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People with stroke have persistent high levels of sedentary behavior. Sedentary behavior,
or prolonged sitting, has been associated with the exacerbation of chronic health conditions that
elevate the risk for recurrent stroke (e.g., diabetes, obesity, depression). Studies examining
sedentary behavior and inactivity physiology suggest that reductions in sedentary behavior are
associated with improvements in chronic health conditions. Participation in daily activities
requires movement out of a seated position to an upright position, thereby reducing sedentary
behavior. This may lead to improvements in chronic health conditions and reduced risk for
recurrent stroke.

The overarching goal of this dissertation is to identify intervention elements that hold
promise for reducing sedentary behavior among people with chronic stroke. A scoping review
revealed that current stroke rehabilitation interventions are associated with small reductions in
sedentary behavior over time. Few interventions were clearly specified, and few outcomes were
clearly defined. This led to the development of the Activating Behavior for Lasting Engagement
(ABLE) intervention. The ABLE intervention uses behavioral activation to promote frequent
participation in daily activities to reduce post-stroke sedentary behavior. A descriptive case series
(n=5) was conducted to specify the intervention protocol. A single group pre-post-test study (n=21)
was conducted to assess the feasibility (safety, participant satisfaction, participant tolerability,
reliable intervention delivery) and estimate change in sedentary behavior over time. The

intervention was deemed safe, tolerable, and reliably delivered. Participant satisfaction scores did

v



not meet the benchmark for feasibility. Moderate to large effect sizes were detected at post-
intervention using an objective measure of sedentary behavior (ActivPAL micro3); small effect
sizes were detected at 8-week follow-up.

Future intervention refinement is required to enhance the feasibility and bolster effects of
the ABLE intervention. These efforts should incorporate the context of participation and sedentary
behavior. In addition, consideration of the role of active and inactive participation, patterns of
participation, patterns of sedentary behavior, and aspects of the environment will be critical to

develop interventions that reduce sedentary behavior and promote optimal health outcomes.
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1.0 Introduction

Nearly one third of the 7.2 million Americans who currently live with chronic stroke-
related impairments will sustain a recurrent stroke within their lifetime (American Heart
Association et al., 2017). Recurrent stroke is costly to individuals and healthcare systems, resulting
in poor functional outcomes, poor health outcomes, and high monetary expenses. Lifestyle
modification is an important component for managing health conditions associated with risk for
recurrent stroke (i.e., diabetes, hypertension, obesity) (Hankey & Warlow, 1999). Traditional post-
stroke rehabilitation approaches focus on remediating impairments and training people in
compensatory strategies to support independence in daily living activities. Rehabilitation
approaches may also contribute to lifestyle modification and engagement in health behaviors that
can reduce the risk for recurrent stroke.

Physical activity behavior patterns over the full 24-hour day can have a powerful influence
on the health conditions that are associated with recurrent stroke. Traditional physical activity
interventions promote adherence to a recommended dose or program of exercise. (Billinger et al.,
2014). These interventions do not address activity patterns during remaining hours of the day. That
is, despite achieving the recommended dose of exercise (30 minutes of moderate-to-vigorous
physical activity daily), low physical activity levels over the remaining 23-1/2 waking hours can
contribute to poor health. Stroke survivors spend a large portion of these hours in prolonged sitting,
or sedentary, behaviors (19.3 to 22.1 hours per day) (Moore et al., 2013b; Tieges et al., 2015).
Moditying these full-day physical activity patterns to incorporate reduced time in prolonged sitting

could influence health and reduce the risk for recurrent stroke.



1.1 Sedentary Behavior

High levels of sedentary behavior are detrimental to health. Sedentary behavior is defined
as waking time spent in a seated or reclined position, engaged in activities which require an energy
expenditure <1.5 METS (Tremblay et al., 2017). Sedentary behavior is associated with health risks
even after controlling for lack of adherence to exercise recommendations (Healy et al., 2008b).
Among heathy older adults, high levels of sedentary behavior are associated with poor
cardiometabolic health, depression, obesity, and morbidity (Buman et al., 2013; de Rezende,
Lopes, Rey-Lopez, Matsudo, & do Carmo Luiz, 2014; Thorp, Owen, Neuhaus, & Dunstan, 2011).
For people with vascular disease, as in the case of many people who have had a stroke, high levels
of sedentary behavior may elevate the risk for recurrent stroke (Ford & Caspersen, 2012). Thus,
reducing sedentary behavior holds promise to promote health among people with stroke.

Prior approaches to sedentary behavior modification have taken two approaches: 1)
displacing time spent in sedentary behavior with physical activity (English et al., 2016b), and 2)
modifying the pattern of sedentary behavior accumulation throughout the day (Ezeugwu & Manns,
2018). Sedentary behavior accumulation can be described by examining the lengths of the time
periods spent in uninterrupted sitting. Each period of time spent in uninterrupted sitting is referred
to as a bout (Tremblay et al., 2017). Among healthy adults, sedentary behavior accumulated in
short bouts (<30 minutes) was associated with better cardiometabolic health outcomes than that
which was accumulated in prolonged bouts (>30 minutes) (Healy et al., 2008a).

Persistent motor, cognitive, and affective impairments post-stroke provide unique
challenges to modifying sedentary behavior and promoting physical activity. Motor impairments
may limit stroke survivors’ mobility and result in difficulty engaging in moderate-to-vigorous

intensity activities or exercise (Langhorne, Coupar, & Pollock, 2009). Cognitive impairments are
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associated with difficulty generating ideas, organizing daily activities, and engaging in previously
enjoyed activities (Douiri, Rudd, & Wolfe, 2013). Affective impairments, in particular depressive
symptoms, have been associated with low physical activity levels (Robinson & Jorge, 2015).
Displacing high volumes of sedentary behavior with moderate-to-vigorous physical activities or
exercise may not be feasible or safe for stroke survivors (Morton et al., 2018). In addition, stroke
survivors with cognitive or affective impairments may have difficulty generating or initiating
strategies to engage in high levels of physical activity. Therefore, it is necessary to consider all of

these factors when designing post-stroke sedentary behavior and physical activity interventions.

1.2 Full-Day Engagement in Meaningful Activities

1.2.1 Full-day view of sedentary behavior patterns

Breaking up sedentary behavior into short bouts of sitting has been associated with positive
health outcomes among people with cardiovascular disease. Sedentary behavior is broken into
short bouts of sitting by moving from a seated or reclined position into an upright position at
selected intervals (Tremblay et al., 2017). The duration and frequency of bouts of sedentary
behavior can be measured through wearable monitors within the context of the full day in which
people live. Studies examining sedentary behavior accumulation demonstrated that sedentary time
interrupted by upright activity was associated with lower waist circumference, body mass index,
glucose levels, and insulin levels relative to uninterrupted sedentary time among overweight adults
(Chastin, Egerton, Leask, & Stamatakis, 2015a; Dunstan et al., 2012; Healy et al., 2008a; Healy,

Winkler, Brakenridge, Reeves, & Eakin, 2015). In addition, displacing sedentary time with light,



moderate, or vigorous intensity physical activity was associated with cardiometabolic risk, obesity,
all-cause mortality and quality of life (Balboa-Castillo, Leon-Muioz, Graciani, Rodriguez-
Artalejo, & Guallar-Castillon, 2011; Buman et al., 2013; Chastin, Palarea-Albaladejo, Dontje, &
Skelton, 2015b; Hamer, Stamatakis, & Steptoe, 2014; Stamatakis et al., 2015). While moderate-
to-vigorous intensity physical activities was associated with greater health outcomes, displacing
30 minutes of sedentary time with light intensity physical activity was sufficient for reduced
cardiometabolic risk factors (i.e., insulin, insulin sensitivity, triglycerides) (Buman et al., 2013).
Thus, breaking up sedentary behavior with varied intensities of physical activity based on stroke

survivors’ abilities and interest may be associated with positive health outcomes.

1.2.2 Activity engagement and participation in meaningful activities after stroke

People living with disability describe participation as being part of life situations of their
choosing, in which access and opportunities allow choice and control over which activities they
decide to engage in, while fulfilling personal and societal responsibilities (Hammel et al., 2008).
Participation is defined by the World Health Organization as purposeful and meaningful activities
that occur within a personally meaningful context (World Health Organization, 2001). That is, the
ability to stand in one place for fifteen minutes may carry little meaning in and of itself. Yet, the
standing in one place for fifteen minutes while singing with the church choir gives meaning and
purpose to the individual who chooses to engage in that role. Participation restrictions and limited
activity engagement post-stroke are well-documented (Desrosiers et al., 2006; Hartman-Maeir,
Soroker, Ring, Avni, & Katz, 2007; Mayo, Wood-Dauphinee, Co’te, Durcan, & Carlton, 2002;
Viscogliosi et al., 2011). Low levels of participation persist through the chronic phase of stroke
(Desrosiers & Bourbonnais, 2005; Desrosiers et al., 2006; Hartman-Maeir et al., 2007). In addition,
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stroke survivors report high levels of dissatisfaction with participation outcomes (Hartman-Maeir
et al., 2007). Contemporary stroke rehabilitation programs focus on skills required to complete
activities associated with participation (e.g., ability to fold a sheet of paper in half). Data suggest,
however, that without interventions directed at promoting participation, these skills do not
generalize to the contexts within which people live (Atler, Malcolm, & Greife, 2015).

Complex cognitive and behavioral intervention approaches show promise for promoting
activity engagement and participation after stroke. A metacognitive approach (Cognitive
Orientation to Occupational Performance) promoted generalization of task specific training to
untrained tasks (McEwen et al., 2015). During one-on-one intervention sessions, stroke survivors
learned to apply a 4-step problem solving strategy to any activity in which they desired to
participate. The therapist guided the process by asking probing questions to promote the stroke
survivors’ problem solving and generalization of approaches to other activities. This approach
resulted in a moderate to large change in participation over time (McEwen et al., 2015). Self-
management programs apply social cognitive theory to teach participants skills for setting
individualized goals, action planning, and problem solving. Self-management approaches
delivered during rehabilitation day programs (Lee, Fischer, Zera, Robertson, & Hammel, 2017)
and in community-based settings (Wolf, Baum, Lee, & Hammel, 2016) resulted in moderate to
large effects on community participation. These approaches demonstrate that goal setting, a
structured planning process, and problem-solving skills may be important components of

interventions that promote community participation after stroke.



1.2.3 Activity engagement to break up sedentary behavior

Promoting engagement in individually valued activities holds promise to reduce sedentary
behavior after stroke. To engage in activities within context frequently requires movement to an
upright position to either access the environment or engage in the activity itself. Engagement in
valued activities may occur at any time throughout the day. Frequent activity engagement
throughout the day can distribute activity and break up prolonged bouts of sitting. The intensity of
movement required during engagement in valued activities can range from light intensity (e.g.,
standing to answering the door), to vigorous intensity (e.g., completing a landscaping project).
Evidence for sedentary behavior modification suggests that even brief upright periods during
prolonged sitting can be beneficial to health (Benatti & Ried-Larsen, 2015). Interventions that
promote activity engagement can be tailored to the person’s preferences and abilities while
achieving these interruptions to sedentary behavior. Promoting engagement in meaningful
activities within the context of the full day may, therefore, be an effective approach to promote

daily activity patterns that support health after stroke.

1.3 Objective and Aims

The overarching objective of this dissertation is to identify intervention elements that hold
promise to reduce sedentary behavior and promote activity engagement among people with
chronic stroke. This will be accomplished through three aims:

1. Identify intervention approaches and effects of these interventions for modifying

physical activity behaviors post-stroke.



2. Assess the feasibility of a theoretically-driven intervention that aims to reduce
sedentary behavior using an activity engagement-focused approach.

3. Estimate the effects of a theoretically-driven intervention that aims to reduce
sedentary behavior using an activity engagement-focused approach.

The development of post-stroke sedentary behavior interventions is in its infancy. Few
existing interventions specify sedentary behavior as the primary outcome. Among these, no
interventions explored the role of engagement in meaningful activities in promoting reductions in
sedentary behavior. Identifying the effects of current approaches on the frequency of engagement
in daily life activities may inform intervention elements that could contribute to reducing sedentary
behavior. Overall, the present work will advance knowledge of intervention elements that may

contribute to reducing post-stroke sedentary behavior.



2.0 Do Interventions Influence Sedentary Behavior and Daily Physical Activity After

Stroke? A Scoping Review

The contents of this chapter are included in the following manuscript, currently under
review: Kringle EA, Barone Gibbs B, Campbell G, Terhorst L, McCue M, Kersey J, Skidmore
ER. Do interventions influence daily living physical activity and sedentary behavior after stroke?

A narrative review.

Despite recommendations, stroke survivors engage in low levels of physical activity and
high levels of sedentary behavior, or sitting time, relative to healthy community-dwelling
populations (Damush, Plue, Bakas, Schmid, & Williams, 2007; Michael, Allen, & Macko, 2005;
Rimmer, Wang, & Smith, 2008; Tudor-Locke, Craig, Thyfault, & Spence, 2012). In addition,
stroke survivors achieve fewer than 3,000 steps per day, and do not meet the daily step count
recommendation of 7,500 steps per day (English et al., 2016a; English, Manns, Tucak, &
Bernhardt, 2014; Tudor-Locke et al., 2012). Physical activity recommendations are frequently
unmet due to stroke-related impairments (e.g., motor function), motivation, transportation
challenges, cost, and health concerns (Cleland et al., 2015; Damush et al., 2007; Rimmer et al.,
2008). These barriers are difficult to overcome and result in sedentary lifestyles that place stroke
survivors at risk for recurrent stroke. Advances in the field of inactivity physiology suggest that
displacing sedentary behavior with frequent engagement in physical activity in the course of daily
routines (e.g., housework, yardwork) acts on biological mechanisms that may produce positive
health outcomes for individuals with impaired cardiovascular function (e.g., stroke) or obesity
(Hamilton, Healy, Dunstan, Zderic, & Owen, 2008). Frequent engagement in physical activity
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during daily routines, hereafter daily physical activity may be an achievable aim of intervention
for stroke survivors, as these activities are typically low cost, do not require transportation to a
fitness center, and may be safely performed despite residual stroke-related impairments.

Prior reviews of physical activity post-stroke described levels of physical activity (English
et al., 2014), approaches to measuring physical activity (Gebruers, Vanroy, Truijen, Engelborghs,
& De Deyn, 2010), and interventions promoting long-term adherence to physical activity or
exercise programs (Moore et al., 2018; Morris, MacGillivray, & Mcfarlane, 2014). However,
intervention approaches that are effective to reduce sedentary behavior and promote engagement
in daily physical activity other than exercise remains unclear. Thus, our goals in conducting this
review were to:

1) Describe current intervention approaches in which changes in sedentary behavior
or daily physical activity were detected.

2) Identify effects of post-stroke interventions on sedentary behavior daily physical
activity.

This knowledge will support the advancement of intervention development and
implementation for promoting healthy lifestyles among stroke survivors who are at risk for

recurrent stroke.

2.1 Methods

We queried OVID/Medline, CINAHL, PsycINFO, and the Cochrane database using
combinations of the following search terms: physical activity, sedentary, stroke, rehabilitation,

intervention, self-management, exercise, lifestyle (e.g., “physical activity AND stroke



rehabilitation AND intervention”). No date restrictions were applied. Studies were included if
they: 1) examined an intervention post-stroke, 2) contained primary or secondary outcome
measures of sedentary behavior or daily physical activity, and 3) used a randomized or non-
randomized experimental design. Sedentary behavior was defined by measurement of posture (i.e.,
seated or reclined). Daily physical activity was defined by measurement of duration, volume, or
dichotomous report (yes/no) of engagement in daily physical activities not associated with exercise
(e.g., childcare, employment, housework). Studies were excluded if they: 1) did not measure
sedentary behavior or daily physical activity, 2) reported on descriptive studies, 3) were non-data
based, 4) were unavailable in English, 5) delivered intervention to hospitalized patients, and 6) did
not include people with stroke. Review articles were examined to identify additional intervention
studies that contained measures of sedentary behavior or daily physical activity. One author (EAK)
reviewed abstracts and articles to determine inclusion. Data extraction (participant characteristics,
outcome measures, intervention effects, intervention approaches) was conducted by two authors
(EAK and JK). Discrepancies were resolved through discussion. Effect sizes (e.g., Cohen’s d) were
calculated for within group change over time (baseline to post-intervention and baseline to 3-
months) and within-between interaction effects. Unreported data required for these calculations
were requested from the authors. Results were summarized to identify interventions and their
effects on sedentary behavior effects and daily physical activity after stroke (p<.05). The Cochrane
Systems Risk of Bias Tool was used to examine risk for bias within studies (randomization
sequence, allocation concealment, participant blinding, therapist blinding, blinded assessor,
attrition reported) (Cochrane handbook for systematic reviews of interventions, 2011). Two
authors (EAK and ERS) conducted independent reviews and resolved discrepancies through

discussion.
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2.2 Results

2.2.1 Study Characteristics

The search was last conducted in January 2019. After removing duplicates, we
reviewed 765 abstracts (Figure 1). Of these, 715 were excluded because they: 1) did not
measure sedentary behavior or daily physical activity (n=187), 2) reported on descriptive studies
(n=73), 3) were non-data based (n=137), 4) were unavailable in English (n=2), 5) were
conducted in a non-stroke population (n=176), or were review articles (n=140). An additional
18 studies were identified through review articles and hand searching. The remaining 50 articles
were reviewed and 19 were excluded because they did not measure sedentary behavior or daily
physical activity (n=8), was non-data-based (n=3), was conducted in a non-stroke
population (n=1) or delivered the intervention to hospitalized patients (n=7). We identified
31 intervention studies that measured change in sedentary behavior or daily physical activity
after stroke.

Studies were randomized controlled trials (n=17) and non-randomized trials
(parallel groups, n=4 and single-group, n=10). Sample sizes ranged from 9 to 408
(median=44). Study endpoints were post-intervention (n=13), 1-month (n=1), 2-months (n=1),
3-months (n=9), 6-months (n=1) and greater than 6-months (n=6) following intervention. Usual
care (n=6), inactive control intervention (n=11), and no intervention (n=4) were used as control

conditions (Table 1).

11



J

Identification

Eligibility

Included

Records identified through
database searching
(n =845)

Additional records identified
through other sources
(n =18}

Records after duplicates remowved

{n =765
Records excluded
¥ (n=715)
Records screened Mo measures of sedentary behavior or
in =765) \.‘ daily living physical activity=187
Descriptive study=73

¥

Unavailable in English=2

{n =50}

Full-text articles assessed
for eligibility

Mon-stroke population=176
Review article=140

Mon-data-based manuscript=137

¥

reaszons

{n =31}

Studies included in
qualitative synthesis

(n=19)

daily living physical activity=8

¥

patients=7
Mon-stroke population=1

(n=NA)

Studies included in
quantitative synthesis
[meta-analysis)

Mon-data-based manuscriot=3

Full-text articles excluded, with

Mo measures of sedentary behavior or

Intervention delivered to hospitalized

Figure 1 Scoping review: Article selection

12



Table 1 Scoping review: Study characteristics

Number of studies

Clinical Population

Stroke 29

Mixed neurological impairments (inclusive of stroke) 2
Stage of recovery

Acute (<90 days post-stroke) 5

Chronic (>90 days post-stroke) 26
Study Design

Randomized controlled trial 17

Non-randomized, parallel groups 4

Non-randomized, single group 10
Study Endpoint

Post-intervention 13

1 month post-intervention 1

2 months post-intervention 1

3 months post-intervention 9

6 months post-intervention 1

>6 months post-intervention 6
Role of daily physical activity level

Primary outcome 11
Secondary outcome 20
Approach to intervention®
Education 12
Exercise 22
Behavior Change Strategies 15
Multi-Component 17
Single Component 14
Control Intervention
Usual care 6
Inactive control 11
No intervention 4
No control group (single group design) 10
Risk for Bias®
Random Sequence 16
Allocation Concealment 13
Participant Blinding 0
Therapist Blinding 0
Assessor Blinding 16
Attrition Reported 29
Attrition >20% 11

“Number of interventions in which exercise, behavior change techniques, or education
were included. Multi-component interventions included at least 2 different
approaches. Single component interventions included only exercise, behavior change
techniques, or education.

