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CHAPTER 1

General introduction



Chapter 1

Stroke

A stroke is defined as an ‘infarction or haemorrhage in the brain, spinal cord, or retina
because of thrombosis of a cerebral venous structure”. In other words, a stroke is caused
by an interruption of blood flow to the brain, resulting in a lack of oxygen and nutrition
to (part of) the brain and thereby causing damage to the brain.? Stroke is still the second
leading cause of death and the third leading cause of disability in the world.? The incidence
of stroke worldwide is increasing, and the estimated global cost of stroke is currently over
US$891 billion.? Stroke is also highly prevalent in the Netherlands. In 2021, approximately
40,000 people in the Netherlands had a stroke.* Although approximately 9,000 people died
as a result of a stroke in 2021,% stroke is not always lethal. In the Netherlands, approximately
372,000 people are living with the consequences of having had a stroke.* The cost of
stroke-related health care in the Netherlands is estimated at 1.4 billion per year.®

With the improvement of acute care and treatment options such as thrombolysis and
thrombectomy, the survival rates after stroke have improved, and stroke sequelae are
often less severe.>® Approximately two out of three people who have had an ischaemic
stroke and one in three of the people who had a haemorrhagic stroke are able to live at
home three months after hospital submission with relatively limited physical and cognitive
disabilities.* Traditional care after stroke aims mostly to improve people’s abilities and
independence in daily living. The focus is upon rehabilitation of physical and cognitive
functions and participation, such as the ability to walk, carry on a conversation or return
to work. Despite recommendations in recent guidelines,® there is limited attention given
to secondary prevention.

Secondary prevention after stroke

People who have suffered a stroke are at high risk of recurrent stroke,” even when people
have received optimal evidence-based care."® Up to 40% of people who have suffered a
stroke have a recurrent stroke in the first ten years post-onset.” The 5-year survival rate after
stroke was found to be 49.4% in people who had ischaemic stroke and 37.8% in people
who had haemorrhagic stroke, compared to 64.6% in the general population." Therefore,
secondary prevention of stroke is important.>*'? The top 10 risk factors for stroke include
elevated systolic blood pressure, high body mass index, high fasting glucose, air pollution
and several lifestyle factors. Recommendations after stroke include identifying risk factors
such as elevated blood pressure and high fasting glucose and prescribing appropriate
medication were applicable.>¢ Lifestyle factors include, among others, poor diet, smoking
and poor movement behaviour.>¢ Since these are modifiable risk factors, they are also
highly relevant in secondary prevention. Lifestyle factors, including healthy diet and
healthy movement behaviour, are even included in the top 10 take home messages of the
2021 Guidelines for the Prevention of Stroke of the American Heart Association/American
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Stroke Association as important for the prevention of secondary stroke.® This guideline
not only includes the recommendation to engage in sufficient levels of physical activity,
but reducing sedentary behaviour is also advised. Despite this growing emphasis on the
importance of lifestyle in secondary prevention, in daily health care, the emphasis is still
on medication management.

Movement behaviour

As mentioned, unhealthy movement behaviour is one of the top 10 risk factors after stroke.
Sedentary behaviour is a component of movement behaviour and is defined as ‘any waking
behaviour characterized by an energy expenditure <1.5 metabolic equivalent of task while
in a sitting, reclining, or lying posture’”*> The other part of movement behaviour is physical
activity, and combined with sleeping behaviour, these three behaviours make up the 24-
hour cycle (see Figure 1).® Physical activity is divided into light, moderate and vigorous
physical activity based on the energy expenditure levels while conducting physical activity,
based on the metabolic equivalents (METs). The reference is the basic metabolic rate, 1.0
MET.¢ Light physical activity represents activities involving an energy expenditure of 1.5-
3.0 METs, moderate to vigorous 3.0-6.0 METs and vigorous over 6 METs.'S
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Figure 1. lllustration of the 24-hour conium of movement and non-movement behaviour,
including distinctions in both the metabolic equivalents (METs) and the possible postural

positions.” Note: the distribution is symbolic and not representative of the actual distribu-
tion of the different categories.

Both low levels of physical activity and high amounts of sedentary behaviour are
associated with an increased risk of cardiovascular diseases and cardiovascular and all-
cause mortality.”?' Large observational studies revealed increased health risks when
sedentary time was high and moderate-to-vigorous physical activity (MVPA) levels were
low.?' Light Physical Activity (LPA) was found to be protective when levels were sufficiently
high.?" It was also reported that the health risks of sedentary behaviour increase when
sedentary time is accumulated in prolonged bouts.?* This indicates that all these aspects
of movement behaviour are relevant. Also, the risks and benefits related to these different
aspects of movement behaviour are not independent, and recent studies emphasize the

need to towards personalised recommendations for both physical activity and sedentary
behaviour combined.?*%
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Health risks of sedentary behaviour

From several studies on the relationship between sedentary time and prolonged
sedentary time and health risks, a dose-response relationship between higher amounts
of sedentary time and higher levels of health risks is seen.?°'27-3% Several studies have
shown that increases of 30-60 minutes in sedentary time are related to increased hazard
ratios for all-cause mortality (including stroke) and cardiovascular mortality.?* These
study findings indicate that a reduction in total sedentary time of 30-60 minutes seems
to be clinically meaningful. When looking at the association between sedentary time and
cardiovascular risk scores (using the Framingham risk score), one study even showed an
increase in the risk score even with only a 10-minute increase in sedentary time.>' Also,
Bell et al.’s study findings indicated the long-term effectiveness of sedentary behaviour
reduction interventions on CVD risk, although further research is needed in this area.?®

Benefits are also found from interrupting sedentary time in people with stroke. The
Breaking Up Sitting Time after Stroke study found that when sedentary time is interrupted
by short bouts of standing exercises or walking, this reduces systolic blood pressure in
people with stroke, even if participants were on antihypertensive medication.*? This finding
is highly relevant because high (systolic) blood pressure is one of the strongest modifiable
risk factors for first and recurrent stroke.>*

Movement behaviour after stroke

Looking at the high risk of recurrent stroke and the increased risks associated with high
amounts of sedentary behaviour and low levels of physical activity, it might be prudent to
address these risk factors as part of secondary prevention in people who have had a stroke.
To estimate the possible effect of these types of interventions, first, identifying peoples’
movement behaviour patterns was needed. Several studies have found that people with
stroke are highly sedentary in comparison to their healthy peers.>** Also lower levels of
physical activity were found.?*-8 The RISE-cohort study identified movement behaviour
patterns of people with first ever stroke in the Netherlands after returning home from the
hospital. The results showed that 33 percent of the population was highly sedentary (78%
of their waking hours), rarely interrupted their sedentary time and spent minimal time
engaged in MVPA (see Figure 2-5).2* Individuals with this movement pattern were labelled
‘sedentary prolongers’. Additionally, 46 percent had a movement behaviour pattern that
included two out of three risk factors, i.e., high sedentary time and minimal time spentin
MVPA (see Figure 2-4), and they were labelled ‘sedentary movers’3* The final 22 percent,
labelled ‘sedentary exercisers’, also had high amounts of sedentary time, although they do
engage in sufficient amounts of MVPA (see Figure 2-4).3* These results indicated that over
three quarters (79%) of people with stroke have a movement pattern that may put them at
high risk of recurrent stroke and other cardiovascular events. These findings match the 2021
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Guideline for the Prevention of Stroke of the American Heart Association/American Stroke
Association as being important for prevention of second stroke, with the recommendation
to reduce and interrupt sedentary behaviour and increase the levels of physical activity
after stroke.® With the identification of these behaviour patterns, we can specifically target
those people who are in need of improving their movement behaviour pattern most and
design interventions specifically for this part of the population to enhance the possibility
of creating sustainable movement behaviour change.

—— Spline model with 7.5 hours/day as reference

**** 95% confidence interval limits
3.0

25 Sedentary exerciser

20
Sedentary movers

Sedentary prolonger

All cause mortality hazard ratio
(9]

Sedentary (hours/day)

e Significant increased risk from 9.5 hours upwards |

Figure 2. The association between sedentary behaviour and all-cause mortality, reprinted
from Ekelund et al.,?' including a representation of the time spent sedentary for each move-
ment pattern identified by Wondergem et al.>

