivors spend only 9% of the time walking.® This is concerning since declines in activity
can lead to an increased risk of co-morbidities, including subsequent stroke® and mortality.!
Therefore it is important to understand factors that affect walking activity after stroke.

Performance measures of physical capacity, including short distance walking speed, balance,
walking endurance and metabolic cost, are related to walking activity after stroke.’®
Regardless of the physical performance measure examined, however, the variability in
walking activity accounted for by these factors was relatively small1% 11 suggesting that
there are other factors impacting post-stroke walking activity. In particular, several studies
have found that self-efficacy is a strong predictor of “real-world” walking activity after
stroke.11-14 Using a self-reported measure of walking activity, Schmid and colleagues?!
found that while physical performance measures were correlated with activity, only balance
self-efficacy significantly predicted walking activity in a step-wise regression model
comprising both measures of physical performance and self-efficacy.

There may also be influential biopsychosocial factors related to walking activity after stroke
including fatigue, depression and co-morbidity burden.1>17 Studies of fatigue among stroke
survivors are limited; however self-reported fatigue has been shown to be predictive of
functional dependency after stroke.18 Fatigue research in other neurological populations
(Parkinson’s Disease, Multiple Sclerosis) supports the relationship between fatigue and
activity.1%-21 Depression may affect upwards of 63% of those living with stroke?? and has
been shown to be correlated with reduced participation in community walking.12 Moreover,
depression severity and social inactivity appear to be associated with each otherl2 23-26 gnd
both have been linked to functional?’ limitations in performing tasks like walking!2 and stair
climbing post-stroke.28 Fatigue and depression together have been associated with reduced
participation in instrumental Activities of Daily Living (ADLs)?? suggesting decreased
participation in community activities.12 Lastly, it is not clear how the presence of
comorbidities, in addition to stroke, relates to “real-world” walking activity. The number of
comorbidities has been related to the difficulty of walking and ADLSs in individuals post-
stroke.12: 27 A study in other populations with chronic conditions suggest that co-morbidity
burden may be related to physical activity.16

In summary, many factors appear to be related to physical activity after stroke.30 However
the aforementioned studies did not address factors that account for the variability of walking
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activity above and beyond physical performance measures and did not holistically capture
constructs and account for interactions between potential predictors in various constructs
(i.e. physical vs personal factors). In addition, the variability in walking activity accounted
for by the models in these studies was small, suggesting that they were incomplete. In order
to design interventions aimed at improving walking activity after stroke it is important to
understand not only the factors that predict walking activity, but also how these factors
interact with each other to impact “real-world” walking in individuals post-stroke.
Therefore, the purpose of this study was twofold: 1) to examine the relationship between
walking capacity (captured through performance measures of dynamic walking and energy
cost) and daily walking activity in individuals post-stroke, and 2) to investigate how
biopsychosocial factors (depression, fatigue, comorbidities) and self-efficacy (for balance
and walking) relate to walking activity above and beyondwalking capacity impairment. \We
hypothesized that biopsychosocial factors and self-efficacy would be significant predictors
of daily walking activity after stroke, above and beyond walking capacity. In addition, since
there appears to be many factors that play a role in walking activity post-stroke we
hypothesized that understanding the interactions between constructs may also be critical to
obtaining a complete picture of post-stroke walking activity.

METHODS

Participants

Participants were recruited from local physical therapy clinics, stroke support groups, and
newspaper advertisements. Individuals aged 21-85 years were included in the study if they
had sustained a stroke more than 3 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 (SPD), 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 lower extremities less than 4 months prior, pain
that limited walking, unexplained dizziness in the past 6 months, and if they were
participating in skilled physical therapy services. All participants post-stroke received
medical clearance prior to beginning the study and signed an informed consent approved by
the Human Subjects Review Board at University of Delaware prior to participation.