®Based on Cochrane Risk for Bias Reporting Tool (Cochrane handbook for systematic
reviews of interventions, 2011)
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2.2.2 Participant Characteristics

Mean participant age ranged from 36.9 to 76.0 years (Table 2). Studies were conducted in
the acute (<90 days post-stroke, n=5) and chronic (n=25) phases of rehabilitation. One study did
not report stroke chronicity. Participants in studies conducted during the acute phase of stroke met
inclusion criteria related to chronicity (Kirk et al., 2014). Mean chronicity among participants in
the chronic phase ranged from 111.3 days to 12.2 years. Stroke severity was reported in 5 studies.
Four reported that participants had mild impairments (Askim et al., 2018; Boysen et al., 2009;
English et al., 2016b; Severinsen, Jakobsen, Pedersen, Overgaard, & Andersen, 2014), and one

reported that participants had moderate to severe impairments (Duncan et al., 2011).

2.2.3 Outcome Measures

Measures of sedentary behavior or daily physical activity were identified as the primary
clinical outcome among 11 studies and the secondary outcomes among 20 studies. These outcomes
were assessed using questionnaire-based measures or device-based measures (Table 3). One study
included both questionnaire-based and device-based measures of daily physical activity (Mudge,

Barber, & Stott, 2009).

2.2.3.1 Questionnaire-Based Measures

The CHAMPS Physical Activity Questionnaire for Older Adults (n=1) (Mayo et al., 2015),
Human Activity Profile (n=2) (Olney et al., 2006; Sharp & Brouwer, 1997), International Physical
Activity Questionnaire (n=2) (Askim et al., 2018; Faulkner et al., 2015), Minnesota Leisure-Time

Physical Activity Questionnaire (n=1) (Pang & Lau, 2010), Multimedia Activity Recall for
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Table 2 Scoping review: Participant characteristics

Randomized Controlled Trials

Author, Year Stroke Phase Sample Size *Age (years) Stroke Chronicity ®Stroke Severity
. Control (n=82) 74.0 (8.6) 10 (9.0) months
Logan, 2004 Chronic g erimental (n=86) 74.0 (8.4) 11 (8.4) months NR
. Control (n=31) 64.7 (8.4) 5.1 (3.6) years
Pang, 2005 Chronic — p erimental (n=32) 65.8 (9.1) 5.2 (5.0) years NR
. Control (n=35) 65.8 (11.6) 3.5 (3.9) years
Olney, 2006 Chronic — p erimental (n=37) 63.5 (12.0) 4.1 (4.4) years NR
Control (n=157) °69.4 (59.6-75.8) cd54.0
Boysen, 2009 Acute Experimental (n=157) ¢69.7 (60.0-77.7) NR «ds5q ()
. Control (n=27) ¢71.0 (44.0-86.0) 5.8 (0.5-18.7) years
Mudge, 2009 Chronic —  erimental (n=31) ©76.0 (39.0-89.0)  ©3.3 (0.6-13.3) years NR
Control (n=126) 62.6 (13.3) 62.9 (8.0) days ($2=16.7%; >2=83.3%
Duncan, 2011 Acute Experimental 1 (n=139) 60.1 (12.3) 64.1 (8.3) days <2=8.6%; >2=91.4%'
Experimental 2 (n=143) 63.3 (12.5) 64.2 (9.0) days (<2=16.1%; >2=83.9%
. Control (n=75) 67.5(10.2) 5.2 (5.4) years
Dean, 2012 Chronic 1 erimental (n=76) 66.7 (14.3) 6.7 (6.7) years NR
. Control (n=56)
Shaughnessy, 2012 Chronic Experimental (n=57) NR NR NR
Control (n=16) °66 (52-80) °16 (9-38) months d53'(33-58)
Severinsen, 2013 Chronic Experimental 1 (n=13) °69 (50-80) °14 (11-29) months de54 (41-58)
Experimental 2 (n=14) °68 (57-78) 19 (8-36) months de53 (32-55)
. Control (n=12) 66.8 (7.3)
Kirk, 2014 Acute Experimental (n=12) 67.5(11.4) NR NR
Control (n=28) 68.0 (10.0) )
Faulkner, 2015 Acute g erimental (n=27) 65.0 (11.0) NR NR
. Control (n=93) 65.0 (11.0) 3.1 (3.1) years
Mayo, 2015 Chronic . erimental (n=93) 61.0 (12.0) 2.5 (2.2) years NR
. . Control (n=14) 67.8 (13.8) 4.1 (4.3) years h<4=71.4%; >4=28.6%
English, 2016 Chronic —  erimental (n=19) 65.4 (12.3) 2.8 (2.6) years h<4=73.7%; >4=26.3%
. . Control (n=23) 62.0 (9.3) 2.6 (1.8) years
Givon, 2016 Chronic —— p erimental (n=24) 56.7 (9.3) 3.0 (1.8) years NR
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Table 2 continued

. Control (n=33) 73.7 (5.3) 13.0 (2.0) months
Vahlberg, 2017 Chronic Experimental (n=34) 72.6 (5.5) 13.0 (4.0) months NR
. Control (n=22) 71.00 (10.0) >12 mo=86%
Dean, 2018 Chronic Experimental (n=23) 70.0 (12.0) >12 mo=87% NR
. . Control (n=194) 72.3 (11.3) 112.0 (17.2) days 1.6 (2.5)
Askim, 2018 Chronic Experimental (n=186) 71.7 (11.9) 111.3 (24.5) days 1.5 (2.3)
Non-randomized, parallel groups
Author, Year Stroke Phase Sample Size Age (years) Stroke Chronicity Stroke Severity
. . Control (n=83) 64.0 (12.0)
Sit, 2007 Chronic Experimental (n=107) 62.8 (10.2) NR NR
. Control (n=11) 64.5(6.2) 7.3 (4.2) years
Pang, 2010 Chronic Experimental (n=10) 64.6 (7.2) 9.3 (3.2) years NR
. Control (n=20) 36.9 (11.4)
Clanchy, 2016 Chronic Experimental (n=23) 39.2 (12.5) NR NR
. Control (n=8) 55.3(12.6) 4.9 (6.1) years
Paul, 2016 Chronic Experimental (n=15) 56.3 (8.7) 3.8 (2.5) years NR
Non-randomized, single group
Author, Year Stroke Phase Sample Size *Age (years) Stroke Chronicity ®Stroke Severity
Sharp, 1997 Chronic n=15 67.0 (10.0) 0.9 to 18.0 years NR
. _ Male: 64.2 (9.0)
Bastien, 1998 NR n=24 Femalc: 67.4 (7.6) NR NR
Michael, 2009 Chronic n=10 71.0 (61.0-79.0) 7.5 (4.0-22.0) years NR
Touillet, 2010 Chronic n=9 46.3 (7.2) 7.2 (5.1) months NR
Heeren, 2013 Chronic n=16 54.8 (10.8) 17.0 (11.0) months NR
Danks, 2014 Chronic n=16 66.1 (11.3) 49.7 (38.5) months NR
Sullivan, 2014 Chronic n=11 60.4 (12.1) 12.2 (7.7) years NR
Jones, 2016 Chronic n=24 51.1 (16.5) °4.42 (1.4-7.4) years NR
Preston, 2017 Acute n=20 68.0 (12.0) 16 (7) days NR
Ezeugwu, 2018 Chronic n=34 64.6 (12.5) 3.5 (1.1) months NR

“Mean (standard deviation) age, chronicity, and severity unless otherwise indicated. *National Institutes of Health Stroke Scale unless otherwise
indicated. “Median (interquartile range). ‘Scandinavian Stroke Scale. “Median (range). ‘Categorical reporting of severity using Modified Rankin
Score. Percentage of group with scores indicating no or slight disability, greater than slight disability. ¢Inclusion criteria required new diagnosis
of transient ischemic attack or mild stroke within previous 7 days. "Categorical reporting of severity using NIHSS. Percentage of group with
scores indicating mild stroke, greater than mild stroke. 'Range.
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Children and Adolescents (n=1) (English et al., 2016b), Physical Activity and Disability Survey
(n=1) (Mudge et al., 2009), Physical Activity Scale (Danish Version, n=1) (Severinsen et al.,
2014), Physical Activity Scale for Individuals with Physical Disabilities (n=1) (Pang, Eng,
Dawson, McKay, & Harris, 2005), Physical Activity Scale for the Elderly (n=2) (Boysen et al.,
2009; Vahlberg, Cederholm, Lindmark, Zetterberg, & Hellstrom, 2017), and Yale Physical
Activity Survey (n=1) (Shaughnessy, Michael, & Resnick, 2012) were used to measure daily
physical activities. In addition, 4 studies used activity checklists that asked participants to report
their level of engagement in specific daily physical activities (Bastien, Korner-Bitensky, Lalonde,
LeBrun, & Matte, 1998; Kirk et al., 2014; Logan et al., 2004; Sit, Yip, Ko, Gun, & Lee, 2007).
The International Physical Activity Questionnaire, Physical Activity Scale (Danish Version),
Physical Activity Scale for Individuals with Disability, and Physical Activity Scale for the Elderly
each contain one item in which participants are asked to report on time spent engaged in sitting or
stationary activities, thus also measuring sedentary behavior if item-level scores are reported
(Aadahl & JOrgensen, 2003; Craig et al., 2003; Washburn, Smith, Jette, & Janney, 1993;
Washburn, Zhu, McAuley, Frogley, & Figoni, 2002). No studies that used theses questionnaires

reported item-level scores.

2.2.3.2 Device-Based Measures

Fourteen studies measured changes in step count using a variety of devices: pedometer
(Dean et al., 2012; Heeren et al., 2013; Sullivan, Espe, Kelly, Veilbig, & Kwasny, 2014), ActiCal
(Philips, Netherlands) (Givon, Zeilig, Weingarden, & Rand, 2016), ActivPAL (Pal Technologies,
Glasgow) (English et al., 2016b; Ezeugwu & Manns, 2018; Jones, Dear, Hush, Titov, & Dean,
2016; Paul et al., 2016; Touillet, Guesdon, Bosser, Beis, & Paysant, 2010), Step Activity Monitor

(Cyma Corporation, Mountlake Terrace) (Danks, Roos, McCoy, & Reisman, 2014; Duncan et al.,
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2011; Michael et al., 2009; Mudge et al., 2009), and Sensewear Armband (Body Media, San
Francisco) (Preston et al., 2017). Activity counts were assessed in three studies using the
ActiGraph (Actigraph Corp, Pensacola) (Clanchy, Tweedy, & Trost, 2016), Senswear
Armband(Body Media, San Francisco) (Preston et al., 2017), or GENEACTiv (ActivInsights,
Cambridge) (Dean et al., 2018). These devices sample activity counts associated with the user’s
rate of acceleration, and established cut-points determine time spent in varying intensities of
physical activity. Time spent in sitting, standing, and stepping was measured in four studies using
the ActivPAL (English et al., 2016b; Ezeugwu & Manns, 2018; Jones et al., 2016; Paul et al.,

2016). The ActivPAL measures the user’s position and acceleration.

2.2.3.3 Risk of Bias

Risk of bias within studies was assessed using the Cochrane Risk of Bias Tool (Table 4)
(Cochrane handbook for systematic reviews of interventions, 2011). Sixteen studies reported
randomization, 13 studies described allocation concealment, 16 studies used blinded assessors,
and 18 of 29 trials reported attrition less than 20%. Eleven studies reported attrition greater than
20%. Blinding of the therapist and the participants is challenging in behavioral intervention

research. No studies among the included studies blinded therapists or participants.

2.2.4 Interventions

Intervention components were classified as exercise, behavior change techniques (Michie,
Fixsen, Grimshaw, & Eccles, 2009), and education. These components were delivered individually
and in combination. We examined approaches to interventions that were associated with within-

between interaction effects and within-group effects (baseline to post-intervention, baseline to 3-
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Table 3 Scoping review: Outcome measures

Sedentary

Measurement Tool )
Behavior

Amount of
Physical
Activity

N

Questionnaire-
Based

Activity Checklist (Bastien et al., 1998; Kirk et al., 2014; Logan et al.,
2004; Sit et al., 2007)

X

CHAMPS Physical Activity Questionnaire for Older Adults (Mayo et al.,
2015)

Human Activity Profile (Olney et al., 2006; Sharp & Brouwer, 1997)

International Physical Activity Questionnaire (Askim et al., 2018; Faulkner
et al., 2015)

Minnesota Leisure-Time Physical Activity Questionnaire (Pang & Lau, 2010)

Multimedia Activity Recall for Children and Adolescents (English et al.,
2016b)

Physical Activity and Disability Survey (Mudge et al., 2009)

Physical Activitiy Scale, Danish Version (Severinsen et al., 2014) X

Physical Activity Scale for Individuals with Physical Disabilities (Pang et al.,
2005)

TR B B B e

Physical Activity Scale for the Elderly (Boysen et al., 2009; Vahlberg et al.,
2017)

=

Yale Physical Activity Survey (Shaughnessy et al., 2012)

Device-Based

Activity counts (Actigraph, Senswear Armband, GENEActiv) (Clanchy et al.,
2016; Dean et al., 2012; Preston et al., 2017)

Time spent sitting, standing, stepping (ActivPAL) (English et al., 2016b;
Ezeugwu & Manns, 2018; Jones et al., 2016; Paul et al., 2016)

Step Count (Pedometer, ActiCal, ActivPAL, Step Activity Monitor, Sensewear
Armband) (Danks et al., 2014; Dean et al., 2012; Duncan et al., 2011;
English et al., 2016b; Ezeugwu & Manns, 2018; Givon et al., 2016;
Heeren et al., 2013; Jones et al., 2016; Michael et al., 2009; Mudge et
al., 2009; Paul et al., 2016; Preston et al., 2017; Sullivan et al., 2014;
Touillet et al., 2010)

14
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Table 4 Scoping review: Risk of bias

g

s T2 .

5. 8 =z £ E

;2 o= g

Ué g 5§ 3 5 =

s 5 5 & 3 £

s = § 2 2z =

Exercise Only Ko< oA Fo< <

Sharp, 1997 - - - - i *
Olney, 2006 + i+ - - - *
Michael, 2009 - - - - _ _
Mudge, 2009 + i+ - - + o+
Pang, 2010 - - - - - +
Duncan, 2011 + + - - + +
Dean, 2012 + 0+ - - + o+
Shaughnessy, 2012 - - - - - *
Severinsen, 2013 + - - - - n
Heeren, 2013 - - - - - +
Givon, 2016 - - - - + -
Behavior Change Techniques Only
Danks, 2014 - - - - - *
English, 2016 + + - - + +
Paul, 2016 - - - - - +
Exercise + Education
Touillet, 2010 - - - - - +
Kirk, 2014 + |+ - - + o+
Faulkner, 2015 + + - - + +
Behavior Change Techniques + Education
Logan, 2004 + + - - + +
Sit, 2007 - - - - - -
Jones, 2016 - - - - - T
Preston, 2017 - - - - - *
Exercise + Behavior Change Techniques
Vahlberg, 2017 + o+ - - + -
Askim, 2018 + i+ - - + -
Dean, 2018 + i+ - - + o+
Exercise + Behavior Change Techniques + Education
Bastien, 1998 - - - - - *
Pang, 2005 + + - - + *
Boysen, 2009 + + - - + +
Sullivan, 2014 - - - - - +
Mayo, 2015 - - - - + *
Clanchy, 2016 + - - - + i o+
Ezeugwu, 2018 - - - - - +

+Adequate, -Inadequate, * Attrition reported >20%
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months follow-up) on outcomes of sedentary behavior or daily physical activity (p<.05, Table 5).
For studies that did not conduct follow-up assessments at the 3-month time point, the next closest
follow-up time point was selected (Duncan et al., 2011; Ezeugwu & Manns, 2018; Faulkner et
al., 2015; Logan et al., 2004; Olney et al., 2006; Severinsen et al., 2014; Sharp & Brouwer,

1997).

2.2.4.1 Studies of Single Component Interventions
Studies of interventions that employed exercise alone and behavior change techniques
alone measured outcomes of sedentary behavior or daily physical activity. No studies examined

education alone.

Exercise

Seven randomized controlled trials (Dean et al., 2012; Duncan et al., 2011; Givon et al.,
2016; Mudge et al., 2009; Olney et al., 2006; Severinsen et al., 2014; Shaughnessy et al., 2012),
one non-randomized parallel groups study (Pang & Lau, 2010), and three single-group studies
(Heeren et al., 2013; Michael et al., 2009; Sharp & Brouwer, 1997) examined the effects of
exercise alone on post-stroke sedentary behavior and daily physical activity. Six of the seven RCTs
reported no within-between interaction effects or within-group effects at post-intervention. One
RCT (Duncan et al., 2011) reported a small within-between interaction effect on step count at post-
intervention (Cohen’s d=0.17, p<.05). The statistical significance of the moderate within-groups
effect within this study was not reported (Cohen’s d=0.61) (Duncan et al., 2011). Two of the four
RCTs that assessed outcomes at 3-months follow-up reported within group effects on total level
of daily physical activity. One of these studies detected small within-group effects (Cohen’s

d=0.25, p<.05).°" The other study did not report the effect size (Severinsen et al., 2014). The
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non-randomized parallel groups study (Pang & Lau, 2010) detected moderate within-between
effects (Cohen’s d=0.48, p<.05) and large within-group effects (Cohen’s d=1.60, p<.05) on total
level of daily physical activity at post-intervention. No follow-up effects were reported. One of
three single-group studies reported large within-group effects (Cohen’s d=0.74, p<.05) on step
count at post-intervention (Heeren et al., 2013). Only one of three single-group studies assessed
outcomes at follow-up (4 weeks) and did not detect within-group effects at this time point (Sharp

& Brouwer, 1997).

Behavior Change Techniques

One randomized controlled trial (English et al., 2016b), one non-randomized parallel
groups study (Paul et al., 2016), and one single group study (Danks et al., 2014) examined the
effects of behavior change techniques on sedentary behavior and daily physical activity. All three
studies assessed outcomes at post-intervention. No studies assessed outcomes at follow-up time
points. The RCT detected no within-between interaction effects, but did detect a small within-
group decline in sedentary behavior (Cohen’s d=0.21 to 0.33, p<.05) at post-intervention (English
et al., 2016b). The non-randomized parallel groups study (Paul et al., 2016) detected large within-
between interaction effects on step count (Cohen’s d=1.57, p<.05) and time spent stepping
(Cohen’s d=1.35, p<.05). The single group study (Danks et al., 2014) detected moderate within-

group effects on step count (Cohen’s d=0.42, p<.05).