——— Spline model with 200 minutes as reference
~~~~~ 95% confidence interval limits

Sedentary exerciser
Sedentary movers

Sedentary prolonger

All cause mortality hazard ratio

100 150 200 250 300 350 400 450 500
LPA (min/day)

W Max risk reduction at 375 min/day |

Figure 3. The association between light physical activity (LPA) and all-cause mortality,
reprinted from Ekelund et al.,?' including a representation of the time in LPA for each move-
ment pattern identified by Wondergem et al.**
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- Spline model with O minutes as reference
----- 95% confidence interval limits
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Figure 4. The association between moderate-to-vigorous physical activity (MVPA) and
all-cause mortality, reprinted from Ekelund et al.,” including a representation of the time in
MVPA for each movement pattern identified by Wondergem et al.>*

Improving movement behaviour after stroke

In addition to the international guidelines, in the Netherlands, secondary prevention of
stroke is conducted for the most part via general practitioner practices in primary care,
following the newly updated NHG standard.* This new (updated August 2022) standard
includes similar advice as the international guidelines regarding physical activity and
sedentary behaviour.*® Nevertheless, secondary prevention after stroke is limited to
short half yearly check-ups, and all factors related to secondary prevention need to be
addressed. By default, the focus for the most part is on medication management. In regard
to movement behaviour, sufficient levels of MPVA are briefly mentioned as important,
although no personalised recommendations are made. Also, risk identification in regard
to movement behaviour is lacking, and the prescription of interventions to support
movement behaviour change is rare. Referral to a physiotherapist is mostly related to
physical limitations. This despite the fact that within physiotherapy guidelines, there is also
growing attention to secondary prevention in regard to the levels of physical activity.*
This provides the opportunity to start targeting movement behaviour improvements in
people with stroke, which has not been accomplished before both in the Netherlands and
internationally.”~** In current (physiotherapy) interventions, there is still a tendency to
focus on physical capabilities and (supervised) training instead of addressing movement
behaviour, including sedentary behaviour.*® Unfortunately, interventions aiming to
improve physical activity do not automatically lead to a reduction in sedentary behaviour.**
Therefore, there is a need for interventions that identify people with stroke at risks in
regard to movement behaviour, including sedentary behaviour, and support and empower



Chapter 1

people towards sustainable changes in their movement behaviour by reducing and
interrupting their sedentary time and replacing sedentary time with physical activity.

To enable sustainable movement behaviour change, effective interventions are needed,
which are currently lacking, especially in regard to sedentary behaviour and movement
behaviour as a whole.* International experts believe that interventions to reduce sedentary
behaviour in people who have had a stroke should aim at behavioural aspects and self-
management specifically to support people with stroke reduce their sedentary time.*

Information regarding factors associated with sedentary behaviour in people with stroke
is limited. There is one qualitative study in which people with stroke stated that factors
like self-efficacy, confidence, motivation and the social environment influence their time
spent sedentary.* In addition, a cohort study showed that low self-efficacy was associated
with high-risk movement behaviour patterns.>* This suggests that behavioural aspects
indeed play an important role and need to be the focus of interventions, although more
information is needed to draw definitive conclusions. Other previous studies that have
looked at movement behaviour in people with stroke showed associations between
self-reported physical function after stroke and total sedentary time; for other physical
factors, the results were inconsistent.>3¢ Behaviour change theory clearly states that to
enable effective intervention development, a thorough understanding of the behaviour
and all its underlying barriers and facilitators is needed to enable the design of effective
interventions.##® Before relevant behaviour change techniques to be included in
interventions can be identified, a thorough understanding of which aspects of all three
domains, Capabilities, Opportunities and Motivations, should be addressed is needed,**®
and it might indicate that more than the current provision of basic health information is
warranted.

Possibilities of technology

Persuasive eCoaching is the use of technology during coaching to motivate and stimulate
people to change attitudes, behaviour and rituals.* Monitoring of movement behaviour
and eCoaching might support movement behaviour change.*¢4°-' Monitoring will allow
the identification of individual movement behaviour patterns and give direction to what
should be changed. This is especially important in sedentary behaviour because this part
of movement behaviour is often spread out throughout the day. Currently, there are several
monitors available for research that give a valid and reliable identification of sedentary
behaviour, although they are not fit to provide real-time feedback of movement behaviour
patterns across the day.?®>2=>* There are several commercial trackers on the market that
do include feedback, for instance, via a smartphone application; unfortunately, they are
not able to validly and reliably determine sedentary behaviour. This is only possible with
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an inclinometer that is worn on the (anterior) thigh.2552-55 This calls for the integration of
a valid and reliable monitor with a real-time digital feedback system that can be used in
primary health care settings to support people with stroke to reduce and interrupt their
sedentary time.

The integration of eHealth, such as eCoaching and face-to-face contact with a health
professional, is called blended care. This combination seems promising for sustainable
behaviour change.®**' It allows for the integration of a reliable identification and feedback
system as part of the intervention. Additionally, eCoaching can be used to support
people in changing their behaviour between face-to-face coaching sessions. Several
behaviour change techniques can be incorporated more extensively by this combination
of modalities of delivery.**¢ Combining these new promising developments with a deeper
understanding of movement behaviour, especially sedentary behaviour, might lead to
an effective intervention to support movement behaviour change after stroke. This may
reduce the risk of recurrent stroke and other health risks associated with high amounts of
sedentary behaviour and low levels of physical activity after stroke.

Objectives and outline of this thesis

The overall aim of this thesis is to identify what is needed to support people with stroke
who are highly sedentary and inactive to sustainably change their movement behaviour
pattern. This will enable the development of an intervention that aims at improving
movement behaviour by reducing and interrupting sedentary behaviour and the
determination of the preliminary effectiveness and feasibility of the intervention.

Chapter 2 provides insights into factors associated with a high amount of sedentary
behaviour in people with stroke. In Chapter 3, we explored sedentary behaviour
accumulation patterns. These two data pooling studies provided information for
intervention development. In Chapter 4, we present the results of a systematic literature
review of general lifestyle interventions aiming to improve the levels of physical activity
after stroke or TIA to see if anything could be learned from these types of interventions in
regard to improving movement behaviour. Chapter 5 includes the perspective of people
with stroke who are highly sedentary and inactive regarding their needs to improve their
movement behaviour to enable the development of an intervention that meets their
needs. The development process of the RISE intervention to support people with stroke
to improve their movement behaviour by reducing and interrupting sedentary behaviour
is described in Chapter 6. In Chapter 7, we present the results regarding the preliminary
effectiveness and feasibility of the RISE intervention. In this multiple-baseline design study,
we determined the preliminary effectiveness to reduce sedentary time and increase the
interruption of sedentary time as well as the feasibility of the intervention. Additionally,
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the added value of including participatory support within the RISE intervention was
determined. In Chapter 8, a general discussion of this dissertation is provided, the steps
taken to develop and the results of the RISE intervention. The implications of the findings
are described, including methodological considerations and recommendations for future
research, education and clinical practice. This dissertation ends with a summary in English
and Dutch in Chapter 9.

18
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Chapter 2

Abstract

Background
High levels of sedentary time increases the risk of cardiovascular disease, including
recurrent stroke.

Objective
This study aimed to identify factors associated with high sedentary time in community
dwelling people with stroke.

Methods

For this data pooling study, authors of published and ongoing trials that collected
sedentary time data, using the activPAL monitor, in community dwelling people with
stroke were invited to contribute their raw data. The data was reprocessed, algorithms
were created to identify sleep-wake time and determine the percentage of waking hours
spent sedentary. We explored demographic and stroke related factors associated with total
sedentary time and time in uninterrupted sedentary bouts using unique, both univariable
and multivariable, regression analyses.

Results

The 274 included participants were from Australia, Canada and the United Kingdom, and
spent, on average, 69% (SD 12.4) of their waking hours sedentary. Of the demographic
and stroke related factors, slower walking speeds were significantly and independently
associated with a higher percentage of waking hours spent sedentary (p=0.001) and
uninterrupted sedentary bouts of >30 and >60 minutes (p=0.001 and p=0.004, respectively).
Regression models explained 11-19% of the variance in total sedentary time and time in
prolonged sedentary bouts.

Conclusion

We found that variability in sedentary time of people with stroke was largely unaccounted
for by demographic and stroke-related variables. Behavioural and environmental factors
are likely to play an important role in sedentary behaviour after stroke. Further work is
required to develop and test effective interventions to address sedentary behaviour after
stroke.
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Introduction

Stroke is the second most common cause of death and the third leading cause of disability
worldwide,"?* with the burden expected to increase during the next 20 years.! AlImost
40% of people with stroke have a recurrent stroke within 10 years,®> making secondary
prevention vital.>* High amounts of sedentary time have been found to increase the risk
of cardiovascular disease,>" particularly when sedentary time is accumulated in prolonged
bouts.””"> Sedentary behaviour, is defined as “any waking behaviour characterized by an
energy expenditure <1.5 Metabolic Equivalent of Task (METs) while in a sitting, reclining or
lying posture”.'s" Studies in healthy people, as well as people with diabetes and obesity,
have shown that reducing the total amount of sedentary time and/or breaking up long
periods of uninterrupted sedentary time, reduces metabolic risk factors associated
with cardiovascular disease.5'%>"> Recent studies have shown that people living in
the community after stroke spend more time each day sedentary, and more time in
uninterrupted bouts of sedentary time compared to age-matched healthy peers.'®2°
Reducing sedentary time and breaking up long sedentary bouts with short bursts of
activity may be a promising intervention to reduce the risk of recurrent stroke and other
cardiovascular disease in people with stroke.

To develop effective interventions, it is important to understand the factors associated with
sedentary time in people with stroke. Previous studies have found associations between
self-reported physical function after stroke and total sedentary time, but inconsistent
results with regards to the relationship of age, stroke severity and walking speed with
sedentary time.?*? These results are from secondary analyses of single-site observational
studies, not powered to address associations, and inconsistent in the methods used to
determine waking hours; thus making direct comparisons between studies difficult.?%*
Individual participant data pooling, with consistent processing of wake time data, allows
novel exploratory analyses of larger datasets with greater power.

By pooling all available individual participant data internationally, this study aimed to
comprehensively explore the factors associated with sedentary time in community
dwelling people with stroke. Specifically, our research questions were: 1) What factors are
associated with total sedentary time during waking hours after stroke? 2) What factors are
associated with time spent in prolonged sedentary bouts during waking hours?
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Methods

Study design

This was an exploratory data pooling study, in which existing individual participant data
were used for secondary analyses. By searches of databases, trial registries and word of
mouth, potentially eligible datasets were identified, and authors were invited to contribute
their individual participant data and raw activity monitor data. The study was approved
by the Human Research Ethics Committee of The University of Newcastle (H-2016-0427).

Study selection

Datasets from studies were included if they met the following criteria;

1. Included adults with stroke who were living in the community,

2. Measured sedentary behaviour using the activPAL monitor (PAL Technologies Ltd,
Glasgow, United Kingdom),

3. The ethical approval and informed consent for the data collection permitted use of
the data for secondary analyses,

4. The available data was not influenced by any form of intervention.

Authors of original studies provided de-identified datasets. Factors included in the datasets
were mapped by one author (WH) in consultation with the co-authors. A list of factors of
interest was created a priori (see Box 1), based on previous research in determinants of
sedentary time and consideration of other relevant stroke-related factors.?*?® For each
dataset, we determined which factors were measured and what measurement instrument
was used. Where different measurement instruments were used for the same factor, we
sought valid methods to categorize or dichotomize data to facilitate data pooling (see
Supplementary Materials 1, Box 1 for the conversion methods). Where the original studies
included repeated measures, we included data from one time-point only, and used the
time-point with the least missing data or at baseline in the case of intervention trials.
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Box 1. Factors of interest determined a priori

Demographics

Age

Sex

Employment status
Socio-economic status
Education attainment
Living status

Personal factors

Body Mass Index
Smoking
Levels of moderate to vigorous physical activity

Comorbidities

Environmental aspects

Season of accelerometer data collection

Stroke related factors

Type of stroke
Time since stroke
Stroke severity

Impairments

Upper and lower extremity impairment
Vision impairment
Walking ability

Walking speed
Walking capacity (distance)
Use of walking aids

Physical ability

Self-reported physical function
Independence in activities of daily living

Cognition and mood

Cognitive ability
Fatigue

Anxiety
Depression
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Activity monitor data

We chose to only include data on sedentary time that was measured using the activPAL
monitor (PAL Technologies Ltd, Glasgow, United Kingdom) because it is highly reliable
(Intraclass correlation coefficient 0.79-0.99) and valid (98-100% accuracy) for measuring
sedentary time and posture transitions during daily life in people with stroke.?*>' The
ActivPAL uses an inclinometer worn on the anterior side of the thigh to determine if
someone is either sedentary (sitting, lying or reclining), standing or walking making it a
highly valid and accurate monitor to determine sedentary time.?3" A conversion to METs
is also possible.?*3" Event files from all participants were combined into one dataset. To
identify waking hours, a custom algorithm was developed based on previously published
codes.®? The algorithm aggregated sleep time based on the largest bout of sitting/lying
time within a 24-hour period and then aggregated adjacent bouts of sitting/lying time
where these bouts were interrupted by short bursts of activity, i.e. to account for getting up
to the toilet overnight (see Appendix 1 for more details). Our previous work has found that
any three days of monitoring, regardless of weekend or weekday, is sufficient to accurately
represent habitual physical activity over seven days.** We therefore included participants
with at least three days of valid (>8 hours day) waking wear time.* We excluded days in
which more than 18 hours of wake time were identified.

Data processing and analyses

From the activPAL data during waking hours, the percentage of total sedentary time and the
percentage of waking hours spent in prolonged bouts of sedentary time was determined.
Two variables were created for prolonged bouts: percentage of sedentary time in bouts
>30 min and percentage of sedentary time in bouts >60 min.>'®'2'® Linear regressions
(adjusting for age, gender and study) were conducted to determine the association of
individual factors with percentage of total sedentary time, percentage of sedentary time in
bouts >30 min and percentage of sedentary time in bouts >60 min. All factors and residuals
(from regression analyses) were checked for normality and where needed the appropriate
transformations were computed. Factors that were found significantly associated in
univariable regressions (p<0.05) were included in the multivariable regressions. We first
determined the coverage of factors across studies and then conducted the multivariable
regressions with the best coverage of factors across studies and the highest sample sizes.
To avoid collinearity, if correlations between independent factors were higher than r=0.850
one factors was removed from the analyses.*** Both forward and backward stepwise linear
regressions were run. Based on the 1:10 rule by Peduzzi et al,*® a sample of at least n=250
was needed to be able to include all the factors we identified a priori (Box 1). All analyses
were conducted with R statistical software, version 3.3.3 and IBM SPSS statistics version 22.
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Results

Participant characteristics

Ten datasets were identified that met the inclusion criteria and we were able to obtain
individual participant data from 9 (90%), including n=350 individual participants (Table 1).
In all, n=274 (78%) individual participants contributed at least three days of valid activPAL
data. There were no differences in demographics between the original (n=350) and final
(n=274) sample (Table 2). On average, participants spent 69 (Standard Deviation 12)% of
waking hours sedentary, 40 (SD 16)% of waking hours in sedentary bouts >30 minutes and
23 (SD 15)% of waking hours in sedentary bouts >60 minutes. Only age and gender were
reported in all studies; other variables were reported in between 3 (33%) and 8 (89%) of
included studies (Supplementary Materials 1, Table 1).

Table 1. Characteristics of studies that provided data

Author Country n Design Time since stroke  Walking ability
Dean* Australia 4 Intervention < 2years Able to walk 10 m
independently, no
aids
English 2016 Australia 48 Observational > 6 months Able to walk
independently
indoors, no aids
Ezeugwu* Canada 30 Intervention 2-4 months Able towalk =5 m
independently, no
aids
Jones 2016°° Australia 21 Intervention No criteria specified; Able to walk =50 m,
recruitment from no aids
general population
Kuys* Australia 29 Intervention <2 months Able to walk 10 m
independently
Mahendran 2016°" Australia 36 Observational <4 months
Paul* United 56 Intervention Discharged from Able to walk
Kingdom active rehabilitation independently
Simpson* Australia 30 Observational  No criteria specified; No criteria specified

Participants were
recruited from
rehabilitation ward
Tieges 2015%° United 96 Observational  No criteria specified; No criteria specified
Kingdom Participants with
arecent acute
hemorrhagic or
ischemic stroke
were recruited

*Data from ongoing trials
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Table 2. Participant demographics

Characteristic All available data Pooled data
Sample size, n
Total 350 274
mean (SD) across studies 39 (25) 30(15)
Sex, number male (%) 213 (61) 167 (61)
Age, (yr) mean (SD) 66 (14) 66 (13)
Time since stroke (mth) mean (SD) 17 (28) 18 (29)

Factors associated with total sedentary time

The results of the univariable regression (adjusting for age, gender and study) for
percentage of total sedentary time are shown in Table 3. Body mass index (p=0.048),
stroke severity (p=0.035), walking speed (p<0.001), walking capacity (p<0.001), walking aid
use (p<0.001), degree of independence in activities of daily living (p=0.014), and anxiety
(p=0.028) were all significantly associated with percentage of total sedentary time. As
walking speed and walking capacity were highly correlated (r=0.897), and more data
were available across the datasets for walking speed, only walking speed was included
in the multivariable regression analyses. Only walking speed remained significant in the
multivariable regression model (p=0.001, see Table 4), which explained 14% of the variance
in percentage of total sedentary time.

Factors associated with time spent in prolonged sedentary bouts

The results of the univariable regression (adjusting for age, gender and study) for
percentage of sedentary time in bouts >30 min and percentage of sedentary time in bouts
>60 min are shown in Table 3. Body mass index (p=0.024 and p=0.038), stroke severity
(p=0.019 and p=0.016), walking speed (both p<0.001), walking capacity (both p<0.001),
walking aid use (p<0.001 and p=0.009), and independence in activities of daily living
(p=0.003 and p=0.005) were significantly associated with percentage of sedentary time in
bouts >30 min and percentage of sedentary time in bouts >60 min. Fatigue was significantly
associated only with percentage of sedentary time in bouts >60 min (p=0.044).

Walking capacity was removed from the multivariable regression because of the high
correlation with walking speed. In the multivariable regressions (Table 4), only walking
speed was significantly associated with percentage of sedentary time in bouts >30 min
(p=0.001) and percentage of sedentary time in bouts >60 min (p= 0.004). For percentage
of sedentary time in bouts >30 min, body mass index (p=0.049) was also found to be
significantly associated. The models explained 19% of the variance in percentage of
sedentary time in bouts >30 min and 11% of the variance in percentage of sedentary time
in bouts >60 min.
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There was a wide range in time since stroke in our dataset (1 to 237 months) and these data
were highly skewed. To check whether this confounded results, we categorized the time
since stroke into three epochs (1 to 3 months, 3 to 6 months and >6 months) and re-ran
the regression models for percentage of total sedentary time using this ordinal variable.
This did not change the results.

33




Chapter 2

Buiall Ajiep jo saiIAlde = 1QV ‘Xdpul ssew Apoq = |Ng
*92uUedLYIUBIS |BDI13S13RYS D1RDIPUI SaN|eA pap|og “ApNis pue Japuab ‘abe 10) pPa1d3110d suoissaibal ||y

8000 S60°0 9100 8LL'0 £20°0 SS0°0 (%S) 8 (8) sz1 uoissaudaqg

€000 7910 0200 600 LE0'0 820°0 (%0) € () €51 Aaixuy

9000 SLE0 9100 6410 6100 SET0 (%) 8 (9) el 19pi0sip pooly

020°0 vv0'0 920'0 LOL'0 LT0°0 ¥80°0 (%61) 9€ (9) z61 anbney

8700 0SL'0 6100 St ¥00°0 ¥98°0 (%97) LE (S) swl uonduNny 3AIUBOD
poow pup uoi3iubo)

duspuadapul

€50°0 <S00°0 <S90°0 €00°0 s¥0°0 100 (%20) ¥ (9) L61 1av jo 93163Q
Aujiqo [poisAyqd

6£0'0 600°0 990°0 L00°0> ¥90°0 L00°0> (%0) ¥ (L)olz pre Bunijem

(duesip)

85L'0 L00°0> L3810 L00°0> 8SL'0 L00°0> (9%L€) o (S) 6¥L Aoeded bupyjem

cLr'o L00°0> L91°0 L00°0> 9sL'0 L00°0> (%€) 9 (9) g6l paads Bunjepm
Auj1qo bunyippm

sv0°0 9L0°0 9t0°0 6L0°0 0€0°0 S€0°0 (%0) T (e)8LL Ayanas 0115

1100 ¥SC0 €100 89%°0 0L0'0 €680 (%l) € (8) 89t 9041s dUls dWI |

200 06C°0 €€00 vlz0 ¥20°0 £90°0- (%€) 9 (9) 861 ajons jo adAL
51012 pa1b|aJ 340415

€200 €0 9100 S6C°0 S00°0 6S€°0 (%0) 0 (¥) L¥L s9lplqiowo)

8L0°0 6580 £00°0 1£6°0 9000 LLEO (%%) 9 () LLL JMoWS

LEOO 8€0°0 LEOO v20°0 €20°0 8¥70°0 (%€1) LT (£) soz INg
51010D} [DUOSIdH

8¢0°0 /80 £10°0 ¥¢S°0 S00°0 010 (%0) 0 (9) v¥1 sjuswabuelie buian

1£0°0 S¥8°0 L00°0> 6020 ¢S0°0- 950 (%0) 0 (€)es [9A3] [euOIEOINPT
sa1ydpibowaqg

(%) u ‘saipnis (sa1pnis Jaquinu) u

-4 paisnlpy anjead -4 paisnlpy anjead 24 paisnipy anjead ulyam ejep Buissipy ‘syuedidnied saquiny 103084

ulw 09< sInoq
K1ejuapas urjuads sawi)

ujw Q€< snoq

Kaejuapas urjuads awiy Aiejuapas yuads swiy

suoIssa16a1 d1elieAIUN € d]qeL

34



S9|qeldeA JuedyIubIs-uou a3 1oy d|ge|IeAR S| BIep || 10U ‘SUOISS2163J 9y} 10 PISN 219M SPOYIdW pPIemydeq pue pIeMIoy 9dUIS,
"95uBdYIUBIS [BD13SIIR]S D1eDIPUl SIN|RA pap|og
'sabal] pue uosdwis ‘|ned ‘uespuayely ‘sAny ‘nmbnaz3 ‘ysi|bu3 :woiy elep papnjoul saskjeue uoissaibal ||y “Apnis pue Japusb ‘abe Joj pa1da1i0d 319M uoIssaIbal ||y

Identifying factors associated with sedentary time after stroke.

160°0- L7170 (%¥7) 65 (£) z6l anbney

9duspuadapul

[44X1} €€€0 (%l2) ¥S (2) L6l 1Qv jo 93163Q

¥50°0- 0490 (%) ¥S () L61 pie bunjjepm

LSE°0- (S¥0°0- 03 £LZ°0-) LEL'O- ¥00°0 (%) 95 (£) seL paads bunjiem
LLLO [43N0) (%€S) €€l (£)8LL AIanss 01S ulw 09< $IN0Q
9810 oLLo (%£7) 69 (L) zsL INg Aseyuspas urjuads swi|

9duspuadapul

€110 LSE0 (9%12) ¥s (2) L61 1av jo @ai6a@

oolLo- €Lr°0 (%) ¥S () L61 pie bunjjepm

OLy"'0- (0£0°0- 01 SET°0-) ESL°0- L00°0> (%22) 95 (£) s6L paads bubjjem
LSL0 7810 (%€S) €€l (2) 811 A1anas xjons ulw Q€< sIN0q
cTTo (#L0°0-030) £00'0 6170°0 (%L£2) 69 () z8L INg A1eyuapas ulyuads swi

LL0- [4EN0) (%6£) 86 () €sL A1aixuy

duspuadspul

840 [43°30} (%12) ¥S () L61 1av o 93163@

7600~ LS¥'0 (%) vS () L61 pre bunjiepm

06£°0- (8170°0- 03 Z8L°0-) SLL°O- L00°0 (%T2) 95 (£) s6L paads bunjiem

6€L0 LECO (%€8) €€1 (£) 8Ll Kianss 3015
9070 LL0'0 (%£2) 69 (L) 28l INg Kieyuapas juads swi|

] #(1D %S6) (%) u ‘saipnys (s31pn3s Jaquinu) u

pazipiepuels d pazipiepueisun anjead ulyumejep buissipy  “‘syuedpnied saquiny 9|qeuieA juspuadaqg

uolssaibal a|geLeAl} N *f djqeL

35



Chapter 2

Discussion

We pooled data from 274 individuals from three countries and found that people with
stroke spent on average 69% of waking hours sedentary. Slower walking speed was the
only factor independently associated with more total sedentary time, and more time spent
in prolonged bouts of sedentary behaviour. However, our models accounted for only a
small proportion of the variance in sedentary behaviour, suggesting that other factors not
measured in the participants included in this study are also important.

Our findings in relation to walking speed are consistent with a previous study which found
both slower walking speed, and other measures of poorer physical function (in this case
the Stroke Impact Scale) were associated with greater sedentary time ?' However, walking
speed may also be a proxy measure for general health and co-morbidities 3 In older
people, walking speed is an important predictor of a number of adverse outcomes such
as falls, activities of daily living difficulties, disability, institutionalization, comorbidities
and mortality ¥ Further research is needed to determine whether there is a direct causal
pathway between slow walking speed and high sedentary time, or if it is a proxy measure
of general health. It is possible that interventions aimed at improving the walking abilities
of people with stroke might help reduce the total sedentary time and the time spent
sedentary in prolonged bouts. However, this premise requires testing in clinical trials.

We found few other factors were independently associated with high sedentary behaviour.
This is in contrast to previous studies. In older adults without stroke, age, gender, education
level, living arrangements, body mass index, smoking status, and independence in
activities of daily living, were all found to be associated with sedentary behaviour.?>2>%
In previous studies of people with stroke both age and stroke severity were associated
with sedentary behaviour.2*?'In people with multiple sclerosis, both disease severity and
physical ability are reported to be associated with high sedentary time.*? Taken together,
this suggests that the factors associated with high sedentary time may differ between
population groups. This isimportant to consider when developing interventions to reduce
sedentary behaviour.

In our analyses, the regression models accounted for only a small proportion of the variance
in sedentary behaviour. It is likely that environmental and behavioural factors may also
influence sedentary time in people with stroke, and this should be taken into consideration
when designing interventions to reduce sedentary behaviour in this population. Such
interventions will need to be carefully developed and include strategies to address both
the factors influencing sedentary behaviour, and the barriers and motivations to increase
light, moderate and vigorous physical activity. Systematic reviews of clinical trials in other
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populations (healthy and older adults, those with diabetes or obesity) have highlighted the
importance of developing interventions specifically targeted to reduce sedentary time, as
such programs are more effective for reducing sedentary time compared with interventions
that aim to increase physical activity alone.*“¢ An international consensus framework
for sedentary behaviour research across all population groups,?® as well as qualitative