Outcome Measures

Questionnaires and the Functional Gait Assessment (FGA) were completed at a clinical
evaluation session followed by oxygen consumption testing at least 1 week later. During the
interim week, activity data was collected while subjects wore a calibrated activity monitor
(StepWatch Activity Monitor [SAM], Orthocare Innovations, Seattle Washington). Previous
studies have shown excellent reliability and accuracy of the SAM in persons post-stroke.3!
The SAM was placed above the ankle on the 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,
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the sensitivity of the SAM was adjusted until accuracy was obtained. The numbers of strides
were counted in each consecutive 10 second interval (changed from the SAM default
interval of 60 seconds). During the initial session subjects were verbally educated and then
demonstrated understanding in donning/doffing the SAM unit. They were given verbal and
written instructions on the wear and care of the SAM unit, along with contact information
for researchers in case questions arose at home. Participants wore the SAM for all waking
hours, except during bathing and swimming activities for one week. Following
recommendations from a previous study using the SAM in persons post-stroke, at least 3
days of data32 were required to calculate the mean SPD. 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. All testing was completed by 3
research physical therapists who had established reliability between themselves. Sampling
bias was reduced by recruiting subjects from a variety of community sources, including
newspaper advertisements.

To holistically capture walking capacity as a construct, the energy cost of transport (CT), or
the oxygen consumption per unit distance walked (mL O2/kg/m) was determined to assess
cardiovascular capacity and dynamic walking balance was assessed via the FGA. Subjects
were advised to employ the assistive device most commonly used in their daily life, during
dynamic walking balance testing. A Parvo Medics metabolic cart was used to measure
oxygen consumption (VO2) as subjects walked at an over ground self-selected pace while on
a treadmill for 5 minutes. VO2 over the last 1 minute of walking was normalized to body
mass and speed, resulting in the energy cost per meter walked, otherwise known as CT. The
FGA is a 10-item assessment of postural stability during various walking tasks such as
ambulating backwards, gait with a narrow base of support, and gait with eyes closed.33 Each
item is scored on a 4-level (0-3 points) ordinal scale with a maximum possible score of 30
points.33 The FGA has demonstrated excellent test- retest, inter-rater and intra-rater
reliability, and criterion and construct validity with other balance measures when used to
assess individuals post-stroke.3% 35

To represent the biopsychosocial construct as it relates to function after stroke, measures
included the Yesavage Geriatric Depression Scale (GDS), Fatigue Severity Scale (FSS), and
the Modified Cumulative lliness Rating (MCIR) Scale. The GDS is a 15-item self-rating tool
that assesses depression.3® A yes or no answer is provided by the participant and a point is
given for each answer indicative of depression; the total score is summed. The GDS has
demonstrated excellent test-retest, inter-rater and intra-rater reliability, internal consistency,
and concurrent validity for other measures of depression in individuals post-stroke.37-39 The
FSS is a 9-item self-report scale that measures the severity of fatigue and its effect on a
person's activities and lifestyle.2! The items are scored on a 7 point scale with 1 = strongly
disagree and 7= strongly agree; the higher the score the greater the fatigue severity. In
neurologic populations, FSS has demonstrated excellent test-retest reliability, internal
consistency, and correlates well with other fatigue related scales.3”- 49: 41 The MCIR is a 14-
item rating scale used to indicate medical burden by rating impairment across 13 different
organ systems as well as psychiatric/behavioral disturbances (excluding dementia).42
Estimates of impairment severity encompass aspects of current disability, treatment and
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prognosis, and ratings are made on a 0 (no impairment) to 4 (extremely severe impairment)
scale. Studies have confirmed the validity and reliability of this scale as an indicator of
health status in multiple patient populations.#2-46 In those post-stroke, it has been correlated
(comorbidity index: —0.24 A<0.02; severity index: —0.32 £<0.002) to a tool (Functional
Independence Measure (FIM)) that is known to measure dependence in individuals post-
stroke.*’

The construct of self-efficacy as it relates to function after stroke was represented by the
Walk 12 and Activities Specific Balance Confidence (ABC) Scale. The Walk 12 is a self-
report scale that was developed to measure the impact of stroke on walking from the
perspective of the person with stroke.*8 The scale consists of 12-items and asks about
limitations due to the stroke during the previous 2 weeks, in tasks like walking and climbing
stairs; the need for support indoors and outdoors; and effort and concentration when
walking. The response to each question is a 5 point ordinal scale from 1 (not at all) to 5
(extremely). The total score of the Walk 12 is reported on a 0-100 scale. A score of 0
indicates no self-perceived limitation in walking and 100 indicates maximum limitation.48
There is a moderate correlation between the Walk 12 and gait performance tests (p=-0.70
velocity and p=—0.59 cadence) in people post-stroke and the alpha coefficient for those post
stroke was 0.95 suggesting relatively high internal consistency.*® The ABC is a measure of
balance self-efficacy, or the confidence in performing position changes and walking
activities ranging from sweeping the flooring to walking on icy sidewalks..*° The ABC is a
16-item questionnaire with self-reported confidence rated on an 11-point ordinal scale
ranging from 0% (no confidence) to 100% (complete confidence). Item scores are averaged
to determine an overall balance confidence score ranging from 0% to 100%.50 The ABC has
demonstrated high test-retest reliability, excellent internal consistency, and correlation with
the Berg Balance Scale and gait speed in individuals more than 1 year post-stroke.>1