2.2.4.2 Studies of Multi-Component Interventions
Studies of multi-component interventions that employed exercise, behavior change

techniques, and education in varying combinations have examined effects on sedentary behavior
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Table 5 Scoping review: Interventions and effects

Post-Intervention Follow-Up

- o =8

5 2 2 B

5 g S g S Sz 5

5 3 z 5 Z 38 a

£ 2 25 g

O 3 = 2 3= —
Exercise Only S = = = = £ § %
Olney, 2006 PA NR 0.22 NR 0.25* 6-months RCT
**Mudge, 2009 PA NS 0.00 and 0.05 NS 0.11 3-months RCT
Duncan, 2011? PA 0.17* 0.61 - - - RCT
Dean, 2012 PA 0.29 0.31 - - - RCT
Shaughnessy, 2012 PA 0.04 -0.11 to -0.21* - - - RCT
Severinsen, 2013" PA NS Effect size NS Effectsize ) rmonths RCT

unavailable* unavailable*
Givon, 2016 PA NR 0.11 NR -0.05 3-months RCT
Pang, 2010 PA 0.48* 1.60* _ _ _ Parallel
Groups
Sharp, 1997 PA - 0.30 - 0.46 1-month Single Group
Michael, 2009 PA - 0.34 - - - Single Group
Heeren, 2013 PA - 0.74* - - - Single Group
Behavior Change Techniques Only
. 0.11 to 0.33*
sk - - -
English, 2016 PA/SB 0.04 t0 0.25 (0.21, 0.23)* RCT
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Table 5 continued

1.35* and Parallel
sk - - -
Paul, 2016 PA/SB 1.57% 0.47 and 0.64 Groups
*
**Danks, 2014 PA ; 0’%542*1“‘1 _ _ _ Single Group
Exercise and Education
Kirk, 2014 PA 0.39* -0.20 - - - RCT
Faulkner, 2015 PA/SB NS - NS - 12-months RCT
**Touillet, 2010 PA - 0.66 and 0.71 - -0.16 and -0.31 3-months Single Group
Behavior Change Techniques and Education
Logan, 2004 PA Data unavailable Data unavailable 6-months RCT
Sit, 2007 PA 2.07% 0.00 2.64* -0.02 3-months Parallel
Groups
Jones, 2016 PA/SB - 0.08 and 0.21 - -0.01 and -0.10 3-months Single Group
**Preston, 2017 PA - 0.39 - 0.07 3-months Single Group
Exercise and Behavior Change Techniques
Vahlberg, 2017 PA -0.02 0.17 -0.59 -0.21 3-months RCT
Askim, 2018 PA/SB NS NS - - - RCT
Dean, 2018¢ PA NR -0.25 t0 0.03 - - - RCT
Exercise, Behavior Change Techniques, and Education
Pang, 2005 PA -1.04 0.62* - - - RCT
**Boysen, 2009 PA NS -0.17 - - - RCT
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Table 5 continued

**Mayo, 2015¢ PA -0.02 -0.46 - - - RCT
**Clanchy, 2016 PA 0.75* 3.97* 0.30 2.23 3-months gara”el
roups
Bastien, 1998 PA - NR - NR 3-months Single Group
Sullivan, 2014 PA - -0.06 - - - Single Group
N %
**Ezeugwu, 2018 PA/SB - OO(% ?1;;53 - -0.15to 1.21 2-months Single Group

Note. Range of effect sizes is reported for studies that examined multiple relevant outcomes. Statistically significant effect sizes that fall
within this range reported in parentheses. NR=Statistical significance of interaction effects not reported and mean change scores not reported.
NS=Effects reported to be not statistically significant (p<.05) and mean change scores not reported. PA=Physical activity. SB=Sedentary
behavior.

*Statistical significance at p<.05. **Moderate to light physical activity or sedentary behavior defined as primary clinical outcome measure.
36-month delayed intervention design. Treated baseline to 6-months as pre-post. "Statistically significant within-group change, effect size

unavailable. °Statistical significance of change over time not assessed. {Waitlist control study, within-group effects for pre-test to 3 month
time point with waitlist group as control. Statistical significance not reported.
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and/or daily physical activity. Within-between interaction effects and within-group effects were

explored at post-intervention and follow-up (3-months where possible).

Exercise and Education

Two randomized controlled trials (Faulkner et al., 2015; Kirk et al., 2014) and one single
group study (Touillet et al., 2010) examined approaches that combined exercise and education.
One of two RCTs detected small to moderate within-between interaction effects on the level of
daily living physical activity (Cohen’s d=0.39, p<.05) (Kirk et al., 2014). One of two RCTs
reported on follow-up effects, and did not detect within-between interaction or within-group
effects at follow-up (Faulkner et al., 2015). The single group study did not detect within-group

effects at post-intervention or follow-up (Touillet et al., 2010).

Behavior Change Techniques and Education

One randomized controlled trial (Logan et al., 2004), one non randomized parallel groups
study (Sit et al., 2007), and two single group studies (Jones et al., 2016; Preston et al., 2017)
employed interventions that combined behavior change techniques and education. The RCT
reported between-group differences on number of outdoor journeys in the past month at post-
intervention and follow-up. We were unable to calculate within-between interaction effects or
within-group effect sizes (Logan et al., 2004). The non-randomized parallel groups study detected
small within-between interaction effects on daily physical activity at post-intervention (OR=2.07,
p<.05) and follow-up (OR=2.64, p<.05) (Chen, Cohen, & Chen, 2010, Sit et al., 2007). These
effects were attributed to decline in activity levels in the control group, while the intervention
group maintained activity levels. No within-group effects were detected at post-intervention or

follow-up among the two single group studies (Jones et al., 2016; Preston et al., 2017).
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Exercise and Behavior Change Techniques

Three randomized controlled trials examined interventions that combined exercise with
behavior change techniques. Two of the three studies did not detect within-between interaction or
within-group effects at post-intervention (Askim et al., 2018; Vahlberg et al., 2017). One pilot
study reported on effect sizes, but not statistical significance of change over time on a device-
based measure of daily physical activity (Dean et al., 2018). One study reported on follow-up
effects, and did not detect within-between interaction or within-group effects at the follow-up

timepoint (Vahlberg et al., 2017).

Exercise, Behavior Change Techniques, and Education

Three randomized controlled trials (Boysen et al., 2009; Mayo et al., 2015; Pang et al.,
2005), one non-randomized parallel groups study (Clanchy et al., 2016), and three single group
studies (Bastien et al., 1998; Ezeugwu & Manns, 2018; Sullivan et al., 2014) employed
interventions that contained exercise, behavior change techniques, and education. Among the three
RCTs, no within-between interaction effects were detected at post-intervention. One of three RCTs
detected moderate within-group effects on daily physical activity at post-intervention (Cohen’s
d=0.62, p<.05) (Pang et al., 2005). No RCTs assessed intervention effects at follow-up time points.
The non-randomized parallel groups study detected large within-between interaction effects
(Cohen’s d=0.75, p<.05) and large within-group effects (Cohen’s d=3.97, p<.05) on activity counts
at post-intervention (Clanchy et al., 2016). No follow-up assessments were reported. One of three
single group studies detected a range of small to large post-intervention within-group effects on
measures of sedentary behavior (Cohen’s d=0.31 to 1.51, p<.05) (Ezeugwu & Manns, 2018). Two
of three single group studies assessed, but did not detect follow-up effects (Bastien et al., 1998;
Sullivan et al., 2014).
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2.3 Discussion

Our aim was to describe the effects of current interventions on sedentary behavior and daily
physical activity after stroke. Only 14 interventions, which employed varied approaches to
intervention, were associated with effects on questionnaire-based and device-based outcomes
related to sedentary behavior and daily physical activity. The remaining 17 studies detected no
effects on questionnaire-based and device-based outcomes related to sedentary behavior. These
results demonstrate that sedentary behavior and daily physical activity may be modifiable after
stroke. However, specific approaches to interventions that are effective to promote changes on
these outcomes remain unclear. These findings provide insight into the need for development of
carefully specified complex interventions and precisely defined outcomes related to sedentary

behavior and daily physical activity outcomes.

2.3.1 Complex Interventions

Exercise, behavior change techniques, and education were employed individually and in
various combinations to achieve change in sedentary behavior or daily physical activity. The
complex sequelae of stroke may demand complex interventions to effect change on daily physical
activity. Seventeen of the 31 studies included in this review detected no effects on sedentary
behavior and/or daily physical activity behavior, and also employed complex interventions (Askim
et al., 2018; Bastien et al., 1998; Boysen et al., 2009; Dean et al., 2012; Faulkner et al., 2015;
Givon et al., 2016; Jones et al., 2016; Logan et al., 2004; Mayo et al., 2015; Michael et al., 2009;
Mudge et al., 2009; Preston et al., 2017; Sharp & Brouwer, 1997; Shaughnessy et al., 2012;

Sullivan et al., 2014; Touillet et al., 2010; Vahlberg et al., 2017). Examining the approach to
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combining specific intervention components in future studies may provide insight into the

heterogeneous outcomes of interventions.

2.3.1.1 Exercise

Exercise was a common intervention component used to promote daily physical activity.
Low physical activity levels post-stroke may lead to deconditioning and depressed mood. Reviews
examining the effects of exercise after stroke have identified that exercise may improve aerobic
capacity, balance, mobility, depressive symptoms, and cognitive functions.(Adamson, Ensari, &
Motl, 2015; Cumming, Tyedin, Churilov, Morris, & Bernhardt, 2012; Kendall & Gothe, 2016)
Enhancing these abilities through exercise could improve stroke survivors’ ability to engage in a
greater amount of daily physical activity. Conversely, one study included in this review detected
within-group decline (p<.05) on a measure of daily physical activity (Kirk et al., 2014). It is
possible that the physical demands of traveling to the research center and engaging in exercise
influenced fatigue and engagement in physical activities during the remainder of the day. Further
examination of the effects of exercise approaches to intervention on sedentary behavior and daily

physical activity is warranted.

2.3.1.2 Behavior Change Techniques

Behavior change techniques were common, while specific approaches varied. There is
currently insufficient evidence regarding specific behavior change techniques that are most
effective to promote engagement in daily physical activity following stroke. Numerous theoretical
approaches support the use of specific behavior change techniques to promote engagement in
physical activity among healthy populations (Bandura, 2004; Hutchison, Breckon, & Johnston,
2009). Application of these strategies within the post-stroke population is complicated by
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persistent impairments (motor, cognition). Researchers in the field of health promotion have called
for studies that compare interventions based in health models to elucidate mechanisms of health
behavior change associated with these interventions (Noar & Zimmerman, 2005). Application of
behavior change techniques may support stroke survivors’ more frequent engagement in daily

physical activity, however specific approaches should be explored further.

2.3.1.3 Education

Education was frequently included in promising interventions, in combination with
exercise and/or behavior change strategies. Theories of health behavior support provision of
foundational knowledge associated with certain behaviors to promote change (Prochaska &
Velicer, 1997; Rosenstock, 1974). In addition, education combined with exercise is a component
of cardiac rehabilitation programs, in which the goal of the program is to promote optimal
cardiovascular health through lifestyle change (Kirk et al., 2014; ter Hoeve et al., 2017). Although
the specific role of education in the interventions included in this review is unclear, the provision
of foundational knowledge related to the benefits of engaging in daily physical activity may

support interventions developed to achieve that goal.

2.3.2 Intervention Outcomes

A dearth of interventions specifically aimed to reduce sedentary behavior or promote daily
physical activity after stroke. Among the 31 studies included in this review, only 11 identified
sedentary behavior or daily physical activity as the primary outcome of intervention. Literature
suggests that stroke survivors may derive health benefits from interventions that promote daily

living physical activity (Hamilton et al., 2008; Manns, Dunstan, Owen, & Healy, 2012). In
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addition, modifying the pattern in which sedentary behavior is accumulated throughout the day
may be powerful to promote health after stroke. Breaking up prolonged bouts of sitting into short
bouts may be associated with improved cardiometabolic health (Healy et al., 2008a). Thus,
introducing breaks from sitting, in which stroke survivors establish patterns of regularly moving
out of a seated or reclined position to engage in standing or ambulatory activity for short periods

of time may be a meaningful focus of physical activity interventions after stroke.

2.3.3 Limitations

We are mindful of several limitations associated with this review. Due to the heterogeneous
approaches to outcomes measurement and interventions, we did not statistically assess the
heterogeneity of intervention effects. Grey literature was not identified, thus additional
interventions may exist in which our outcomes of interest were assessed. Many studies were pilot
studies and were likely not powered to detect change on sedentary behavior or daily physical
activity measures. Risk for bias within studies varied, with elevated risk among the non-
randomized studies included in this review. Finally, descriptors of behavior change techniques are
inconsistent within the field of health behavior change. We were restricted to classify intervention
approaches based on the authors’ descriptions of the interventions. Double data extraction was

conducted to reduce the risk of misclassification, yet this risk remains.

2.3.4 Future Directions

Although engagement in physical activity is set forth as a key element of recurrent stroke

risk reduction, interventions that specifically aim to reduce sedentary behavior and promote
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frequent engagement in daily physical activity have received limited attention for individuals with
chronic stroke. Advances in sedentary behavior and inactivity physiology research suggest that
modifying full-day activity patterns may positively affect chronic health conditions after stroke.
Clearly specified interventions that view physical activity from a full-day perspective hold promise
for reducing sedentary behavior, facilitating frequent engagement in daily physical activity, and

promoting health after stroke.
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3.0 Activating Behavior for Lasting Engagement (ABLE) to Reduce Sedentary Behavior

After Stroke: A Descriptive Case Series

The contents of this chapter are included in the following publication currently under
review: Kringle EA, Campbell G, McCue M, Barone Gibbs B, Terhorst L, Skidmore ER.
Development and feasibility of a sedentary behavior intervention for stroke: A descriptive case
series. This study was also presented at the UPMC Rehabilitation Institute Research Day on June

13, 2018 and received the Best Research Award in the pre-doctoral category.

A scoping review of current evidence (Section 2.0) suggests that interventions designed to
modify sedentary behavior after stroke are scarce. Two interventions are in early phases of
feasibility testing in chronic (English et al., 2016b) and sub-acute stroke rehabilitation (Ezeugwu
& Manns, 2018). These studies have demonstrated that sedentary behavior interventions are
feasible and may be promising to reduce sedentary behavior. Specific theories of health behavior
change that are best suited to reduce post-stroke sedentary behavior are unclear. Behavioral
activation may be a promising approach to promote engagement in daily physical activity and
reduce sedentary behavior. To date, no interventions have applied behavioral activation to reduce
sedentary behavior after stroke.

Behavioral activation is an effective treatment for reducing depressive symptoms by
promoting engagement in pleasurable activities (Cuijpers, Van Straten, & Warmerdam, 2007,
Mazzucchelli, Kane, & Rees, 2009). Within this framework, people learn to schedule activities,
monitor engagement in scheduled activities, and develop skills for problem solving (Kanter et al.,
2010). Behavioral activation has been adapted to promote quality of life and well-being among
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people with brain injury and caregivers of people with dementia (Bradbury et al., 2008; Doering
& Exner, 2011; Losada, Marquez-Gonzalez, & Romero-Moreno, 2011; Moore et al., 2013a).
Behavioral activation was identified as a promising approach to reduce post-stroke sedentary
behavior because of its focus on scheduling and monitoring engagement in activities. Skills in
activity scheduling and activity monitoring provide tangible strategies for overcoming cognitive
and affective barriers to engagement in frequent daily physical activity (e.g., planning, mood).
Further, self-assessment and problem solving skills may be important to support stroke survivors’
identification of strategies to overcome barriers related to motor impairments to support
engagement daily physical activities. These skills can be tailored for people with varying
impairments in cognitive, affective, and motor domains. Although initially developed for
scheduling and monitoring engagement in discrete activities, we anticipated that this framework
could be expanded to influence physical activity patterns over all waking hours.

To our knowledge, ABLE is the first intervention that applies a behavioral activation
framework to break up prolonged periods of sedentary time. Complex behavioral interventions,
such as ABLE, must be carefully specified prior to deployment in efficacy and effectiveness trials
(Bellg et al., 2004; Hildebrand et al., 2012). Our goal was to specify the ABLE intervention
protocol and explore the feasibility (tolerability, acceptability, reliability, safety) of the ABLE

intervention among participants in the chronic phase of stroke.
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3.1 Case Description

3.1.1 Study Design

We conducted a descriptive case series to allow for refinement of the intervention protocol.
This study design was selected in alignment with best practices for complex behavioral
intervention development (Craig et al., 2008; Patient-Centered Outcomes Research Institute,
2018). Our goal was to describe and define the adaptation of behavioral activation intervention
approaches to reduce sedentary behavior among people with stroke. Participants completed pre-
intervention assessments, 12 ABLE intervention sessions, and post-intervention assessments.
Study procedures were approved by the University of Pittsburgh Institutional Review Board and
conducted in compliance with the requirements of the Helsinki Declaration. Participants provided
written informed consent. Results are reported following the CARE guidelines for reporting results

from case reports (Gagnier et al., 2013).

3.1.2 Participants

Participants who were over 18 years of age, 6 to 24 months post-stroke, ambulatory without
physical assistance of another person, self-reported sitting time 6 hours or more on a typical
weekday using the Sedentary Behavior Questionnaire (Rosenberg et al., 2010), and resided within
50 miles of Pittsburgh, Pennsylvania were included in this study. Those who were currently
participating in occupational, physical, or speech therapy, concurrently enrolled in another
intervention study, and reported comorbid neurodegenerative disorder, current cancer treatment

(i.e., chemotherapy or radiation), major depressive disorder (Patient Health Questionnaire-9)
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(Gilbody, Richards, Brealey, & Hewitt, 2007; Kroenke, Spitzer, & Williams, 2001), or untreated
psychiatric conditions (PRIME-MD/Mini International Neuropsychiatric Interview) (Spitzer et al.,
1994) were excluded from this study. Participants were recruited from a pool of participants who
had previously participated in research in the Department of Occupational Therapy at the
University of Pittsburgh and from the community via the University of Pittsburgh Clinical and

Translational Science Institute Research Registry.

3.1.3 Intervention

Prior to enrolling the first participant, we specified key structural elements and theoretically
driven essential elements of the ABLE intervention (Michie et al., 2009). We anticipated that the
intervention protocol would be refined based on feedback from the therapist and the participants,

but that the essential elements would remain constant (Table 6).

Table 6 ABLE intervention elements

Clinician Occupational Therapist
Structural Environment Home-based
Elements Dose 3x/week for 4 weeks (12 sessions)
Materials ABLE Participant Workbook
Activity Scheduling Plan e.stabl.lshed to complete a specific activity at
a specific time.
. o Identification of activity that actually occurred
Essential Activity Monitoring during waking hours.
Elements Self-Assessment Explicit 1dent1ﬁ(.:a.t1.on of positive gnd negative
outcomes of activities (e.g., somatic, mood)
Collaborative Participant-generated solutions to challenges

Problem Solving  identified during activity monitoring.
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3.1.3.1 Structural Elements

The ABLE intervention was delivered in participants’ homes by an occupational therapist
with 7 years of experience in stroke rehabilitation (EK). The ABLE intervention was designed to
be delivered at a frequency of 3 sessions per week, for 4 weeks. Guided by a workbook, the first
1 to 2 sessions of the ABLE intervention included brainstorming to generate activities meaningful
to the participant and to identify times during the day when the participant is at-risk for prolonged
sitting. The Activity Card Sort (Katz, Karpin, Lak, Furman, & Hartman-Maeir, 2003) was selected
to facilitate this brainstorming process. Remaining sessions included an iterative process

containing the essential elements of the ABLE intervention (defined below).