research involving people with stroke,”” highlight the importance of the environment,
psychology (including motivation), education and behaviour as determinants of sedentary
time. Development of effective interventions to address high levels of sedentary time in
people with stroke will need to take all these factors into consideration.

Strengths and limitations

We pooled all available individual participant activity monitor data, and completed a
novel exploratory analyses on a large dataset, with sufficient statistical power. We choose
this novel data pooling methodology (instead of for instance a meta-analyses) to be
able to conduct independent secondary analyses using raw data. This also allowed the
inclusion of data from ongoing and unpublished studies. We did not complete systematic
literature searches, meaning that it is possible that some potentially relevant datasets
were missed. The extensive international collaboration that was the foundation of this
study allows confidence that we captured the vast majority of trials that have included
activPAL data. The large dataset provides confidence in the results. We re-processed all
raw activity monitor files using a custom-built algorithm to consistently and systematically
identify sleep-wake time without manual error.?> We decided to use only data in which
the activPAL was used to measure sedentary time. This decision was based on the fact
that different activity monitors use different methods to determine sedentary time and
movement, and therefore combining raw data from different monitors would introduce
bias.*®* Two studies have shown the incompatibility of data from different monitors.*®4°
Only including activPAL data provides confidence in the validity of data between datasets.
We acknowledge that this reduced the number of datasets we were able to include. Since
the activPAL is highly reliable in the determination of sedentary behaviour it isa commonly
used monitor and therefore enabled the inclusion of most of the data that is available.

While we pooled all the available individual participant data, not all factors of interest
we identified a priori were available. Furthermore, even where the same construct
(for example, depression, anxiety, physical ability) was measured, the variability in the
outcome measures used necessitated categorizing or dichotomizing data. To facilitate
comparability of research findings and future data pooling studies, greater consistency
in outcome measurement tools used is required.*** The international Stroke Recovery
and Rehabilitation Round Table group recently conducted a consensus project and have
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published recommendations for a core dataset for all stroke recovery and rehabilitation
trials.®

Though the cut-offs of 30 and 60 minutes, used as an outcome variable for prolonged
sedentary time, in their origin are arbitrary they have been used in previous studies on the
risk of sedentary behaviour.?”® These studies have shown that the risk of cardiovascular
disease increases even more when sedentary time is accumulated in these prolonged
bouts.?™ Therefore these cut-offs provide a standard metric for prolonged sedentary time.

This study included only people with stroke living in the community, and for the most
part only those able to walk independently, therefore results have limited generalisability
beyond this group.

Conclusion

We found that variability in sedentary time of people with stroke was largely unaccounted
for by demographic and stroke-related variables. Behavioural and environmental factors
are likely to play an important role in sedentary behaviour after stroke. Further work is
required to develop and test effective interventions to address sedentary behaviour after
stroke.
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Appendix 1. Sleep / Non-wear time identification
algorithm

Objective
Identify the single daily longest period of sleep / non-wear activity in order to delineate
what is considered as wake period.

Methods
The simple prescription given by Elisabeth Winkler et al. (Winkler et al. (2016)) was used
as a starting point.

Recorded data consists of activPAL timestamped events, typified as sitting/lying, standing
and walking. Events represent the longest continuous uninterrupted activity of each class.
There is one event per step.

It was observed during initial implementation of Winkler’s prescription that sleep period
patterns for this cohort exhibit a more interrupted pattern, requiring a more flexible
approach to correctly identify periods. The algorithm was modified as shown below.

Pseudocode:

Definitions

«  SL:sleep period. A sleep period consists of a “chain” of “nearby” events, primarily of
class lying, that accounts for the longest aggregated resting period in a 24hr interval.
The meaning of “chain” and “nearby” is made precise through the pseudocode. A
sleep period is defined by its start and end times, which must be start and end times
of lying-class events, and all events encompassed in between. duration(SL) is the total
accumulated time in lying events in SL.

- el, e2 represent generic lying events. A lying event carries an “aggregation
opportunity window” of length of 12 minutes + 10% of event duration, capped at
45 minutes. Longer events have longer opportunity windows to be aggregated into
the sleep event chain. The opportunity window of a lying event is denoted below as
opp.window(e).

«  Evisthe list of all events in a 24hr interval for an individual, from noon to noon next
day.

« LEv is the list of lying events longer than 30 minutes in Ev, to be considered for
aggregation in the sleep period (“long lying events”)

«  Tlevis the total time accumulated in long lying events in the day. Used in considering
an alternative chain of lying events for the sleep period.
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Algorithm

Note: how to read pseudocode. A simplified pseudocode of the algorithm is shown below.
while and for each imply a loop, if imply testing a conditiont; the level of indentation
indicates the actions included in the repeating part of the loop or the true outcome of the
test. For clarity, abnormal termination conditions are excluded from the algorithm below.

Input: Ev
Output: SL

LEv = get lying events longer than 30 minutes from Ev
Tlev = sum of event duration for events in LEv
el = find longest event in LEv

A:
initialise sleep chain SL with el
mark el as used
while there are unused events in LEv and SL modified since last pass
for each unused event e2 in LEv, in descending duration order
if opp.window(e2) overlaps SL
add e2 to SL
mark e2 as used
endif
endfor
endwhile

if duration(SL) < 0.4 Tlev and there are unused events in LEv
el = find longest unused event from LEv
mark all events in LEv as unused
mark el as used
restart from A:
endif

Running environment

## R version 3.3.3 (2017-03-06)
## Platform: x86_64-redhat-linux-gnu (64-bit)
## Running under: Fedora 25 (Workstation Edition)

##

## locale:

## [1] LC_CTYPE=en_AU.UTF-8 LC_NUMERIC=C

## [3] LC_TIME=en_AU.UTF-8 LC_COLLATE=en_AU.UTF-8
## [5] LC_MONETARY=en AU.UTF-8 LC_MESSAGES=en_AU.UTF-8
## [7] LC_PAPER=en_AU.UTF-8 LC_NAME=C

## [9] LC_ADDRESS=C LC_TELEPHONE=C

## [11] LC_MEASUREMENT=en_AU.UTF-8 LC_IDENTIFICATION=C

HH#

## attached base packages:

## [1] stats graphics grDevices utils datasets methods base
##

## other attached packages:

## [1] lubridate_1.6.0 chron_2.3-50

##

## loaded via a namespace (and not attached):

## [1] backports_1.0.5 magrittr_1.5 rprojroot_1.2  tools_3.3.3
## [5] htmltools_©.3.5 yaml_2.1.14 Rcpp_0.12.10 stringi_1.1.5
## [9] rmarkdown_1.5 knitr_1.15.1 stringr_1.2.0 digest_0.6.12
## [13] evaluate_0.10
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Supplementary Material 1

Box 1. Conversion method per variable

Demographics

Age
In years
Sex
Male/female
Education attainment
3 categories: no high school, high school, college degree
Living status
Dichotomized to living alone/living with someone

Personal factors

Body Mass Index

If BMI was not reported it was calculated from height and weight data were available
Smoking

Dichotomized to yes/no, previous smokers were classified as non-smokers.
Comorbidities

Categorized in 3 categories; 0, 1 or = 2 comorbidities

Stroke related factors

Type of stroke
Infarct/hemorrhage/both
Time since stroke
If not recorded this was calculated based on date of stroke and date of assessment; all data were
converted to months.
Stroke severity
NIHSS
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Walking ability

Walking speed

Five and ten meter walk test converted to meters per second
Walking capacity (distance)

Six minute walk test, meters
Use of walking aids

Yes/No

Physical ability

Independence in activities of daily living
FIM, NEADL, MRS, EQoL or via study specific questions. Dichotomized to independent/not
independentin ADLS'

Cognition and mood

Cognitive ability
MMSE or the MoCA. Scores dichotomized to either cognitive impaired or not cognitive impaired
based on published cut-off scores'. Cognitive impaired was scored if MMSE <23 or MoCA <25’

Fatigue
CIS-f the FSS or FAS. Dichotomized to either fatigued or not, based on published cut-off scores.
Published cut-off scores were not available for FAS so we used cut-off scores developed via expert
consensus. Fatigue was scored if CIS-f =272, FSS >24' or FAS >4

Mood disorder
K10® and HADS and DHS. Dichotomized to mood disorder yes/no using published cut-off scores.
Mood disorder was scored if K10 =20, HADS =8 and DHS >42'3

Anxiety
HADS A, dichotomized to anxious/not anxious based on published cut-off scores. Anxiety was
scored if HADS A >8'

Depression
HADS D and DHS. Dichotomized to depressed or not based on published cut-off scores. Depression
was scored if HADS D =8 or DHS>42'

MMSE=Mini Mental State examination, MoCA=Montreal Cognitive Assessment, FIM=Functional
Independence measure, ADL=Activities of Daily Living, NEADL=Nottingham Extended Activities of Daily
Living, MRS=Modified Ranking Scale, EQol=Euro Quality of Life, NIHSS= National Institutes of Health Stroke
Scale, CIS-f= Checklist for individual strength, FSS=Fatigue Severity Scale, FAS=Fatigue Assessment Scale,
K10=Kessler Psychological Distress Scale, HADS=Hospital Anxiety And Depression Scale, DHS=Depression
Happiness Scale.
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Table 1. Overview of variables available within the studies

Study no: 123 456 7 89
Variable: Numberof  Sample size Missing
studies within studies
Age X X X X 9 274 0
Gender X X X X X X X X X 9 274 0
Educational level X X X 3 52 0
Living arrangements x X X X X X 6 144 0
BMI X X X X X X X 7 205 27 (13%)
Smoker X X X 4 171 6 (4%)
Comorbidities X X X X 4 147 0
Type of stroke X X X X X X 6 198 6 (3%)
Time since stroke X X X X X X 8 268 3 (1%)
Stroke severity X X X 3 118 2 (2%)
Walking speed X X X 6 195 6 (3%)
Walking capacity X X X X X 5 149 46 (31%)
(distance)
Walking aid X X X 216 4 (2%)
Degree of ADL X X 197 4 (2%)
independence
cognitive function X X X X X 5 145 37 (26%)
Fatigue X X X X 6 192 36 (19%)
Mood disorder X X X X X X 6 194 8 (4%)
Anxiety X X X X 4 153 3 (2%)
Depression X X X X X 5 175 8 (5%)

Study no: 1:Dean, 2:English, 3:Ezeugwu, 4:Jones, 5:Kuys, 6:Mahendran, 7:Paul, 8: Simpson 9Tieges
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ABSTRACT

Background and Purpose: Long periods of daily sedentary time, particularly accumulated
in long uninterrupted bouts, are a risk factor for cardiovascular disease. People with stroke
are at high risk of recurrent events and prolonged sedentary time may increase this risk. We
aimed to explore how people with stroke distribute their periods of sedentary behaviour,
which factors influence this distribution, and whether sedentary behaviour clusters can
be distinguished?

Methods: Secondary analysis of original accelerometry data from adults with stroke
living in the community. We conducted data-driven clustering analyses to identify unique
accumulation patterns of sedentary time across participants, followed by multinomial
logistical regression to determine the association between the clusters, and the total
amount of sedentary time, age, gender, body mass index (BMI), walking speed and wake
time.

Results: Participants in the highest quartile of total sedentary time accumulated a
significantly higher proportion of their sedentary time in prolonged bouts (p<0.001).
Six unique accumulation patterns were identified; all of which were characterized by
high sedentary time. Total sedentary time, age, gender, BMI and walking speed were
significantly associated with the probability of a person being in a specific accumulation
pattern cluster, p<0.001 - p=0.002.

Discussion and Conclusions: Although unique accumulation patterns were identified,

there is not just one accumulation pattern for high sedentary time. This suggests that
interventions to reduce sedentary time must be individually tailored.
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Introduction

High amounts of sedentary time, defined as any waking behaviour characterized by an
energy expenditure <1.5 Metabolic Equivalent of Task while in a sitting, reclining or lying
posture’? is a well-known health risk. Both the total time spent sedentary each day and
the pattern of accumulation of sedentary time; specifically the time spent in long bouts
of uninterrupted sedentary time, are associated with increased cardiovascular disease
risk.*"° Two recent large meta-analyses have found an exponentially increased risk of both
cardiovascular disease and all-cause mortality in healthy adults when daily sedentary time
exceeds 8-9 hours a day, particularly in people with low levels of physical activity.'2 This
risk is increased even more when sedentary time is accumulated in prolonged bouts.*"°
People with stroke fit this high-risk profile with daily sedentary time exceeding 9 hours/
day,*'¢ accumulated in long bouts * and with minimal time spent physically active.”"
7 The risk of recurrent stroke is up to 40% in the first ten years post onset.”® Reducing
sedentary time is a potential new intervention to reduce recurrent stroke risk."” Long bouts
of uninterrupted sitting negatively affect blood pressure and glycaemic control +-%%; both
of which are important risk factors for recurrent stroke.??> However, preliminary data from
one study suggests that interrupting prolonged sedentary bouts with frequent, short
breaks of light intensity physical activity reduces blood pressure in people with stroke.?®

Understanding how individuals with stroke accumulate sedentary time is a fundamental
step in designing effective interventions to reduce sedentary time. At the time this analysis
was planned there was only one published study examining accumulation patterns of
sedentary time in people with stroke.” The results suggested that people with stroke
accumulated most of their sedentary time during the afternoon and evening,* but the
study did not explore the amount, duration and distribution of sedentary bouts across
the day, or individual differences in accumulation patterns. Therefore, the objective of this
study was to explore whether there are differences in the patterns in which people with
stroke accumulate sedentary time during waking hours. The specific research questions

were;

1. Do people with stroke with the highest quartile of total sedentary time accumulate
more of their sedentary time in long bouts, compared with people in the lowest
quartile?

2. Arethere distinctly different patterns of accumulating sedentary time in people with
stroke?

3. Do these unique accumulation patterns differ by total sedentary time?

Do these unique accumulation patterns differ by demographic or stroke-related
variables?
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Method

Design

Secondary analysis of original accelerometer data from 9 primary studies involving n=274
participants, from 3 different countries. These were either observational or intervention
studies; from the latter we only baseline data was used. Additional information on the
included studies and full methods for pooling and harmonization of data are described
elsewhere.?* This study was approved by the Human Research Ethics Committee of The
University of Newcastle (H-2016-0427).

Participants and data processing

The inclusion criteria for the studies were: 1) adults with stroke who were living in the
community, 2) sedentary time was measured using the activPAL monitor (PAL Technologies
Ltd, Glasgow, United Kingdom), 3) the ethical approval and informed consent for the
data collection permitted inclusion of the data in this study. We included data from the
ActivPAL (PAL Technologies Ltd, Glasgow, United Kingdom, from now on referred to as
Accelerometer-based Activity Monitor, AAM), a 24 hours/day thigh worn accelerometer
which is reliable (0.79-0.99 Interclass correlation coefficient) and valid (accuracy is 98-100%)
to determine sedentary behaviour.”>?” Lead authors of the primary studies provided the
original de-identified participant data, including AAM CSV files, demographic and stroke
related variables. All data were combined into one data set for analyses.

To harmonize the AAM data we first determined waking hours using a custom algorithm we
developed based on previously published and validated methods.?® The full methods are
published elsewhere.?* We then excluded participants who had less than 3 days of at least
8 hours/day (waking hours) of AAM data, as this has been determined as the minimum data
required for accurate measurement of habitual movement behaviour.?° In the cases where
different outcome measures were used for a stroke related or demographic variable, we
used validated methods to dichotomize or categorize data - for example into ‘independent
in Activities of Daily Living (ADL)" or not. More details on the processing and harmonization
of AAM data and outcome variables can be found elsewhere.?

Analyses

First, we identified how much of the total wake time spent sedentary was accumulated in
prolonged bouts. To adjust for different amounts of waking hours we used the percentage
of waking hours spent sedentary and spent in prolonged sedentary bouts of over 30 or 60
minutes.3'%3%3! Participants with the highest and lowest amounts of sedentary time were
identified based on quartiles of total sedentary time data. We used independent t-tests (or
Mann-Whitney U tests where data were not normally distributed), to examine differences
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in the proportion of sedentary time accumulated in >30 and >60-minute bouts between
participants in the highest and lowest quartiles of sedentary time. Alpha was set at 0.05,
with Bonferoni correction for multiple testing at 0.025.

To determine unique patterns of accumulating sedentary time using the AAM data, we
used a ‘symbolic time series representation’ method.?*** The AAM records movement data
as events of type: 0 = lying / sitting (sedentary activity), 1 = standing, and 2 = walking.
Event (movement) data were summarized into fixed duration intervals with each interval
represented by a letter (t: sedentary, s: standing, w: walking) according to the event type
with the most accumulated time in the interval. For example, an interval of 60 seconds
with 30 seconds of sedentary time, 15 seconds of standing and 15 seconds of walking
would be classified as ‘t'(sedentary). A letter can represent any predetermined time interval
> 15 seconds. Consecutive intervals were then combined to form a linear sequence of
letters or a ‘word’ which represents the pattern of movement during that time period
(P). The periods thus consist of multiples of intervals of at least 15 seconds. For example,
a movement period (P) of 15 minutes with 1-minute intervals (/) (P15/1) would consist of
15 separate letters. For instance; 1 minute of standing, 2 minutes sedentary, 3 minutes
walking, another 1 minute sedentary, then 8 minutes standing, would be represented by:
'sttwwwissssssss’. Movement patterns were formed by a sliding window of a fixed number
of intervals (letters) see Figure 1. This method involves moving one interval (letter) at a time
across the entire wake time, and then aggregating movement patterns. This method was
chosen so as not to predetermine the pattern due to the chosen interval.3*%

| sttwwwissssssss|ssssswwwittttt|w

s|ttwwwissssssss|ssssswwwitttttw |

Figure 1. Symbolic time series representation with sliding window

Our aim was to determine the optimal movement period (P) and interval (I) that created
the most clearly defined clusters. To do this we ran iterative analyses with varying interval
(letter) durations of 5, 10, 30, and 60 seconds, and period durations of 6, 12 and 30 intervals.
This provided descriptions of movement patterns in period durations ranging from 30
seconds to half an hour. The final interval and period combination was chosen as the one
that led to the most clearly defined clusters, and the lowest residuals in the co-variable
modelling analyses (described below).
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Determining and defining clusters

Based on the movement accumulation patterns of each participant (as described above),
clusters were identified based on Euclidean distance metrics on the normalized activity
pattern count, using hierarchical clustering with dynamic cuts. A standard dendrogram was
generated, and then cut to obtain the clusters with the Hybrid Dynamic Tree Cut method
of Langfelder, Zahng and Horvath.** We then used multinomial logistic regression with
cluster as the outcome to determine which variables were associated with the probability
of an individual participant belonging to a particular cluster. We included all independent
variables available across datasets that had no missing values in them; these were age,
gender, BMI and walking speed. To determine the period (P) and interval (I) combination
that was most meaningful, the residual deviance of all the models was determined, the
lowest showing the best fit. All analyses were conducted with R statistical software, version
3.3.3 and IBM SPSS statistics version 22.

Results
Data from 274 people with stroke were included in the analyses. The mean age was 66
(SD 13) years, 167 (61%) were male and mean time since stroke was 18 (SD 29) months (see

Table 1).

Table 1. Participant characteristics

Characteristic n participants (n studies) Mean (SD) or n (%)
Age (yr), 274 (9) 66 (13)

Gender, number female 274 (9) 107 (39)

Time since stroke (mth) 268 (8) 18 (29)

BMI (kg/m?), 205 (7) 27 (5.5)

Walking speed (m/s), 195 (6) 0.9 (0.4)

Living alone, number yes 144 (6) 38 (26%)
Independent in ADL, number yes 197 (6) 153 (88%)

Abbreviations: BMI, body mass index; ADL, Activities of Daily Living

Across the whole data set participants spent on average 69 (SD12)% of waking hours
sedentary; 56 (SD15)% of sedentary time during waking hours was accumulated in bouts
>30 minutes and 32 (SD 17)% in bouts >60 minutes (Table 2). Participants in the highest
quartile of total sedentary time (>79% waking hours) accumulated a significantly higher
proportion of their sedentary time in >60 and >30 min bouts compared to the participants
in the lowest quartile of total sedentary time (<61% waking hours, mean difference >60
min bouts 27% [95% Cl 23 to 32], mean difference >30 min bouts 26% [95% Cl 22 to 30]),
(Table 2).
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Table 2. Differences in bout duration, expressed as percentage of waking hours. Values are
means (SD) for groups and mean (95% confidence interval) for differences between groups.

Bouts Whole sample Groups Difference
(n=274) between groups
Highest quartile Lowest quartile Highest quartile
sitting time sitting time minus lowest
(n=68) (n=68) quartile
>30 min 56% (15) 69% (11) 44% (13) 26%
(22 t0 30)
>60 min 31% (17) 47% (16) 20% (12) 27%
(23to0 32)

P<0.001 for all between group differences

Six unique clusters of accumulation pattern were identified across the whole dataset
by the dendrogram (Figure 2) and the dotplot (Figure 3). The window period duration
of 12 letters and sampling interval of 30 seconds (6 minutes total duration) created the
most meaningful clusters with the lowest residuals (residual deviance 168.2). For ease of
description we have labelled and named the clusters according to the relative amount
of sedentary time and bout durations (either prolonged bout duration or breaking bout
duration) (Table 3).
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High sedentary prolongers on average had the highest proportion of waking hours spent
sedentary (86%) and longest bout duration (37 min). We labelled 2 clusters as high sedentary
breakers as they both had high proportions of waking hours spend sedentary (81% and
74% of waking hours spent sedentary) and frequent bouts of activity (average sedentary
bout duration 19- and 16-min, respectively). We labelled 2 clusters as medium sedentary
breakers, as they both had lower proportions of waking hours spend sedentary (68% and
64%) and frequent bouts of activity (average sedentary bout duration 16- and 13-min,
respectively). Finally, we labelled one cluster low sedentary breakers as it had the lowest
proportion of waking hours spent sedentary (53%) and shortest average sedentary bout
duration (10 min) indicating low amounts of prolonged sedentary bouts. In other words,
the high sedentary prolongers accumulated the highest amount of sedentary time, mostly
in long, uninterrupted bouts duration. The high sedentary breakers also accumulated high
amounts of sedentary time, but in shorter bouts. The average walking speed was slowest
in the high sedentary prolongers cluster.

The multinomial logistic regression estimates the probability for an individual to belong
to each of the 6 clusters characterized above, given the values of the predictor variables.
Total sedentary time was significantly associated with the probability of an individual
being in a specific cluster (p<0.001). Age, gender, body mass index (BMI) and walking speed
were significantly associated with the probability of a person being in a specific cluster
(p<0.001 - 0.002) but wake time duration was not (p<0.001 - 0.961).

Compared with the low sedentary breakers reference cluster, higher sedentary time was
associated with a higher probability of participants being in either the high sedentary
prolongers or the high sedentary breakers clusters. Participants with lower walking speed
were more likely to be in the high sedentary prolongers or the medium sedentary breakers
clusters, and those of younger age were more likely to be in the low sedentary breakers
cluster (Table 3).

Discussion

The results of this study show that people with stroke with the highest amount of total
sedentary time accumulate most of their sitting time in prolonged bouts. We identified 6
distinct patterns of accumulation of sedentary time which differed by total daily sedentary
time, average bout duration and participants’ walking speed. We found a wide variability
in total sedentary time and average bout duration across the clusters and there was not
one unique cluster for people with high sedentary time.
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Our finding that people with stroke with the highest amount of total sedentary time
accumulate this time in prolonged bouts suggest that ‘high sedentary prolongers’ may have
the most to gain from interventions to reduce sedentary time. Two large meta-analyses
have shown exponential increases in both cardiovascular and all-cause mortality related
to daily sedentary time of 9 hours or more.'? These risk curves suggest that even small
reductions in daily sedentary time could lead to substantial reduction in disease risk -
but this remains to be tested in clinical trials. There is also evidence that interrupting
sitting time with frequent, short bouts of physical activity can have immediate beneficial
physiological effects such as reductions in blood pressure and improvements in glucose
control in a range of populations,® including stroke.?* However, whether or not people
with stroke are able to increase their frequent bouts of physical activity in order to break
up sedentary time in the long-term, and whether this has an effect on reducing stroke
risk has not yet been tested.

While we found 6 distinct clusters of patterns of accumulation of sedentary time, they
varied less than we expected in total sedentary time. Three clusters (high sedentary
time prolongers and high sedentary time breakers [1] and [2]) included an average of 74
to 86% of waking hours spent sedentary. This means that though there are similarities
in the unique movement patterns of people with higher or lower amounts of sedentary
time there is not one distinct pattern for each of them. We found that older age, higher
BMI and slower walking speed were related to a higher probability of being in a cluster
defined by high total sedentary time and long sedentary bout duration. This is largely in
agreement with our previous work? and that of others.”>*¢ While this might indicate that
these people are more likely to spend long periods of the day in uninterrupted sitting
time, it is unlikely that we could be able to predict high sitting time using these variables.
Instead, clinicians should first assess an individual’s daily sedentary time, preferably using
objective accelerometer-based measures, then provide individualized interventions to
reduce sedentary time.

To date, only 2 trials have been published that have tested interventions to encourage
people with stroke to reduce or break up their daily sitting time. One small randomised
trial showed that people with stroke reduced their daily sitting time (measured by
accelerometry) in response to a coaching intervention, but not significantly more than
the attention-matched control group.>” Another small, non-controlled trial also found
reductions in sedentary time in response to a coaching intervention.?® Both of these
trials were designed to test safety and feasibility and were not powered to test efficacy.
Further work is needed to carefully design and test interventions to reduce sedentary
time in people with stroke, since they are more sedentary than their healthy peers.*
Our results suggest that these interventions should target the high sedentary prolongers
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and high sedentary breakers groups in particular (these groups constituted 51% of our
sample). Interventions should focus on both reducing sedentary time and interrupting
long sedentary bouts. Furthermore, while our results provide some information about
characteristics of these groups, the similarities between groups are more striking than the
differences. For example, obese (average BMI 30.1 kg/m?) stroke survivors with very slow
walking speed (average 0.6 m/s) are more likely to be high sedentary prolongers. However,