Statistical Analysis/Analysis Plan

Moderated sequential regression models were used to examine the relationship between
walking capacity, biopsychosocial measures, self-efficacy and walking activity post-stroke.
Sequential regression allows for the testing of specific subsets or blocks of predictors as they
are added to see if they significantly improve the model.52 This approach enables
researchers to subsequently add constructs of interest after adjusting for the constructs
already in the model. Moderation was tested using interaction effects in the final block.
Variables were centered prior to calculating interactions and being entered into the model to
remove any multicollinearity caused by the inclusion of the interaction effects. All
assumptions for regression models were tested. Initially, the model violated the assumption
of normality, after performing a Box-Cox test and applying the suggested transformation
along with removing two outliers all assumptions were satisfied.

This study grouped predictors into 3 constructs that were added in the following order:
walking capacity (block 1: FGA and CT), biopsychosocial factors (block 2: GDS, FSS,
MCIR), and self-efficacy measures (block 3: Walk 12, ABC). A fourth block included the
interactions between selected measures in each construct. This study grouped potential
predictors into 3 constructs to best capture the diversity within the construct. For example,
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block 1 captures two aspects of walking capacity: dynamic walking balance (FGA) and
cardiovascular capacity (CT). Doing so reduced the number of specific predictors tested,
instead looking at the construct as a whole, i.e. block significance was assessed. Limited by
sample size and the number of regression parameters already included in the model, only
five interaction terms between significant predictors were tested (FGA*Walk 12,
FGA*ABC, FGA*MCIR, MCIR*Walk 12, and MCIR*ABC). Because we did not have a
priori hypotheses about specific interactions, we opted to include only the significant
interactions. This allowed for the investigation of the interactions of the predictors of
walking activity above and beyondthe individual constructs alone.

The change in R2 was tested to evaluate if each construct was significantly related to SPD
after adjusting for the previous blocks. Block one included measures of walking capacity
(FGA and CT) so that our first hypothesis was solely investigated. Additional blocks were
added in ascending order based on our hypotheses; block 2 included biopsychosocial
measures (GDS, FSS, and MCIR), block 3 comprised measures of self-efficacy (Walk 12
and ABC), and block 4 contained the interactions between significant predictors. Significant
interactions were probed using the simple slope method, at three values for the moderator
(-1SD, Mean, and +1SD).>3 To keep the model as simple as possible, only significant
interactions were kept for the final model. All analyses were performed using SPSS (Version
21.0; Chicago, IL, USA); a=0.05. Given our sample size of n=55 with a=0.05, the ability to
detect an effect with an R2 = 0.11 with power = 0.8 was calculated.

RESULTS

Data was analyzed from a clinical research database for stroke studies at the University of
Delaware. All data available at the time with complete data sets were used; therefore,
analyses were conducted on 55 participants. The basic subject characteristics are given in
Table 1, descriptive statistics by subject characteristics are given in Table 2, summary results
of the sequential regression are given Table 3. The initial block of walking capacity
(hypothesis 1), FGA and CT, was significant, (R? = 0.36, p < 0.001).

To address our second hypothesis, after adjusting for walking capacity, including the
biopsychosacial factors, GDS, FSS, and MCIR did not significantly improve the model.
After adjusting for both walking capacity and biopsychosocial factors, self-efficacy, Walk 12
and ABC, did significantly increase the variance accounted for (AR? = 0.15, p < 0.001). In
the final model, FGA (p=0.37, p=0.01), MCIR (p=-0.26, p=0.01), Walk 12 (=-0.45,
p=0.00) and the FGA*ABC interaction (f=-0.29, p=0.02) were significant (Table 4).