3.1.3.2 Essential Elements

The ABLE intervention contains 4 essential elements: activity scheduling, collaborative
problem solving, activity monitoring, and self-assessment. During each session, the therapist
guided the participant to schedule personally meaningful activities throughout the day at times
when the participant spends time sitting (activity scheduling). The therapist then facilitated
problem solving to establish a clear plan for engaging in the activity. Rather than providing the
participant with strategies directly, the therapist used a collaborative approach in which barriers
and potential solutions were elicited from the participant (collaborative problem solving).
Collaborative problem solving builds the participants’ skills in identifying and overcoming barriers
to activities. If the selected activity was a sedentary activity (e.g., reading), the therapist facilitated
problem solving aimed to identify strategies to break up prolonged sitting time (e.g., set a timer to
move to a different chair every 30 minutes). The participant then monitored adherence to the plan
and physical activity patterns between intervention sessions (activity monitoring). Activity

monitoring was documented in the participant workbook. At the following session, the activity
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monitoring worksheet was reviewed and the participant was asked to identify positive (e.g., more
energy, elevated mood) and negative (e.g., changes in spasticity, muscle fatigue) outcomes during
engagement in physical activities (self-assessment). When negative outcomes were identified,
solutions were pursued using collaborative problem solving. Participants could decide to continue
with the same activity schedule or schedule new activities for the next sessions. This process was

repeated iteratively during each intervention session.

3.1.4 Measures

Our primary outcomes were tolerability, acceptability, reliability, and safety of the ABLE

intervention. We also measured changes in sedentary behavior at baseline and 4 weeks.

3.1.4.1 Tolerability

Session attendance was calculated and compared with our established benchmark of 90%
attendance. We also examined the frequency and mean session duration for each participant to
identify the feasibility of delivering this intervention at the specified frequency of 3 times per week

for 4 weeks and establish expectations for duration of intervention sessions.

3.1.4.2 Acceptability

Acceptability of the intervention approach was assessed using the Client Satisfaction
Questionnaire-8 (CSQ) (Attkisson & Greenfield, 2004). The CSQ-8 consists of 8 questions rated
on a 4-point Likert-type scale. Scores were summed and compared with our established benchmark
of >28.8. We also examined the degree to which participants valued and expected positive results

of this treatment using the Healing Encounters and Attitudes Lists Treatment Expectancy Short
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Form (HEAL-TE). The HEAL-TE was developed using PROMIS methodologies and consists of
6 statements rated on a 5-point Likert type scale (Greco, Glick, Morone, & Schneider, 2013; Greco
et al., 2016). Scores were summed and converted to T-scores. The CSQ and HEAL-TE

questionnaires were administered by an independent assessor at the post-intervention time point.

3.1.4.3 Reliability

We assessed reliability using a fidelity review checklist developed in our laboratory (Bellg
et al., 2004; Hildebrand et al., 2012). An independent assessor reviewed the first two intervention
sessions and selected 2 sessions per participant from sessions 3 through 12 using a random
numbers table. Sessions were rated to identify presence (1) or absence (0) of structural elements,
activity scheduling, activity monitoring, collaborative problem solving, and self-assessment.
Results on tests of reliability were compared against our established benchmark of 90% adherence

for sampled sessions.

3.1.4.4 Safety

Falls that occurred during intervention sessions or a fall reported by the participant that
occurred while a participant was completing a scheduled activity between sessions were
documented as intervention related falls. We also documented injuries that occurred during

intervention sessions or scheduled activities.

3.1.4.5 Sedentary Behavior
Sedentary behavior was assessed at baseline and 4 weeks using the ActivPAL micro3 (Pal
Technologies, Glasgow). The ActivPAL micro3 is a small device (1.5 inches x 0.75 inches x 0.25,

10 grams) that assesses time spent sitting, standing, and stepping. This device was validated among
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stroke survivors (Gebruers et al., 2010). We implemented a 7-day, 24-hour wear protocol. The
ActivPAL micro3 was waterproofed and adhered each participant’s unaffected thigh. Participants
documented wake time, time went to bed, nap time, and device non-wear time in a diary for each
day of ActivPAL micro3 wear. Sleep time and non-wear time were removed from the data using
a diary-informed approach (Barone Gibbs & Kline, 2018; Edwardson et al., 2017). We calculated
prolonged sitting time accumulated in bouts of >30 minutes, percent waking time spent in
prolonged sitting, number of transitions between sitting or reclined and upright (transitions), and

step count.

3.1.4.6 Sample Characteristics

Mobility and arm function were assessed using the Stroke Impact Scale (SIS) (Duncan et
al., 2003). The SIS is a valid and reliable self-report assessment of stroke-related sensorimotor
impairments among people with chronic stroke. Cognition was measured using the National
Institutes of Health Toolbox Cognition Battery (NIH Toolbox-Cognition) (Heaton et al., 2014;
Weintraub et al., 2013; Weintraub et al., 2014). The NIH Toolbox-Cognition is a performance-
based assessment of cognitive functions that has been validated in population-based studies. Mood
was assessed using the Patient Health Questionnaire-9 (PHQ-9), a valid and reliable screening tool
that assesses e severity of depressive symptoms (Gilbody et al., 2007; Kroenke et al., 2001).
Fatigue was measured using the PROMIS Fatigue Scale 8a. The PROMIS Fatigue Scale 8a was
developed using item response theory and validated among people with chronic conditions (Cella
et al., 2016). Pain was described using the Numeric Pain Rating Scale, in which participants were
asked to rank their worst pain in the past 24 hours on a scale of 0 to 10. This is a common and

validated approach to pain assessment (Williamson & Hoggart, 2005).
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3.1.5 Analyses

We generated descriptive statistics to describe our sample and outcomes. Tolerability,
acceptability, and reliability data for each participant were compared against benchmarks
established a priori (described above). We described safety outcomes. Sedentary behavior at

baseline and 4 weeks are described for each participant.

3.2 Results

3.2.1 Participants

Participant characteristics are described in Table 7. Participants ranged from 51 to 73 years
old. During baseline testing, 4 participants reported lower current activity levels relative to their
pre-stroke activity levels. One participant felt that his physical activity level was the same as prior
to his stroke. Participants’ mobility ranged from moderate impairment to intact (SIS, Mobility
subscale range 38.89 to 100.00). Arm function during daily activities ranged from severe
impairment to intact (SIS, Arm Function subscale range 25.00 to 100.00). Impaired cognitive
function was defined as those with scores greater than or equal to 1 standard deviation below the
mean on the NIH Toolbox Cognition Battery (age-corrected standard score). Three participants
had impaired cognitive functions and two participants had intact cognition. Participants had mild

to no depressive symptoms (PHQ-9, range 0 to 6)
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Table 7 ABLE case series: Participant characteristics

Participant 1 2 3 4 5
Age 63 73 52 51 64
Gender M F M M M
Race White White Black Black White
Education High School High School Bachelors Bachelors® Bachelors
Social Support No caregiver Part-time Full-time No caregiver Full-time
caregiver caregiver caregiver
Residential Status Alone Spouse Assisted Living Spouse Spouse
Type of Stroke Ischemic Hemorrhagic Hemorrhagic Ischemic Ischemic
Hemisphere of Stroke Right Right Right Right Bilateral
Currfe nt physical activity level Lower Lower Lower The same Lower
relative to pre-stroke
Mood (PHQ-9) 5 0 0 0 6
Mobility (SIS, Mobility Subscale)® 63.89 94.44 52.78 100.00 38.89
Arm Function (SIS, Arm Function 25.00 95.00 25.00 100.00 35.00
Subscale)
Cognition Composite (NIH 33 78 56 123 103

Toolbox)®

"Master’s degree completed during intervention period; "Range 0 to 100, 100 indicates no residual impairment; “Mean 100, SD 15
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3.2.2 Intervention Refinement

The structural elements of the ABLE intervention were refined based on feedback from
participants and intervention therapist (EK). This feedback led to greater emphasis on foundational
knowledge of sedentary behavior patterns during session #1. At the end of session #1, participants
were asked to monitor their activity for 1 day to build awareness of times when they sit for a
prolonged time period. We also identified that participants may experience both positive (e.g.,
more energy) and negative (e.g., muscle aches) outcomes as they become more active. With the
first participant, we problem solved strategies to manage negative outcomes. With subsequent
participants, we placed greater emphasis on explicitly acknowledging both the positive and
negative outcomes of reduced sitting time. We continued to use collaborative problem solving to
manage negative symptoms. Further details regarding refinement of the ABLE intervention may

be found in Appendix A.

3.2.3 Feasibility

3.2.3.1 Tolerability

Feasibility outcomes are described in Table 8. All participants met our benchmark for
session attendance (>90% of sessions). Mean session duration was 9.1 to 30.8 minutes. Participants
who established plans to engage in concrete activities that required minimal problem solving (e.g.,
walk at a specified time during the workday) had short sessions. Those who sought to engage in
complex tasks that required problem solving had long sessions (e.g., prepare a meal). Four of five

participants had a mean session length >25.0 minutes. Sessions occurred every 2.0 to 3.2 days.
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Table 8 ABLE case series: Feasibility outcomes

Benchmark #1 #2 #3 #4 #5
Attendance 90% *100% *100% *100% *91.67% *100%
Session Frequency (days/session) NA 2.3 2.0 3.0 3.2 2.9
Session Length (minutes) NA 30.8 25.0 27.5 9.1 27.5
Client Satisfaction Questionnaire-8 >28.8 25.0 *29.0  *32.0 27.0 *31.0
HEAL-Treatment Expectancy NA 50.9 56.9 70.8 55.3 70.8
Intervention-related falls or injuries NA 0 0 0 0 0
Reliability 90% 65%  *91%  *96% 87% *96%

*Met benchmark

3.2.3.2 Acceptability

Three participants identified that the ABLE intervention had high acceptability relative to
our benchmark (Client Satisfaction Questionnaire-8 >28.8). Two participants identified low
acceptability relative to our benchmark. Low need for the intervention (i.e., low baseline sedentary
behavior) may have influenced acceptability rating for one participant. The other participant who
did not meet the acceptability benchmark received the very early, loosely structured version of the
ABLE intervention. Feedback from this participant was incorporated as the intervention was
refined, to enhance acceptability. All participants identified positive expectations for this
intervention to support outcomes that they value, indicated by HEAL-TE t-scores greater than the

population mean (50.0).

3.2.3.3 Safety

No intervention-related falls or injuries were reported.

3.2.3.4 Reliability
Rates of treatment reliability ranged from 65% to 96%. Our benchmark for treatment

reliability was met for three participants (structural elements and essential elements present in
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>90% of sampled sessions). Our benchmark for treatment reliability was not met for two
participants. One of these participants received the earliest, loosely structured version of the ABLE
intervention. The other had a very low amount of baseline sedentary behavior. These may have

influenced treatment reliability.

Table 9 ABLE case series: Activity monitoring outcomes

#1 #2 #3 #4 #5
Pre: 62398 370.59 701.51 12494 718.23
*Daily prolonged sitting time (minutes) Post:  430.24 39233 723.61 16236 734.89
+ - - - -

Pre: 61.17 37.57 87.63 14.57  78.38
*Waking time spent in prolonged sitting (%) Post: 4877 4192  84.58 17.55  72.61

+ - + - +

Pre: 4283  39.28 18.57  66.14 2343

Daily number of sit-stand transitions Post: 47.14 36.86 23.14  70.57 2743
+ - + + +

Pre: 917.17 2861.57 67.43 5081.29 562.86

Daily step count Post: 916.71 2707.00 67.43 5494.00 592.71
- - - + +

*Prolonged sitting: accumulated in bouts >30 minutes, + improvement on outcome, -null or negative
effect on outcome

3.2.4 Sedentary Behavior Outcomes

Activity monitoring outcomes are reported in Table 9. One valid day of monitoring was
considered that for which the participant wore the monitor during all waking hours. Participants
had 6 to 7 valid wear days at each time point. Three participants had a high amount of prolonged
sitting (623.98 to 718.23 minutes) and two participants had a low amount of prolonged sitting
(124.94 to 370.59 minutes) at baseline. One participant had a reduction in daily prolonged sitting
time. The three participants who had high levels of sitting at baseline had a reduction in the percent

waking time spent in prolonged sitting and mean sedentary bout length. Four participants had a
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greater number of postural transitions after intervention. Two participants had a slight increase in

step count from baseline to 4 weeks.

3.3 Discussion

Our goal with this case series was to describe the feasibility of the ABLE intervention, a
novel approach for reducing sedentary behavior among people with chronic stroke. We also
examined individual changes on sedentary behavior outcomes and participant characteristics to
guide future development of the ABLE intervention. This study design allowed us to refine the
ABLE intervention protocol, examine trends in sedentary behavior that may be associated with the
ABLE intervention, and identify additional intervention components that may support reduction
in sedentary behavior after stroke.

We revised the application of the ABLE intervention elements. Our initial version
contained a loose structure with brief background information on sedentary behavior. The final
refined version contained specific information on patterns of sedentary behavior. Healthcare
providers and clients must clearly understand this unique aim of the ABLE intervention as they
engage in the intervention protocol. Breaking up prolonged bouts of sedentary behavior is an
innovative approach to physical activity interventions. Prior physical activity interventions in
stroke emphasize prescribed doses of walking or exercise programs (Moore et al., 2018; Morris et
al., 2014). The ABLE intervention represents a shift in our approach to physical activity
interventions, emphasizing patterns of activity engagement over the full day. The addition of an

overview describing the full-day approach and health risks of prolonged sitting patterns, coupled
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with an activity monitoring assignment designed to identify prolonged periods of sitting appeared

to establish a foundation from which the intervention protocol could progress.

3.3.1 Change in Sedentary Behavior

Although the primary purpose of this study was to establish a refined intervention protocol,
we also described sedentary behavior change over time. Change in sedentary behavior varied
across participants in both direction and magnitude. There may be several explanations that should
be explored in future studies (e.g., age, gender, comorbidities) (O’Donoghue et al., 2016; van
Nassau et al., 2017; Vancampfort et al., 2018). Among the five participants in the present study,
the social environment and varied baseline levels of sedentary behavior may have influenced

change on sedentary behavior over time.

3.3.2 Social Environment

The varied social environments among these participants may have played a role in their
response to the ABLE intervention. Three participants had a high level of sedentary behavior at
baseline and varied magnitude of response to intervention. Residual stroke-related deficits
frequently include motor and balance impairments, and place individuals at risk for falls
(Hyndman, Ashburn, & Stack, 2002; Mackintosh, Goldie, & Hill, 2005; Mackintosh, Hill, Dodd,
Goldie, & Culham, 2006). Despite demonstrating the ability to safely mobilize in a familiar
environment, those participants who resided with a caregiver or within a system (i.e., assisted
living facility) that placed a high emphasis on fall risk demonstrated a smaller response to

intervention than the participant who resided alone. Caregivers and care systems play a critical
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role in providing social, emotional, and physical support post-stroke (Cameron & Gignac, 2008;
Harris, Eng, Miller, & Dawson, 2016). These supports that place high emphasis on safety and
reduce the demand for engagement in daily tasks beyond basic self-care tasks may influence stroke
survivors’ prolonged sitting time (Brach et al., 2018; Kane & Cutler, 2015). People with stroke
have elevated risk for falls and more frequent falls than healthy community dwelling populations
(Jorgensen, Engstad, & Jacobsen, 2002). Strategies to help stroke survivors, caregivers, and care
systems manage fall risk should be considered when developing interventions that promote upright
time after stroke. An additional component of the ABLE intervention that involves the caregiver

or care system in managing these safety concerns may support reductions in sedentary behavior.

3.3.3 Assessing Need for Sedentary Behavior Intervention

People with low levels of sedentary behavior at baseline may not need the ABLE
intervention. Two participants reported high levels of sedentary behavior on study screening but
had low levels of sedentary behavior when measured with the ActivPAL during baseline
assessments. This may have contributed to low satisfaction and reliability of the ABLE
intervention for one participant. Despite low need to reduce sedentary behavior, the participants’
perceptions of high levels of sedentary behavior should be considered. People who participated in
active lifestyles prior to their stroke may perceive high levels of sedentary behavior relative to
previous lifestyles. These participation restrictions after stroke are well documented (Desrosiers
& Bourbonnais, 2005; Desrosiers et al., 2008; Desrosiers et al., 2006; Mayo et al., 2002).
Overcoming participation restrictions may require an intervention approach that supports personal
control over participation in the activities that people desire to engage in (Hammel et al., 2015;
Heinemann et al., 2011; Heinemann et al., 2013)
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3.3.4 Limitations

The goal of this early intervention development stage was to specify the intervention
protocol and generate hypotheses for future development (Craig et al., 2008; Patient-Centered
Outcomes Research Institute, 2018). Our descriptive case series design was optimal to accomplish
this goal (Gagnier et al., 2013). However, these results must be interpreted cautiously. After further
refinement of this intervention approach (e.g., addition of a social environment component), the
magnitude of effects of the ABLE intervention on sedentary behavior should be examined through
randomized controlled trials. Further, reducing sedentary behavior is a proximal goal of the ABLE
intervention. The scope of this study did not support long-term follow-up of health outcomes (e.g.,
hypertension, blood glucose control) and recurrent stroke occurrence. Future studies should

explore these distal outcomes.

3.3.5 Future Directions

Despite limitations of this descriptive case series design, this study leads to many future
research directions. Understanding the role of the social environment in physical activity and
sedentary behaviors may guide us to additional essential elements that can lead to greater
reductions in sedentary behavior. Clarifying the relationship between sedentary behavior,
participation, and activity engagement restrictions among individuals with low levels of sedentary
behavior will support precision in identifying those for whom the ABLE intervention is
appropriate. In addition, this may lead to greater understanding of participation and activity

engagement restrictions and the development of interventions that can promote activity
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engagement and participation. Ultimately, this work will lead to interventions that can promote

activity engagement, participation and healthy lifestyles among people with chronic stroke.
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4.0 ABLE After Stroke: Feasibility and Preliminary Effects of a Behavioral Activation-

Based Intervention on Sedentary Behavior

The contents of this chapter are included in the following manuscript currently under
review: Kringle EA, Terhorst L, Barone Gibbs B, Campbell G, McCue M, Skidmore ER.

Preliminary effects of the ABLE intervention on sedentary behavior after stroke.

The goal of the case series study presented in Section 3.0 was to specify the essential and
structural interventions elements of the ABLE intervention. The ABLE intervention is among a
small group of interventions that aim to reduce sedentary behavior among people with stroke
(English et al., 2016b; Ezeugwu & Manns, 2018). One pilot randomized controlled trial detected
reductions on objectively measured sedentary behavior over time. However, this change did not
differ from the control group which received an inert attention control intervention (English et al.,
2016b). A single group pre-post-test pilot study also detected a range of small to large reductions
on objectively measured sedentary behavior over time (Ezeugwu & Manns, 2018). These pilot
studies are in early phases and suggest that it may be possible to modify post-stroke sedentary
behavior. However, the varied effect sizes in this early phase work suggest a need for ongoing
exploration of essential elements that may result in change in sedentary behavior over time among
people with chronic stroke.

Distinct from these prior approaches, the ABLE intervention that was previously specified
(Section 3.0) applies behavioral activation to reduce sedentary behavior. This is a complex
behavioral intervention which contains multiple essential elements (Craig et al., 2008). The
development of complex behavioral interventions requires a rigorous pilot testing stage that
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informs the design of future study design (Moore, Carter, Nietert, & Stewart, 2011). Assessments
of feasibility can be used to inform recruitment and retention strategies, participant safety and
tolerance during intervention, and the ability to deliver the intervention uniformly across therapists
and participants (Bellg et al., 2004; Hildebrand et al., 2012; Moore et al., 2011). Feasibility
assessment can also inform ongoing intervention refinement and the development of therapist
training procedures. Estimates of effect sizes can be used to inform sample size estimations that
assure clinical trials have sufficient statistical power to detect meaningful change on primary
outcomes. Thus, during the present pilot study, our goals were to assess the feasibility and to
calculate preliminary estimates of change in sedentary behavior over time that may be associated
with the ABLE intervention.