those who are near-normal BMI or overweight (average BMI 25.4 to 29.3 kg/m?) with near-
normal walking speeds (0.8 to 1.1 m/s) may also be spending large amounts of their day
sedentary (64-81% waking hours). The take-home message from these results is that all
people after stroke should have their sedentary and activity time objectively measured to
determine their level of risk. Our group is using results from this and other'>* studies we
have completed to design an intervention to reduce sedentary time after stroke.

Limitations

Our sample consisted primarily of older adults more than 6 months post-stroke who
were independent in activities of daily living and walked with near-normal speed
(average walking speed 0.9 (0.4) m/s). Around 26% of included participants lived alone.
We only included participants for whom we had at least 3 days of valid activity monitor
data, so we can be confident our data are representative of usual activity levels in this
group. This method of using a pooled dataset allowed us to use a data-driven method
of clustering analyses to determine unique patterns of the accumulation of sedentary
time. It is important to note that this was exploratory analyses from 9 original primary
studies. Our sample size was large (n=274) and came from 3 different countries, increasing
the generalisability of our findings. However, we did not have any participant data from
low to middle income countries. The three countries where the studies were conducted
were Australia, the United Kingdom and Canada. While there may be some differences
across countries in terms of environmental and cultural drivers of physical activity, we
do not expect these to be of significant influence on the results. We checked this in our
previous analyses (by using ‘study’ as an independent variable).* The data-driven method
of determining clusters of sedentary time patterns minimizes the influence of researcher
bias, but means that the clusters found were difficult to clearly define.

Conclusion

In conclusion this study shows that people with high total sedentary time also accumulate
this time in prolonged, uninterrupted bouts. Although unique accumulation pattern
clusters were identified, high sedentary time was a feature for many of them. Individual
assessment and tailoring of interventions to reduce sedentary time is required.
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Chapter 4

Abstract

Background: Insufficient amounts of physical activity is a risk factor for (recurrent) stroke.
People with a stroke or transient ischemic attack (TIA) have a high risk of recurrent stroke
and have lower levels of physical activity than their healthy peers. Though several reviews
have looked at the effects of lifestyle interventions on a number of risk factors of recurrent
stroke, the effectiveness of these interventions to increase the amounts of physical activity
performed by people with stroke or TIA are still unclear. Therefore, the research question
of this study was: what is the effect of lifestyle interventions on the level of physical activity
performed by people with stroke or TIA?

Method: A systematic review was conducted following the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement.
Pubmed, Embase and Cumulative Index for Nursing and Allied Health Literature
(CINAHL), were searched up to August 2018. Randomised controlled trials that compared
lifestyle interventions, aimed to increase the amount of physical activity completed by
participants with a stroke or TIA, with controls were included. The Physiotherapy Evidence
Database (PEDro) score was used to assess the quality of the articles, and the Grading of
Recommendations, Assessment, Development and Evaluations (GRADE) method for the
best evidence synthesis.

Results: Eleven trials (n=2403) met the inclusion criteria. The quality of the trials was
mostly high, with 8 (73%) of trials scoring = 6 on the PEDro scale. The overall best evidence
syntheses showed moderate quality evidence that lifestyle interventions do not lead to
significant improvements in the physical activity level of people with stroke or TIA. There
is low quality evidence that lifestyle interventions that specifically target physical activity
are effective at improving the levels of physical activity of people with stroke or TIA.

Conclusion: Based on the results of this review, general lifestyle interventions on their
own seem insufficient in improving physical activity levels after stroke or TIA. Lifestyle
interventions that specifically encourage increasing physical activity may be more
effective. Further properly powered trials using objective physical activity measures are
needed to determine the effectiveness of such interventions.

Registration: PROSPERO, CRD42018094437.
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General lifestyle interventions and physical activity levels after stroke.

Background

Cardiovascular disease is the leading cause of death and disability globally.' Cerebrovascular
diseases, including stroke and transient ischemic attack (TIA), account for 34% of
cardiovascular disease in males and 37% in females.! This equates to approximately 15
million people worldwide having a stroke or TIA each year.! Due to improvements in acute
stroke treatment, survival rates are improving in several parts of the world.! However,
people who have had a stroke or TIA are at high risk (40% in 10 years) of having a recurrent
stroke.?® Therefore, secondary prevention is vital.

Insufficient levels of physical activity is one of the strongest modifiable risk factors of
stroke and recurrent stroke."** The World Health Organisation, the American Heart
Association and the American Stroke Association recommend 150 minutes per week of
moderate-intensity aerobic activity or 75 minutes per week of vigorous aerobic activity, or
a combination of both, preferably spread throughout the week and preferably performed
in bouts of at least 10 minutes duration.®® However, recent studies have shown that the
levels of physical activity performed by people with a stroke or TIA do not meet these
recommendations and are low compared to the physical activity levels of healthy peers.*"
Thus, it appears that people with stroke and TIA require additional interventions to support
them to improve their level of physical activity.

Several multimodal lifestyle interventions have been developed, incorporating educational,
motivational and other psychosocial components with the aim to support behaviour
change to reduce risk factors of recurrent stroke, including improving physical activity
levels for people after stroke or TIA. Since improving physical activity is recommended
in Stroke Clinical Guidelines internationally,'*™" it is important to know if these lifestyle
interventions are effective in order to guide clinical practice. Three earlier similar reviews
have been conducted. The first review only included trials published up to 2009, and
found insufficient evidence to determine the effects of lifestyle interventions on the
levels of physical activity. The second review was also inconclusive,” both recommend
further high quality research.’®'” The most recent review, '® including trials published up
to May 2015, concluded that a meta-analyses on physical activity was not possible due to
diversity in the outcome measures used.”® A best evidence synthesis including comparison
of the intervention effect to controls and weighing the quality of the included trials was
not conducted nor was an effect estimate of the interventions provided.”® It remains
unclear if lifestyle interventions are effective in improving the levels of physical activity
performed by people with stroke or TIA. Furthermore, the need to include strategies that
specifically focus on the levels of physical activity, e.g. supervised exercise, is unclear. A
review specifically examining the effects of lifestyle interventions on physical activity after
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stroke is needed to support physiotherapists’ clinical practice. Therefore, the research
question for this systematic review was: What is the effect of lifestyle interventions on the
level of physical activity performed by people with stroke or TIA?

Methods

This systematic review was conducted in accordance with the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement,' and is
registered with the International Prospective Register of Systematic Reviews (PROSPERO;
CRD42018094437).

Eligibility criteria

Trials were eligible for inclusion if:

1. the participants were adults with clinically confirmed stroke or TIA;

2. theintervention was a lifestyle or behavioural intervention, defined as an intervention
that incorporated educational, motivational and other psychosocial components with
the aim to support behaviour change to reduce risk factors of recurrent stroke;

3. thestudy design was a randomised clinical trial (RCT) where the lifestyle intervention
was compared with ‘no intervention’, ‘placebo’ and/or ‘usual care’;

4. atleast one outcome measure of physical activity (@any form of light physical activity
and/or moderate to vigorous physical activity) was reported;

5. the full text article was available in English or Dutch.

Trials defined in the manuscript as a pilot or feasibility trial were excluded because of likely
insufficient power to show effect.

Search

Three electronic databases, Pubmed, Embase and CINAHL, were searched up to August
2018. The search strategy was constructed in Pubmed and adapted for CINAHL and
Embase, see Supplementary Materials 1, Search Strategy for the search strategy. We also
scanned reference lists of relevant previous reviews identified in the initial orientation
search and in the systematic search, for any additional relevant citations.'®-'®

Study selection

All trials identified in the search were first screened by title and abstract, then full-texts
reviewed to determine eligibility. The study selection was independently conducted by
the 2 authors (WH and LV). Disagreements were resolved by discussion. If no consensus
could be reached, a third author (MFP) was consulted.
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Data extraction

Data extraction included descriptive data, demographics of study populations, sample
sizes, the content of the intervention and the control, duration of the intervention,
outcome measures on physical activity, time points of measurement and the study
results. Data were extracted by one author (WH) and checked by a second author (LV)
with disagreements resolved by discussion. If no consensus could be reached a third author
(MFP) was consulted.

Quality Appraisal

The PEDro scale for RCTs and controlled clinical trials was used to determine the
methodological quality of the included trials.?® The PEDro scale consists of 11 ‘yes’ or 'no’
statements with regards to domains like randomisation, blinding, attrition and reporting
of results (see Supplementary Materials 2, Table S1, PEDro scale). Points are only awarded
when a criterion is clearly satisfied.?° The highest possible score is 10 points (item 1 is not
scored).?’ Trials with a total score of 6 or higher are considered to be of high quality.?' The
quality appraisal was independently completed by 2 authors (WH and LV). The results were
compared to see if there were any differences. If so, these were discussed. If no consensus
could be reached a third author (MFP) was consulted.

Best evidence synthesis

A meta-analysis was the preferred synthesis method. However, due to heterogeneity of
outcome measures in the different trials, this was not possible. Instead, a best evidence
synthesis was conducted, based on the available results from the included trials. We used
the best evidence synthesis method from the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) Working Group.?** This method combines the
consistency of the findings with the quality of the included trials. The domains for high
quality evidence are:?*%

1. Atleast 75% of the RCTs with no limitations of study design have consistent findings,

2. Direct data, (this refers generalisability, the extent to which the people, interventions
and outcomes in the trials are comparable to those defined in the inclusion criteria
of the review)

3. Precise data, (this refers to a sufficient number of participants and events and the
width of the confidence intervals)

4. No known or suspected publication biases.

For each domain for ‘high quality evidence’, that is not met, the level of evidence is
downgraded:?*%

69




Chapter 4

«  High quality evidence: At least 75% of the RCTs with no limitations of study design
have consistent findings, direct and precise data and no known or suspected
publication biases;

+  Moderate quality evidence: 1 of the above domains is not met;

+  Low quality evidence: 2 of the above domains are not met;

«  Very low quality evidence: 3 of the above domains are not met.

Effect size of the intervention and subgroup analyses

To determine the effect size of the interventions, the standardized mean difference (SMD),
including the 95% confidence intervals, was calculated where possible for the between
group differences at follow-up. 2 A SMD of >0.2 was considered a small effect, 0.5 a
moderate effect, and >0.8 a large effect of exercise therapy as stated by Cohen et al.?
Subgroup analyses were performed based on the content of the intervention, i.e. the
inclusion of specific strategies targeting improving the level of physical activity in people
with stroke or TIA.

Results

Flow of trials through the review

A total of 8245 articles were identified in the literature search. When duplicates were
removed, 7986 articles remained. After screening the titles and abstracts, 35 articles
progressed to full text review, of which 11 trials were included (Figure 1, ‘PRISMA Flow
diagram’).
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Figure 1 PRISMA Flow diagram, n=number, RCT=Randomised controlled trial.

Characteristics of participants and trials

Characteristics of included trials are reported in Table 1, 'Summary of included trials’. The
11 included trials reported data from n=2403 participants (n=1205 intervention and 1198
control). The mean age ranged from 57 to 72 years. In all trials, stroke or TIA was clinically
diagnosed in a hospital,?#%93830-37 and most had a mild stroke or TIA,*-3¢38 and enrolled in
the trials after returning home. 27 There was a wide range in the sample sizes, ranging
from 29 to 283 per trial arm. Most trials (73%) targeted multiple risk factors without a
specific focus on improving the levels of physical activity.28-30323335-37 Three trials (27%)
specifically targeted improving physical activity.?'3*3®
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All 11 interventions included a form of education, motivation and/or guidance to support
the participants in changing their lifestyle. Regular supervised exercise was included
in 2 of the trials that specifically targeted improving physical activity,**®and on an ad
hoc basis in the third.>* In 3 of the included trials a physiotherapist was involved in the
intervention.?*%”38 |n the other 7 trials the intervention was delivered by either a case
manager, a general health care professional, a general practitioner, a nurse, an exercise
practitioner, or it was not stated.

The type of outcome measures used to determine the level of physical activity varied.
Only one trial used an objective outcome measure to measure steps and minutes spent
in low, moderate and high intensity activity time per day.*® The other 10 trials (91%)
used self-reported outcome measures.®-* Two trials used a standardized, validated
questionnaire,*** and 8 trials used general non-validated questionnaires,?8-30.323335-37

Methodological quality

The quality assessment of the included trials is reported in Table 2, ‘PEDro scores’. Initial
agreement among the 2 authors was 95% with full consensus reached through discussion.
The PEDro scores ranged from 4 to 8 points (Table 2, ‘PEDro scores’). No study achieved a
full score of 10 points due to lack of blinding of the participants (question 5, Supplementary
Materials 2, Table S1, PEDro scale) and the professionals responsible for the treatment
(question 6, Supplementary Materials 2, Table S1, PEDro scale), which is not possible in
these types of interventions. Eight studies had a score of 6 or higher and were therefore
considered to be of high quality.
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Results of individual trials

Five out of the 11 trials found significant differences in the level of physical activity in
favour of the intervention.?®323438 The effect size of the intervention could be determined
by calculating the SMD (see Table 3, ‘Results individual studies’) in three trials only,3*3338
and this ranged from 0.29 to 0.98.

As described above some of the trials specifically targeted improving physical activity
levels and included either a standard or ad hoc supervised exercise component. Subgroup
analyses of these 3 trials that included specific physical activity coaching and/or supervised
exercise, 3438 showed that 2 trials found a significant difference in the levels of physical
activity in favour of the intervention.?3 For one of these trials the effect sizes of the
intervention could be determined by calculating the SMD (see Table 3, ‘Results individual
studies’), which were 0.73 and 0.98.3%
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Chapter 4

Best evidence synthesis

Based on PEDRO scores, 8 trials overall were considered to be of high quality and were
included in the best evidence syntheses.??-*'3438 Two of these trials (25%) found a
significant difference in favour of the intervention,?*3® and 6 found (75%) no significant
between group difference,?*"*-37 therefore the domain of consistent findings (=75%,
see methods) is met. The domain of precise data (see methods) is not met because in
38% of the trials the sample size was equal or below 35 for each treatment arm. Overall,
this means there is moderate-quality evidence that lifestyle interventions do not lead
to significant improvements in the level of physical activity in people with stroke or TIA,
compared to usual care.

A subgroup best evidence synthesis including only trials with interventions that specifically
targeted physical activity shows low quality evidence that such interventions are effective
to improve the level of physical activity in people with stroke or TIA, compared to usual
care. This is based on three high quality trials, of which two (67%) found a significant
difference in favour of the intervention.>**® One trial (33%) found no significant between
group difference,® therefore the domain of consistent findings (=75%, see methods) is not
met. The domain of precise data (see methods) is not met because in 67% of the trials the
sample size was equal or below n=35 for each treatment arm.

When only general lifestyle interventions were included in a best evidence syntheses
there was high quality evidence they do not lead to significant improvements in the level
of physical activity in people with stroke or TIA, compared to usual care. Of the five high-
quality trials included in this this analysis, all (100%) show no significant between group
difference.?3%3-37 This means that the domain of consistent findings (=75%, see methods)
is met.

Discussion

This review found low-quality evidence that lifestyle interventions overall do not lead
to significant improvements in the level of physical activity in people with stroke or TIA,
compared to usual care, with only 2 (25%) of the 8 high-quality trials demonstrating positive
findings. The results of the subgroup analyses suggest that only lifestyle interventions that
include specific strategies targeting physical activity have a positive effect on the levels of
physical activity. However, sample sizes were small, and in the majority of trials the levels
of physical activity was a secondary outcome measure. Therefore, it is possible that some
of the included trials were insufficiently powered to determine the effectiveness of the
interventions on physical activity.
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Counselling, advice, education, support and encouragement were commonly incorporated
into the interventions, however descriptions were sparse. In those trials that included
general lifestyle counselling, details about the relative emphasis on physical activity was
not provided. Therefore, there is limited information to guide clinical practice regarding
lifestyle counselling or physical activity coaching to improve physical activity levels of
people with stroke or TIA.

There were more consistent findings of benefit for trials that included specific physical
activity coaching and/or supervised exercise. The 2 high quality trials with significant
positive findings included an exercise program as a standard part of their intervention
or on an ad hoc basis.>**® However, one high quality trial that included an exercise
program found no significant between group differences.?' This study had a sample size
of 29 participants per arm (compared to 35 and 186 in the other two), so might have
been underpowered.?' This suggests that including an exercise program in the lifestyle
intervention may lead to better results. In 2 of the 3 high quality trials that specifically
targeted improving physical activity,* 3 a physiotherapist was involved in the intervention
and both had positive findings.?*3# Since a specific focus on physical activity and/or adding
an exercise component to a lifestyle intervention might be beneficial, the involvement
of experts in physical activity and exercise, such as physiotherapists may be a critical
component for success.

The outcome measures used across the included trials were too diverse to conduct meta-
analyses in this review. This corresponds to the conclusions of earlier reviews.'*-® All but
one study included self-reported physical activity outcome measures. Additionally, several
trials measured one aspect of physical activity (e.g. taking exercise walks or participating
in exercise sessions), instead of all possible types of physical activity combined. These
factors may have influenced the effect estimation. Without an overall, objective measure
of physical activity definitive conclusions cannot be drawn. Further high-quality research,
using objective outcome measures, is needed. Our results on physical activity are in line
with the recently updated Cochrane review on educational and behavioural interventions
effects on physiological risk factors of recurrent stroke (e.g. blood pressure), which
concluded these interventions did not lead to improvements in physiological risk factors.*

Limitations

A meta-analysis was not possible and, though a best evidence synthesis was conducted,
the limitations to sample sizes and the use of non-objective outcome measures still call
for caution when interpreting the results. A systematic review on the use of different self-
reported outcome measures of physical activity concluded that measurement properties
were insufficiently addressed, specifically content validity.*® Furthermore, the follow-up
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period was less than 2 months in 5 of the 8 high quality trials which limits the determination
of sustainability of the effects.

The search strategy used was thorough and included three of the most commonly used
databases. Though, it is always possible that due to the build of the search string, not
including other databases and the exclusion of papers not published in English or Dutch,
trials on the subject may not have been identified. We also acknowledge that since the
search was conducted it is possible that additional trials have been published on the
subject. Though a search in one database (Pubmed) in March 2020 did not reveal new
studies.

All studies included in this review were conducted in high income countries.?293830-37
However, the World Health Organisation concludes that the middle and low-income
countries have the highest incidence and death rates for stroke.' Further trials are needed to
determine the effectiveness of lifestyle interventions in middle and low-income countries.

Implications and recommendations for future research

Current clinical guidelines emphasise the importance of increasing physical activity levels
as part of (secondary) stroke prevention.””™ Clinicians therefore need clear guidance on the
best way to improve physical activity levels for their patients. Although a positive trend is
seen for trials that include specific physical activity coaching and/or supervised exercise
programs, there is currently insufficient evidence to support definitive recommendations.
There is also a lack of specific detail on the content and behaviour change techniques
used in these interventions which further limits implementation. In light of the fact that
sustainable behaviour change has been proven very difficult both in research and clinical
practice, this information is crucial.**> Recommendations for further research include
better description of the content of the intervention in particular the behaviour change
techniques used, more homogeneous objective outcome measures, adequate sample
sizes, and longer follow-up periods.** Populations from middle and low income countries
should also be included.

Conclusion

The results of this review demonstrate high-quality evidence that general lifestyle
interventions seem insufficient to improve the levels of physical activity in people with
stroke or TIA. The subgroup analyses indicate that lifestyle interventions specifically
targeting the levels of physical activity might be effective. Further research is needed to
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determine the effectiveness of combining lifestyle interventions that include behaviour
change strategies specifically focusing on improving physical activity and/or supervised
exercise programs to sustainably improve physical activity after stroke.
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Supplementary Materials 1: Search strategy.

Databases: Pubmed, Embase and CINAHL

#1

#2

#3
#4

#5
#6

#7
#8

Search (“Stroke"[Mesh]) OR “Brain Infarction”[Mesh] OR “Stroke"[Title/Abstract] OR “Cerebro
Vascular Accident”[Title/Abstract] OR CVA"[Title/Abstract] OR “Brain infarction”[Title/Abstract]
OR “Cerebral apoplexy” OR Poststroke*[Title/Abstract])

Search (((“Secondary Prevention”[Mesh]) OR “Risk Reduction Behavior’[Mesh])) OR
((“Secondary prevention”[Title/Abstract]) OR “Lifestyle interventions”[Title/Abstract]) OR
“Behavioural interventions”[Title/Abstract]) OR “Lifestyle modification”[Title/Abstract])
Search #1 AND #2

Search (("Motor Activity”[Mesh]) OR “Exercise”[Mesh]) OR “Walking”[Mesh]) OR “Physical
Fitness”[Mesh])) OR (((“Motor Activity”[Title/Abstract]) OR “Exercise”[Title/Abstract]) OR
“Walking“[Title/Abstract]) OR “Physical Fitness”[Title/Abstract])

Search #3 AND #4

Search (“Risk Reduction Behavior’[Mesh] OR “Life Style”"[Mesh]) OR “Lifestyle
intervention*”[Title/Abstract) OR “Life style intervention*"[Title/Abstract] OR “Behaviour*
intervention*”[Title/Abstract] OR “Lifestyle modification*"[Title/Abstract] OR “Life style
modification*”[Title/Abstract])

Search #1 AND #6

Search #5 AND #7

Supplementary Materials 2: Table S1. PEDro scale.

>

® N o n

eligibility criteria were specified Yes No
subjects were randomly allocated to groups (in a crossover study, subjects were Yes No
randomly allocated an order in which treatments were received)

allocation was concealed Yes No
the groups were similar at baseline regarding the most important prognostic Yes No
indicators

there was blinding of all subjects Yes No
there was blinding of all therapists who administered the therapy Yes No
there was blinding of all assessors who measured at least one key outcome Yes No
measures of at least one key outcome were obtained from more than 85% of the Yes No
subjects initially allocated to groups

all subjects for whom outcome measures were available received the treatment or Yes No

control condition as allocated or, where this was not the case, data for at least one key
outcome was analysed by “intention to treat”

. the results of between-group statistical comparisons are reported for at least one key ~ Yes No

outcome

. the study provides both point measures and measures of variability for at least one Yes No

key outcome
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Chapter 5

Abstract

Purpose: To identify Capabilities, Opportunities and Motivational factors influencing
movement behaviour throughout the day in people with stroke who are highly sedentary
and inactive to enable intervention development.

Methods: A qualitative study was conducted using semi-structured interviews with
people with stroke. The interview guide was based on the Capabilities, Opportunities
and Motivation Behavioural model.

Results: Eleven interviews were conducted. Participants reported a lack of knowledge
regarding healthy movement behaviour patterns, a lack of insight into their own movement
behaviour and some physical and cognitive limitations to engage in certain physical
activities. Several social and environmental elements affecting movement behaviours were
mentioned, theirimpact on movement behaviour varied among participants. Movement
behaviour was mostly driven by habits and daily routine, without conscious regulation.

Conclusion: Our findings show that people with stroke are unaware of their own
movement behaviour or of the consequences of these behaviours on health. Movement
behaviour is, for the most part, based on daily routine and personal habits. This indicates
the need for a behaviour change intervention. Such interventions will need to include
providing information about healthy movement behaviour, feedback on individual’s
movement behaviour and individualized support, taking into account the social and
environmental context and personal capabilities.
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Factors related to high-risk movement behaviour in people with stroke.

Introduction

People who have suffered a stroke are at high risk of recurrence.'* The impact of (recurrent)
stroke on mortality and disability makes secondary prevention critical. Low levels of
physical activity and high levels of sedentary behaviour increase the risk of stroke.*™"
Sedentary behaviour is defined as “any waking behaviour characterized by an energy
expenditure <1.5 metabolic equivalent of task while in a sitting, reclining, or lying
posture”.> Large observational studies have shown that high amounts of sedentary time
(over 9.5 hours per day), combined with limited moderate to vigorous physical activity
(MVPA) (less than 24 minutes per day), increase the risk of cardiovascular mortality by 74%