Examining the simple slopes for the interaction between FGA*ABC show that as ABC goes
down, the relationship between FGA and SPD becomes stronger (Figure 1). Participants
with an ABC score +1 standard deviation above the mean have a weak relationship between
FGA and SPD. In contrast, participants with a low ABC score, —1 standard deviation below
the mean, FGA is strongly positively related to SPD.
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Discussion

The purpose of this study was to examine the relationship between walking capacity,
biopsychosacial factors, self-efficacy and daily walking activity in those post-stroke. We
hypothesized that biopsychosocial factors and self-efficacy would be significant predictors
of daily walking activity after stroke, above and beyond walking capacity, and that
interactions between predictors may moderate walking activity.

The results support our hypothesis for self-efficacy. Specifically, above and beyond walking
capacity and biopsychosocial factors, self-efficacy significantly predicted number of steps
per day. This result extends previous findings by demonstrating that not only is self-efficacy
related to walking activity after stroke, it is a significant predictor even after physical or
other personal factors have been considered. This suggests that when physical and
biopsychosocial capacity are reasonably intact after stroke, walking activity may be
significantly limited due to poor self-efficacy.

Conversely, as a group, biopsychosocial factors did not contribute to daily walking activity
above and beyondwalking capacity. However, when considered individually, the MCIR is a
predictor of walking activity after stroke. This finding demonstrates that individuals post-
stroke with a greater number and severity of comorbidities walk less. This is consistent with
the more general results of a previous study that found that the number of comorbidities was
related to self-reported difficulty of walking and activities of daily living in individuals post-
stroke.>* The present study adds to those findings by demonstrating that having a greater
number and severity of comorbidities predicts the amount of walking activity in individuals
post-stroke. Thus, comorbidity burden influences not only the person’s perception of their
difficulty with walking and daily activities,>* but also the actual, observed amount of
walking. Given that previous studies demonstrate significant discrepancies between self-
reported and actual physical activity post-stroke,12: 55 establishing the relationship between
actual steps per day and comorbidity burden is important.

The results of the present study demonstrate, for the first time, that the interaction between
individual factors also plays an important role in daily walking activity post-stroke.
Particularly the /nteraction between the ABC (balance confidence) and FGA (dynamic
walking balance) accounted for a significant amount of the variability in walking activity.
This interaction predicted walking activity above and beyond physical capacity,
biospsychosocial factors and self-efficacy constructs. These results indicate that balance
confidence moderates the relationship between walking capacity and the amount of daily
walking activity in individuals post-stroke. Those that scored higher on the ABC (more
confident) had a weak relationship between walking capacity and walking activity. For these
individuals it appears that balance confidence is more important for walking activity than
walking capacity. Individuals post-stroke that scored lower on the ABC (less confident) had
a stronger relationship between walking capacity and walking activity. Thus, it seems that
walking capacity plays a more important role in walking activity after stroke when balance
self-efficacy is low. It should be noted that having low walking capacity and high self-
efficacy may be inappropriate in certain situations (e.g.-individuals with decreased
cognition, impulsive behavior, lack of insight). To maintain safety in this cohort it would be
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important to educate individuals post-stroke and caregivers on environmental safety,
appropriate device usage and assistance levels while still promoting walking activity.

Overall, balance self-efficacy has been correlated with physical functioning, perceived
health status, and avoidance of walking and participation in the community post-

stroke.11: 12,56, 57 schmid et al.1! identified that balance self-efficacy, not physical aspects of
gait, were independently associated with self-reported measures of activity and participation
in stroke survivors. The results of this study provide additional insight into the role of self-
efficacy and suggest that when attempting to promote increased daily “real-world” walking
activity after stroke, self-efficacy is particularly important in those with greater impairments
in walking capacity. Instead of solely focusing on improving walking capacity, rehabilitation
clinicians may need to take a patient centered approach to also improve balance self-efficacy
by designing interventions where the patient consistently and successfully completes
dynamic tasks and is educated about their balance capacity.

In community dwelling older adults the ability to consistently and successfully completing
dynamic tasks, combined with falls-risk knowledge and assertiveness to ask for assistance
when needed, builds confidence with upright mobility.50: 58 Some studies suggest that
building confidence is just as important as physical training for decreasing the fear of
falling#?: 50. 59 and improving activity.>® The present study may suggest the improving low
balance self-efficacy that in individuals post-stroke can augment walking capacity and
translate to improved walking activity. To our knowledge there are no studies that focus on
improving balance self-efficacy to promote “real-world” walking (such as measured in this
study using the SAM) as a component of an intervention in the post-stroke population. As
such, this will be an important direction for future research.