Thoughtful pilot testing is not only important to inform the planning of future trials, but
also in determining the intervention’s readiness for definitive clinical trials. Combined,
assessments of feasibility and estimates of preliminary effects can lead to intervention refinement
prior to scaling up to clinical trials to assess efficacy of the intervention. Thus, the goals of this
pilot study are to inform ongoing development of the ABLE intervention through:

1. Assessment of the feasibility of the ABLE intervention among people with chronic stroke.
2. Estimation of preliminary effects on measures of sedentary behavior and participation that

may be associated with the ABLE intervention.

4.1 Methods

We conducted a single group pre-post-test study to examine the feasibility and estimate

change on measures of sedentary behavior that may be associated with the ABLE intervention
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among people with chronic stroke. A dose-matched, no-intervention delay was implemented
during baseline assessments to describe within-person variability on outcomes of sedentary
behavior (Figure 2). Follow-up assessments were completed 8 weeks following the conclusion of
intervention. All study procedures were approved by the University of Pittsburgh Institutional

Review Board and the study was conducted in compliance with the Helsinki Declaration.

4.1.1 Participants

Participants were recruited from the local community (i.e., outpatient clinics, stroke
support groups, community centers, posted flyers) and a pool of people who had previously
participated in research within our research institution. People who met the following criteria
were included: 1) greater than or equal to 18 years of age; 2) diagnosis of stroke; 3) between 6
months 5 years post-stroke; 4) ambulatory (with or without an assistive device) within the
community; 5) reported greater than or equal to 6 hours sitting per day (Sedentary Behavior
Questionnaire, Weekday (Rosenberg et al., 2010)); 6) resided within 50 miles of our research
institution. People who met the following criteria were excluded: 1) severe aphasia (Boston
Diagnostic Aphasia Evaluation severity score less than or equal to 1 (Borod, Goodglass, &
Kaplan, 1980)); 2) current participation in prescribed rehabilitation (occupational therapy,
physical therapy, speech therapy); 2) current cancer treatment (i.e., chemotherapy, radiation); 3)
current untreated major depressive disorder, psychiatric disorder or substance abuse disorder
(Patient Health Questionnaire-9, PRIME-MD/Mini International Neuropsychiatric Interview
(Gilbody et al.,, 2007; Kroenke et al., 2001; Spitzer et al., 1994)); 4) diagnosis of
neurodegenerative disorder. Participants provided written informed consent prior to completion
of study procedures. Proxy consent was obtained for people who were unable to provide written

informed consent (e.g., those with aphasia). 53
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4.1.2 Intervention

4.1.2.1 ABLE Intervention Protocol

The ABLE intervention has been described in detail in section 3.1.3. In brief, participants
were engaged in 12 in-home intervention sessions delivered by trained occupational therapists
(EAK, SAR). Sessions were delivered at a frequency of 3 times per week for 4 weeks. If the
participant missed a scheduled session, a make-up session was scheduled. We anticipated that each
session would be approximately 45 minutes in duration. Guided by the therapist and the ABLE
intervention workbook (developed by our team, Appendix A), participants monitored daily activity
and sitting patterns, scheduled personally meaningful activities to break up prolonged sitting time,
collaboratively problem solved with the therapist to identify barriers to and strategies for breaking
up prolonged sitting time, and self-monitored to identify positive and negative responses (physical,

affective) to changes in activity levels.

4.1.2.2 Feasibility Measures
We assessed the reliability of intervention delivery, participants’ ratings of intervention

acceptability, participants’ tolerability of the intervention, and safety of the intervention.

Reliability

Reliability of the intervention delivery was assessed through fidelity review (Hildebrand
et al., 2012). These were conducted by an independent research assistant trained by the principal
investigator. Video recorded sessions were reviewed against fidelity checklists created specifically
for the ABLE intervention (Appendix A). The first 2 intervention sessions included activity

brainstorming and an introduction to sedentary behavior and the ABLE approach. These sessions
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were reviewed against the ABLE Foundations Fidelity Checklist. The remaining intervention 10
sessions included an iterative process that consisted of activity scheduling, activity monitoring,
self-assessment, and collaborative problem solving. A random numbers table was used to select
20% of sessions for each participant (2 sessions per participant). The selected sessions were
reviewed against the ABLE Intervention Checklist to assess the presence or absence of activity
scheduling, activity monitoring, self-assessment, and collaborative problem solving. We
considered the ABLE intervention to be feasible if each of the active ingredients (activity
scheduling, activity monitoring, self-assessment, collaborative problem solving) were present in

greater than or equal to 90% of sampled intervention sessions.

Acceptability

Acceptability of the ABLE intervention was assessed using the Client Satisfaction
Questionnaire-8 (CSQ) (Attkisson & Greenfield, 2004). The CSQ consists of 8 questions rated on
a 4-point Likert-type scale. Scores are summed (range 8 to 32). Participants completed these
questions over the telephone during post-intervention assessments, completed with an independent
assessor. High scores indicate high satisfaction. The CSQ has acceptable validity and reliability.
We considered the ABLE intervention to be acceptable if the group mean was greater than or equal

to 28.8.

Tolerability

Tolerability of the ABLE intervention was assessed through documentation of session
attendance and duration of intervention session. We also calculated the frequency of intervention
sessions attended as a descriptor of the intervention intensity. We anticipated that intervention

sessions would last for 45 minutes and occur at a frequency of 1 session every 2.33 days. We
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considered the ABLE intervention to be tolerated by participants if they completed greater than or

equal to 90% (10.8) of the intervention sessions.

Safety

Adverse events were documented throughout the study. We anticipated that the ABLE
intervention may pose minimal risk of falls, with or without injury. People with stroke experience
more falls during their daily activities than healthy populations (Jergensen et al., 2002). We
discussed all reported adverse events with participants, to determine if they were related to the
intervention (e.g., if a fall occurred during an activity planned during the intervention sessions or

within the participant’s typical routine). No safety-related benchmark was established.

4.1.3 Clinical Measures

Descriptive characteristics were assessed at week 1 (baseline 1). Outcomes were assessed
at week 1 (baseline 1), week 6 (baseline 2), week 11 (post-intervention), and week 18 (follow-up).
The primary outcomes were objectively measured mean daily minutes of prolonged sitting
(accumulated in uninterrupted bouts 230 minutes) and mean daily number of sit-stand transitions.
Exploratory outcomes were mean daily minutes of sitting, mean daily minutes of prolonged sitting
(accumulated in uninterrupted bouts 260 minutes), self-reported typical weekday sitting time and
total weekly sitting time, objectively measured mean daily step count, and community
participation. Descriptive characteristics (i.e., demographics, clinical characteristics) were

assessed during baseline 1 by a trained independent assessor.
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4.1.3.1 Descriptive Characteristics

Demographic information was collected via participant interview. Stroke characteristics
were assessed via medical record review. We also described comorbidity frequency and severity
(Self-Administered Comorbidity Index (Sangha, Stucki, Liang, Fossel, & Katz, 2003)), fatigue
(PROMIS Fatigue Scale 8a, (Cella et al., 2016)), pain (Numeric Pain Rating Scale, (Williamson
& Hoggart, 2005)), mood (Patient Health Questionnaire-9, (Gilbody et al., 2007; Kroenke et al.,
2001)), cognitive functions (NIH Toolbox, (Heaton et al., 2014; Weintraub et al., 2013; Weintraub

et al., 2014)), and motor functions (Stroke Impact Scale, (Duncan et al., 2003)).

4.1.3.2 Primary Outcomes

Mean daily minutes of prolonged sitting (accumulated in uninterrupted bouts 230 minutes)
and mean daily number of sit-stand transitions were measured using the ActivPAL micro3 (Pal
Technologies, Glasgow) (Barone Gibbs & Kline, 2018; Dowd, Harrington, Bourke, Nelson, &
Donnelly, 2012; Edwardson et al., 2017; Winkler et al., 2016). The ActivPAL micro3 has
demonstrated good validity and reliability for measuring sedentary behavior among people with
stroke (Gebruers et al., 2010). Each participant wore the ActivPAL on the upper one-third of the
anterior aspect of the unaffected thigh for 7 days, 24 hours per day, at each time point (baseline 1,
baseline 2, post-intervention, follow-up). The device was waterproofed to allow participants to
bathe. Participants were instructed to remove the device only if they experienced skin irritation or
immersed in water (e.g., swimming). During each day of wear, participants documented the times
in which they woke, got out of bed, went to bed, went to sleep, daytime sleep times, and device
non-wear time on a worksheet provided by the study team. Data were retrieved from the device
using ActivPAL3 Software (version 7.2.38, Pal Technologies, Glasgow). Sleep and non-wear

times were removed manually, guided by a diary-informed protocol established prior to data
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collection (Appendix B). Data were assessed for validity and each day was considered valid if the
monitor was worn during all waking hours. Time points with 4 or more valid days were included
in analyses. Time points with 3 or fewer valid days were counted as missing data.

The mean daily number of minutes of prolonged sitting (accumulated in uninterrupted
bouts 230 minutes) was calculated for each time point (i.e., baseline 1, baseline 2, post-
intervention, follow-up). Prolonged sitting duration was adjusted to standardize within-person
waking time over all time points. The standardized duration of prolonged sitting was used in all

analyses. We also calculated the mean daily number of sit-stand transitions.

4.1.3.3 Exploratory Outcomes

Exploratory outcomes included: mean daily total sitting time (ActivPAL), mean daily
prolonged sitting (accumulated in >60 minute bouts, ActivPAL), self-reported typical weekday
and total weekly sitting time (Sedentary Behavior Questionnaire (Rosenberg et al., 2010)),
participation (Stroke Impact Scale-Participation (Duncan et al., 2003)), and objectively measured
mean daily step count (ActivPAL). Mean daily total sitting time and mean daily prolonged sitting
(>60 minute bouts) were measured using the ActivPAL micro3, following the same procedures for
assessment and standardization as described in section 4.2.3.2. Self-reported typical weekday and
total weekly sitting time were measured using the Sedentary Behavior Questionnaire (SBQ). The
SBQ contains 9 sedentary activities in which participants are asked to report time spent doing each
activity on a typical weekday and weekend day. We followed an established protocol to compute
the typical weekday sitting time and total weekly sitting time (Rosenberg et al., 2010). The SBQ
demonstrates validity and reliability for assessing adults’ sedentary behavior. Participation was
measured using the Stroke Impact Scale-Participation Subscale (SIS-P). The SIS-P is a valid and

reliable measure in which participants are asked to report the degree to which they feel limited in
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various activity domains (e.g., work or volunteer, social activities, active participation). These
scores were used to calculate the percentage of participation in meaningful activities (Duncan et
al., 2003). Mean daily step count was measured using the ActivPAL micro3 (Pal Technologies,
Glasgow). The ActivPAL micro3 has demonstrated validity and reliability for assessing step count

among people with stroke (Gebruers et al., 2010).
4.1.4 Analyses

4.1.4.1 Descriptive Characteristics

We examined the mean, distribution, and patterns of missingness for all descriptive
characteristics, primary outcomes, and secondary outcomes. To understand the baseline stability
of sedentary behavior, we calculated the coefficient of variation between baseline 1 and baseline
2 (Atkinson & Nevill, 1998). Baseline mean and standard deviation were computed for each
outcome, using data from baseline 1 and baseline 2. The coefficient of variation for each outcome

was then calculated using the following equation:

SD
(T> 100
X

Low coefficients of variation indicate low within-person variability. We considered outcomes with

a coefficient of variation <10% to be stable over time (Atkinson & Nevill, 1998).

4.1.4.2 Change on primary and exploratory outcomes over time
The ABLE intervention is in the early phase of intervention development. Thus, the goal
of the following analysis is to estimate the effects of change over time on primary and exploratory

outcomes. These estimates will be used to plan for future definitive trials (Moore et al., 2011). For
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each outcome, the mean of baseline 1 and baseline 2 was calculated and coded TO. Post-
intervention was coded as T1, and the 8-week follow-up was coded as T2. Change over time was
assessed by visual assessment of spaghetti plots, computation of Cohen’s d effect sizes, and
applications of linear mixed modeling to assess change over time and potential covariates of

change over time.

Plots of change over time

We created individual plots for each outcome to assess change over time from TO to T1
and from T1 to T2. Plots and change scores were examined to assess direction and magnitude of
individual change. For measures of sedentary duration (i.e., minutes or hours), reduction of 60
minutes per day (7 hours per week) or greater were considered clinically meaningful. We also
examined the number of participants who had a reduction of 30 to 59 minutes per day. There are
not currently published clinically meaningful change over time on sit-stand transitions or step
count per day. Thus, we assessed the direction of change on these outcomes. On the Stroke Impact
Scale-Participation Subscale, a change of 10% or greater was considered clinically meaningful

(Fulk et al., 2010).

Cohen’s d effect sizes

A modified version of Cohen’s d was used to calculate effect sizes that accounts for within-
person repeated measures (Morris, 2008). Effect sizes from 0.10 to 0.50 were considered small,

0.51 to 0.70 were considered moderate and greater than 0.71 were considered large (Cohen, 1988).

Within-group change over time

Linear mixed modeling was used to model within-group change over time. Individual

growth models were developed that accounted for dependency associated with within-person
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repeated measures and between-person variability at baseline (Singer, 1998). Models were
developed for each primary and exploratory outcome using the SAS PROC MIXED procedure (v.
9.4, SAS Institute, Cary, NC). Subject was treated as a random effect. Time (TO, T1, T2) was
treated as a fixed effect. For each outcome (dependent variables), we fit an unconditional growth
model to assess baseline differences followed by a conditional growth model to detect change over
time. The TO score was then added to the model to control for baseline levels. The F-test statistics,
p-value were assessed to determine if change over time was statistically significant. Prior to
specifying the final model, we considered the covariance structure that best accounts for within-
subject dependency of the data and examined model fit statistics (i.e., AIC) associated with these

structures.

Covariates of change over time

Potential covariates of change over time were also examined using linear mixed modeling.
Simple linear regression analyses were conducted to determine if clinical characteristics (i.e.,
mobility, motor function, pain, fatigue) or clients’ perspectives (i.e., patient-provider connection,
treatment expectancy) were associated with our primary and secondary outcomes at p<0.10. Due
to the exploratory nature of these analyses, we prioritized avoidance of a Type II error and selected
0=0.10 (Jaeger & Halliday, 1998). Factors that were identified as potential covariates of treatment
response were added to the linear effects models previously specified. We examined model fit
statistics (i.e., AIC, BIC), the F-test statistics, and the p-values (relative to a=0.05) to better
understand the relationship between the identified covariate and response to treatment. Models
were then reduced based on statistical significance of individual predictors and model fit statistics

to identify parsimonious models.

62



Contacted
N=44

“ Telephone Screen

N=30

4 In-Person Screen

N=26

Mot interested=12
Selfscreened out=2
Lives too far=1

Concurrent study

enrollment={

Current OT/PT/SLP=2
Lives too far=2
Sitting time <6 hours=2

No longer interested=1

Alcohol abuse=1

Psychological disorder=3

L*

Enrolled
N=21

|

Baseline 1
Week 1
N=21

}

Mon-compliance with activity

monitoring=1

)_

Figure 3 ABLE study: Participant flow

63

Baseline 2
Week 6
MN=20

Intervention
Weeks 7-10
MN=20

Post-Intervention
Week 11
N=20

Follow-Up
Week 18
N=20




4.2 Results

4.2.1 Recruitment and Retention

The flow of participants through the study is reported in Figure 3. Forty-four people were
contacted to assess interest in the study. Twelve people were not interested in the study and 2
people self-screened out prior to completing the formal telephone screen (resided >50 miles from
our research institution=1, concurrent enrollment in an intervention study=1). Six people were
deemed ineligible during the telephone screen (current occupational, physical, or speech
therapy=2, resided >50 miles from our research institution=2, reported sitting less than 6 hours per
day=2). Twenty-six people scheduled in-person screening, and twenty-five people completed in-
person screening procedures (no longer interested=1). Four people were deemed ineligible at in-
person screening (psychological disorder=3, alcohol abuse=1) and 21 people were enrolled in the
study. Twenty-one participants complete baseline 1. One participant was withdrawn during
baseline 2 due to non-compliance with activity monitoring. Twenty participants completed

baseline 2, intervention, post-intervention assessments, and 8-week follow-up assessments.

4.2.2 Participants

Baseline demographic and descriptive clinical data are described in Table 10. Twenty-one
participants completed baseline testing. The mean age was 70.81 (SD=10.92 years) and the

majority were female (61.9%). Most participants were retired (61.9%) and reported no caregiver
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Table 10 ABLE study: Participant characteristics

N=21 Mean (SD) or % (n)
Age 70.81 (10.92)
Gender, male 38.1 (8)
Race

White 81.0 (17)

Black/African American 14.3 (3)

American Indian/Alaskan Native 4.8 (1)
Employment Status

Employed full-time 14.3 (3)

Employed part-time 9.5(2)

Retired 61.9 (13)

Unemployed/Social Security Disability Income 14.3 (3)
Social Support

Full-time caregiver 28.6 (6)

Part-time caregiver 4.8 (1)

No caregiver 66.7 (14)
Education

Less than high school 4.8 (1)

High school 429 (9)

Associate’s degree or greater 52.4 (11)
Stroke Type, ischemic 90.5 (19)
Stroke Hemisphere

Left 57.1 (12)

Right 33.3(7)

Bilateral 9.5(2)
Chronicity, months 29.38 (14.34)
Post-Acute Rehabilitation

Inpatient rehabilitation 85.7 (18)

Outpatient rehabilitation 52.4 (11)

Home healthcare 66.7 (14)
Participates in community wellness programs, Yes 9.5(2)
Current activity level relative to pre-stroke

Lower 76.2 (16)

The same 19.0 (4)

Higher 4.8 (1)
Comorbidities, Self~-Administered Comorbidity Index Total 6.71 (3.36)
Fatigue, PROMIS Fatigue 8a T-score 49.93 (8.12)
Worst Pain, Numeric Pain Rating Scale 5.05 (3.04)
Mood, Patient Health Questionnaire-9 3.62 (3.25)
Positive Outlook, HEAL Positive Outlook Short Form T-Score 54.62 (9.26)

Cognition, NIH Toolbox Total Composite Standard Score

98.84 (12.67)

Physical Function, Stroke Impact Scale-Physical Function Subscale

60.71 (20.74)

ADL/IADL, Stroke Impact Scale-ADL/IADL Subscale

81.90 (17.32)

Mobility, Stroke Impact Scale-Mobility Subscale

77.25 (17.43)

Hand Function, Stroke Impact Scale-Hand Function Subscale

69.52 (28.10)
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(66.7%). Approximately half of participants had high school education or less (47.6%).
Participants were, on average, 29.38 (SD=14.34) months post-stroke and had primarily sustained
ischemic strokes (90.5%) affecting the left (57.1%), right (33.3%), and bilateral (9.5%)
hemispheres. Participants reported that their current activity level was lower (76.2%), the same,
(19.0%), and higher (4.8%) relative to their activity level prior to the stroke. Only 9.5% of
participants reported current participation in a community wellness program at the time of

enrollment in this research study.