(hazard ratio R 1.74, CI 1.60 to 1.90).°° Light-intensity physical activity (LPA) was found to be
protective (maximum risk reduction at 375 minutes per day).”® Combining these findings
suggests that all aspects of movement behaviour; physical activity levels (MVPA and LPA)
and time spent sedentary are important, thus highlighting the need to consider movement
patterns throughout the day.'>'

The majority of people with stroke living in the community are not sufficiently active and
spend large portions of their day sitting down.”*"® Our previous observational study (the
RISE-cohort study) identified three different movement behaviour patterns across a day
in people with a first-ever stroke.” All patterns show high amounts of sedentary time (>9
hours of sedentary time), though sedentary exercisers (@about 23% of the population) still
engaged in sufficient amounts of MVPA."* Sedentary movers (46% of the population) did
not engage in sufficient amounts of MVPA, though they did interrupt their sedentary time
with some bouts of LPA.”® The remaining 31% of the population, sedentary prolongers, had
a movement pattern that is highly sedentary (>10 hours) with little engagement in MVPA
or LPA." This indicates the need for interventions to support movement behaviour change,
specifically for those with a sedentary prolonger movement pattern.

Currently, to our knowledge, there are no interventions aiming to improving movement
behaviour throughout the day. Some pilot studies aiming at reducing sedentary behaviour
exist though these interventions have not been proven effective.?*-2? To support people
with stroke who are highly sedentary and inactive to change behaviour, we need to
understand their perspective regarding factors important for altering movement
patterns. Previous studies in general stroke population have investigated barriers and
facilitators regarding physical activity or sedentary behaviour in isolation,?? not whole-
day movement behaviour.

Looking at behaviour across the day, it is important to make sure all relevant factors are
identified,*? including those on a less conscious level. A model often used to understand
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behaviour is the Capabilities (physical and psychological skill, strength, knowledge etc.),
Opportunities (conducive social and physical environment) and Motivation (reflective and
automatic processes) Behaviour (COM-B) model.?>?” This model helps identify factors
that influence behaviour from all three behaviour domains.**=* Therefore, this study aims
to identify Capabilities, Opportunities and Motivational factors influencing movement
behaviour throughout the day, in people with stroke, who are highly sedentary and
inactive.

Method

Design

We used an interpretive qualitative approach and the Standards for Reporting Qualitative
Research (SRQR) reporting guideline, as advised by the Equator network %8, Semi-structured
interviews were conducted within an iterative process between data collection and
thematic analyses.?**° The theoretical Domains Framework (TDF), a framework designed
to identify all aspects of the COM-B model related to the behaviour was used to structure
the interview guide, and to inform the analyses.?*? This study was approved by the Ethics
review board of the UMC Utrecht, number 16/715.

Participants

We used purposive sampling techniques to recruit participants, guided by a theoretical
sampling process.*® We chose to include people with stroke with a daily movement
behaviour pattern that put them at highest risk of stroke; that is people who fitted the
highly sedentary and inactive movement pattern (“sedentary prolongers”), as identified in
the RISE-cohort study.”

Inclusion and exclusion criteria for the RISE cohort were:

Adults, e.g. 18 years or over, living in the community;

Had a stroke, diagnosed in hospital setting

High risk movement behaviour pattern as identified within the cohort study;
Sufficient knowledge of the Dutch language to participate in the interviews;
Able to walk independently (Functional ambulation categories score > 3);

IS o

A Score >4 on the Utrecht Communication Assessment (UCO) to enable sufficient
communication skills;

7. Independent in activities of daily living prior to the stroke (score >18 on the Barthel
Index).
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Participants who had indicated in the informed consent for the RISE Cohort study that they
could be contacted for follow-up studies were invited to participate. Informed consent
was obtained before conducting the interviews.

Data collection

Semi-structured interviews were conducted using the Theoretical Domains Framework
(TDF) domains to ensure all aspects of the related to the behaviour (COM-B model) were
covered.”? The TDF consists of 14 domains that together cover physical capabilities,
psychological capabilities, physical opportunities, social opportunities, reflective motivation
and automatic motivation. Table 1 presents the domains and definitions of the TDF, and
the corresponding elements of the COM-B model. The domains were used as the topic
list for the interviews, from which an interview guide was derived (see Supplementary
Material 1). Since sedentary behaviour is an abstract concept for most people, we expected
participants would need some guidance to be able to reflect on this behaviour and on
their movement behaviour pattern and the activities they undertake each day. Therefore,
participants received a booklet one week before the interview, which introduced the
overall aim of the interview and definitions of movement behaviour. The booklet also
included a one-day activity diary and some reflective questions on their activities and
movement behaviour. This allowed participants to prepare for the interview without
influencing their perceptions and, therefore, interview data. We also collected objective
data on movement patterns for one day, using the Activ8 activity monitor, a valid and
reliable tool for determining movement behaviour®' Data were provided to the participants
during the interview to enable in-depth reflection.

Table 1. COM-B model components and the Theoretic Domains Framework

COM-B Components TDF Domains

Capability Physical Physical skills
Physical skill, strength or stamina An ability or proficiency acquired through practise
Psychological Knowledge

Knowledge or psychological skills, An awareness of the existence of something
strength or stamina to engage in the
necessary mental processes
Cognitive and interpersonal skills
An ability or proficiency acquired through practise
Memory, attention and decision processes
The ability to retain information, focus selectively
on aspects of the environment and choose between
two or more alternatives
Behaviour Regulation
Anything aimed at managing or changing
objectively observed or measured actions
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Table 1. COM-B model components and the Theoretic Domains Framework (continued)

COM-B Components TDF Domains
Opportunity Social Social influences
Opportunity afforded by Those interpersonal processes that can cause
interpersonal influences, social cues  individuals to change their thoughts, feelings, or
and cultural norms that influence behaviours
the way that we think about things,
e.g. the words and concepts that
make up our language
Physical Environmental Context and Resources
Opportunity afforded by the Any circumstance of a person’s situation or
environment involving time, environment or encourages the development
resources, locations, cues, physical ~ of skills and abilities, independence, social
‘affordance’ competence, and adaptive behaviour
Motivation Reflective Social or Professional Role and Identity

Reflective processes involving plans
(self-conscious intentions) and
evaluations (beliefs about what is
good and bad)

Automatic

Automatic processes involving
emotional reactions, desires (wants
and needs), impulses, inhibitions,
drive states and reflex responses

A coherent set of behaviours and displayed
personal qualities of an individual in a social or
work setting

Beliefs about Capabilities

Acceptance of the truth, reality, or validity about
an ability, talent, or facility that a person can put to
constructive use.

Optimism

The confidence that things will happen for the best
or that desired goals will be attained

Intentions

A conscious decision to perform a behaviour or a
resolve to act in certain way

Goals

Mental representations of outcomes or end states
that an individual wants to achieve

Beliefs about consequences

Acceptance of the truth, reality, or validity about
outcomes of a behaviour in a given situation.
Reinforcement

Increasing the probability of a response

by arranging a dependent relationship, or
contingency, between the response and a given
stimulus

Emotion

A complex reaction pattern, involving experiential,
behavioural, and physiological elements, by which
the individual attempts to deal with a personally
significant matter or event
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The interviews were conducted by one researcher (W.H.) who had no relation to the
participants prior to this study, allowing for open, unbiased enquires. Though interviews
were focussed on the people with stroke, caregivers were invited to be present during the
interviews if the participant wanted them to. The interviews were audio recorded and a
second researcher (R.W.) checked the first two interviews for completeness. The recordings
were transcribed for analyses.

Sample size

Data saturation was the desired endpoint of this study.?®3** We estimated a priori that
at least 8 interviews would be required.?®* The 8 interviews were analysed by at least
two researchers (W.H. and R.M or C.L.). To determine if saturation had been reached,
the subsequent 3 interviews were then analysed sequentially, noting if any new themes
emerged.

Data analysis

Data analyses were conducted by at least two researchers (W.H., RW. and/or C.L) using
directed content analyses guided by the TDF domains (Table 1). Analyses were conducted
using an iterative process in which quotes were derived from the transcripts and coded
to the TDF domains. After initial coding, the quotes for each domain were combined to
identify the factors that influence movement behaviour for each domain. Disagreements
were settled by discussion. Where consensus could not be reached, a fourth researcher
was consulted (M.F.P). Atlas.ti version 8 was used for the analyses.

Results

Of the 11 participants, 5 were female, and the mean age was 68 (range 55-83). Information
from all 15 domains of the TDF was obtained in the interviews. No new themes were
identified in the final 3 interviews, meaning we are confident that we reached data
saturation. Figure one shows an overview of all factors identified from the interviews
relevant to changing movement behaviour.
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Figure 1. Overview of results per domain. Note: The distribution within the figure is not
representative of the importance of the result categories; this is due to the uneven number
of domains for each main category

Table 2 in Supplementary Material 2 (table 2 Results per TDF Domain) describes each factor
identified within the TDF domains, linked to the three overarching domains. The text below
describes the findings for each overarching domain. lllustrative quotes have been added,
with the abbreviation P for participant, / for interviewer, and C for caregiver or spouse.

Capabilities

Lack of knowledge regarding movement behaviour was the main factor identified within
the domain of Capabilities. Participants were somewhat aware of the importance of
moderate to vigorous physical activity (MVPA) when it comes to healthy living, though
how much is needed was not clear. Also, only a couple of participants reported having
heard of the risk of sedentary behaviour (SB). None were aware of the specifics regarding
time spent in SB or light physical activity (LPA) required to have a healthy movement

behaviour pattern.
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“I: Because do you know how much exercise you need each week to? P: | have no idea.
I: And how much time you should spend sitting, how many hours maximum, you are
allowed to spend sitting? P: | really wouldn’t know. I: Would you like to know? P: Yes” 3.36

Participants also mentioned the importance of the information provided regarding
movement behaviour. Insight into their movement behaviour was considered necessary,
as most did not know how much time they spend sedentary or physically active. This
means they were for the most part unaware of the risk that comes from their movement
behaviour patterns and were, Therefore, unable to regulate their behaviour.

“P: And then use the keep track and see if it is really better or am I relapsing? I: and then
you would like to hear how much sitting it was? P:Yes, sure. ....Because you have no idea
yourself and then it is really good to hear about it. I: Because it is more then you expected?
P: Yes. I: and when you get this information this is something you would like to try

improving? P: Yes.” 3:30

Almost all participants stated that they did not apply any conscious regulation regarding
their movement behaviour, i.e. they did not actively think about their movement behaviour
or adjusted their actions accordingly. Some reported consciously engaging in concrete
activities, such as going for a walk, from the perspective of health benefits, though almost
none reported actively regulating how much time they spent engaged in physical activity
(PA). None reported regulating how much time they spent sedentary.

“P: Well, sometimes in the morning | go into town on my bike or something. But | didn’t do
that, that day. | did not do anything extra, just because that is what it was for that day....
I: You didn’t really think about it specifically? P: No it was just way that day went.” 10.44

Most participants mentioned some physical limitations, related to their stroke, or other
comorbidities. Despite these limitations, several participants stated that they were already
planning to increase their amounts of physical activity, mainly MVPA.

“P: Yes, then | did cycle for 10-15 kilometers and I'm going to be doing that again soon, but
then a friend will be with me.” 8:25

When asked directly, most participants were able to formulate ideas about how to decrease
sedentary time. One participant expressed wanting support to regulate (movement)
behaviour, as for their lack of initiative was a sequela of her stroke. Others confirmed that
support from a health care professional and/or someone from the social environment
might be helpful in regulating movement behaviour.
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Opportunity

Participants reported that having some sort of device that gives feedback regarding
their movement behaviour and healthy movement behaviour would be useful. Some
participants mentioned the possible benefits of having a reminder to get up and move.

“P: Always, that gives insight.”

Participants reported certain social influences are relevant when it comes to movement
behaviour, for example the joy of interactions with others when doing physical activities
like playing tennis. On the other hand, participants stated that certain social activities lead
to sitting more, for instance when people come to visit and sit for hours.

“P: when walking outside you bump into people. I: So, that social aspect is important to
you? P: It is very important.” 7.53

“P: And then she sits opposite me and we play a card game.” 5.4

Related to this are the environmental factors, like the layout at home and/or work setting,
sitting while using a computer, watching television or reading, that increases the amount
of time spent sitting. Other environmental aspects, like having stairs in the house, having
a dog that needs walking, or groceries being on sale in different shops, lead to more PA.

“P: | keep busy, so yes with puzzles, doing crossword puzzles and reading.” 8.2

The attitude of the social environment was also deemed important. For instance, one
participant mentioned not undertaking certain physical activities, such as vacuuming or
going out by themselves, often due to fear expressed by their spouse.

“P: But my wife always does the vacuuming..... C: Yes, it’s just that the hose and the cable
are lying around then I'm afraid he might trip.” 8.37

Motivation

Within the domain of Motivation, reinforcement was found to be highly relevant.
Participants mentioned that most factors influencing their movement behaviour were on
a subconscious level, as a matter of habit, i.e. daily routine. Daily habits are closely related
to the influencing factors within the domain of Opportunity, like the need to perform
household chores or the habit of sitting when people come to visit or while reading. Some
participants specifically stated that activities involving physical activity have been replaced
by sedentary ones without giving it much thought.
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“P: The worst part is in the evening. A routine from the past | guess ... | used to work in
construction and then | would sit down after work and not get up out of my chair again
unless | needed to mow the lawn or something.” 7.28

“P: I eat sitting down, I sit at the computer at home, at work, | do everything at work
sitting down.” 12.27

“I: You used to do jobs and hiking and cycled a lot, but you can’t do that anymore and you

said you have replaced this by watching sports on tv. P:Yes.” 8.30

As mentioned, a few participants were intending specifically to increase the levels of PA
(mostly MVPA), and some had already thought of a plan to do so. Most had no previous
intention to reduce the time spent sedentary. Several participants did formulate the
intention to change the amount of time spent sedentary based on the information about
their movement behaviour from the activity monitor provided during the interview.
Some even formulated plans to reduce time spent sedentary during the interview. Several
participants mentioned that setting goals, could be helpful in increasing the level of
physical activity and reducing the time they spend sedentary.

“P: Well the fact that you have just told me, that [ sit so much, that in itself is for me
already a reason to move more, that is a given.” 10.62

“P: If it is just about doing stuff around the house, if it is really about sitting, then | would,
say, then | could just walk a little more often in between, right? Or do something around
the house.” 10.31

When it comes to beliefs about capabilities, several participants expressed the belief they
can expand on or take up PA-related activities. When asked, they also mentioned they
believed that they will be able to interrupt and reduce sedentary time if they set out to do
so. In contrast, other participants mentioned a lack of self-efficacy in reducing sedentary
time or improving PA.

Discussion

In this study, we identified a wide variety of factors that influence movement behaviour.
Within the domain of Capabilities, we found a lack of knowledge regarding healthy
movement behaviour and personal movement behaviour patterns, a lack of regulation
of movement behaviour and some physical limitations to be key factors limiting peoples’
abilities to have a healthy movement behaviour pattern. In terms of Opportunities,
participants reported that it is necessary to have feedback regarding personal and healthy
movement behaviour. Also mentioned were several social and environmental elements
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that can influence movement behaviour in both a positive and a negative manner,
which differed among participants. Within the domain of Motivation, it was found that
movement behaviour is highly related to reinforcement, i.e. it is largely driven by habits
and daily routines. For the most part, there is a lack of prior intentions or plans to improve
movement behaviour, though some intentions did emerged during the interview due to
the information provided. Differing levels of self-efficacy among participants were also
found within the domain of Motivation.

The results of our study support earlier findings that there is a need to assess all behavioural
aspects and not just (physical) capabilities when looking for ways to improve movement
behaviour.>7183233 Aspects such as self-efficacy, and social influences were found to be
relevant in multiple studies.>* There were also key differences with the existing literature.
Our results show the importance of information regarding one’s own movement behaviour.
This was not found in studies looking into barriers and facilitators of MVPA.?*34 However, it
was reported in a qualitative study on SB in people with stroke.?®* The importance of habits,
reinforcing elements from the physical and social environment, and the need for conscious
regulation of behaviour found in our study are new findings. This may be explained by the
fact that we looked at movement behaviour as a whole during the day instead of looking
at one part, and specifically in people with stroke that are highly sedentary and inactive.
It indicates the need to take all these aspects into account when addressing movement
behaviour as a whole.

Strengths and limitations

Our study had a number of strengths. Firstly, we examined at movement behaviour as
a whole, thereby providing a complete overview of factors that influence movement
behaviour throughout the day. This is important because across a 24 hour period, the
different types of movement are not independent.®'%'2'* indicating the need to address
movement behaviour as a whole. Secondly, we used the TDF framework to develop an
interview guide that included all behavioural domains and enabled us to gain rich insight
into all factors influencing behaviour. Because this framework is complete and does not
allocate value or make pre-assumptions about the outcome, the risk of influencing results
by using a pre-existing model is limited. Thirdly we uses a purposeful sample of people
with stroke, who have a high-risk movement pattern. This means the findings have a high
validity for designing interventions for people with a high-risk movement behaviour. In
terms of limitations, caution should be taken about generalising to people with different
movement patterns. In addition, participants were community-dwelling and, for the most
part, able to walk independently, making our findings less representative for people with
more severe stroke sequelae.
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Implications
To enable effective regulation of movement behaviour, people need to be aware of healthy
movement behaviour and their own personal movement behaviour pattern.

How people accumulate their movement behaviour, both inactive and highly sedentary,
is, for the most part, based on daily routine. Influencing factors, like environmental and
social elements, self-efficacy and physical and cognitive capabilities, depend greatly on
habits and the individuals’ personal situation. Therefore, there is a need to identify habits
and routines related to movement behaviour to enable movement behaviour change.

The unconscious replacing of active activities for sedentary activities described by the
participants also highlights the need to provide people with feedback and support them
in developing conscious regulation of their movement behaviour. A promising finding
was the fact that the small amount of information regarding their movement behaviour,
provided to participants during the interview, led to intentions and ideas being formed
to change, or at least think about changing their movement behaviour. This indicates that
once awareness is created, participants are open to undertaking behaviour changes and
most believe they are capable of improving their movement behaviour.

Several of the key factors mentioned above can be addressed using behaviour change
techniques within an intervention. Techniques such as providing information on health
risks and providing feedback on personal movement behaviour seem of key importance.
Increasing behaviour regulation with, for instance, supported goal-setting and action
planning are also considered helpful. These techniques will help identify and learn to
overcome habits and factors that have a negative influence and strengthen those that have
a positive influence. Supporting the creation of positive social support also seems to be
a relevant aspect for intervention development. Technological support can be included
in interventions to provide real-time feedback and reminders to help regulate behaviour
and overcome sedentary and inactive habits. Our research group is now using the findings
of this study to create an intervention to support people with stroke, who are highly
sedentary and inactive, to improve their movement behaviour: the RISE intervention.
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Conclusion

Our findings show that people with stroke are unaware of their own movement behaviour
and the health consequences. Movement behaviour is for the most part based on daily
routine and personal habits. This indicates the need for a behaviour change intervention,
providing information about healthy movement behaviour, feedback on individuals’
movement behaviour, individualized support, taking into account the social and
environmental context and personal capabilities, for people with stroke to actively improve
their movement behaviour.
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Supplementary Material 1: Interview guide based on the
Theoretical Domains Framework (TDF)

Introduction
Explanation of the interview + signing of informed consent

Opening: Start by referring to the start of the day before (the day for which the diary was
kept);

1. Canyou tell me about how that day started?

2. How do you feel about that day?

Follow-up and example questions:

1. Was yesterday a normal day when it comes to activities (sitting and physical activities
[PA])? If not, what was different?

2. Has anything changed in your activities or movement pattern (sitting and PA) since
your stroke? If so, what and how do you feel about that?

Capabilities

3. Do you need any help with activities? If so, can you tell me more about that?

4. What makes your activity/movement pattern (sitting and PA) look like this?

5. Isthere anything limiting you in your activities? (physical limitations, memory, praxis
etc,, see table below)
How easy or hard is it to move and undertake your activities?

7. Isthere anything that could make it easier?
Would you be able to change how much you move and/or sit? Can you tell more about
this (why)?

9. Isthere anything you need to help you make a change?

Motivation (in follow-up to what has not been covered by earlier questions)

10. What activities during the day do you like in particular? And what do you dislike?

11. What motivates you to do these activities? (referring to the diary and what has been
said about the movement behavior)

12.  Are you able to contribute to your environment (family, household, work, social) the
way you want to? Why is that?

13. Has anything changed in your motivation since your stroke?

14. Is there anything you would like to change about your activities/ movement pattern
(sitting and PA)? And why is that?

15. Do you have any (concrete) plans to make changes regarding sitting or moving? What
are they and why do you want to make this change?
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16. Do you think you will be able to make the change and why?

17. Is there anything you need to make a change? (if not completely covered)

18. Is physical activity important to you? Why is that? What motivates or stops you?

19. How do you feel about your health?

20. How do you think physical activity relates to (your) health?

21. How do you think sitting relates to health?

22. Looking at how much time you spend sitting (input activity monitor), do you think
that influences your health and, if so, how?

23. Knowing about the health consequences of sitting and PA (info to be provided if
needed), does this motivate you to change anything?

Opportunities (in follow-up to what has not been covered by earlier questions)

24. Isthere anything you need or anything that needs changing for you to do the activities
you want to do? (Practical/social/..)

25. Arethere any activities that you cannot take part in? If so, why? (social or professional)

26. Are there enough opportunities for you to be active in your environment?

27. What did you think of wearing the activity monitor?

28. What would you need to make a change when it comes to sitting and/or moving?
(refer to above, specifically practical/social)

29. Who could help you make that change?

30. What do you think of the feedback the activity monitor provides? (Could it help you
move more and/or sit less?)

31. Would things like setting goals or action planning help you? (Could they help you
move more and/or sit less?)

32. Isthere any information, advice or support you need to move more and/or sit less?

33. Would someone supporting you to make changes help? (For instance a health care

professional.)
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Relevant items per domain

COM-B Components Possibly relevant aspects in people
Domains with stroke
Capability Physical Functional abilities; ability to stand, walk
Physical skills etc.
Psychological Memory
Knowledge Communicative skills
Cognitive and interpersonal skills Concentration
Memory, attention and decision processes Mood
Behavior Regulation Praxis
Opportunity  Social Role and/or interaction spouse, family,
Social influences friends
Work (professional)
Work (Volunteer)
Social activities
Physical Living environment
Environmental Context and Resources Working environment
Aids
Time
Motivation Reflective Role or identity in work activities

Social or Professional Role and Identity
Beliefs about Capabilities

Optimism

Intentions

Goals

Beliefs about consequences
Automatic

Reinforcement

Emotion

(professional or volunteer)

Role or identity within the household
Confidence

Self-efficacy

Belief in health consequences

Role or identity in work activities
(professional or volunteer)
Role or identity within the household

110



Factors related to high-risk movement behaviour in people with stroke.

‘uof3e|NBaJ SNOIPSU0D AQ J0IARYD] JUSWSAOW J1ISY}

anoidwi 0} way) 9|qeusd 03 ‘abueyd 0] SPIBU JEYM pUE JOIARYS( JUSWSAOW UMO 119y} INOCE UoliewIojul Juem A3y) Jeyl a1edipul op syuedidiied
*A1e3uaPas Juads dWi} Y3 BJBWIISIIPUN JSO|A *OIARYS] JUSWSAOW UMO 113U} JO d1eme A[aeq ale syuedidiiied

Y/ 00| J0IADYAQ JUWAOW UMO S,3updI21340d 3y 1IDYM 3n0gp abpajmouy

101ABY3Q JUSWIAOW [eUOSIDd

‘wayl 01 pa4indd0 Jou A|dwis pey 1 ‘syuedidinied asay) 01 9|qISea) WIS PIP Y7 JO JUNOWE dY) 95eaJdUl 0) UolIsabBNns ay | "saniAnde Y47 ueyl