Potential Limitations

This study was limited by sample size. A larger sample would have allowed the investigation
of a greater number of potential predictors of walking activity, as well as the simultaneous
testing of all the interaction effects of interest. Furthermore, the findings of this study are
only generalizable to persons >3 months post-stroke who are able to walk without the
assistance of another person. The importance of walking capacity may be greater in those
who cannot walk independently. The effects of walking on a treadmill versus over-ground on
oxygen consumption testing in individuals post-stroke is not known. However, this study
attempted to accommaodate for this by having subjects walk at an over-ground self-selected
pace while walking on the treadmill. Lastly, we decided to use the GDS as a measure of
depression. This tool is mainly used to screen subjects for signs of depression. Using a more
detailed tool to measure depression may have provided more insight into the effects of
depression on walking activity in individuals post-stroke.

Conclusions

Measures of physical walking performance and self-efficacy, in respective order,
significantly contributed to “real-world” walking activity post-stroke. Most notably balance
self-efficacy moderated the relationship between walking capacity and walking activity. This
interaction accounts for the variability in walking activity in individuals post-stroke above

J Neurol Phys Ther. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Danks et al.

Page 9

and beyondwalking capacity, biopsychosocial factors, and self-efficacy measures. This
suggests that rehabilitation clinicians should address balance self- efficacy in addition to
walking capacity to facilitate “real-world” walking activity improvements in patients post-
stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Relationship Between FGA & Steps per Day Moderated By ABC

High ABC Score +1 SD

Mean

-18D
FGA +1 8D

Figure 1.
Results of the moderated regression analysis. FGA: Functional Gait Assessment; ABC:

Activities Specific Balance Confidence Scale. Light grey lines represent data from subjects
who scored ABC scores 1 standard deviation above the mean (high), black lines represent
mean ABC scores and dark grey lines represent ABC scores 1 standard deviation below the
mean (low). Each symbol represents the mean (middle symbol) £ 1 standard deviation (first
and third symbol) of the group data for the FGA. The ABC score appears to moderate the
relationship between the FGA and ABC. Subjects with a high ABC score demonstrate a
weak relationship between the FGA and SPD. In contrast, participants with a low ABC score
exhibit a strong positive relationship between the FGA and SPD.
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Descriptive Statistics by Subject Characteristic

Range Mean (SD)
SPD (steps) 377-14,433 5,816 (3,293)
CT (mLO2/kg/m)  0.12-1.26  0.34(0.20)
FGA (points) 4-25 13 (5)
GDS (points) 0-11 3(3)
FSS (points) 9-60 34 (14)
MCIR (points) 14-26 19 (2)
Walk 12 (%) 18-93 67 (19)
ABC (%) 20-99 73 (18)

Table 2

Page 15

SPD: steps per day; CT: energy cost of transport; FGA: Functional Gait Assessment; GDS: Yesavage Geriatric Depression Scale; FSS: Fatigue
Severity Scale; MCIR: Modified Cumulative Iliness Rating Scale; ABC: Activities Specific Balance Confidence Scale; SD: Standard Deviation.

J Neurol Phys Ther. Author manuscript; available in PMC 2017 October 01.



Page 16

Danks et al.

Author Manuscript

aoueoiIubIs syuasaldal
¥

€200 /00 T000> P90 suonesa| v
1000 TSTO  7T000> 9950 ISLATITERTERS g
9TZ0 §S00 TO00>  pI¥0  Sioled [eroosoyohsdolg ¢
1000> «05€0 Anoeded Buriiem T
d,yv 8V djspony 2d s10191paid 3019

30415 150d A11Anoy Bunjjepn Bunaipaid sesAjeuy uolssalbiay Jo Arewwng

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Neurol Phys Ther. Author manuscript; available in PMC 2017 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Danks et al.

Regression Coefficients of the Predictors of Walking Activity Post-Stroke

Block  Predictor B p
1 FGA 037 0.01
CT 0.18 0.24
2 FSS 0.00 1.00
GDS 0.08 0.53
MCIR —026* 001
3 Walk 12 -0.45 * 0.00
ABC 0.14 0.28
4 ABC*FGA  -0.29 0.02

Table 4

Page 17

FGA: Functional Gait Assessment; CT: energy cost of transport; FSS: Fatigue Severity Scale; GDS: Yesavage Geriatric Depression Scale; MCIR:

Modified Cumulative lliness Rating (MCIR); ABC: Activities Specific Balance Confidence Scale;

*
represents significance; p<0.05.
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