4.2.3 Intervention Feasibility

The intervention was delivered by two occupational therapists trained to the ABLE
intervention protocol. Sessions primarily occurred in participants’ homes (n=228 sessions). On
rare occasions, intervention was delivered via telephone (n=1 session) or in the occupational
therapy clinic (n=10 sessions) to accommodate participants’ schedules and preferences. Feasibility
outcomes are described in Table 11. Participants attended an average of 11.95 (SD=0.22)
intervention sessions that occurred at an average frequency of 2.77 (SD=0.60) days between
sessions. Sessions lasted an average of 34.22 (SD=8.76) minutes. Activity scheduling (95.0%),
activity monitoring (97.5%), self-assessment (95.0%), and collaborative problem solving (90.0%)
met our pre-established benchmark for protocol adherence (each active ingredient would be
present in greater than or equal to 90% of sampled sessions). Scores on the Client Satisfaction
Questionnaire did not meet our benchmark of greater than or equal to 28.80 (M=28.75, SD=3.84).
One participant experienced a non-injurious fall while completing a planned activity between

Intervention sessions.
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Table 11 ABLE study: Feasibility outcomes

N=20 Benchmark Result
Attendance 10.80 *11.95 (0.22)
Session Frequency (days/session) - 2.77 (0.60)
Session Length (minutes) - 34.22 (8.76)
Client Satisfaction Questionnaire-8 >28.8 28.75 (3.84)
Intervention-related falls or injuries - **1
Reliability
Activity scheduling 90.00 *95.00
Activity monitoring 90.00 *97.50
Self-assessment 90.00 *95.00
Collaborative problem solving 90.00 *90.00

*Benchmark met, **Non-injurious fall

4.2.4 Change over time on primary and exploratory outcomes

Prior to conducting analyses of effects, the distributions of dependent variables against test
assumptions were examined. No severe deviations were identified, and parametric analyses were
conducted. All analyses were conducted with 0=0.05 unless otherwise specified. For each primary
and secondary outcome, individual change over time was plotted and effect sizes were calculated
(i.e., Cohen’s d, Table 12). A positive Cohen’s d indicates change in the expected direction of
change. A negative Cohen’s d indicates change in the unexpected direction of change. The
coefficient of variation between baseline 1 and baseline 2 on each outcome was also examined.
On outcomes assessed using the ActivPAL micro3, 20 participants completed TO activity
monitoring (1=non-compliance with study procedures), 20 participants completed T1 activity
monitoring, and 18 participants completed T2 activity monitoring (l1=hospitalized during
assessment week, 1=did not return activity monitor). On questionnaire-based measures, 21
participants completed TO assessments, and 20 participants completed assessments at T1 and T2

(1=non-compliance with study procedures).
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4.2.4.1 Primary Outcomes

Mean daily prolonged sitting (230 minutes)

Plots of change over time (TO to T1, TO to T2) on mean daily prolonged sitting (230
minutes) are displayed in Figure 4. We considered a mean daily reduction of 60 minutes or greater
to be clinically meaningful. Seven participants achieved this at post-intervention and 4 participants
achieved this at follow-up. We also examined the number of participants who achieved a mean
daily reduction of 30 to 59 minutes. Four participants achieved this at post-intervention and 5
participants achieved this at follow-up. Nine participants did not demonstrate clinically meaningful
change at post-intervention and 9 participants did not demonstrate clinically meaningful change at
follow-up. Two participants did not complete follow-up activity monitoring (1=hospitalized
during week of monitoring, 1=did not return activity monitor). A moderate post-intervention effect
(Cohen’s d=0.70) and small follow-up effect (Cohen’s d=0.18) was observed. After controlling
for baseline levels of prolonged sitting and comorbidity severity (>30 min), change over time was

not statistically significant (F[37, 1]=0.94, p=0.34, Table 13).

Mean daily sit-stand transitions

Plots of change over time (T0 to T1, TO to T2) on mean daily number of sit-stand transitions
are displayed in Figure 5. We considered an increase over time of 1 or more mean daily sit-stand
transitions to be clinically meaningful. Eight participants achieved this at post-intervention and 9
participants achieved this at follow-up. Twelve participants did not demonstrate clinically
meaningful change at post-intervention and 9 participants did not demonstrate clinically
meaningful change at follow-up. On mean daily number of sit-stand transitions, a small reduction

was detected at post-intervention (Cohen’s d=-0.11) and no change was detected at 8-weeks
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Table 12 ABLE study: Change over time on primary and exploratory outcomes

Baseline Post-Intervention 8-Week Follow-Up
(TO) (T1) (T2)
Mean (SD) Mean (SD) Mean (SD)
Primary Outcomes Raw Standard. Raw Standard. Raw Standard.
Mean daily minutes of prolonged sitting  466.56 476.30 437.72 427.52 454.95 457.19
(=30 minutes), ActivPAL micro3 (168.65)  (177.49)  (147.34)  (137.03)  (181.12)  (188.91)
CV=8.81%, n=20 n=20 n=18
Cohen’s d (95% CI) 0.70 (-0.01, 1.24) 0.18 (-0.47, 0.84)
Mean daily count of sit-stand 45.79 46.21 48.35
transitions, ActivP AL micro3 (19.27) (20.88) (21.97)

Cohen’s d (95% CI)

CV=9.68%, n=20

n=20
-0.11 (-0.73, 0.51)

n=18
-0.08 (-0.73, 0.57)

Exploratory Outcomes

Mean daily total minutes of sitting, 716.29 729.59 695.75 683.24 722.05 723.08
ActivPAL micro3 (122.90)  (129.94) (103.93) (97.85) (131.34)  (148.12)
CV=4.81%, n=20 n=20 n=18
Cohen’s d (95% CI) 0.67 (-0.03, 1.24) 0.30 (-0.32, 0.99)
Mean daily minutes of prolonged sitting  290.04 296.34 266.06 258.74 269.37 271.39
(=60 minutes), ActivPAL micro3 (158.00)  (164.02)  (151.33)  (143.58) (161.89)  (166.55)
CV=21.13%, n=20 n=20 n=18
Cohen’s d (95% CI) 0.43 (-0.23, 1.02) 0.18 (-0.47, 0.84)
Typical daily weekday hours of sitting 11.55 11.56 10.02
time, Sedentary Behavior Questionnaire  (4.12) ) 4.61) 3.27)
CV=17.49%, n=20 n=20 n=20
Cohen’s d (95% CI) -0.03 (-0.59, 0.65) 0.40 (-0.31, 1.01)
Typical weekly hours of sitting time, 79.72 79.34 69.72
Sedentary Behavior Questionnaire (28.79) (32.10) (23.18)
CV=17.40%, n=20 n=20 n=20
Cohen’s d (95% CI) 0.04 (-0.58,0.66) 0.47 (-0.25,1.07)
Mean daily step count, ActivPAL 3911.12 4026.05 3754.44
micro3 (2769.30) (2649.07) (2410.96)
CV=10.43%, n=20 n=20 n=18
Cohen’s d (95% CI) 0.20 (-0.43,0.81) -0.47 (-1.10,0.22)
Participation (%), Stroke Impact Scale-  73.36 75.16 75.00
Participation Subscale (22.26) (21.45) (25.87)
n CV=8.32%, n=20 n=20 n=20

Cohen’s d (95% CI)

0.12 (-0.50, 0.74)

0.23 (-0.41, 0.90)

Note. ActivPAL micro3 sedentary minutes standardized to mean within-person waking time over all time points.
Standardized scores used to calculate Cohen’s d effect sizes. Positive effect sizes indicate change in expected
direction. CV=Coefficient of variation over delayed baseline.
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Table 13 ABLE study: Linear mixed models of primary and exploratory outcomes

Outcome Model Factor B SE
.. Intercept 35.57 24.68
Mean Dail Con(i:tg)élsﬂlﬁzomh Baseline (prolonged sitting >30 minutes) 0.89%* 0.04
can Latly Time per time point -8.54 9.36
Orolonged Sitting Tntercept 473 5430
VrflrirZu]t)eagSu(t_s) " Conditional Growth Baseline (prolonged sitting >30 minutes) 0.85%* 0.04
+ Covariate Comorbidity severity 6.30%%* 0.01
Time per time point -8.68 0.34
.. Intercept -2.12 1.67
Con%:tg);lgh(l}lgomh Baseline (sit-stand transitions) 1.04%* 0.03
Mean Daily Sit- Time per time point 0.02 0.63
Stand Transitions Intercept 2.11 2.20
Over 7 Days Conditional Growth  Baseline (sit-stand transitions) 0.97** 0.04
+ Covariate Gender (female relative to male) -2.54% 1.25
Time per time point -0.18 0.64
.\ Intercept 70.78 60.40
Conditional Growth g, efine (total sitting) 0.88%% .08
. Time per time point -9.09 10.62
Mean Daily Total Tntercept 6176 5330
Sitting Over 7 Days . <P e O )
Conditional Growth  Baseline (total sitting) 0.82 0.07
+ Covariate Comorbidity severity 7.62%* 2.62
Time per time point -8.73 10.36
.\ Intercept 23.39 20.50
Con(i:t};);l:gli(r}éowth Baseline (prolonged sitting >60 minutes) 0.89%%* 0.05
Mean Daily Time per time point -9.65 9.33
Prolonged Sitting Intercept 9.58 62.26
Over 7 Days (=60 Conditional Growth Baseline (prolonged sitting >60 minutes) 0.85 0.07
minute bouts) + Covariates Age -0.06 0.98
Comorbidity severity 4.19 2.91
Time per time point -9.79 9.34
.\ Intercept 384.82* 192.21
Conditional Growth . Co1ic (step count) 0.91%* 0036
+ Baseline : > . «
Mean Daily Step Time per time point -174.63 . 89.94
Count Over 7 Days N Interc_ept -1008.22>X< 535.48
Conditional Growth  Baseline (step count) 0.87 0.03
+ Covariate Positive Outlook 28.33%%* 10.31
Time per time point -165.07* 89.90
.. Intercept 3.58%* 1.25
Conditional Growth gageline (typical daily sitting) 0.71%%  0.10
Typical Weekday Time per time point -0.80* 0.41
Sitting (SBQ) Over Intercept 9.48** 2.83
7 Days Conditional Growth  Baseline (typical daily sitting) 0.67** 0.09
+ Covariate Fatigue -0.11** 0.05
Time per time point -0.75* 0.42
Total Weekly .\ Intercept 23.94%** 8.98
Sitting (SBQ) Over ~ Conditional Growth  pageine (total weekly sitting) 0.72%% 010
7 Days Time per time point -5.26* 2.73
- Intercept 5.41 5.64
Conditional Growth Baseline (participation) 0.93%* 0.07
+ Baseline : : :
Particivati Time per time point 0.68 1.35
articipation Intercept 757 11,19
(SIS-P) Over 7 ; S -
Davs Conditional Growth Baseline (participation) 0.91 0.12
y + Covariates Cognition (Total Composite) -0.02%* 0.00
Mood 0.80 0.73
Time per time point 0.76 1.52

Note. SBQ=Sedentary Behavior Questionnaire. SIS-P=Stroke Impact Scale-Participation Subscale. No covariates
associated with Total Weekly Sitting (SBQ) on screening. Factor Time=per time point (TO, T1, T2). *»p<.10

**p<.05
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follow-up (Cohen’s d=-0.08). After controlling for the baseline number of sit-stand transitions and

gender, change over time was not statistically significant (F[35,1]=0.08, p=0.78).

4.2.4.2 Exploratory Outcomes

Our exploratory outcomes were: mean daily total sitting time, mean daily prolonged sitting
time (=60 minute bouts), self-reported typical weekday sitting time and total weekly sitting time
(SBQ), mean daily step count, and participation (SIS-P). Change over time from TO to T1 and TO

to T2 was plotted for each outcome and are located in Appendix C.

Mean daily total sitting time

On mean daily total sitting time, a moderate effect was detected at post-intervention
(Cohen’s d=0.67) and a small effect was detected at 8-weeks follow-up (Cohen’s d=0.30). After
controlling for the baseline mean daily accumulated sitting time and comorbidity severity, change

over time was not statistically significant (F[37,1]=0.71, p=0.40).

Mean daily prolonged sitting time (260 minute bouts)

On mean daily prolonged sitting time (260 minute bouts), a moderate effect was detected
at post-intervention (Cohen’s d=0.43) and a small effect was detected at 8-weeks follow-up
(Cohen’s d=0.18). After controlling for the baseline mean daily prolonged sitting time (260 minute

bouts), age, and comorbidity, change over time was not statistically significant (F[37,1]=1.10,

2=0.30).

Typical weekday self-reported sitting time

On typical weekday self-reported sitting time, no effect was detected at post-intervention

(Cohen’s d=-0.03) and a moderate effect was detected at 8-weeks follow-up (Cohen’s d=0.40).
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After controlling for the baseline typical weekday self-reported sitting time and fatigue, change

over time was not statistically significant (F[39,1]=3.25, p=0.08).

Total weekly self-reported sitting time

On total weekly self-reported sitting time, no effect was detected at post-intervention
(Cohen’s d=0.04) and a moderate effect was detected at 8-weeks follow-up (Cohen’s d=0.47).
After controlling for the baseline typical weekday self-reported sitting time, these effects were

statistically significant (F[39,1]=3.71, p=0.06).

Mean daily step count

On mean daily step count, a small effect was detected at post-intervention (Cohen’s
d=0.20) and a moderate negative effect was detected at 8-weeks follow-up (Cohen’s d=-0.47).
After controlling for the baseline mean daily step count and positive outlook, these effects were

not statistically significant (F[37,1]=3.37, p=0.07).

Participation

On participation, a small effect was detected at both post-intervention (Cohen’s d=0.12)
and 8-weeks follow-up (Cohen’s d=0.23). After controlling for baseline participation, cognition,

and mood, these change were not statistically significant (F[33,1]=0.25, p=0.62).

4.3 Discussion

The goal of this study was to assess the feasibility and to describe change on measures of

sedentary behavior that may be associated with the ABLE intervention. This work adds to an
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emerging body of work focused specifically on reducing sedentary behavior after stroke. The
ABLE intervention was deemed safe, reliably delivered, and tolerated by participants. The
benchmark for satisfaction was unmet. It is possible that satisfaction was related to need for
intervention (e.g., baseline levels of sedentary behavior) or readiness for change (Prochaska &
Velicer, 1997). Though not statistically significant, preliminary estimates of effects on a device-
based measure of sitting time (ActivPAL) were moderate at post-intervention (prolonged sitting
in bouts of 230 minutes and 260 minutes, total sitting) and small to moderate at 8-week follow-up
(prolonged sitting in bouts of 230 minutes and 260 minutes, total sitting, self-reported typical
weekday and total weekly sitting time). These results suggest that the ABLE intervention may be
promising for reducing prolonged sitting time. However, further pilot work is necessary before
advancing to clinical efficacy trials of this approach.

Distinct from previous intervention approaches, the ABLE intervention is grounded in
behavioral activation. Behavioral activation emphasizes skill development for self-monitoring,
activity scheduling, self-assessment, and problem solving to promote engagement in activities
(Cuijpers et al., 2007; Kanter et al., 2010). We extended these elements to promote frequent
engagement in meaningful activities over the full 24-hour day. Two previous intervention studies
that aimed to reduce post-stroke sedentary behavior applied motivational interviewing (English et
al., 2016b) and social cognitive theory in combination with prompting devices (Ezeugwu &
Manns, 2018). Also deemed feasible, these studies detected a range of small to large effects on
objectively measured sedentary behavior. The present study adds to the body of evidence that
suggests behavioral interventions to reduce sedentary behavior after stroke are feasible. Although
effect sizes associated with the ABLE intervention on objective measures of sedentary behavior

were moderate to large, these estimates were unstable (p>.05). Future intervention studies should
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seek to further establish the association between these theoretically-driven active intervention
elements (activity scheduling, activity monitoring, self-assessment, problem solving) and
sedentary behavior outcomes.

Ecological models of health behavior suggest that correlates of sedentary behavior exist
over a wide spectrum that ranges from the intrapersonal level (e.g., demographics, biological) to
the policy level (Owen, Salmon, Koohsari, Turrell, & Giles-Corti, 2014; Owen et al., 2011). These
correlates can moderate response to intervention. Our assessment of potential covariates of
response to the ABLE intervention only included intrapersonal factors. Comorbid medical
conditions, age, gender, fatigue, mood, and cognition were identified as potential covariates of
change on sedentary behavior over time. Correlates of post-stroke sedentary behavior remain
unclear (English et al., 2016a; English et al., 2014). However, among older adults and a population
with high medical comorbidity (i.e., chronic obstructive pulmonary disease) comorbidity was
associated with physical activity behaviors (McNamara, McKeough, McKenzie, & Alison, 2014;
Pitta et al., 2005). In addition, the association of physical inactivity with age, gender, and mood
among community-dwelling adults is well established (Bauman et al., 2012; King et al., 2000;
Marshall et al., 2007; O’Donoghue et al., 2016). The correlates identified in the present study
suggest that these associations may also exist among people with stroke. Fatigue and cognition
were not previously identified as predictors of sedentary behavior among healthy adults. However,
stroke-related impairments in these domains are common (Douiri et al., 2013; Lerdal et al., 2009).
Further exploration into the influence of fatigue and cognition on sedentary behavior is warranted.

Although intrapersonal factors co-varied with sedentary behavior over time, it is possible
that unmeasured characteristics of the health, social, or built environment also influenced this

outcome. Inpatient health settings accessed for acute stroke management and post-acute
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rehabilitation are associated with greater sitting durations than home settings (Simpson et al.,
2018). Even so, sedentary behavior persists at a high level after return to home settings (Tieges et
al., 2015). Stroke survivors experience changes in social networks (e.g., avoidance of social
interactions associated with changes in function, less participation in social groups after stroke,
dependence on family or friends as informal caregivers), that may influence the frequency of
engagement in daily activities (Cameron & Gignac, 2008; Harris et al., 2016; Haslam et al., 2008).
Characteristics of the built environment (e.g., non-accessible bathroom at friend’s home) may also
influence the degree to which stroke survivors choose to engage in activities outside their home.
To develop interventions that effectively reduce sedentary behavior, we must further clarify the

influence of factors at all levels of the ecological model.

4.3.1 Limitations

The preliminary effects presented here must be interpreted with caution. The goal of this
study was to assess the feasibility and obtain preliminary estimates of change over time that may
be associated with the ABLE intervention. To that end, the ABLE intervention was tested using a
single group pre-post-test design. The study design was strengthened by the inclusion of a dose-
matched delayed baseline to assess stability of objectively measured sedentary behavior over time.
This assessment revealed acceptable stability of objectively measured sedentary behavior over
time (Atkinson & Nevill, 1998). Although this allows us to infer that individual changes in
sedentary behavior over time may be associated with the ABLE intervention, we cannot
definitively conclude that changes in sedentary behavior over time were caused by the

intervention.
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4.3.2 Future Directions

The development of complex behavioral interventions requires careful protocol
specification through multiple iterations of pilot testing (Craig et al., 2008; Michie et al., 2009;
Moore et al., 2011). Results of the present study suggest that ongoing refinement of the ABLE
intervention is necessary to further understand the role of participation in meaningful activities as
a potential mechanism of change in sedentary behavior over time. The ABLE intervention used
behavioral activation to promote engagement in frequent bouts of personally meaningful activity.
However, a greater number of participants demonstrated clinically meaningful reduction in
sedentary behavior over time than those who demonstrated meaningful increase on our measure
of participation over time. Further exploration of the relationship between sedentary behavior and
different types of participation or activity engagement (e.g., seated vs. upright) may inform future
iterations of the ABLE intervention. In addition, ecological models of health behavior suggest that
environmental factors may influence sedentary behavior. Studies of environmental determinants
will inform active intervention elements to bolster the effects of the intervention. Descriptive
studies examining the relationship among participation, activity engagement, sedentary behavior,
and environmental determinants will inform ongoing specification of the ABLE intervention. After
thorough specification, clinical trials and implementation studies will be important to establish the

efficacy and effectiveness of the ABLE intervention.