J13y1es BulpAd se yons ‘suoindo YAJIA INoge yje1 uslo A3Y3 ‘awil A1eluspas J1ayl 3npas 01 op ued A3y1 yulyl Aoyl leym payse a1am ajdoad usym
*aA1de A|ed1sAyd bulaq Jo bunals Juads awil 01 SSWOD 3 USYM JOIABYDJ JUSWAAOW AY}edY dABY O} PIPIU S| 1IBYM JO dieme Jou e syuedidilied

:101ADYaq A1DJUapas pup A3IAIID [D2IsAYd 0 SAWO0D J] UBYM SUOIIDPUIWILLIOIAI Y|
JolAeYaq JusWaA0W AYljeaH

‘umouy| Jou st K31anoe edisAyd 3ybi| Jo Sdueliodwi 343 ING M4 B 0} UMOU
s1 aw) A1e3UBPaS JO Ys1 BY "s3ods pue BuisidIaxa 03 uole|al ul Aj3sow ‘@Arde AjjesisAyd Buiaq jo adueriodwi 3y jo aseme ale syuedidinied 3sop
I10IADY3Qq JUBWAAOW 0] PaID[aJ SYSH Y |

SYS1 Yi[eaH abpajmouy

*$19320|g-L13q S YdNS UOIIEIIPIW JO S}D343-IPIS 0} NP UIAS IQ *SINIYIILO0)SO
Se oNns sa1IPIGIoW0d 01 1N de[aNbas 93 041S 03 PAIL|aI 10U “Yd JO S|2A3] J19Y3 Buiduanyul suoneywi| [edisAyd pasuauadxa syueddinied may e aunD
SaI1AIDD [DJISAYd aouaNYUI S111PIGIOW0D 03 NP suolLIWI [DIISAYJ
S3131PIQIOWOD 0} NP suolleIIWl| [edIsAyd
*A194es 10 way) Auedwodde aUOaWOS BulAeY JO SIIIAIIDE dAIIRUIDY[E ‘ple Bupjjem e se ydns sa16a1el1s uonesuadwod yim ‘aduelsul
104 ‘A|lenpeub yd Jo S|9A3] 419y asealdul 01 bujuue|d pajedipul ey ajdoad [BIBASS 'S3IIAIDER Pale|ai-Yd padiideid Ajluowwod snoiaaid ul juads
SWI1 JO JUNOWR 3] Ul UONDNPAI B 92104319y} pue uapieb ay3 ul bupjiom 1o buldAd ‘s100pIN0 Bulsjjem Jo UoIRIND ‘DdUBISUl J0J ‘Ul SUOIIRYIWI| 0] Pe3)
S9SBD SWOS Ul YDIYM ‘D3011S 0} Pale|al BUIWR]S PadNpal pue ddueleq paiiedw ‘Yyibuails o sso| 31| ‘suoizenwi| [edisAyd uonuaw syuedidipied [eI1anss
Sa1AIID [DIISAYd aouaNyUI 330.3S 0} dNP SUCRDIWI] [DIISAYH

pa3ie|21-23043s suolIeIWI| [ed1SAYd SIS [ed1sAud Aypqodo)

12N435U0d / 103de4 ulewoq idl g4-Wod

urewoq 4@l J2d synsay g a|qey :z sjere Aiequswajddng

m



Chapter 5

‘uaAIb sem 1ioddns ased J1 jueliodwl PaWIIP SeM JOIARYI] JUSWIAOW UMO 1133 JO |043u0d Ul Bulag

"101AeYa( udWaAowW Buiroadui ul [ngdjay aq 1ybiw [euoissajold aied yijeay e woiy uolienbai soireyaq ul oddns 1eyl uonuaw osfe ‘paisiedwi jou
aue s||js uone|nbas asoym ‘syuedidinied awos ‘|euoissajoid a1ed Yijeay e 10 JUSWUOIIAUD [BID0S J19] WoJ) JolAeyaq J1ay) bunejnbai ur 1ioddns Joy
paau e passaidxa A3y ] ‘aejanbas 230415 Jo 1ied se aAleIUL JO SSO] 4O S| Buluue|d paiiedw) 01 anp uoneNBal Ul SUOIIRIIWI| UOIIUDW ‘4SASMOY
M3} Y/ Yd SOWIIDWOS PUB }I0M (1931UN|OA) 10 sU0NeBI|CO [B1D0S ‘SySe) P|oyasnoy se Yons ‘SallIAIDe J19y] d1e|nbal 01 3|ge uayjo aJe syueddinied
*buinl] Aj1op Jo sa13IAIIOD 23p[Nb3J 0] SaNIjIqQDADS ,SJUDAIdILIDY

sanljiqeded uone|nbai Joineyag

‘uone|nbal snoIdSUOD 3|eUS 0} J0IABYSJ JUSWAAOW [euosiad Inoge abpajmouy| 104 pasu 3y} aziseydwa syuedidinied 'siiiy1Ie09)S0

0} paje|aJ Sem sIY3 ‘ssauyils Julof ploAe 03 dwil A1euapas Buidniiaiul A]snoidsuod uonuaw pip syuedidiied Moy y *J0IARYS] JUSWSAOW
Ay3jeay o3 uoneal uj siNog A1e3udPas Jo uoneINp Y3 40 A1eIusapas Juads Swil Jo Junowe ay3 paze|nbal A|snoldsuod syuedidizied 3y} Jo SUON
awin Aipyuapas buipipbai uolpinbai oN

awi A1e1uapas jo uonenbay

‘aw A1eluspas paseaidul 0} buipes| ‘sallIA1De Pale|al-Yd U9aM1Dd 15l

1UdYYNS dARY 0] JueLIodw] 1 1eYl MIIA 941 Buiye) ‘yd Jo uoliejnbal swos uoluaw oym syuedidiried osje ae 219y “uialled JOIARYDQ JUBWDAOW
Ayyjeay e aunsua 01 palinbaiunowe syl 01 palejas Jou s| uoile|nbHal 3yl a1o4a19y1 pue ‘aande AjjedisAyd buiag Juads swil 01 SOWOD 11 USLYM ddUR)SUl
104 ‘papPa3U SI YdNW MOY JO dieme Jou dJe syuedidilied "A|Bulplodde 3oeqpasy aAI6 pue uaye) sdals Jo siaquinu ay) Jo yoel) dasy 1eyy sadiasp buisn
uonuaw syuedidiied Jo 3jdnod e A|UQ "vd 40 S|aA3] J13Y1 dAoidwil 01 Bul|dA 1o buijem se yans ‘sannianoe uejd Ajsnoldsuod syuedidiiied swos
‘JUN022D 0}U] UBYD] JOU S| PapPaaU S| Yanw Moy ybnoy ‘vd Jo siunowp ayi apjnbas awos

Vd Jo uonenbay

‘K1e3uapas yuads

dWI} Ul 95BAIDUI UR pUE $yse) dAIDR AjjedisAyd Ul aseasdap e Agaiayl pue sai0yd Ployasnoy J0 3I0M (1991UNJOA) Se YoNs ‘syse) A|lep ul suoleliw|
0] Spea| saWdwWos siy| ‘syuedidinied swos Aq 9X041S 3Y) JO S1094d Se pauoluaw ate Klowaw pue Huiuue|d ‘Daneniul pasredwi se yons s1dadsy
30435 0] anp suoyduny [pa16ojoydAsdoinau uy suoyaq

s1aplosip uonouny |esibojoydAsdoinaN

'sdojanap syuawow su-ybiy ayi Jo uoiiezijeas awos ‘ssuinol Ajiep J1sya uo bunssyal ajiym ‘os|y ‘swin Kiejuspas

Burdnpau 10 yd Buinoidwi oy seapl swos aaey op syuedidinied |BISASS 40IABYI JUSWSAOW J19Y) Ishfpe 01 sAkem 3|qissod 1sa66ns 01 payse Usym
10IADY3Qq JUdWAAOW dA0idw] 01 SADM y1im dn awod 0 2jqD Waas SIUDAIIIDY

Jo1ARY3q JUBWAAOW dA0Id W] 0) seap|

‘ep e uj uaseIdPUN 3¢ UED Jey) S31IAIDE (|edisAyd)

4O JaqWINU 3Y3 JWl| S101DB) Y10g JUSWUOIIAUD U] WOy I|NWils 9ARIUB0d Aq 01 onp panbiie) 6uiliab o ‘A|ayes sappe| e asn Aay1 ains Buryew 69
‘S9YB1SIW W 0} JoU Se 0s Jusuodwod dAIIUBOD e dpN|dUl Jey) sysel [edisAyd uaamiag uayo aiow 3sal 03 Hulpasu uonuaw syueddipied swos
‘os|y ‘A1eyuapas Buiaq awiy a1ow puads Aay1 Uy ‘HUnNIS 3|IYM PAIONPUOD 3. YdIYM $)se] dAIHIUH0D wuoyiad 03 1abuo| buryey 1iodal syuedidilied

uolne|nbay
1o1neYag

sassadoud
uols|ap pue
uojuane
‘KIOWSN

9Y0435 0] ANP SUOIIIUNY dAI3IUBOD U] S31dYaT |euosiadiaiul
suonduNy aARIUBOd pasiedw| pue aAnubod)
19N43sU0d / 103084 ulewoq i@l g9-Wod

(panunuod) utewoq 4@l 19d synsay z 9|qel : sjerale|y Areyusawajddng

o~

1



Factors related to high-risk movement behaviour in people with stroke.

'sjeuolssajoid asedyyeay

Aq Jo1ABYSq JUSWSAOW INOQE SJUdWIeYS AQ pajgeus 1|9y stuedidiiied awoS "salIAIIDE Pale|ai-Yd A|lep Ul uollonpai e 0] buipes) ‘A19A0da1 Ja3je
aoe|d ul Ajiwey 9y Ul S1I9Y10 W) 3SNOY dY) pUNOIR S91IIAIIDR Pale[aI-Yd U1esad ul 1oddns ay) buiaes| pauojiuaw Jaylouy asnods ayy Aq
passaidxa Jeaj 01 aNp ‘U910 UMO SIY uo 1no Bulob Jo Bulwnndea se yons ‘salliAlde [edisAyd uielsad ayelsapun Jou pip ay pies uedidiyied e ‘os|y
‘K1e3uapas 1eyy [je Jou st juedidinied ay3 1ey3 §a1]3q Y3 92104UID] SWOS OS[e pue d1ow Bulllls Spiemo) dpniiiie dAIHsod e pauoiuaw sasnods awos
Yd jo

$]aA3] Y1 92UINYUI S3IUAIID PAID|a.-Yd 104 papiroid 1ioddns JO JUNOWD ay3 pub SaIIAIIID PaID[aI-Y/d ‘BulllIS SPIDMO] JUSWIUOIIAUS [DIDOS 341 JO 3pNIIIID Y|
JUSWUOJIAUD [e1D0s Jo 1oddns pue apnimy

*A1eIUBPaS JUDdS BwWI] Ul 3SEIDUI UE 0] SPEd| ‘SI0MISIA BulAey Se UdNS ‘SD11IAIIDE [BIDOS RIS 1ey) pauonuaw sjuedidilied

umop buis pa1donpuod Aj|pnsn aip s313IAIIID [DIDOS UIDLIDD

6unaIs 31e|NWINS 1841 SS1IANDE |BIDOS

*S3I1IAIIDE YoNs Ul Juswabebua ay) paje|nwils 2104213Y3 pue ajgelofus sem s1ayio Yyam 4ayiahbol buipAd 1o Bujiem se yans

sa1IAIDE BupjeIdpUN ‘OS|Y *SAIIAIDE 353U} Ul 96eBUS 0) JOIRAIIOW B SB PIMBIA SEM ‘SIUUD]Y Se UINs ‘sailiAlde [edisAyd dnoub jo 10adse [edos ay |
buypaddp s1 10y1 JUdUOAWIOI [DIDOS D 2ADY SIIAIIID PaAID|AI-Y/d UIDIIDD

S911IAIDR Yd JO s1dadse [e1dos

saduaNyul [e1DOS

Ayunyioddo

12N435U0d / J03de4

utewoq ial

9-W0od

(panupuod) utewoq 4@l 19d synsay z o|qel :z sjerale|y A1eyusawajddng

13



Chapter 5

1ey1 pauonuaw juedpniied auo ‘os|y ‘A1A1oe |edisAyd o) buipes| se syuedidinied Ag paynuapi sem JaAIBa1eD se 10 Pjoyasnoy 3yl UIYIIM 9]0 3y |
Vd Ul 25D212UJ UD 0 pD3 SYSD] [DID0S O [DUOISSa)0id UID1ID
Vd 01 buipes| ajou [euolssajoud 1o [e1dos

*S2IMANDR £1RIUSPSS AQ Pade|dal SOSED SWIOS Ul PUE 3SO| D8 SHSEY [B1D0S 10 3IOM BULINp Pa1onpuod saniAde paje|di-yd

*2e|anbas 330115 JO 3|NSaJ B S SUOIIRIWI| 10 JUSWSIIDI ‘DIUR]SUL 104 ‘0) INP $HSE] [1D0S JO YIOM (1993UN|OA) JO SSO| B UonUSW sjuedidiyied [e1ands Anuap| pue
SYSDJ] [DIDOS 1O YIOM (122]UNJOA) JO U SabuDY) 3|0y |eUOISSD0Id
'3]04 |euolssajoid 10 [e120s JO S50 10 |e1os uonpAOW
‘Uyd3em Hews
© B|A 9dURISUI 10§ I0IABYS( J19} dA0Id W] 0} 3|ge 3] 03 J9PIO Ul JOIARYD] JUSWSAOW UMO 113y} 03Ul 3yBisul 104 paau ay3 passaidxa aney syuedidiiied
'Papaau S| 101ADYIQ JUBWIAOW UO ¥ODGPaa
30eqPad4 J0IARYD( JUBWAAOW dpIA0Ld 0} sadIADQ
'saniAnoe [edisAyd urelsad ul abebus Ajases wayy djay 03 duoswos
104 paau ay) passaidxa syuedidnied awos os|y ‘[nyd|ay ag p|NOM JOIABYSC JUSWSAOW J19Y3 dA0idwi] 01 Wyl bulydeod [euoissajoud aled yijeay e
1BY] PaA3I|9Q SWOS ‘s100pIN0 Bupjjem juads Aay1 awi ay3 buduanyul se Jayleam ay) pauoiusaw syuedidipied may v 9dueinsul yijeay Aq paanod 1o
MO| 219M 51502 J1 K||e1dadsa ‘yd 104 bunenwins se syuedidinied may e Aq pauoizuaw sem saiijidey buniods jo Ajiqe|ieae ay] A|a4es yo pue uo 136 01
BuI1195 MO| B YIM 31 B SB UDNS ‘SI1IAIIDE PIle[i-Yd 9|qeud 0) paiinbai sjelialew ae JueAs|al Hulag se pauoliusaw os|y "yd ul Juads awil 10w 0y
pea| sdoys Juaiayip ut jes uo Buiaq sa1133046 10 Buryjem spaau 1yl Hop e bulaey ‘asnoy ayj ul siiels Buiaey a1 s30adse 10 $303[qo |eluawuolIAug
Vd O S]2A3] Y1 a3udnyul sbu133as 10 $333[qO [DIUBWIUOIIAUS UIDIIDD)
Vd 4O S|9A3] 3Y3 DdUIN|UI 1Y) SIUBWID|F
i
K1e1uapas asealdul 1ey) s123(qo ‘pauoiiusa sem spadow/sI191003s pue sied Jo Ayljige|ieAe ay) ‘os|y A|snodsuodun A1ejuapas Juads awiy Jo Junowe
9y s9seaudul SIY | "uolsiAa|a) buiydlem 4o 1aIndwod e buisn 3jiym Buinils 1oy pabuelse s13I10m e Jo/pue swoy Je Inoke| ay3 1ey) uonuaw syuedidnied $32IN0SaY
Aipjuapas Juads awiy Jo Junowp ay3 aduanyui sbuilas 10 s13a[qo [DIUWIUOIIAUS UIDIID pue 1xa1u0)
aw A1eluapas aduanpul 1eyl JUsW|3 |eIUBWIUOIIAUT
12N435U0d / J03de4 ulewoq idl 9-Wod

(panunuod) utewoq 4@l 19d synsay z 9|qel : sjerale|y Areyuswajddng

<

1



Factors related to high-risk movement behaviour in people with stroke.
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Factors related to high-risk movement behaviour in people with stroke.

ybnoyy yonwi siyy Buiaib 1noyum ‘sauo Aieuapas Aq pade|dal uaaq pey saiiiande aAnde AjjedisAyd ‘sanijiqeded jedisAyd ur sabueyd oy anp

1ey} pajels A|jeoyidads syuedidilied SWOS JUSWUOIIAUD JJOoM A1eIuUdpas e 1o Bulpeal d|1ym Jo ‘UsIA 0} dwod djdoad usym umop Bunilis o 1qey ay3 Jo
‘JUSWUOJIAUS [ID0S 3] WOJJ SUOSWOS YLIM 3Pl 331q 40 Yjem e 1oj bulob 10 sai1oyd pjoyasnoy op 01 paau ayl ‘@dueisul 104 ‘sullnod Ajlep ayy jo 1ed
‘1igey JO J211BW B Se PauOoIuaW dJe A3Y] *J|951)1 J0IABYDC JUSWDAOW UBY] J3Y1O0 SI01RAIIOW JO SISBq 9yl UO Paldnpuod ‘1ied 1sow oy Joj ‘aie Aep ay)
Burinp awi A1e1UsaPas 0] pue yd 01 pale|al sa1IANDY ‘AIeIUIPSS 10 d UO Juads awn Buldusnjul se pauoiuaW aJe S)igey pue Sa1IAIIDR dIIRWOoINY
10IADY3Qq JUBWIAOW BuidUaN|UI S3INAIIID PaIDWOINY

slgeH

*syulof ur ssauyis pue uied ploAe 0} awil A1ejuapas J1vy) bundnusiul

pauonUaW $1311Y1Ie01s0 Yiim syuedidiried swos ‘puey JaY1o 3yl UQ "PAUOIIUSW SBM UOISIAS[R] Bulydlem se yons ‘umop Buiis pa1onpuod
U140 S9IIAIIDR WOJ) paule1qo Aof syl pue spie aAlssed Buisn Jo ases ay) 0S|y "S91IAILDE Ydns uo Juads swi syl buiseasdap ‘101e) buidiojuias e
se ‘(Jeo1sAyd pue aA1ub0d yloq) anbiey ‘uied ‘Buijjes (Jo 1e3Y) SE YoNS ‘Yd 01 PAIR|AI SUOIIOWS JO S3dUBLIRAXD aARHAU pauonuaw syueddiled
AID3U3Pas 10/pup Yd Uo Juads awiy 104 101204 bUIIOJUIA] D SD S9IUBLISAXS pUD SUOIIOWT

s9oualIadxa pue suolzowy

"JoIARYS( JUSWSAOW dA0idwi 01135 s|eob Bulasiyde uo aplid ay1 sem uonnows aAnisod

pajedidiue uy JaY1eam 331U se YoNs ‘PIUOIIUSW OS[e DIIM Yd SPN|dUl 1eY] S3IIAIDE Bulinp paaladiad JuawAolug ‘K1eluapas Juads awil asealdul
Ag@19Y1 pue sa1IAIIDE 9S9Y) 1ONPUOD O} UOSEDI B SB PAUOIIUIW 3I9M ‘UMOp Buills pa1onpuod Ajjensn ‘Buipeal se yans sailiAlde jo Juawkofua ‘Ajjeuly
sa131A112D A1pjuapas Aq uo 1ybno.uq uorowa anisod b sp for

Aor

*$J9Y10 01 S2I0YD p|oyasnoy (dA115e) 8y 143 ays/ay 41 A1inb Buijaay pauoriusw ueddinied suQ ‘Kielusapas Jo/pue

Vd uo uads awi ay1 bupuanyul AjaAnebau se pauonusaw a1am anbiie) pue L11anoe jedisAyd Aqg jjasauo bujulells 1o Buijje) Jo Jeay yons suoljowy
10IADY2Qq JUIWAAOW 92UNJJUI IDY] SUOIIOW 2AIIDBAN

suolnows aAlebaN

'syutof ul ssauyins pue uted pioAe 03 swiy A1eIUdaPas 419y} paldniIdiul SINIYIIRO]SO

yum syuedidiied omy :6uniis pabuojoid BuidnNpal 03 pale[as 1010e) B Se PAYIUSPI OS|e SEM Uled 'SI1IIAIIDE UdNS Ul Juads dwi) 9dNPas 0} uoseal e
Se ‘9sNoY 9y} PUNOJe YI0M SNONUIIIS 40 S¥|em Buo| se yans ‘saniande [edisAkyd pabuojosd wouy bunnsas uied pauonuaw aey syuedpdnied swos
Sa11IAIOD [D2ISAYd UID1IaD 03 pa3D[aJ ulDd

uleq

1UBWIAIOUIRY

uopowy

12N435U0d / J03de4

utewoq ial

9-W0od

(panunuod) urewoq 4@l 49d synsay z o|qel :z sjerale|y L1eyusawajddng

17






CHAPTER 6

RISE, a blended behavioural intervention
to support people to reduce and
interrupt their sedentary behaviour.

Wendy Hendrickx & Roderick Wondergem
Coralie English

Johanna M.A. Visser-Meily

Cindy Veenhof

Martijn F. Pisters

Under review



Chapter 6

Abstract

Introduction: Research has shown that sedentary behaviour increases the risk of stroke,
cardiovascular disease, and mortality. Most people with stroke are highly sedentary
and inactive and are at high risk of recurrent stroke and other cardiovascular diseases.
Therefore, strategies to reduce sedentary behaviour in this population are needed.
Currently, interventions reducing sedentary behaviour aiming for sustainable behavioural
change are lacking in people with stroke.

Objective: This study aimed to develop an innovative intervention to support community-
dwelling people with stroke who are highly sedentary and inactive to sustainably reduce
and interrupt their sedentary behaviour.

Methods: The intervention development process was guided by the Behaviour Change
Wheel. Three stages were distinguished: Stage 1: Understanding the behaviour, Stage 2:
Identifying intervention functions and Stage 3: Identifying behaviour change techniques
and modes of delivery. The intervention and digital delivery system was co-created with
people with stroke and their relatives, physiotherapists, (inter)national behavioural and
movement behaviour experts, people with previous experience developing blended
interventions, hard and software developers, and technical experts.

Results: The RISE intervention is a 15-week blended behavioural intervention in which a
primary care physiotherapist coaches participants to reduce and interrupt their sedentary
time. Physiotherapists provide personalised coaching to people with a stroke in their home
setting by using behaviour change techniques and the RISE eCoaching system. The RISE
eCoaching system consists of 1) an activity monitor, 2) a smartphone application that
provides real-time feedback and contains e-learning modules, 3) a monitoring dashboard
for the physiotherapist. Participants receive participatory support from someone from
their social network (e.g., a partner or close friend) who joins them in the intervention.

Conclusion: This study used a co-design process to develop the RISE intervention,
which was developed together with relevant stakeholders. It is a blended behavioural
intervention, and further research will be conducted to assess its preliminary effectiveness
and feasibility as well as determine the added value of participatory support.
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Introduction

Globally, stroke affects 13 million individuals every year, and its incidence continues to
increase. People who have suffered a stroke are at high risk of recurrent stroke and other
cardiovascular diseases."* In the first year after stroke, up to 25% will have another major
cardiovascular event.* The importance of lifestyle, such as sufficient physical activity levels,
is well known.*” Sedentary behaviour is another part of movement behaviour across the
day and is defined as ‘any waking behaviour characterized by an energy expenditure
<1.5 metabolic equivalent of task while in a sitting, reclining, or lying posture’®® High
amounts of sedentary behaviour, especially when accumulated in prolonged bouts (>30
min), increase the risk of cardiovascular diseases, including stroke.'*

Over seventy-five percent of people with stroke are highly sedentary and inactive.?°-%
Reducing total sedentary time reduces modifiable risk factors for secondary stroke,
including hypertension and impaired glucose tolerance.”? Furthermore, interrupting
sedentary behaviour may lead to clinically relevant reductions in blood pressure in people
with stroke.?® Therefore, reducing and interrupting sedentary behaviour may benefit
people with stroke by maintaining functions and reducing the risk of recurrent stroke
and premature death.”'*?-2 The advice to improve movement behaviour, including
reducing and interrupting sedentary behaviour, is part of current secondary prevention
guidelines.>%

Within post-stroke care, the main focus is to regain physical and cognitive capabilities
to reduce functional limitations in daily living.?*3" Additional attention for improving
movement behaviour, including reducing and interrupting sedentary behaviour, seems
appropriate given the high risk of recurrent stroke.”* In particular since, proven effective
interventions that aim to improve sedentary behaviour are lacking.>> The American
Heart Association/American Stroke Association recommends developing and testing
interventions to promote active lifestyles, including reducing and interrupting sedentary
time, for secondary prevention in people with stroke and TIA. It is recommended that
such interventions include behavioural change techniques that empower people towards
sustainable behavioural change.?>** Tailoring the intervention to the individual improves
adherence, uptake and sustainable behaviour change in people with stroke.?*

Physiotherapists are often involved in post-stroke care and are experts on physical
capabilities, they also aim to support sufficient levels of moderate to vigorous physical
activity after stroke.*® Since reducing and interrupting sedentary behaviours means
replacing it with (light, moderate or vigorous) physical activity, their involvement in
interventions could be beneficial. The literature also indicates this perception regarding
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lifestyle interventions.** Currently, there are no evidence-based interventions for reducing
and interrupting sedentary behaviour in people with stroke living in the community
who are highly sedentary and inactive.>? This study aims to develop an innovative
physiotherapeutic intervention to support community-dwelling people with stroke who
are highly sedentary and inactive to sustainably reduce and interrupt their sedentary
behaviour.

Methods

To co-create and develop the intervention, we used the Behaviour Change Wheel (BCW).3¢~
38 The BCW is a step-by-step, theory-based approach to developing behaviour change
interventions. It is based on all existing behaviour change frameworks and theories (see
Figure 1).3637 At the base is the behaviour model COM-B, i.e., Capability (physical and
psychological), Opportunity (social and physical), Motivation (automatic and reflective)
and Behaviour. This is further specified in the Theoretical Domains Framework, which
consists of 14 domains that cover the three COM-B categories (Figure 1). From there, the
intervention functions, the behaviour change techniques and the modus of delivery were
determined to support sustainable behaviour change.?-* The development approach
consisted of three stages: 1) understanding the behaviour, 2) identifying the intervention
options, and 3) identifying content and implementation options (see supplementary
materials 2, Figure 2). Figure 2 outlines the stages of intervention development of the
BCW as conducted within our study. Co-creation with relevant stakeholders was a crucial
element in each stage to optimize the fit of the intervention and the uptake and achieve
more sustainable results.?**° Relevant stakeholders included people with stroke and their
relatives, physiotherapists, (inter)national behavioural and movement behaviour experts,
people with previous experience developing blended interventions, hard and software
developers, and technical experts.
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- Sources of behaviour
- TDF Domains

. Intervention functions
l:] Policy categories

Soc - Social influences

Env - Environmental Context and Resources
Id - Social/Professional Role and Identity
Bel Cap - Beliefs about Capabilities

Opt - Optimism

Int - Intentions

Goals - Goals

Bel Cons - Beliefs about Consequences
Reinf - Reinforcement

Em - Emotion

Know - Knowledge

Cog - Cognitive and interpersonal skills
Mem - Memory, Attention and Decision Processes
Beh Reg - Behavioural Regulation
Phys - Physical skills

Education

Service provision

Figure 1. The behaviour change wheel and Theoretical Domains Framework. Reprinted with
permission from Michie et al. (Michie et al., 2011).3¢
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1.1 Defining and
selecting the target
behaviour through a

literature search

1.2 Identifying
Capabilities, Motivations
and Opportunities
regarding movement
behaviour by means of a
literature search

1.3 Identifying
Capabilities,
Motivations and
Opportunities regarding
movement behaviour,
as well as needs, values
and requirements
regarding the
intervention by means
of interviews with the
target population

Stage 2: Identifying

intervention
functions

4 N\

2.1 Identifying effective
intervention functions in
the literature (other
populations)

. J

Y
2.2 Connecting the
intervention functions
with the determined
Capabilities, Motivations
and Opportunities
regarding movement
behaviour

~— @@

3.1 Identifying effective
BCTs and modes of
delivery from the
literature (other
populations)

3.2 Nominal group
techniques sessions with
physiotherapists and
experts to select BCTs
from their perspective.

3.3 Linking all obtained
information to select the
final BCT’s in the
intervention

3.4 Using identified
needs, values and
requirements and the
BCTs to determine the
mode of delivery

3.5 An iterative process
including:
A. Drafting the final
intervention protocol

B. Developing the
technology that was
found to be needed

Figure 2. Stages of the Behaviour Change Wheel and the conducted development steps for
each stage.®

Stage 1: Understanding the behaviour

Stage 1 consists of 3 steps to understanding the behaviour (see Figure 2). In stage 1.1, the
research team defined the target behaviour based on the existing literature. The research
team (n=6) consisted of experts in stroke, rehabilitation, physiotherapy, movement
behaviour, and/or behavioural change. A targeted literature review (stage 1.2) was
undertaken to identify barriers and facilitators influencing sedentary behaviour in people
with stroke (see supplementary material 2, Table 1 for the search terms used in PubMed
and CINAHL) or in non-stroke populations if insufficient evidence was available. The
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barriers and facilitators identified were mapped to the COM-B model and the Theoretical
Domains Framework (TDF) (see supplementary materials 2, Table 1) by WH and RW. To
further explore Capabilities, Opportunities and Motivation more fully, semi-structured
interviews with people with stroke who were highly sedentary and inactive were
conducted (stage 1.3), the methods and results of which have been published elsewhere.*
Within the interviews, we also identified any needs, values and requirements regarding
the intervention (stage 1.3).

Stage 2: Identifying intervention functions

Stage 2 was conducted to identify the intervention functions to be included. In the third
layer of the BCW, nine intervention functions are distinguished (Education, Persuasion,
Incentivisation, Coercion, Training, Enablement, Modelling, Environmental Restructuring,
and Restrictions, see Figure 1).33® Another literature search was performed to identify
effective intervention functions (stage 2.1) to support changing sedentary behaviour.
The literature search was not limited to the stroke populations because no literature was
available in people with stroke (search terms are presented in supplementary materials 3,
Table 1). Effective intervention functions were retrieved from the literature by WH and RW.
First independently, then consensus was reached via discussion. The identified effective
intervention functions were connected to Capabilities, Motivation and Opportunities
(stage 1) influencing sedentary behaviour by WH and RW to determine the intervention
functions to be included (stage 2.2).

Stage 3: Identifying behaviour change techniques and modes of
delivery

Behaviour change techniques (BCTs) are the observable, replicable, irreducible, and active
components of an intervention to change behaviour.?¢-* Determining effective BCTs and
modalities of delivery was an extension of the literature review as described in stage 2.
An overview was made of BCTs that were found to be effective or not effective, with
conflicting evidence or no evidence to reduce sedentary behaviour. International experts
(n=5) and physiotherapists (n=6) selected what they believed were the essential BCTs to
reduce sedentary and interrupt sedentary behaviour in people with stroke within Nominal
Group Technique (NGT) sessions (stage 3.2).* The physiotherapists were working with
people with stroke in a hospital, rehabilitation centre, or private practice. The international
experts were from the field of behavioural change, stroke, and/or movement behaviour.
Participants received an overview of all BCTs before the interview or NGT sessions. There
were no a priori restrictions to selecting the BCTs, although they did receive information
on effectiveness from the literature search. Then, participants were asked individually to
identify possible relevant BCTs supporting community-dwelling people with stroke to
reduce and interrupt sedentary behaviour. Then, these possible BCTs were shared and
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discussed, and finally, participants chose and ranked the eight most essential BCTs.*? The
scores of the individuals were summed, resulting in an overview of the critical BCTs to
reduce sedentary behaviour. The information from the literature, interviews and the NGT
sessions was combined to determine the intervention’s final intervention functions, BCTs,
and modes of delivery (stages 3.3 and 3.4).

The selected BCTs and modes of delivery called for the development of monitoring,
feedback and coaching technology. To develop this technology in a thorough manner,
we used the CeHRes roadmap (stage 3.5.B.).** This model is specifically for designing
eHealth technology and is based on business modelling, persuasive design, participatory
design, and human-centred design principles (supplementary materials 2, figure 3).4043
All stakeholders must be part of the intervention’s development to improve the uptake
and effect.** An iterative process with end-users and experts followed, specifying and
designing the technological system. Two focus groups with people with stroke and their
spouses were conducted, and experts were consulted to develop the prototype of the
technological system. Scenario-based think-aloud and cognitive walkthroughs were
undertaken to finalize the technological prototype.

The development of the technology was done in an iterative process that was combined
with drafting the actual intervention protocol (stage 3.5.A.), following the different phases
of behavioural change as described in the HAPA model.** Which starts with the creation of
intention to change, followed by action/coping planning and, finally, with action initiation
and maintenance (supplementary materials 6, Figure 1).* The final intervention protocol
was included in the scenario-based think-aloud and cognitive walkthrough sessions to
ensure that it met end-users’ needs.*®

Results

The development process led to the RISE intervention (Figure 3), a 15-week blended
behavioural intervention, in which a primary care physiotherapist coaches participants to
reduce and interrupt their sedentary time. Physiotherapists provide personalised coaching
to people with stroke in their home setting by using behaviour change techniques and the
RISE eCoaching system. The RISE eCoaching system consists of 1) an activity monitor, 2) a
smartphone application that provides real-time feedback and contains e-learning modules,
3) a monitoring dashboard for the physiotherapist. Participants received participatory
support from someone from their social network (e.g., a partner or close friend) who joined
them in the intervention. The core behaviour change techniques of the intervention are
goal-setting (on behaviour and outcome), action planning, social support, self-monitoring on
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behaviour, feedback on behaviour, the discrepancy between current behaviours and goals,
information about health consequences, problem-solving, restructuring the social environment,
prompts and cues, habit formation, and instructions on how to perform the behaviour. The
modes of delivery are face-to-face meetings with a coach (physiotherapist), an activity
monitor to measure sedentary behaviour and physical activity, an application to provide
real-time feedback and sign-in the behaviour. These modes of delivery necessitated the
development of the RISE e-coaching system. Below, a more detailed description of the
intervention is given. For the results of the different development stages leading up to the
final intervention, we refer to the supplementary materials. The supplementary materials
contain a written summary and include the result tables of different development stages.
The description in supplementary materials one will guide the reader through the different
supplementary materials.

R I S E RISE eCoaching system:

A 15-weeks blended behavioural
intervention to reduce and interrupt
sedentary time.

Monitoring
dashboard
for physio-
therapist
A primary care physiotherapist coaches
people at risk in their home setting by using
behavioural change techniques and the RISE

eCoaching system.
Module week 3

Coaching using behavioural
change techniques:

‘\ Goal setting

aew Action planning

@ Feedback
(i ]

Information about health
consequences

\. J \\ J/
real-time feedback e-learning modules

y

RISE

Activity
monitor

MM\ Social support

Figure 3. The RISE intervention

The RISE Intervention

During the 15 weeks, ten face-to-face sessions are planned in the participant’s home
setting (with increasing intervals). Motivational interviewing techniques form the basis
of the coaching sessions. Although the intervention has a protocol with prescribed
topics, see Table 1 (for extensive description see supplementary materials 6, Table 1),
and key BCTs following the HAPA model sequences (from intention, motivation, goal
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setting and action planning phase towards action and maintenance phase),** the RISE
coaching intervention is individually tailored to the personal needs and circumstances.
The physiotherapist first conducts a behavioural analysis with the individual participant
using the COM-B model. Based on this information, the intervention can be tailored. Every
session starts with a reflection on the movement behaviour pattern of the previous week,
identifying possibilities for change and reviewing the goals and action plans followed by
the prescribed topic for that week when appropriate; see Table 1 for the outline of the
intervention per week.

With social support identified as highly important, Participatory Support, an intensive
form of social support, is included in the RISE intervention.**” This means that someone
from the participants’ direct social network (with contact at least twice a week), such
as their partner, a close friend or a relative, joins them in the intervention as a buddy to
provide meaningful support. They will be present at the face-to-face sessions with the
physiotherapist and receive the RISE system. The participants’ buddy will gain insight into
relevant self-management information (e.g., why reducing and interrupting sedentary time
and increasing physical activity is essential in people with stroke), the individual goals of
the participant, and how to provide meaningful support.

Table 1. The sequence of the RISE intervention with the mode of delivery and delivered topics.

Week Mode of delivery Topics
1 Face-to-face (meeting 1)  Introduction of the RISE intervention
eCoaching Benefits of sitting less (1)
2 Face-to-face (meeting 2)  Making a behavioural diagnosis
eCoaching Benefits of sitting less (2)
3 Face-to-face (meeting3)  Self-monitoring
eCoaching What is self-monitoring
4 Face-to-face (meeting4)  Action planning and goal setting
eCoaching Cues and memories
5 Face-to-face (meeting 5)  Building social support
eCoaching Preservation of self-efficacy
6 Face-to-face (meeting 6)  Building confidence to avoid sitting
7 eCoaching Mapping your own behaviour and social environment
8 Face-to-face (meeting 7)  Introduction relapse
9 eCoaching Creating Habit and Coping Planning
10 Face-to-face (meeting 8)  Creating a habit and relapse
1n eCoaching Sustainable behavioural change
12 Face-to-face (meeting 9)  Self-monitoring in the future
13-14 eCoaching Planning specific actions and coping planning for the future
15 Face-to-face (meeting 10) Future proof
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RISE eCoaching system

The RISE system contains an activity monitor, a smartphone application for the participant
and a dashboard for the physiotherapist. The RISE activity monitor (see Figure 3) is based
on the Activ8 activity monitor, a valid tool for community ambulatory people with
stroke.*®4° The RISE activity monitor is a 3-axial accelerometer and must be worn in a pocket
at the height of the thigh or with a leg strap. The RISE activity monitor detects sedentary
behaviour, prolonged sedentary behaviour (accumulated in bouts > 30 minutes), light
physical activity (LPA) and moderate to vigorous physical activity (MVPA). The RISE monitor
is connected to the participants’ smartphone via Bluetooth and can provide prompt cues.
After 25 minutes of sedentary time, the RISE monitor can provide a tactile cue by vibration
to remind the participant. This can be switched on and off in the RISE application.

The RISE smartphone app contains four screens/functions. The first screen (see Figure 4)
provides an overview of the levels of movement behaviour (sedentary behaviour,
prolonged sedentary behaviour, LPA and MVPA) and the accumulation pattern of the
current day (swipe to see previous days), including the goal set. An optional goal for the
upcoming week is automatically generated based on the movement behaviour from
the previous week, and the eventual goal is set by the physiotherapist together with the
participant. This information is also displayed in the dashboard of the physiotherapist
(see Figure 4), which is used to set the goal. The second screen, the Trend line, shows
the levels from the start of the intervention to the present; by swiping, the participant
can switch between sedentary behaviour and physical activity. The third screen of the
app is the concrete action plan for the upcoming week, which is also filled out via the
dashboard. The final screen contains the e-learning modules with the topics presented in
Table 1. Additionally, participants receive questions to reflect on their personal situation.
The physiotherapist can see the participant’s answers in the dashboard application. Within
the dashboard, there is a behavioural diagnosis tool to determine the most important
facilitators and barriers for the specific individual.
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Figure 4. RISE Dashboard with the overview of an individual’s movement behaviour. 4A
Trend of sedentary behaviour. 4B. Movement behaviour during the week with mean values
of sitting, prolonged sitting and activity, and sedentary behaviour goal.

Discussion

In this study, we designed the RISE intervention, a blended behavioural intervention to
support community-dwelling people with stroke who are highly sedentary and inactive.
The results of this co-creation design process, using the stages of the BCW, showed the
need for an intervention including a core of thirteen behaviour change techniques. The RISE
intervention is delivered via face-to-face coaching sessions delivered by a physiotherapist
in the participant’s home setting and uses a technological eCoaching system to give real-
time feedback, show the set goals and action plan, and provide e-learning modules. Within
the intervention, participants receive participatory support from someone from their social
network (e.g., a partner or close friend) who joins them in the intervention to facilitate
changes, encourage support, increase enjoyment and provide greater accountability for
a more active lifestyle.

To develop the RISE intervention, we used the behaviour change wheel methodology.3¢-3#
This comprehensive methodology led to the BCTs included in the intervention. Key
BCTs were, for instance, goal setting, action planning, social support and feedback on
behaviour. New systematic reviews have looked at sedentary behaviour change strategies
in cardiovascular diseases and clinical populations.>®*' Although they concluded that
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further research is needed to determine which BCTs are most effective, they also found
that goals and action planning, feedback and social support might be promising.>**'

Two pilot studies on sedentary behaviour interventions in people with stroke showed
the need for further research to effectively support reducing sedentary behaviour.>>
When comparing the intervention content, we see that providing information about health
consequences and general goals was included. The one study that found some preliminary
effects regarding sedentary time post-intervention (no significant effects were left at 8
weeks follow-up) also included (general) goal setting and feedback on step counts. The
step count was not specified in the RISE e-coaching system because standing is also part of
(light) physical activity. The more extensive behaviour change techniques, such as weekly
personalised goal setting and action planning, problem-solving and detailed real-time
feedback regarding sedentary behaviour patterns provided within the RISE eCoaching
system, are novel.

A blended intervention seems warranted with the BCTs and modes of delivery selected
within the design process. The ‘STARFISH' trial,>* which primarily focused on physical
activity (walking) in people with stroke, was the only other intervention with a blended
character and showed promising results. A smartphone app and activity monitor can be
helpful in reducing sedentary behaviour.'>>> Activity monitors are vital to gain insight
into individual behaviour and give real-time feedback on behaviour." Self-monitoring
or using a mobile self-management application independently showed only short-term
effects.”? In contrast, monitoring and/or self-management applications integrated into
supervised face-to-face coaching showed better sustainable behavioural change effects.*
This finding matches what has been identified as necessary to support people with
stroke to reduce and interrupt their sedentary behaviour in our studies. Further research
should investigate the intervention’s feasibility in the stroke population since cognitive
complaints are prevalent after stroke and show if it is indeed feasible for people with
different educational backgrounds. Furthermore, behavioural interventions are relatively
new within physiotherapy care. Therefore, the skill level of physiotherapists delivering the
intervention needs to be addressed before the intervention can be delivered. This will be
included in the next steps to determine the preliminary effectiveness and feasibility of
the RISE intervention.

Within the design process, both literature and interviews with highly sedentary and
inactive people with stroke showed the importance of the social and physical environment
and social support.®*#" With sedentary behaviour patterns being highly dependent on
habits and routines, involving someone from the direct social network (e.g., a partner,
relative or close friend) seems necessary to address this aspect and enable sustainable
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behaviour change. Participatory support is a fairly extensive form of social support, and
although promising,***” it demands a certain amount of engagement of someone from
the social network of the person with a stroke. Therefore, the feasibility and added value
of participatory support will be examined in our future research.

Strengths and limitations

A strength is that we used the BCW stages to account for all aspects related to sedentary
behaviour, thereby creating a comprehensive intervention for sustainable behaviour
change. Additionally, the CeHRes roadmap was used to develop the RISE system for the
thorough development of the technology identified as needed within the intervention
design. Another strength of this study is that the intervention was developed in co-creation
with relevant stakeholders, including end-users and experts. With this approach, we tried
to overcome problems with the uptake and implementation of interventions at a later
stage. Future research to determine actual implementation strategies is needed.

Our intervention development included a co-design involving people with stroke and
their relatives and physiotherapists. It could be that different Capabilities, Opportunities,
and Motivations might be present in other countries. This should be taken into account
when generalizing our findings to other countries.

Conclusion

The RISE intervention aims to support people with stroke who are highly sedentary and
inactive to reduce and interrupt their sedentary behaviour. It is a blended behavioural
intervention that integrates face-to-face coaching by a physiotherapist and eCoaching
using the RISE eCoaching system and includes participatory support provided by someone
from the participant’s social network (e.g., partner or close friend) who joins them in the
RISE intervention. Further research will be conducted to assess its preliminary effectiveness
and feasibility as well as to determine the added value of participatory support.

132



RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

References

10.

1.

12.

. GBD 2016 Stroke Collaborators. Global, regional, and national burden of stroke, 1990-

2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol.
2019;18(5):439-458. doi:10.1016/51474-4422(19)30034-1

Pennlert J, Eriksson M, Carlberg B, Wiklund P-G. Long-term risk and predictors of
recurrent stroke beyond the acute phase. Stroke. 2014;45(6):1839-1841. doi:10.1161/
STROKEAHA.114.005060

Mohan KM, Wolfe CDA, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL, Grieve AP. Risk
and cumulative risk of stroke recurrence: a systematic review and meta-analysis. Stroke.
2011;42(5):1489-1494. doi:10.1161/STROKEAHA.110.602615

Carlsson A, Irewall A-L, Graipe A, Ulvenstam A, Mooe T, Ogren J. Long-term risk of major
adverse cardiovascular events following ischemic stroke or TIA. Sci Rep. 2023;13(1):8333.
doi:10.1038/541598-023-35601-x

Feigin VL, Barker-Collo S, Krishnamurthi R, Theadom A, Starkey N. Epidemiology of ischaemic
stroke and traumatic brain injury. Best Pract Res Clin Anaesthesiol. 2010;24(4):485-494. http://
www.embase.com/search/results?subaction=viewrecord&from=export&id=L360073169.

Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 2021 Guideline for the Prevention of
Stroke in Patients With Stroke and Transient Ischemic Attack: A Guideline From the
American Heart Association/American Stroke Association. Stroke. 2021;52(7). doi:10.1161/
STR.0000000000000375

Perk J, De Backer G, Gohlke H, et al. European Guidelines on cardiovascular disease
prevention in clinical practice (version 2012). The Fifth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of nine societies and by invited experts). Eur Heart
J.2012;33(13):1635-1701. d0i:10.1093/eurheartj/ehs092

Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior Research Network (SBRN) -
Terminology Consensus Project process and outcome. Int J Behav Nutr Phys Act. 2017;14(1):75.
doi:10.1186/512966-017-0525-8

Pate RR, O'Neill JR, Lobelo F. The evolving definition of &quot;sedentary&quot;. Exerc Sport
Sci Rev. 2008;36(4):173-178. d0i:10.1097/JES.0b013e3181877d1a

Ekelund U, Steene-Johannessen J, Brown WJ, et al. Does physical activity attenuate, or even
eliminate, the detrimental association of sitting time with mortality? A harmonised meta-
analysis of data from more than 1 million men and women. Lancet. 2016;388(10051):1302-
1310. doi:10.1016/50140-6736(16)30370-1

Ekelund U, Tarp J, Steene-Johannessen J, et al. Dose-response associations between
accelerometry measured physical activity and sedentary time and all cause mortality:
systematic review and harmonised meta-analysis. BMJ. 2019;366:14570. doi:10.1136/bm)j.
14570

van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time and all-cause mortality
risk in 222 497 Australian adults. Arch Intern Med. 2012;172(6):494-500. doi:10.1001/
archinternmed.2011.2174

133



Chapter 6

13. Ford ES, Caspersen CJ. Sedentary behaviour and cardiovascular disease: a review of
prospective studies. Int J Epidemiol. 2012;41(5):1338-1353. doi:10.1093/ije/dys078

14. Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and its association with risk for disease
incidence, mortality, and hospitalization in adults: a systematic review and meta-analysis.
Ann Intern Med. 2015;162(2):123-132. doi:10.7326/M14-1651

15. Bauman AE, Chau JY, Ding D, Bennie J. Too Much Sitting and Cardio-Metabolic Risk: An
Update of Epidemiological Evidence. Curr Cardiovasc Risk Rep. 2013;7(4):293-298. d0i:10.1007/
s12170-013-0316-y

16. Healy GN, Matthews CE, Dunstan DW, Winkler EAH, Owen N. Sedentary time and cardio-
metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J. 2011;32(5):590-597.
doi:10.1093/eurheartj/ehq451

17. Healy GN, Dunstan DW, Salmon J, et al. Breaks in sedentary time: beneficial associations
with metabolic risk. Diabetes Care. 2008;31(4):661-666. doi:10.2337/dc07-2046

18. Benatti FB, Ried-Larsen M. The Effects of Breaking up Prolonged Sitting Time: A Review
of Experimental Studies. Med Sci Sports Exerc. 2015;47(10):2053-2061. doi:10.1249/
MSS.0000000000000654

19. Chastin SFM, Egerton T, Leask C, Stamatakis E. Meta-analysis of the relationship between
breaks in sedentary behavior and cardiometabolic health. Obesity (Silver Spring).
2015;23(9):1800-1810. doi:10.1002/0by.21180

20. Wondergem R, Veenhof C, Wouters EMJ, de Bie RA, Visser-Meily JMA, Pisters MF. Movement
Behavior Patterns in People With First-Ever Stroke. Stroke. 2019;50(12):3553-3560. doi:10.1161/
STROKEAHA.119.027013

21. English C, Healy GN, Coates A, Lewis L, Olds T, Bernhardt J. Sitting and Activity Time in
People With Stroke. Phys Ther. 2016;96(2):193-201. d0i:10.2522/ptj.20140522

22. Tieges Z, Mead G, Allerhand M, et al. Sedentary behavior in the first year after stroke: a
longitudinal cohort study with objective measures. Arch Phys Med Rehabil. 2015;96(1):15-23.
doi:10.1016/j.apmr.2014.08.015

23. Paul L, Brewster S, Wyke S, et al. Physical activity profiles and sedentary behaviour in people
following stroke: a cross-sectional study. Disabil Rehabil. 2016;38(4):362-367. doi:10.3109/09
638288.2015.1041615

24. Fini NA, Holland AE, Keating J, Simek J, Bernhardt J. How Physically Active Are People
Following Stroke? Systematic Review and Quantitative Synthesis. Phys Ther. 2017;97(7):707-
717. d0i:10.1093/ptj/pzx038

25. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the population health
science of sedentary behavior. Exerc Sport Sci Rev. 2010;38(3):105-113. doi:10.1097/
JES.0b013e3181e373a2

26. English C, Janssen H, Crowfoot G, et al. Frequent, short bouts of light-intensity exercises
while standing decreases systolic blood pressure: Breaking Up Sitting Time after Stroke
(BUST-Stroke) trial. Int J Stroke. 2018;13(9):932-940. doi:10.1177/1747493018798535

27. Bell AC, Richards J, Zakrzewski-Fruer JK, Smith LR, Bailey DP. Sedentary Behaviour—A
Target for the Prevention and Management of Cardiovascular Disease. Int J Environ Res
Public Health. 2022;20(1):532. doi:10.3390/ijerph20010532

134



RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

Manns PJ, Dunstan DW, Owen N, Healy GN. Addressing the nonexercise part of the activity
continuum: a more realistic and achievable approach to activity programming for adults
with mobility disability? Phys Ther. 2012;92(4):614-625. d0i:10.2522/ptj.20110284

Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N. Physiological and health
implications of a sedentary lifestyle. Appl Physiol Nutr Metab. 2010;35(6):725-740. d0i:10.1139/
H10-079

Koninklijk Nederlands Genootschap voor Fysiotherapie. KNGF-richtlijn Beroerte. 2017. www.
kngfrichtlijnen.nl.

Living stroke guidelines | Stroke Foundation - Australia. https://strokefoundation.org.au/
what-we-do/for-health-professionals/living-stroke-guidelines. Accessed July 19, 2023.

Saunders DH, Mead GE, Fitzsimons C, et al. Interventions for reducing sedentary behaviour
in people with stroke. Cochrane Database Syst Rev. 2018;2018(4). doi:10.1002/14651858.
CD012996

Ezeugwu VE, Garga N, Manns PJ. Reducing sedentary behaviour after stroke: perspectives
of ambulatory individuals with stroke. Disabil Rehabil. 2017;39(25):2551-2558. doi:10.1080/
09638288.2016.1239764

Kim J, Thrift AG, Nelson MR, Bladin CF, Cadilhac DA. Personalized medicine and stroke
prevention: Where are we? Vasc Health Risk Manag. 2015;11:601-611. http://www.embase.
com/search/results?subaction=viewrecord&from=export&id=L607202492.

Hendrickx W, Vlietstra L, Valkenet K, et al. General lifestyle interventions on their own seem
insufficient to improve the level of physical activity after stroke or TIA: a systematic review.
BMC Neurol. 2020;20(1):168. doi:10.1186/s12883-020-01730-3

Michie S, Atkins L, West R. The Behaviour Change Wheel, a Guide to Designing Interventions.
Silverback Publishing Great Britain; 2014.

Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for
characterising and designing behaviour change interventions. Implement Sci. 2011;6(1):42.
doi:10.1186/1748-5908-6-42

Michie S, Richardson M, Johnston M, et al. The Behavior Change Technique Taxonomy
(v1) of 93 Hierarchically Clustered Techniques: Building an International Consensus for the
Reporting of Behavior Change Interventions. Ann Behav Med. 2013;46(1):81-95. doi:10.1007/
512160-013-9486-6

Farao J, Malila B, Conrad N, Mutsvangwa T, Rangaka MX, Douglas TS. A user-centred design
framework for mHealth. PLoS One. 2020;15(8):0237910. doi:10.1371/journal.pone.0237910

Santana MJ, Manalili K, Jolley RJ, Zelinsky S, Quan H, Lu M. How to practice person-centred
care: A conceptual framework. Health Expect. 2018;21(2):429-440. doi:10.1111/hex.12640

Hendrickx W, Wondergem R, Pisters MF, et al. It is a matter of changing habits; Factors
related to high-risk movement behaviour in people with stroke who are highly sedentary
and inactive. Submitt to peer Rev J. 2023.

Delbecq A, Ven A Van de, Gustafson D. Group techniques for program planning: A guide to
nominal group and Delphi processes. 1975. https://eduq.info/xmlui/handle/11515/11368.
Accessed July 19, 2023.

135



Chapter 6

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

136

van Gemert-Pijnen JEWC, Nijland N, van Limburg M, et al. A holistic framework to improve
the uptake and impact of eHealth technologies. J Med Internet Res. 2011;13(4):e111.
doi:10.2196/jmir.1672

Schwarzer R. Modeling Health Behavior Change: How to Predict and Modify the Adoption
and Maintenance of Health Behaviors. Appl Psychol. 2008;57(1):1-29. d0i:10.1111/j.1464-
0597.2007.00325.x

Jaspers MWM. A comparison of usability methods for testing interactive health technologies:
methodological aspects and empirical evidence. Int J Med Inform. 2009;78(5):340-353.
doi:10.1016/j.ijmedinf.2008.10.002

Albert NM, Forney J, Slifcak E, Sorrell J. Understanding physical activity and exercise
behaviors in patients with heart failure. Hear Lung. 2015;44(1):2-8. doi:10.1016/j.
hrting.2014.08.006

Lindsay Smith G, Banting L, Eime R, O’Sullivan G, van Uffelen JGZ. The association between
social support and physical activity in older adults: a systematic review. Int J Behav Nutr Phys
Act. 2017;14(1):56. d0i:10.1186/512966-017-0509-8

Fanchamps MHJ, Horemans HLD, Ribbers GM, Stam HJ, Bussmann JBJ. The Accuracy of the
Detection of Body Postures and Movements Using a Physical Activity Monitor in People
after a Stroke. Sensors (Basel). 2018;18(7). d0i:10.3390/s18072167

Medical physical activity monitors &mp; motion tracking solutions - Activ8. https://www.
activ8all.com/. Accessed February 21, 2020.

Patterson K, Davey R, Keegan R, Kunstler B, Woodward A, Freene N. Behaviour change
techniques in cardiovascular disease smartphone apps to improve physical activity and
sedentary behaviour: Systematic review and meta-regression. Int J Behav Nutr Phys Act.
2022;19(1):81. d0i:10.1186/512966-022-01319-8

Martin-Martin J, Roldan-Jiménez C, De-Torres |, et al. Behavior Change Techniques and the
Effects Associated With Digital Behavior Change Interventions in Sedentary Behavior in
the Clinical Population: A Systematic Review. Front Digit Heal. 2021;3:620383. doi:10.3389/
fdgth.2021.620383

Ezeugwu VE, Manns PJ. The Feasibility and Longitudinal Effects of a Home-Based Sedentary
Behavior Change Intervention After Stroke. Arch Phys Med Rehabil. 2018;99(12):2540-2547.
doi:10.1016/j.apmr.2018.06.014

English C, Healy GN, Olds T, et al. Reducing Sitting Time After Stroke: A Phase Il Safety
and Feasibility Randomized Controlled Trial. Arch Phys Med Rehabil. 2016;97(2):273-280.
doi:10.1016/j.apmr.2015.10.094

Paul L, Brewster S, Wyke S, et al. Increasing physical activity in older adults using STARFISH,
an interactive smartphone application (app); a pilot study. J Rehabil Assist Technol Eng.
2017;4:2055668317696236. d0i:10.1177/2055668317696236

Patterson K, Davey R, Keegan R, Freene N. Smartphone applications for physical activity and
sedentary behaviour change in people with cardiovascular disease: A systematic review
and meta-analysis. PLoS One. 2021;16(10):e0258460. doi:10.1371/journal.pone.0258460



RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

Supplementary Materials 1: Description results stage of
development

Stage 1: Understanding the behaviour

Two targets regarding sedentary behaviour were selected (stage 1.1): reducing the total
sedentary time and increasing the interruption of sedentary time.""? All facilitators and
barriers identified from the literature (stage 1.2) were categorized into the COM-B model
and the Theoretical Domains Framework and can be found in Table 1 (at the end of this
document).

The characteristics of the participants from the interviews (stage 1.3) with people with
stroke who were highly sedentary and inactive, is shown in Supplementary Materials 5,
Tables 1 and 2. Figure 1 provides an overview of all aspects identified regarding capabilities,
opportunities and motivations for sedentary behaviour in daily life. Important factors
were identified within the domains of psychological capabilities regarding knowledge of
one’s own movement behaviour, including sedentary behaviour; people were not aware
of levels, nor the risk their behaviour pattern confers. Additionally, related to this lack of
awareness, there was a lack of behaviour regulation. Movement behaviour was for the most
part determined by reinforcing factors from the social and physical environment and thus
based on habits and daily routines. The results also showed individual differences in the
influence factors such as physical limitations, had on movement behaviour. Details on the
results and conclusions of the interviews can be found elsewhere.”
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Figure 1. Results from interviews of people with stroke: reprint, details published elsewhere.”

Stage 2: Identify intervention functions

No evidence was found regarding specific intervention functions for reducing sedentary
behaviour in people with stroke. Three systematic reviews that focused on reducing
sedentary behaviour in the general population were identified.”*-'® The following
intervention functions (stage 2.1) were found to be effective and relevant: persuasion,
incentivization (according to one study), training, environmental restructuring, and
restriction. Table 1 (at the end of this document) shows how the identified intervention
functions are associated with the determined capabilities, motivation and opportunities
influencing sedentary behaviour (stage 2.2).

Stage 3: Identify behaviour change techniques and modes of delivery

In terms of BCTs and modes of delivery specific to reducing sedentary behaviour in people
with stroke (stage 3.1), only one qualitative study was identified.” The results of this study
suggested that strategies including using wearable technologies for self-monitoring,
engaging in movement throughout the day, and action planning to reduce sedentary
behaviour may be useful. Three systematic reviews were found on how to reduce
sedentary behaviour in the general population.'*'® These reviews concluded that only
lifestyle interventions that aimed to reduce sedentary behaviour specifically or in addition
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to increasing physical activity were effective for reducing sedentary time."*'® In total, 20
effective BCTs were identified from the literature (see Supplementary Material 4, Table 1).
The identified modes of delivery were face-to-face groups, web-based personal, written
materials, and activity monitors (see Supplementary Materials 4, Table 1).

In total, 6 professionals and 5 researchers participated in the Nominal Group Techniques
sessions (stage 3.2). Participants’ characteristics are presented in Supplementary
Materials 5. The participants identified a total of 75 BCTs as possibly eligible to include
in an intervention to reduce sedentary behaviour. The top ten BCTs, according to the
participants, are listed in Supplementary Materials 4, Table 2. Additionally, an overview of
the ranking and frequency of the BCTs is presented in Supplementary Materials 4, Tables
3-6.

The BCTs and modes of delivery identified were combined with the information obtained
from the interviews to determine the final selection to be included in the intervention
(stages 3.3 and 3.4). These can be found in Table 1, categorized into the COM-B model,
TDF domains and identified barriers and facilitators. The core BCTs were goal-setting
(on behaviour and outcome), action planning, social support, self-monitoring on behaviour,
feedback on behaviour, the discrepancy between current behaviour and goal, information
about health consequences, problem-solving, restructuring the social environment, prompts
and cues, habits formation, and instructions how to perform the behaviour. The modes of
delivery included are face-to-face meetings with a coach (physiotherapist), an activity
monitor to measure sedentary behaviour and physical activity, an application to provide
real-time feedback, sign-in the behaviour and eLearning.

The required combination of an activity monitor that provides input to an application and
the application that gives real-time feedback based on the input and includes eLearning
modules necessitated the development of a comprehensive technological system. These
requirements were the bases for the iterative process conducted with end-users and
experts (stage 3.5.B) to develop such a system. Subsequently, the RISE system was specified
and designed for integration into the final version of the RISE intervention protocol (stage
3.5.A.). The RISE intervention (Supplementary Materials 6) is a 15-week blended behavioural
intervention in which a primary care physiotherapist coached participants to reduce and
interrupt their sedentary time. Physiotherapists provided personalized coaching to people
with a stroke in their home setting by using behaviour change techniques and the RISE
eCoaching system. The RISE eCoaching system consists of 1) an activity monitor, 2) a
smartphone application that provides real-time feedback and contains e-learning modules,
3) a monitoring dashboard for the physiotherapist. Participants received participatory
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support from someone from their social network (e.g., partner or close friend) who joined
them in the intervention.
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RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

Inoineyaq

ul ydeqpasy ‘bulioyuow
-J|9s ‘buruueld uonoe
‘Buinjos wia|qoid
uonew.oy liqey ‘bunas
|eob ‘buinjos wa|qoid
‘Hbunyas-jeob ‘pioddns
|e1nos ‘burioliuow-§|as
‘JNOIARYSQ UO oeqpa9)
‘Butuueld uondy

1oddns
|eID0S “JUBWUOIIAUD
|e1>os ay1 burindNiisay

Bujuresy
‘uoisensiad
‘uoneosnp3l

UOI1RZIAIIUSDUL
‘uoisensiad
‘uonesnpy

JuswWa|qeus
‘Buljjopow
‘BurinydNISaI
|eluSWIUOIIAUT

K1ejuspas buidnpais pue yd jo
s|aA9] ay3 buinoadwi 01 pareal
K>ed1)a-4|9s ‘uoleulwIDp
pue uoljeAllow-}|as ‘butied-j|as
Jo s|qeded bulssy ‘uoneAnow
Jode| ‘daas sood ‘ured
‘swa|qoid aAubod ‘anbiey

Vd Ul 9seaJdul ue 03 pes|
S$HSe} |RIDOS ‘JOM (1993UN|OA) JO
$s0| 40 uonednddo A1eluspas

J1eyd sy ur uosiad

pjo ay1 buiaq isnfjou ‘wopaloq
931124 ‘Buizijedos ‘yioddns
|e1dos ‘|ngasn buija9y ‘s1aylo
usping 03 Juem jou op Aay3
95ned3q 1IS ‘159 0} SpUaLy pue
A|iwey wouy 2anssaid ‘Ajiwey pue
Spusly wouy uoddns Jo ydeq

Koedyya-4|9s aneH
‘uoneuIwIIRp

pue UOIIBAIIOW-}|3S dARH
!synoq A1ejuspas pue awi

K1eyuapas 1noge 1ybisul A31Yde 0}
InolAeY3q Jo BULIOHUON-(§19S) ‘da3|s

Jood ‘uted ‘swiajqoid aAIUb0D
‘uoissaidap ‘anbiiej swodIdAQ

vd buneiodiodul

AYAIDE [e1D0S Ul 3bebu]
‘2oe|dyI0M (1931UN|OA)

9y1 1e s3noq Aiejuspas 1dnuisiul
pue awiy K1e3uspas aseardag
93,02 bupjuup

UeU1 J3Y10 SPUSLIY YlM SSIIANDY
‘jlwey pue spualiy

woJ} synoq Aieyuspas ydnuisiul
pue awi) K1e3uspas asealdap 01
uole|nwins pue Juswabeinodul
‘synoq Arejuspas bundnuisiul pue
aw A1euapas Inoge abpajmouy
1USIDLJNS 9ARY O PasU SaANR|Y

qeded
noge sJa1|9g

Kyuapi
pue a|0oJ |e1dos uoljeAllow
/|eUOISSJ0.1d EYNIREIIEN|

uoneAnow

s104

uorpuny
uoIUaAIR)U|

siojep|de) pue sialieg