4.3.3 Conclusions

Results of this preliminary efficacy study of the ABLE intervention add to an emerging

body of intervention development that aims to reduce sedentary behavior among people with
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stroke. Collectively, this small body of pilot work supports the feasibility of behavioral
interventions and suggests that sedentary behavior can be modified. However, active intervention
elements that are critical for reducing sedentary behavior among people with stroke remain
unclear. Further exploration of these elements and environmental elements that may influence

response to interventions is necessary to advance this body of work.
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Figure 4 ABLE study: Change over time on prolonged sitting (=30 minutes)
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Mean Daily Sit-Stand Transitions
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Figure 5 ABLE study: Change over time on mean daily sit-stand transitions
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5.0 Discussion

Leading an active lifestyle is particularly important for returning to and maintaining health
after stroke (Billinger et al., 2014). Interventions have been developed to combat inactivity through
prescribed exercise and physical activity programs. However, these interventions fail to produce
long-term effects among people with stroke (Moore et al., 2018; Mortris et al., 2014). Mobility
impairments, inaccessible exercise facilities, and cost are frequently cited as barriers to achieving
physical activity (Damush et al., 2007; Rimmer et al., 2008). Sedentary behavior has emerged as
a health behavior positioned within the same class as physical inactivity, but as a distinct construct
from the physical activity spectrum (Tremblay et al., 2017). Physical activity interventions
promote engagement in a prescribed volume of activity (e.g., minutes of activity at a particular
intensity), at a particular frequency (e.g., daily). These physical activity interventions do not regard
the remaining hours during the full 24-hour day during which participation in daily activities can
influence health.

Interventions that specifically aim to reduce sedentary behavior during the full 24-hour day
through frequent engagement in daily activities may be promising to yield lasting effects on health
among people with stroke (Morton et al., 2018). The overarching aim of this work was to examine
intervention approaches that may be promising to reduce sedentary behavior after stroke. Through
a review of existing interventions and two studies that examined the feasibility and preliminary
efficacy of the Activating Behavior for Lasting Engagement intervention, we identified that future
exploration of the contexts in which daily activity engagement and sedentary behavior occur are

important to advance the science of health promoting interventions for people with chronic stroke.
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5.1 Participation: Daily activities in context

Activities such as buttoning a button, placing a cake pan in the oven, and lifting a box do
not carry great meaning in and of themselves. However, within community or social contexts,
engagement in these activities becomes meaningful. Being able to button a shirt while preparing
to attend a concert, bake a cake to serve at a family gathering, and lift a box to help a friend move
are meaningful. Stroke-related impairments in motor, cognitive, and affective functions can restrict
engagement in these and other meaningful daily life activities (Desrosiers & Bourbonnais, 2005;
Desrosiers et al., 2008; Desrosiers et al., 2006; Mayo et al., 2002). The ultimate goal of
rehabilitation is return to participation. However, traditional interventions focus on the ability to

carry out activities rather than the actual engagement in activities. That is, perhaps an individual

has demonstrated that she can place a cake pan in the oven during a therapy session but has not

actually baked a cake in 4 years because she is fearful of burning herself. While regaining ability

is important in early stages of post-acute rehabilitation, promoting activity engagement within the
context of daily lives may reduce sedentary behavior and lead to long-term health benefits.

Our review of existing interventions and the development of the ABLE intervention was
based in the assumption that engagement in daily activities requires movement away from a seated
position, thereby breaking up sedentary behavior. Studies of existing interventions rarely measure
both activity engagement and sedentary behavior (Section 2.2.3). The ABLE intervention studies
are among a small group of studies that assess change in both sedentary behavior and activity
engagement over time (Section 4.2.4). Our results suggest that distinguishing active versus inactive
activity engagement and further clarifying patterns of engagement in meaningful activities

throughout the day and may advance this work.
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5.1.1 Sedentary and non-sedentary participation

Although we recognized that ABLE intervention participants may select activities that
involved sitting, we did not restrict the activities that they selected. The therapist’s approach to
problem solving during intervention was directed by the type of activity the participant desired to
participate in. If an activity was selected that involved sitting (e.g., reading, playing bridge, work
or volunteer at a desk job), the therapist guided the participant to select strategies for adjusting this
activity in a manner that broke up sitting time. If a non-sedentary activity was selected (e.g., home
maintenance, attend community event), the therapist guided the participant to schedule a specific
time to participate in that activity. Our measure of participation (Stroke Impact Scale-Participation
Subscale) was a summary measure that did distinguish sedentary from non-sedentary participation.
Thus, participants who modified their approach to engagement or participation in a sedentary
activity may report no change or reduction in participation over time.

To further clarify the roles of activity engagement and participation in reducing sedentary
behavior, it is imperative to distinguish sedentary from non-sedentary participation. A previous
study that assessed participation in activities one-year post-stroke classified low physical and high
physical using the Activity Card Sort (Hartman-Maeir et al., 2007). At one-year post-stroke,
participants were engaged in only 25.74% of their prior high physical activities and 59.72% of
their prior low physical activities. These results suggest that low participation and low physical
activity levels may be related. No studies have examined the trajectories of return to participation
in high physical and low physical activities after stroke. Distilling these trajectories and
participant-identified barriers to return to these types of activities may inform intervention

development for reducing sedentary behavior through activity engagement and participation.
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5.1.2 Participation and activity patterns

In addition to clarifying trajectories of return to low physical and high physical
participation, describing day-to-day variability in participation within peoples’ daily lives may
inform approaches to intervention. It is well established that post-stroke participation is low
relative to community-dwelling peers and remains low over time. However, current assessments
of participation were not designed to assess within-person variability and frequency of day-to-day
participation. Post-stroke activity engagement and participation are commonly assessed using
summary measures that require recall over a specified time period (Salter et al., 2005; Salter, Foley,
Jutai, & Teasell, 2007). In some cases, participants are asked to compare engagement in specific
activities before and after the stroke (Katz et al., 2003). Although these measurement approaches
contain risk for recall bias, self-report is necessary because participation is highly individualized.
Only the participant can place meaning on the activities in which s/he engages. Developing
innovative approaches to assess within-person patterns of participation and activity engagement is
important to advance this work.

Identifying within-person patterns of participation or activity engagement over time may
further inform intervention approaches that promote active lifestyles through participation. Cluster
analyses have been applied to identify social participation patterns among young adults with
chronic conditions (Sattoe, Hilberink, van Staa, & Bal, 2014). Replicating this among people with
stroke may be a starting point to identify people who are at risk for low levels of active
participation. In addition, ecological momentary assessment affords researchers an opportunity
assess participation and activity engagement in real time (Shiffman, Stone, & Hufford, 2008;
Stone, Shiffman, Atienza, & Nebeling, 2007). These approaches would not only reduce the risk

for recall bias, but also describe day-to-day variability and frequency of engagement in meaningful
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daily activities. These analyses would lead to development of interventions that leverage active

participation after stroke within the context of peoples’ daily lives.

5.2 Full-day physical activity: Sedentary behavior in context

It is unreasonable to expect that all time spent in a sitting position will eliminated from
peoples’ lives. Short bouts of sitting, in fact, may not exert harmful effects on health (Benatti &
Ried-Larsen, 2015). Prolonged sitting, however, has clearly established associations with poor
health outcomes (Balboa-Castillo et al., 2011; Buman et al., 2013; Chastin et al., 2015a; de
Rezende et al., 2014; Ford & Caspersen, 2012; Healy et al., 2008a; Healy et al., 2008b; Moore et
al., 2013b; Thorp et al., 2011). To specify the goals and outcomes of sedentary behavior
interventions it is crucial to consider sedentary behavior as it exists within the context of all
physical activity within the 24-hour day. Contextualizing sedentary behavior will guide to

achievable, clearly defined intervention goals and precisely measured outcomes.

5.2.1 Contextualizing sedentary behavior

During each minute within a 24-hour day, people are engaged in some form of physical
activity behavior or sleep. Sleep, sedentary behavior (seated or reclined), and physical activity
along a spectrum of intensities are mutually exclusive categories of behaviors. Modifying the time
spent in one category of behavior influences time spent in the other categories of behavior (Chastin
et al., 2015b; Mekary, Willett, Hu, & Ding, 2009; Stamatakis et al., 2015). In addition to the total

duration of time spent in each of these behaviors, the pattern by which the total duration is
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accumulated can influence health (Dunstan et al., 2012; Healy et al., 2008a). Patterns of sedentary
behavior accumulation are of particular importance.

Patterns of sedentary behavior refer to the duration and frequency in which sedentary
behavior is accumulated throughout the day. Accumulation of sedentary behavior in prolonged
bouts is associated with greater health risk than accumulation of sedentary behavior in short bouts
(Dunstan et al., 2012; Healy et al., 2008a). Guidelines that define the duration of prolonged and
short bouts that may be optimal for promoting health do not currently exist (Hamilton et al., 2008;
Morton et al., 2018). During the ABLE studies, we defined sedentary behavior as the mean daily
waking time spent in prolonged sitting (bouts of greater than or equal to 30 minutes in duration).
Mobility impairments are prevalent among people with stroke, at times requiring additional time
and energy to move to a upright position. Thus, the feasibility of moving to an upright position
every 30 minutes should be explored. We approached this matter by considering the mean daily
waking time spent in prolonged sitting of bouts greater than or equal to 60 minutes in duration.
Although the exploration of 30-minute bouts is consistent with prior stroke literature (English et
al., 2016b; Ezeugwu & Manns, 2018), this definition bears further study. Epidemiologists and
intervention researchers working with people with cardiovascular conditions have operationalized
prolonged sitting defined by bouts of 10 minutes or 20 minutes (Benatti & Ried-Larsen, 2015;
Tremblay et al., 2017). Future studies that specify the dose-response relationship between sitting
bout length and health outcomes among people with stroke will be important to clarify clinically

meaningful intervention goals and outcomes.
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5.2.2 Modifying post-stroke sedentary behavior

People with stroke have varied levels of residual motor, cognitive, and affective
impairments. These impairments frequently make engagement in physical activity behaviors more
challenging than for healthy adult populations. Two intervention goals modifying sedentary
behavior patterns among healthy adults have been explored: displacement and breaking up
sedentary time. In some interventions, healthy adults are encouraged to displace sedentary
behavior with physical activity (Shrestha et al., 2018). In these scenarios, healthy adults may
displace 30 minutes of sitting by walking the family dog for the same duration of time. Displacing
30 minutes of sitting with physical activity of any intensity has been associated with
cardiometabolic health outcomes (Stamatakis et al., 2015). In situations during which
displacement of 30 minutes or more would be disruptive (e.g., office work that occurs while seated
at desks), adults are encouraged to break up sedentary time by moving out of a sitting position to
an upright position, thus disrupting a prolonged bout of sitting (Kendzor et al., 2016). This
approach allows for sitting time throughout the day while modifying the pattern in which sitting
time is accumulated. Intervention approaches that promote breaking up sedentary time may more
feasible for people with stroke-related mobility impairments relative to displacing sedentary time.
Among people with impaired cardiovascular function, patterns of sedentary behavior that include
many short bouts are associated with positive cardiometabolic health outcomes (Dunstan et al.,
2012; Healy et al., 2008a).

Intervention design for modifying sedentary behavior to improve health post-stroke must
be specific to the desired behavior change. Although physical activity and sedentary behaviors are
related, interventions that influence engagement in physical activity do not exert equal effect on

sedentary behaviors (Prince, Saunders, Gresty, & Reid, 2014). Our review of existing interventions
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led to development of the ABLE intervention among an early group of interventions that
specifically aim to modify sedentary behavior (English et al., 2016b; Ezeugwu & Manns, 2018).
Feedback from the treating therapist and participants during early iterations of the ABLE
intervention, revealed that it was critical to make the goals of the intervention explicit for our
participants. Modifying sitting time throughout the day is different than engaging in exercise or
other physical activity at a specific time each day.

The degree of behavior change desired, and the feasibility of accomplishing that change is
also important during intervention design. Theories of health behavior change suggest that small
changes are necessary to initiate and sustain behavior change (Cuijpers et al., 2007; Kanter et al.,
2010; Prochaska & Velicer, 1997). For many people with residual stroke-related impairments,
directly displacing 30 minutes of sitting with 30 minutes of continuous physical activity represents
a large change, which may not align with motivation or physical ability. Breaking up prolonged
sitting bouts by moving to an upright position at a particular frequency requires the ability to
complete a sit-stand transition. This is feasible for many stroke survivors and was identified as a

feasible proximal intervention outcome in the ABLE studies.

5.2.3 Assessing post-stroke sedentary behavior

Assessment of post-stroke sedentary behavior change associated with intervention must
also be conducted within the context of the 24-hour day. Our review of existing intervention studies
revealed that a combination of device-based and questionnaire-based measures have been applied
to detect change in amount of daily activity or sedentary behavior over time. To assess sedentary
behavior within the context of the full 24-hour day, however, we must account for interactions
among physical activity, sedentary behaviors, and sleep. Studies of 24-hour time use among non-
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stroke populations have applied isotemporal substitution (Mekary et al., 2009; Stamatakis et al.,
2015) and compositional data analysis (Chastin et al., 2015b) to account for interactions among
these behaviors. To our knowledge, these methods have not been applied among people with
stroke. Further, studies examining change in physical activity or sedentary behaviors among
people with stroke (including the ABLE studies) have not included assessments of sleep as primary
or secondary outcomes. Future studies of interventions that aim to modify post-stroke sedentary
behavior should assess behavior changes over the 24-hour day.

Although we did not measure sleep or volume of non-sedentary behavior during the ABLE
studies, our device-based methodology allowed us to obtain preliminary estimates of sedentary
behavior patterns. Device-based measures (e.g., ActivPAL or actigraphy) are viewed as the gold
standard for assessing sedentary behavior. These devices (e.g., ActivPAL or actigraphy) eliminate
recall bias and provide objective measurement. Although cumbersome, data processing associated
with device-based assessment allows flexibility in assessing sedentary behavior patterns. The
ABLE studies are an example of this. Four days of objective activity monitoring allow for the
calculation of a valid daily mean (Edwardson et al., 2017). During the ABLE studies, data were
collected over 7 days at each time point (to allow flexibility in the event of device malfunction or
non-compliance). The mean daily time spent in sitting during these 7 days was calculated. From
these data, we also assessed mean daily time spent in prolonged sitting of various bout lengths
(e.g., 30 minute bouts, 60 minute bouts). In addition, continuous data collection via devices results
in time-stamped data points that allow researchers to develop heat maps for visual inspection of
sedentary behavior patterns (Edwardson et al., 2017). These heat maps may be useful tools for
communicating goals and outcomes of interventions with participants, therapists, payers, and

policymakers.
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Although considered less rigorous than device-based measures, questionnaire-based
measures of sedentary behavior can also provide valuable information during intervention
development. Most questionnaire-based measures request participants to report time spent
engaged in specific types of activities commonly associated with sitting (e.g., transportation,
watching television, reading) (Craig et al., 2003; Rosenberg et al., 2010; Washburn et al., 1993;
Washburn et al., 2002). Although these measures suffer from bias related to recall and social
desirability, they may provide insight into stroke survivors’ perceptions of their sedentary behavior
and physical activity levels. Further, these perceptions may be influenced by perceived pre-stroke
activity levels. For example, one participant in this research previously worked as a restaurant
owner and spent many hours standing and walking each day. This participant reported a very high
level of sedentary behavior, despite objective monitoring that revealed a very low level of
sedentary behavior. Conversely, a different participant spent many hours studying and reading
during the workday. Due to a newly added gym routine, this participant perceived a low level of
sedentary behavior, despite objective monitoring that revealed a very high level of sedentary
behavior. Health behavior models suggest that perceiving need for change is a prerequisite for
enacting long-term behavior change (Prochaska & Velicer, 1997; Rosenstock, 1974).
Discrepancies between device-based measures and questionnaire-based measures of activity levels

may provide insight into prior activity levels and perceived need for change.

5.3 Future Directions: Contextualizing Post-Stroke Health Behaviors

Ecological models of health behaviors suggest that the context within which people live

matters for health (Owen et al., 2014). To date, interventions that aim to promote physical activity
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and reduce post-stroke sedentary behaviors address intrapersonal factors (Moore et al., 2018;
Morris et al., 2014). The present pilot studies included people with low levels of post-stroke
impairments (i.e., motor, cognition, affect). Future studies that include people with a broader range
of impairment levels will inform the role of specific impairments (e.g., gait speed, initiation,
depressive symptoms) on response to behavioral interventions such as ABLE. Further, the rise of
sedentary behavior as a distinct health risk occurred alongside cultural changes in vocational
behaviors and reliance on technology (Owen, Healy, Matthews, & Dunstan, 2010). Although acute
changes in sedentary behaviors may be directly associated with residual post-stroke impairments,
factors external to the stroke may also influence these behaviors. Contextualizing sedentary
behavior by exploring those life roles within which sitting occurs will advance the science of post-
stroke sedentary behavior.

Clear understanding of changes in stroke survivors’ life roles demands exploration of
macro and meso-level factors within ecological models that may affect sedentary behaviors. At
the macro level, policy-related factors can affect access to community resources, economic
resources, and healthcare (Owen et al., 2014; Rosa & Tudge, 2013). These can each negatively
influence opportunities for social engagement and health maintenance required to engage in
meaningful life roles. At the meso-level, restrictions in access to the built environment and social
restrictions may limit the degree to which people engage in life roles outside of their own home
(Owen et al., 2014; Rosa & Tudge, 2013). Restrictions in these roles may influence sedentary
behavior. Understanding the influence of macro and meso-level factors that influence post-stroke
sedentary behavior will guide us to the development of robust interventions that can reduce

sedentary behavior and promote health after stroke.
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5.4 Conclusion

This dissertation serves as a foundation for ongoing investigation into the roles of activity
engagement and participation to reduce sedentary behavior after stroke. Existing interventions that
aim to promote daily physical activity or reduce sedentary behavior are not clearly specified and
intended intervention outcomes are not well defined. The ABLE intervention was developed to
promote frequent engagement in meaningful activity throughout the day using behavioral
activation. We demonstrated that the ABLE intervention is feasible among people with chronic
stroke. Further investigation of the relationships among activity engagement, participation,
sedentary behavior, and health are required to enhance the intervention effects and promote

optimal health among people with chronic stroke.
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Appendix A Activating Behavior for Lasting Engagement (ABLE) Intervention

Development

Early iterations of behavioral intervention are important for developing the intervention
framework. Simultaneously, this work generates a plethora of hypotheses related to the
intervention that may be tested in future research. The ABLE intervention is an example of this
process. The following sections describe the theoretical framework that informed the active
ingredients of the ABLE intervention, the iterative process undertaken in this early stage
development of the ABLE intervention, and the role of fidelity review processes in the

development of the ABLE intervention.

A.1 Theoretical Framework of the ABLE Intervention

The active ingredients in the ABLE intervention are grounded in a behavioral activation
framework. People with chronic stroke demonstrate low patterns of engagement in meaningful
daily life activities and high levels of sedentary behavior (Desrosiers & Bourbonnais, 2005;
Desrosiers et al., 2008; Desrosiers et al., 2006; English et al., 2016a; English et al., 2014; Hartman-
Maeir et al., 2007; Mayo et al., 2002; Tieges et al., 2015). Identifying individualized strategies to
promote engagement in individually meaningful daily life activities may support reduction in
sedentary behavior. Stroke results in persistent motor, cognitive, and affective impairments. These
impairments influence peoples’ ability to complete daily activities and may require long-term

lifestyle changes. Lifestyle changes vary among people in both magnitude and domain. At the
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intrapersonal level, motor and mobility impairments are the most overt barriers to engagement in
daily activities (Desrosiers et al., 2008; Desrosiers et al., 2006). Cognitive and affective
impairments can lead to more subtle difficulty in engagement in daily activities (Robinson & Jorge,
2015; Viscogliosi et al., 2011). In addition, impairments can influence the interaction between
cognitive and motor neural networks that lead to difficulty completing complex tasks in dynamic
environments (Anticevic et al., 2012; Dacosta-Aguayo et al., 2015; Ding et al., 2014; Nomura et
al., 2010; Zanto & Gazzaley, 2013). Community and social participation frequently consist of
complex tasks in dynamic environments. We sought to identify an intervention framework that
provided people with skills for overcoming barriers to complex activities within dynamic
environments. It was also important that this framework afforded intervention therapists the
flexibility to address between-person variability in residual stroke-related impairments. These
requirements led to behavioral activation.

Behavioral activation is an intervention framework designed to reduce depressive
symptoms by promoting engagement in pleasurable activities (Cuijpers et al., 2007; Kanter et al.,
2010). Variations on behavioral activation interventions have demonstrated effectiveness for
reduced depressive symptoms, reductions in cognitive impairments, and elevated quality of life
over time among people with depression, dementia, acquired brain injury, and family caregivers
(Alfonsson, Parling, & Ghaderi, 2015; Losada et al.,, 2011; Mazzucchelli et al., 2009;
Mazzucchelli, Kane, & Rees, 2010; McEwen et al., 2015; Moore et al., 2013a). Core components
of behavioral activation interventions are scheduling activities and monitoring engagement in
activities. Because our aim was to modify sedentary behavior and activity engagement patterns
throughout the full day, we framed activity scheduling and activity monitoring over the full day

(rather than for the specific activity). Dependent on the population’s needs, various forms of skill
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development are implemented. Given subtle cognitive impairments common among people with
stroke, we identified that skills for self-assessment and problem solving would be important to

provide skills for identifying and overcoming barriers to engagement in meaningful activities.

A.2 ABLE Intervention: Iterations

The ABLE intervention was developed and tested using an iterative process. These
iterations are described in Table 14. The first iteration of the ABLE intervention was implemented
with 1 participant. We elicited participant feedback on the intervention approach, examined
session notes, and the intervention therapist (EK) maintained a reflective log of observations.
These data were used to further specify the active ingredients, refine the structural elements, and
develop additional workbook materials to support the intervention process. The second iteration
was then implemented with 4 participants. Data from these participants were analyzed
individually. The intervention therapist (EK) maintained detailed session notes in which
participant feedback to intervention process and materials and observed responses to intervention
were documented. This iteration was deemed safe and feasible to implement among a cohort of 20

participants. Feasibility and preliminary efficacy were assessed using a pre-post-test (Section 4.0).

Active Ingredients

The ABLE intervention contains 4 active ingredients: 1) activity monitoring 2) activity
scheduling 3) self-assessment, and 4) collaborative problem solving. Each of these ingredients are

described below.
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Activity monitoring: Explicit observations of one’s engagement in activities. This can
include observing activity patterns over a period of time or observing if one did or did not engage
in a specific activity as planned.

Activity scheduling: Establishment of a plan to engage in a specific activity that includes a
temporal aspect. This temporal aspect can be general (e.g. in the morning) or specific (e.g., at
3:00pm). Activity scheduling may also include a frequency of engagement in that particular
activity (e.g., 3 times per week, or every day).

Self-assessment: Observations about one’s response to engagement in activities. Responses
include cognitive, affective, and physiological responses to engaging in activities. Both positive
and negative responses are observed.

Collaborative problem solving: Engages the client in identifying solutions to regular
engagement in activities that were scheduled. Problem solving can be used to identify solutions to
negative responses, address environmental barriers, and establish safe approaches to engagement
in personally meaningful activities. The therapist elicits strategies from the client, rather than

directly telling the client how to solve the problem.

Structural Elements

Specified structural elements describe the process by which the active elements of ABLE
are intended to be delivered. Characteristics of the dose, environment, interventionist, materials,
and session processes are described below.

Dose: Three sessions per week for four weeks (total 12 sessions), 45 minutes per session.

Environment: Face-to-face at the participant’s home or community location if appropriate.

Interventionist: Trained occupational therapist.
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Materials: Participant workbook to guide intervention and for activity monitoring.

Session Process: Review prior plan and monitoring, document new plan in workbook.

A.3 Participant Workbook

The participant workbook was developed to provide:

1. Educational information on patterns and risks of sedentary behavior after stroke.

2. Overview of the ABLE intervention.

3. ICAN Plan Worksheet: This worksheet provides a place to document the
participants’ planning process. The ICAN plan is used to: Identify a time when
the participant sits, Choose an activity that the participant wants to use to break up
the identified sitting time, Add or Adapt the activity within his/her routine
(includes problem solving anticipated challenges), and Notice how the participant
feels during and after the plan is carried out.

4. Tools for monitoring the established ICAN Plan.

A.4 Fidelity Assessment

Details of the fidelity review process are located in Sections 3.2.3 and 4.1.2. The following
pages contain the ABLE Foundations Checklist and the ABLE Fidelity Checklist. Scoring criteria
for each checklist are also included. The ABLE Foundations Checklist was used to assess each

participants’ first two sessions. The goal of the first two sessions was to provide the participant
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with all necessary background information (sedentary behavior and ABLE overview) and engage
the participant in activity monitoring. We also completed a structured brainstorming process to
identify possible activities that could be used to break up prolonged sitting time. The ABLE
Fidelity Checklist was used to assess two randomly selected sessions from each participant
(sessions 3 through 12). The goal of these sessions was to deliver each of the active ingredients to

break up prolonged sitting time by promoting engagement in personally meaningful activities.

Table 14 ABLE intervention iterations

Element Version 1 Version 2
Foundational Briefly reviewed at the beginning | Emphasized during intervention
Knowledge of intervention session #1. session #1.
Select activities that participant Prioritize activities that can be
Activity wants to return to using Activity | completed in the next month
Brainstorming | Card Sort at intervention session | using Activity Card Sort at
#1. intervention session #2.
Activity Completed only within context of | Moved to intervention session #1,
Monitoring activity scheduling. in addition to activity scheduling.
Activity Completed using ICAN Plap Completed using ICAN Plap
. process, started at intervention process, started at intervention
Scheduling . .
session #1. session #2 or #3
Addressed as negative symptoms .Included in ac FiVity monitor.ing,
Self-assessment arose involved positive and negative
' outcomes of activities.
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ABLE Foundations Checklist

Structural Elements

Present in Session?

Yes (1) No (0) Comments

1) Provides overview of sedentary behavior.

2) Assigns monitoring homework.

3) Generates brainstorming list of activities.

4) Provides orientation to workbook.

Active Ingredients

Present in Session?

Yes (1) No (0) Comments

1) Activity scheduling: Any meaningful activity is
scheduled to occur at a specific time of day.

2) Activity monitoring: Therapist encourages
participant to monitor time use during scheduled
activity. A plan for monitoring is established.

3) Self Assessment: Therapist asks client to
identify positive and/or negative experienced
results of engagement in activities.

Study ID: Session #1 Date: Session #2 Date:
Therapist: Session #1 Length: Session #2 Length:
Fidelity Reviewer: Missing Data Codes: 888=Not applicable 999=Missing video

Additional Comments:
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ABLE Foundations Checklist
Scoring Criteria

Structural Elements
1. Provides overview of sedentary behavior:
a.1=Describes and defines sedentary behavior including patterns of sedentary
behavior accumulation and associated risks.
b.0=No description or definition of sedentary behavior occurs.

2. Assigns monitoring homework:
a.1=Therapist requests that participant completes activity monitoring using worksheet
for 1 day between sessions.
b.0=Monitoring homework is not assigned.

3. Generates brainstorming list of activities.
a.1=The therapist elicits meaningful activities from the client. This may be completed
using the Activity Card Sort and/or brainstorming activities that the client enjoys during
the day.
b.0=No brainstorming list of activities is generated.

4. Provides orientation to workbook.
a.1=The workbook is provided and referred to during the session.
b.0=The workbook is not provided or referred to during the session.

Active Ingredients

5. Activity scheduling:
a.1=An activity that is selected by the client is scheduled to occur at a specific time of
day (specific can range from general “in the evening” to specific “at 7pm”)
b.0=No activity is scheduled to occur at a specific time of day.

6. Activity monitoring:
a.1=The therapist encourages the participant to monitor time use during any
session and a plan for monitoring is established.
b.0=The therapist does not encourage the participant to monitor time use. No plan for
monitoring is established.

7. Self-Assessment
a.1=Positive and negative experienced results of engagement in activities are
identified by either the client or at the request of the therapist.
b.0=No discussion occurs surrounding positive and negative experienced results of
engagement in activities.
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ABLE Fidelity Checklist

Present in Session?
Structural Elements Yes (1) No (0) Comments

1) Review previous ICAN plan.

Verbal Written
2) Review monitoring.
(circle all that apply)

3) Establishes new or revised ICAN plan.

4) Plan/monitoring written in workbook

. . Present in Session?
Active Ingredients Yes (1) No (0) Comments

1) Activity scheduling: Any meaningful activity is
scheduled to occur (includes temporal aspect).

2) Activity monitoring: Therapist facilitates Single Activity
monitoring of time use during scheduled activity Multiple Activities
(for previous plan or future plan). Circle one

3) Self Assessment: Therapist asks client to
identify positive and/or negative experienced
results of engagement in activities.

4) Collaborative problem solving: Therapist
promotes client engagement in problem solving.
Avoids direction in problem solving unless

appropriate.
Study ID: Session #: Session Date: Session Length:
Therapist: Fidelity Reviewer: Missing Data Codes: 888=Not applicable 999=Missing video

Additional Comments:

100




ABLE Fidelity Checklist
Scoring Criteria

Structural Elements
1. Review previous ICAN plan:
a.1=Discussion occurred surrounding activities and plans that were scheduled from
the previous session.
b.0=No discussion of previous session.

2. Review monitoring:
a.1=Verbal or visual review of monitoring activities that occurred during the time
between sessions. Any method of monitoring is acceptable (i.e., from memory,
handwritten notes on any form).
b.0=No review of monitoring activities that occurred between sessions.

3. Establishes new or revised ICAN plan:
a.1=A time of day is chosen, activity is selected, and discussion surrounding
considerations for that activity (if new) or considerations for revising the activity (if from
previous plan) occurs. Okay to score 1 if the participant decides to continue the activity
without revisions.
b.0=No plan for activities is established.

4. Plan/monitoring written in workbook:
a.1=The workbook is used at any point during the session.
b.0=The workbook is not used at any point during the session.

Active Ingredients

5. Activity scheduling:
a.1=An activity that is selected by the client is scheduled to occur at a specific time of
day (specific can range from general “in the evening” to specific “at 7pm”)
b.0=No activity is scheduled to occur at a specific time of day.

6. Activity monitoring:
a.1=The therapist encourages the participant to monitor time use during the scheduled
activity and a plan for monitoring is established. Can include written or other monitoring
strategies.
b.0=The therapist does not encourage the participant to monitor time use during the
scheduled activity. No plan for monitoring is established.

7. Self-Assessment
a.1=Positive and negative experienced results of engagement in activities are
identified by either the client or at the request of the therapist.
b.0=No discussion occurs surrounding positive and negative experienced results of
engagement in activities.

8. Collaborative problem solving:
a.1=The therapist promotes client engagement in problem solving. Avoids direction in
problem solving unless appropriate.
b.0=The client is not engaged in collaborative problem solving. Unnecessary directives
are provided.
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Appendix B ActivPAL Procedures

Sedentary behavior was measured using the ActivPAL micro3 (PalTechnologies,
Glasgow). The ActivPAL micro3 measures time spent in sitting, standing, and stepping using a
triaxial accelerometer and inclinometer. At each time point, participants wore this device for 7 full
days, following a 24-hour wear protocol. The device was waterproofed and adhered at midline in
the upper 1/3" of the thigh on the side that was unaffected by the stroke. Participants documented
the time that they woke and went to sleep in a diary that was provided by researchers. Participants

also documented any day-time napping and non-wear time in this diary.

B.1 ActivPAL Data Reduction

Data were uploaded to an events-based .csv file using a microUSB cable and ActivPAL3
Software v.7.2.38 (Pal Technologies, Glasgow). This file was converted to an .xlIsx file. Expected
waking hours were calculated using the diary. Sleep time was removed using a diary-informed

approach, following principles that were established a priori (Table 15).
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Table 15 Guiding principles for ActivPAL data reduction

Sleep/Non-Wear End Time

Diary Time Situation Documentation/Calculation

Diary time occurs within In Splitting Bouts sheet:

sedentary bout (coded 0) Calculate difference between diary wake time and next detected
>1800 motion.

In data sheet:

Create a new row marked at diary wake time.

Enter the bout that was just calculated in the new row in seconds, and
code the activity 0.

Diary time occurs within In data sheet:
sedentary bout (coded 0) Search prior to diary wake time to identify sedentary bout >1800 prior
<1800 to diary wake time.

Follow procedure for diary time that occurs during an active bout.
Diary time occurs during an | In data sheet:

active bout (coded 1 or 2) Locate the sedentary bout (coded 0) >1800 that occurs immediately
prior to the diary wake time.

Mark the first non-sedentary bout (coded 1 or 2) after that sedentary
bout that was just identified as the beginning of the current day.

In Splitting Bouts sheet:

Indicate: Used non-sedentary bout following sedentary bout > 1800 just
prior to diary wake time.

Delete formulas from the appropriate row.

Sleep/Non-Wear Start Time

Diary Time Situation Documentation/Calculation

Diary time occurs within In Splitting Bouts sheet:

sedentary bout (coded 0) Calculate the difference between previous detected motion and diary
>1800 sleep time.

In data sheet:

Create a new row marked at the time of previous detected motion.
Enter the bout that was just calculated in the new row in seconds, and
code the activity 0

Diary time occurs during an | In data sheet:

active bout (coded 1 or 2) Locate the first sedentary bout (coded0) >1800 that occurs after the
diary lights out time.

In Splitting Bouts sheet:

Indicate: Used first sedentary bout > 1800 after diary lights out time.
Delete formulas in the appropriate row.

Data remaining after sleep time was removed were used to derive specific data points that
describe sedentary time, sit-stand transitions, and stepping. These data are coded as sedentary

(includes sitting or reclined position, 0), standing (1), or stepping (2).
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B.2 ActivPAL Variables

Specific metrics were derived that describe sedentary behavior patterns at each time point.
Each metric is described below. Time points with 4 or more days of valid wear were included in

analyses. A valid day was considered that for which the monitor was worn for all waking hours.

Mean daily total accumulated sedentary time

The sum of all time spent in sedentary positions (0) was calculated for each day of wear.

The mean of all valid days of wear was calculated at each time point.

Mean daily prolonged (230 minutes) sedentary time

The sum of all time spent in sedentary positions (0) of greater than 1800 seconds (30
minutes) was calculated for each day of wear. The mean of all valid days of wear was calculated

at each time point.

Mean daily prolonged (260 minutes) sedentary time

The sum of all time spent in sedentary positions (0) of greater than 3600 seconds (60
minutes) was calculated for each day of wear. The mean of all valid days of wear was calculated

at each time point.

104



Standardization of sedentary time variables

To control for within-person variability in wake time across time points, we calculated
standardized variables (mean daily total accumulated sedentary time, mean daily prolonged 230
minutes sedentary time, mean daily prolonged 260 minutes sedentary time). We used the following
procedure to standardize these variables:

1. Within-person mean waking time across all time points was calculated (baseline,
post-intervention, follow-up).

2. The multiplier for each time point was then derived using the following formula:

Waking timetimepoint

Mean waking time across timepoints
3. The raw score on each outcome (i.e., mean daily total accumulated sedentary time,
mean daily prolonged 230 minutes sedentary time, mean daily prolonged 260
minutes sedentary time) at each time point was multiplied by the multiplier for the

appropriate time point.

Mean daily step count

The ActivPAL only captures steps taken by the single leg on which it was worn. The total
count of steps (coded 2) per day were multiplied by 2 to derive a total step count. The mean of all

valid days of wear was calculated for each time point.
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Mean daily count of sit-stand transitions

The total count of upright bouts (coded 1) was calculated for each day. The mean of all

valid days of wear was calculated for each time point.
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Appendix C ABLE Study: Change Over Time on Exploratory Qutcomes

This appendix contains plots documenting individual change over time (TO to T1 and TO
to T2) on exploratory assessments of sedentary behavior (ActivPAL and Sedentary Behavior
Questionnaire), step count (ActivPAL), and participation (Stroke Impact Scale-Participation
Subscale. On all plots, red lines indicate clinically meaningful change in the expected direction
and blue lines indicate change that was not clinically meaningful. Black dotted lines indicate group

change over time.

Objectively measured sedentary behavior

On plots of objectively measured sedentary behavior (Figures 6 and 7), red lines indicate
individual reduction of 60 minutes or more, yellow lines indicate individual reduction of 30 to 59

minutes, and blue lines indicate change that was not clinically meaningful.

Self-reported sedentary time

On plots of self-reported sedentary time (Sedentary Behavior Questionnaire, Figures 8 and
9), red lines indicate individual daily reduction of 60 minutes or greater, or weekly reduction of 7

hours or greater. Blue lines indicate change that was not clinically meaningful.
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Objectively measured step count

On plots of mean daily step count, red lines indicate an increase over time of any amount.

Blue lines indicate a decrease over time of any amount.

Participation

On plots of participation (Stroke Impact Scale-Participation), red lines indicate an increase

over time of 10% or more. Blue lines indicate change that was not clinically meaningful.
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Figure 6 ABLE study: Change over time on mean daily total sitting time
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Figure 9 ABLE study: Change over time on total weekly sitting (SBQ)

112




Mean Daily Step Count

TO to T1
10000
9000 ——y
8000
7000
= 6000
3 —
O 5000 —
o
L
A 4000 -—7%
3000 I — =.-
2000 -
1000 :
0
Baseline Post-Intervention
Time
Mean Daily Step Count
TO to T2
10000
9000
8000
7000 —————
==
= 6000
3 ¢
O 5000 —
e -
“2 4000 G D b G GP GP Gb Gb Gb a» a»
3000
2000 )
—— —0
1000
— =1
0
Baseline 8-Week Follow-Up

Time

Figure 10 ABLE study: Change over time on mean daily step count
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Appendix D Publications, Presentations, and Awards

The studies included in this dissertation were disseminated through publication and

presentation. Publications and presentations are listed below. Awards are indicated in italics.

D.1 Publications

1) Kringle EA, Barone Gibbs B, Campbell G, Terhorst L, McCue M, Kersey J, Skidmore ER. Do
interventions influence daily living physical activity and sedentary behavior after stroke? A
scoping review. [under review].

2) Kringle EA, Campbell G, McCue M, Barone Gibbs B, Terhorst L, Skidmore ER. Development
of a sedentary behavior intervention for stroke: A descriptive case series. [under review].

3) Kringle EA, Terhorst L, McCue M, Barone Gibbs B, Campbell G, Skidmore ER. Preliminary
effects of the ABLE intervention on sedentary behavior and community participation after stroke.

[under development].

D.2 Presentations

1) Kringle EA, Skidmore ER. ABLE after stroke: A feasibility study. Oral presentation at
Rehabilitation Institute Research Day, Pittsburgh, PA, June 13, 2018.

*This presentation received the Best Research Award in the Pre-Doctoral Category.
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2) Kringle EA, Campbell G, McCue M, Barone Gibbs B, Terhorst L, Skidmore ER. Activating
Behavior for Lasting Engagement (ABLE) To Reduce Sedentary Behavior in Chronic Stroke: A
Feasibility Study. Poster presentation at the American Occupational Therapy Association Annual
Conference, New Orleans, LA, April 5, 2019.

*This poster received a Young Scientist Theater Poster Award at the American Occupational

Therapy Association Annual Conference, April 5, 2019.
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