iinoineyaq

AJ1ejuspas adnpau 03 {043s Yim
a|doad 10j uaddey o3 spaau jeym

saduanpyul  Ayunuoddo
|eos |eos
sjusauodwod

idlL 9-W0D

g-Wod

(panuijuo3) UOIIUSAIDIUI BY3 Ul papNn|dul sanbiuydal
abueyd JnoiAeyaq |EI131ID 3SOW B3 PUB ‘SUOIIDUNS UOIIUSAIIIUI dY) ‘SIdlIeq puUe S1ojell|ide) ay) AnolAeyaq A1euapas adnpaJ 0} 930.1s Yiim ajdoad
10} uaddey 01 spasu 1eym ‘sisoubelp |einoineySq pue ‘uoneAno ‘ssiunyoddQ ‘sanijigede) Huipn|pul ‘UoIIUSAISIUI ISIY SY3 JO SUIINQ :L dqeL

145



Chapter 6

saduanbasuod awiy A1eyuapas HELE]

y1jeay 1noqe 95NnpaJ 01 uonuul ‘Jusuodwod Vd 95E2J2U] 0] UOIIUSIUI BY) dARH
UOI1eW.IOUI “INOIARYSQ  UOIBZIAIJUDUI  Yd B YlIM S3IHAIDR [njbuluesw ‘synoq A1ejuapas
uo ¥deqpas} noineyaq ‘uolsensiad 95eaJDUl 0} UOIUUI “Yd JO 1dnuisiul pue awiy A1ejuspas

Jo buloyuow-y|9s ‘uoledNpP3  S|9A3] Y3 dnoadwil 01 uonuUAU| 92NpaJ 0} UOIIUSIUI DY) dARH suolulu|
dag|s

lood ‘wopaloq ‘@duspuadapul Jo
sbuij@ay ‘4Inb Jo sbuijaay ‘uoissaidap

UoI1eZIAIJUSDUL Vd JO S1yauaq Jay3o noge ‘ued ‘9)043S JUSLINJ3I JO YSI dY}
‘uoisensiad  s)a113q ‘Yijeay J10) JUSWIAOW JO JO SWId) Ul INOIARYD(Q A1RIUSPaS  S9dUSNbasuod
‘uoneonpy Scueliodwl 3yl Inoge s)aljag Buinpai Jo slysusq syl uransldg  1noge syaljeg
bujuueld 11j1qe 1noqge
uonoe ‘buinjos wajqo.d sisiwissad ‘sanljige inoge
‘s9dudnbasuod yijeay uolleziApuadul  d1isiwido ‘inoineyaq Aiejuapas Jnoineyaq Aiejuapas
Inoge uoljew.ojul ‘uoisensiad 95Npal pue 4 9sealdul  dnpal pue yd anoidwi 0} Ayljigeded
“110ddns |edos ‘uoneonpy 01 92U3PYU0D PIAISdISd pue sanljiqe 1noge dnsiwido ag wsiwndo
éinoiaeyaq
uoipuny A1ejuspas adnpal 03 [043S YIIMm sjuauodwo)
s1Dg UOIUdAIdlU| siojejijidej pue siauieg  3djdoad io0j uaddey 03 spasu jeym 4dlL g-WodD g9-Wod

(panuu02) UOIIUSAIDIUL DY) Ul papN|dul sanbluydal
abueyd JnoiAeyaq |EI1I1ID ISOW B3 PUB ‘SUOIIDUNS UOIIUSAIIIUI 3Y) ‘SIdlIeq puUe S1ojell|ide) 9y AnolAeyaq A1euapas adnpaJ 01 930.41s Yyiim ajdoad
10} uaddey o1 spasu 1eym ‘sisoubelp |einoireyaq pue ‘uoiieAnoly ‘ssiuniioddQ ‘ssnijigeded buipnipul ‘uoilusAISIuL ISIY Y1 JO SUIINQ :L d|qeL

O
<
—



RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

AUARDY [e215AUd 3YBIT=Yd1 “omawel sujewo( [ed1a1oayl=4dl1 ‘sisoubeiq |einoireyag pue uoieAiop ‘ssniunyodd ‘sd

qede)=g-wo)

saduanbasuod yyeay
Inoge uoljew.ojul
‘Buinjos wia|qoid
InoiAeyaq ayy wioyiad
01 MOY SuoI3dNIIsuUl
‘s9ousnbasuod yyjeay
Inoge uoljew.ojul

‘SW 010 uo
Burioyuow-j|as ‘bula|os
ws|qoud ‘buiuueld
uol}de ‘uoljew.oy Iqey
‘sand pue sydwold
1oddns |eppos

‘|leob pue unoineyaq
JUSLIND U9IMID]
Aouedaudsip Inoineyaq
uopeqpasy ‘buluueld
uof3de ‘bulA|os
wa|qo.d ‘(1noireysq
/wo21n0) bunies-jeon

UOI1eZIAIIUDDU|

|elusWwuolIAUL

‘Uo1IRZIAIIUSDUL

‘UOIIeZIAIIUSDUI

K3Inb ssa| buljaay

‘Inyasn bBuijasy ‘@duspuadapul

J0 sbuiaay ‘buljey Jo teay

“Juawisseliequud Jo Jeay ‘bunyjem
J0 Je3y ‘uoissaidap ‘anbiieq

SSauylls pue

ured proae 01 awiy K1eluspas
Bundnuisiul ‘saniAlde WOy
panuap Kol ‘spie anissed buisn
‘(Jeo1sAyd pue aaubod) anbiyey

‘uted ‘bul||ey (Jo Jedy) ‘op 01
Buiyiou ‘uqey e st bunus

bunias |eob ‘vd

anoidwi 1o 3q 03 ue|d 4o |eob
91242U0D ou ‘Aep ayy bulnp
aAne bulaq ‘buiuueld uondy

sinoq
Kieyuspas bupndniiaiul pue swiy
K1eyuapas buiseasdap Aq asuodsal
|euoniows aAnisod e adusLadx3 uonowy

Vvd Uil buibebus Aofus
‘Vd YHM SUOI1RIDOSSE JaY10 Uiea
‘Hunyis ueyy Jay3o syqey a1ealr)
‘synoq A1ejuapas

1dn.1is1ul 03 SBUIINOI YSI|ge1sT  JUSWdIouIRY

uoneAnow
JneWOoINY

dAI3D€ 9q 0} sa163e)s ulea

!sjeob |nybuluesIW 195

‘Aep ay1 bulinp aAnde ag
‘buluued uondy s|eon

s104

siojep|de) pue sialieg

inolaeyaq
A1ejuapas ad>npal 03 9)0.431s Yiim syuauodwo)
a|doad 10j uaddey o3 spaau jeym 4dl g9-Wod g9-Wod

(panuijuo3) UOIIUSAIDIUI BY3 Ul papNn|dul sanbiuydal

abueyd JnoiARYS( [BI13ID ISOW DY} PUR ‘SUOIIDUNS UOIIUSAISIUL Y} ‘SISIIRY PUR SI0)RYI|1DR) Y} UNOIARYD] AIRIUapas 3dNnpai 0} 3x041s yum ajdoad
J1oj uaddey 01 spasau Jeym ‘sisoubelp |einolARYSq pue ‘UolIeARO ‘saiHunyoddQ ‘sanijiqeded Buipnpul ‘UoIUSAISIUL ISIY SY3 JO SUIINQ 3L d]qeL

147



Chapter 6

Supplementary Materials 2: BCW and CeHRes roadmap
- Sources of behaviour

Soc - Social influences

Env - Environmental Context and Resources
Id - Social/Professional Role and Identity
Bel Cap - Beliefs about Capabilities

Opt - Optimism

Int - Intentions

Goals - Goals

Bel Cons - Beliefs about Consequences
Reinf - Reinforcement

Em - Emotion

Know - Knowledge

Cog - Cognitive and interpersonal skills
Mem - Memory, Attention and Decision Processes
Beh Reg - Behavioural Regulation
Phys - Physical skills

Educatio®

Service provision

Figure 1. The behaviour change wheel. Reprinted with permission from Michie et al
(Michie et al., 2011)."

Stage 2: Identify Stage 3: Identify content

o intervention options and implementation options
1. Define the problem in Identify: Identify:
behavioural terms 5. Intervention 7. Behaviour change
functions techniques

2. Select target behaviour

3. Specify the target 6. Policy categories
behaviour

4. I|dentify what needs to
change

8. Mode of delivery

Figure 2. The stages of the behaviour change wheel approach. Reprinted with permission
from Michie et al (Michie et al., 2011).
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RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

Table 1. COM-B model components and the Theoretic Domains Framework

COM-B Components TDF Domains

Capability  Physical Physical skills
Physical skill, strength or stamina  An ability or proficiency acquired through practise
Psychological Knowledge

Knowledge or psychological skills,
strength or stamina to engage in
the necessary mental processes

An awareness of the existence of something
Cognitive and interpersonal skills

An ability or proficiency acquired through practise
Memory, attention and decision processes

The ability to retain information, focus selectively
on aspects of the environment and choose between
two or more alternatives

Behaviour Regulation

Anything aimed at managing or changing
objectively observed or measured actions

Opportunity

Social

Opportunity afforded by
interpersonal influences, social
cues and cultural norms that
influence the way that we think
about things, e.g. the words
and concepts that make up our
language

Physical

Opportunity afforded by the
environment involving time,
resources, locations, cues, physical
‘affordance’

Social influences

Those interpersonal processes that can cause
individuals to change their thoughts, feelings, or
behaviours

Environmental Context and Resources

Any circumstance of a person’s situation or
environment or encourages the development
of skills and abilities, independence, social
competence, and adaptive behaviour

Motivation

Reflective

Reflective processes involving
plans (self-conscious intentions)
and evaluations (beliefs about
what is good and bad)

Social or Professional Role and Identity

A coherent set of behaviours and displayed personal
qualities of an individual in a social or work setting
Beliefs about Capabilities

Acceptance of the truth, reality, or validity about
an ability, talent, or facility that a person can put to
constructive use.

Optimism

The confidence that things will happen for the best
or that desired goals will be attained

Intentions

A conscious decision to perform a behaviour or a
resolve to act in certain way

Goals

Mental representations of outcomes or end states
that an individual wants to achieve

Beliefs about consequences

Acceptance of the truth, reality, or validity about
outcomes of a behaviour in a given situation.
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Chapter 6

Table 1. COM-B model components and the Theoretic Domains Framework (continued)

COM-B Components TDF Domains
Automatic Reinforcement
Automatic processes involving Increasing the probability of a response by
emotional reactions, desires arranging a dependent relationship, or contingency,
(wants and needs), impulses, between the response and a given stimulus

inhibitions, drive states and reflex Emotion

responses A complex reaction pattern, involving experiential,
behavioural, and physiological elements, by which
the individual attempts to deal with a personally
significant matter or event

. Ve EVA 0
“,‘.v tv“,“"q' "“'m lvu‘u' o""“ :.,,‘,’o el IVA(‘,"'O

CONTEXTUAL VALUE SUMMATIVE
ki, “ e i
VALUE BUSINESS
DRVERS MODEL

CEHRES ROADMAP OOBE Core

Figure 3. The CeHRes Roadmap.?
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RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.

Supplementary Materials 3: search terms

Table 1: Search terms related to the step of the Behaviour Change Wheel

Questions per stage

Search terms

Stages 1 Understand the What should be the target behavior?

behavior

Stage 2 Identify
intervention functions

Stage 3 Identify
behaviour changes
techniques and modes
of delivery

What motivations, barriers and
opportunities are identified with
regards to reducing sedentary
behavior?

What is the evidence on the
effectiveness of the possible
intervention functions in stroke
survivors with regards to reducing
sedentary behaviour?

What is the evidence on the
effectiveness of the possible BCTs
in stroke survivors with regards to
reducing sedentary behaviour?
What is the evidence on the
effectiveness of the possible modes
of delivery in stroke survivors with
regards to reducing sedentary
behaviour?

Sedentary behavio* AND stroke OR
risk

‘Sedentary behavio* AND ‘Barrier*’
OR ‘Motivation’

‘Behavioural interventions’

OR 'lifestyle intervention’ OR
‘Selfmanagement’ OR ‘Education’
AND ‘Sedentary Behaviour’ AND
‘Stroke™

‘Behavioural interventions’

OR ‘lifestyle intervention’ OR
‘Selfmanagement’ OR ‘Education’
AND ‘Sedentary Behaviour’
‘Stroke’* AND ‘Behavioural
interventions’ OR ‘lifestyle
intervention’ OR ‘Selfmanagement’
OR ‘Education’ OR ‘Secondary
Prevention’ OR 'Risk Reduction
Behaviour’ OR ‘Lifestyle
modification’

# ‘Stroke’ OR ‘Brain Infarction’ OR ‘Cerebro Vascular Accident’ OR ‘CVA’ OR ‘Cerebral apoplexy’ OR

‘Poststroke*’
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Supplementary Materials 4: BCT and NGT outcomes

Table 1. Intervention functions, BCT’s and modus of delivery found effective in general
population based on literature

Intervention functions BCT Modus of delivery

Education Problem solving Face to face group

Persuasion Goal setting (outcome)* Web-based personal*
Incentivisation* Action planning Written materials standard
Training Commitment* Pedo- / accelerometer not specified
Environmental Monitoring behaviour by others

restructuring without feedback*

Restriction Feedback on Behaviour

Self-monitoring (behaviour)
Instruction on how to preform
behaviours

Information about health
consequences

Demonstration of the behaviour
Remove access to the reward
Behavioural practice/rehearsal
Habit reversal*

Overcorrection*

Generalisation of target behaviour*
Graded tasks

Credible source*

Pros and cons*

Material reward for behaviour
Adding objects to the environment

*Based on one study
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RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.
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Chapter 6

Supplementary Materials 5: Participants’ characteristics

Table 1. Patient characteristics focus group 1

Sex Age Time after Physical Communication Cognitive Use of tablet,
stroke disability problems due impairments smartphone
dueto  tostroke due to stroke or computer
stroke
Participant1 Female 70 3years yes yes no Yes/yes/yes
Participant2 female 65 6years yes no no Yes/yes/yes
Participant3  male 68 1year Yes no no No
Participant4 male 51  1year yes yes yes Yes/yes/no
Participant5 Female 70 1year yes no yes No/yes/yes
Participant6  Male 52 2years yes no yes No/yes/no
Participant7 female 42 1year yes no no Yes/yes/yes
Table 2. Patient characteristics focus group 2
Sex Age Time after Physical Communication Cognitive Use of
stroke disability problems due impairments tablet,
dueto  tostroke due to stroke smartphone
stroke or computer
Participant1 male 65  3years yes no no No/yes/yes
Participant2 female 53  3years yes no no Yes/yes/yes
Participant3  female 51  10years yes yes yes No/yes/yes
Participant4 male 54  5Syears yes yes no No
Participant5 male 73 2years no no no no
Participant6  Female 74  4years no yes no No
Participant7 male 29  5years yes no yes Yes/yes/yes
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RISE, a blended behavioural intervention to reduce and interrupt sedentary behaviour.
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Chapter 7

Abstract

Background: High amounts of sedentary behaviour increase the risk of cardiovascular
disease. The objective of this study was to determine the preliminary effectiveness and
feasibility of the RISE intervention to support community-dwelling people with stroke,
who are highly sedentary, to reduce and interrupt sedentary time. Additionally, the added
value of including participatory support within the RISE Intervention was determined.

Methods: A randomised multiple baseline study was conducted. Fourteen community-
dwelling participants, were randomly allocated to different durations of baseline
assessment, during which repeated measurements were conducted. All received the
RISE intervention, a 15-weeks blended behavioural intervention, in which a primary
care physiotherapist coached participants to reduce and interrupt their sedentary time.
Physiotherapists provided personalised coaching, in the home setting, by using behaviour
change techniques and the RISE eCoaching system; an activity monitor and app to provide
real time feedback. Half of the participants (randomly allocated) received participatory
support from someone from their social network (e.g., partner or close friend) who joined
them in the intervention. Preliminary effectiveness was determined with significant
changes in total sedentary time and fragmentation (interruption) of sedentary time
using the Wampold and Worsham randomisation test. Effect size was determined using
the Percentage Exceeding the Median. Feasibility was assessed by adherence with the
intervention protocol, safety and satisfaction with the intervention.

Results: Participants significantly reduced total sedentary time (p=0.01) by 1.3 hours on
average and increased their fragmentation (p<0.01). Twelve (85%) participants improved
on at least one outcome of sedentary behaviour. Subgroup analyses showed significant
improvements in total sedentary time (p=0.03) and fragmentation (p=0.03) in the group
with participatory support. The group without participatory support only significantly
improved fragmentation (p=0.04). Thirteen (93%) participants completed the intervention
and no related adverse events occurred. Participants reported sufficient satisfaction with
the intervention.

Conclusion: The RISE intervention appears promising to support people with stroke who
are highly sedentary to reduce and interrupt their sedentary time. Participatory support

appears to contribute to greater results.

Trial registration: ISRCTN international trial registry, 10694741
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Improving movement behaviour after stroke with the RISE intervention.

Introduction

Each year about 43,000 people have a stroke in the Netherlands.! Despite significant
improvements in acute care, the risk of recurrent stroke is high.>* Consequently, secondary
prevention is important for people with a stroke. Several risk factors for cardiovascular
disease and stroke are known. Relevant risk factors include elevated systolic blood
pressure, high body mass index, high fasting glucose and lifestyle factors, including
physical inactivity and sedentary behaviour.>™ Sedentary behaviour is defined as ‘any
waking behaviour characterized by an energy expenditure <1.5 metabolic equivalent of
task while in a sitting, reclining, or lying posture’'?™ Large observational studies report
that higher levels of total physical activity at any intensity and less time spent sedentary
are associated with a substantially reduced risk for recurrent cardiovascular events and/
or mortality.® Furthermore, the risk from sedentary behaviour increases when sedentary
time is accumulated in prolonged bouts.”""” The Breaking Up Sitting Time after Stroke
study found that when sedentary time is interrupted by short bouts of standing exercises
or walking, systolic blood pressure reduced in people with stroke, even when participants
were taking anti-hypertensive medication.'® High (systolic) blood pressure is the greatest
modifiable risk factor contributing to first and recurrent stroke.”

A previous study measured the movement behaviours of 190 people after stroke who had
returned home. Results showed that 79% of the population was highly sedentary (over 9.5
hours with 13.5 hours of activity monitor wear-time) and spent minimal time engaged in
Moderate to Vigorous Physical Activity (MVPA).2° Of these participants, 31% accumulated
their sedentary time in prolonged bouts.?® These results indicate that over three-quarters
of the people with stroke have a movement behaviour pattern that may increase their risk
of recurrent stroke and other cardiovascular events.

No effective interventions exist to support people living in the community who have had
a stroke to reduce sedentary behaviour.” Intervention development to reduce sedentary
behaviour should target supporting behaviour change and self-management.?’ Qualitative
and quantitative studies indicate a need to focus on people’s awareness of their movement
behaviour and health consequences, and to support people to consciously regulate
their movement behaviour.2°22-27 Furthermore, factors related to the social and physical
environment that influence movement behaviour and other individual factors like stroke
sequelae and self-efficacy need consideration.?®**? Since these factors can vary across
people with stroke, the ability to tailor the intervention to a person’s individual needs is
required.?2%7
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Chapter 7

Our research group has developed the RISE intervention (Reduce and Interrupt Sedentary
behaviour using a blended behaviour intervention to Empower people at risk towards
sustainable movement behaviour change) to support highly sedentary people with stroke.?®
The RISE intervention aims to reduce and interrupt sedentary behaviour by replacing it
with physical activity. Sustainable movement behaviour change can be challenging,? so
within the co-design process to develop a personalised intervention we considered all
identified influencing factors from the behaviour domains (capabilities, opportunities and
motivation) and accounted for the different phases of change.?”~%° Social support and the
social environment were identified as key elements for an effective intervention to reduce
sedentary time in literature.?>?"2 Therefore, participatory support, where a member of the
participant’s immediate social environment participates as a buddy in the intervention,
may contribute to adherence and improved movement behaviour.3**' The added value of
participatory support and the feasibility of integrating this within movement behavioural
change interventions is currently unknown.

Therefore the objective of this study was to determine the preliminary effectiveness and
feasibility of the RISE intervention to support community-dwelling people with stroke,
who are highly sedentary, to reduce and interrupt sedentary time. Additionally, the added
value of including participatory support within the RISE Intervention was determined.

Method

Design

A randomised, multiple baseline design was used®***” This study was conducted according
to the Consolidated Standard of Reporting Trials (CONSORT) 2010 statement extended
with reporting N-of-1 trials (CENT).*® Within multiple baseline designs, for each participant,
the movement behaviour outcome variables are measured repeatedly in each of the
phases (baseline phase, intervention phase and follow-up phase). The duration of the
baseline measures is randomised for each participant. By applying multiple baselines
of varying length, observed effects of the treatment can be distinguished from effects
due to chance.?>%7*° This method was conducted for two groups, one receiving the RISE
intervention alone (15 weeks) and a second group who had additional participatory
support. Participants were randomly allocated by an independent researcher using a
computer-generated random sequence table. The study was approved by the Ethics
review board of the University Utrecht, number ABR NL73036.041.20, METC 20/250. The
trial protocol was registered at ISRCTN international trial registry (10694741).
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Improving movement behaviour after stroke with the RISE intervention.

Participants

Participants were recruited via the stroke units of four hospitals in the Netherlands (region
Utrecht and Eindhoven), between September 2020 and December 2021. Informed consent
was obtained from each participant who was willing to participate and eligible. The
eligibility criteria were:

Inclusion criteria

1. Aged >18 years;

2. Stroke diagnosed in hospital in previous six months and discharged to home setting;

3. Able to walk independently (Functional ambulation categories score >3);*

4. Sedentary movement behaviour pattern;i.e. 9.5 hours of sedentary time per day and
meeting at least one of the following criteria: >50% of the sedentary time is spentin
bouts > 30 minutes and/or not reaching the physical activity guideline (150 minutes
MVPA during the week).? This was determined by wearing the activ8 activity monitor
during waking hours for one week.

5. Independent in activities of daily living pre-stroke (Barthel Index score >184);

Have someone who could participate as a buddy in the RISE intervention with
Participatory Support;

Exclusion criteria

1. Insufficient knowledge of the Dutch language to understand the intervention content;

2. Score <4 on the Utrecht Communication Assessment

3. Severe comorbidities that prevent that person from safely reducing and interrupting
their sedentary time (e.g. sever pulmonary diseases, hart failure or malignity’s),
determined with the Physical Activity Readiness Questionnair; **

4. Receiving physiotherapy in any other setting than primary care.

The participatory support buddy of the participant with stroke had to be part of the
participants immediate social environment with regular social contact, i.e. at least two
times a week. They had to meet inclusion criteria 1 and 3, and were excluded based on
exclusion criteria 1 and 3.

Sample size

The sample size was based on the incorporation of randomisation to assess the preliminary
effectiveness with sufficient power.32-**3 Randomisation was conducted based on
the concealed allocation principle using the Wamplod and Worsham method.32-34%7
Participants were randomised to a baseline measurement duration of either 4, 6, 8, 10, 12
or 14 days. Based on these six randomisation options a sufficient number of permutations
is achieved to enable the analyses (minimal P-value of <0.01) to determine significant
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changes in the movement behaviour.32-34+3 To ensure that dropout (for reasons not related
to the intervention) after recruitment was finished, did not affect the rigour of the data
analyses two times 7, so 14 participants in total were included.

Intervention

Participants received the RISE intervention, a 15-week blended behavioural intervention,
in which a primary care physiotherapist coached participants to reduce and interrupt
their sedentary time. Physiotherapists provided personalised coaching to people with
a first-ever stroke in their home setting by using behaviour change techniques and the
RISE eCoaching system. The RISE eCoaching system consists of 1) an activity monitor, 2) a
smartphone application that provides real-time feedback and contains e-learning modules,
3) a monitoring dashboard for the physiotherapist. Participants received participatory
support from someone from their social network (e.g., partner or close friend) who joined
them in the intervention.

The coaching sessions included (@among other aspects) discussion of movement behaviours
and activities, and identifying possibilities for change. Goals were set and action plans were
made. In between the coaching sessions, real-time feedback on movement behaviour was
provided by using the RISE eCoaching system and eLearning modules were available to the
participant. The eLearning modules included subjects such as stroke, healthy movement
behaviour and behaviour change. Supplementary Materials 1, RISE intervention details,
provides detailed information about the weekly intervention schedule.

The following behaviour change techniques were at the core of this blended intervention:
goal-setting (on behaviour and outcome), action planning, social support, self-monitoring
on behaviour, feedback on behaviour, the discrepancy between current behaviour and
goal, information about health consequences, problem-solving, restructuring the social
environment, prompts and cues, habits formation, instructions how to perform the
behaviour. The RISE eCoaching system used the Activ8 activity monitor, a reliable and
valid tool to determine movement behaviour.#*#* The intervention was delivered in the
participants’ home by four primary care physiotherapists who all received training to
provide the RISE intervention. The training included subjects such as healthy movement
behaviour, behaviour change and coaching on the job.

170



Improving movement behaviour after stroke with the RISE intervention.

R I S E RISE eCoaching system:

Weekly overview

Monitoring
dashboard
for physio-
therapist

A 15-weeks blended behavioural
intervention to reduce and interrupt
sedentary time.

A primary care physiotherapist coaches
people at risk in their home setting by using
behavioural change techniques and the RISE
eCoaching system.

Module week 3
Coaching using behavioural
change techniques:

‘\ Goal setting

° Action planning

. VAN J

@ Feedback real-time feedback e-learning modules
o Information about health Activity
conseguences monitor

¢

RISE

(%) .
MM\ Social support

Figure 1. RISE intervention

The content of the RISE intervention was identical for participants with and without
participatory support. The only difference was that those with participatory support had
their buddy present at the face-to-face sessions. Buddy participants also received the
RISE monitor with the app to gain insight and received information regarding healthy
movement behaviour and how to provide meaningful support.

Outcome measures

Demographic and stroke related data were obtained from the medical file and a baseline
questionnaire. The preliminary effectiveness of the intervention on sedentary behaviour
and the added value of participatory support was assessed using the total amount of
sedentary time (in hours) and the sedentary time interruption, using the fragmentation
index. Sedentary behaviour was measured with the ActivPAL activity monitor. This
monitor (PAL Technologies Ltd, Glasgow, United Kingdom) is reliable (Intraclass correlation
coefficient 0.79-0.99) and valid (98-100% accuracy) for measuring movement behaviour
during daily life in people with stroke.*=* Participants were asked to keep a diary to keep
track of the time they got up out of bed in the morning, and time they went to sleep at
night and this information was used to determine waking hours.
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Feasibility was assessed by measures of adherence with the intervention protocol, safety
and satisfaction. Adherence and safety were determined by measuring; 1) the number of
people that completed the intervention; 2) the number of participants that missed one
or more of the face to face sessions and the reasons for missing sessions; 3) the number
of adverse events.

The System Usability Scale (SUS) questionnaire was used to determine the participants’
satisfaction with the RISE system. The SUS is a valid and reliable instrument to measure
participants’ perceived satisfaction.*® Score ranges from 0-100, with a score of 70-80
representing medium satisfaction and a score over >80 high satisfaction.*®

Secondary outcomes included the amount of light physical activity (LPA) (hours) and
moderate to vigorous physical activity (MVPA) (minutes) per day, measured with the
ActivPAL activity monitor, and was used to determine what sedentary behaviour was
replaced with if a reduction occurred. Other physical activity outcomes, additional
sedentary outcomes, such as the percentage of waking hours spend sedentary, and sleep
time are presented in Supplementary Materials 2, Data visualisation.

Data analyses

All analyses were conducted with R statistical software, version 3.6.1. The ActivPAL data
were downloaded from the device using the manufacturer’s software provided. A Knitter
program was used to combine the repeated measurements into one dataset for each
participant.* The ProcessingPAL software V1.3 was used to determine waking hours (in
combination with diaries) and extract the relevant outcome variables.”*>' Available data for
any participant that dropped out were included in the analyses in adherence to intention
to treat principles.

To determine the intervention’s preliminary effectiveness, both group and individual
participant analyses were conducted. The Wampold and Worsham randomisation test,**
34375253 was used to determine if there was a statistically significant change at group level.
The null hypothesis was that there was no effect of the intervention, i.e., no difference
between the baseline and post-intervention period in sedentary time or fragmentation.
We used a one tailed alternative hypothesis, with a significance level set at a=0.05.

The data per participant were graphed and visually assessed to get an indication of any
differences in the level, trend, variability, overlap or consistency of the data over time.>*->¢
The addition of a mean and 2-SD band (Standard Deviation) was used to support the visual
analyses.?*** The non-parametric effect size was then determined using the Percentage
Exceeding the Median (PEM), which is the best fit when there is larger variability in baseline
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data.>*#*>758 The PEM represents the percentage of days, during and after the intervention,
in which there was an improvement compared to the baseline median. For the PEM, >90%
is considered a high effect, 70-90% moderate, 60-70% mild, 50-60 % questionable and
<50% no effect.’®

To determine if there was any added value of participatory support, the above analyses
were conducted separately for the group with and without added participatory support.
The visual and PEM analyses were also used in the secondary analyses to get an indication
of what type of physical activity participants replaced their sedentary time with.

Feasibility outcome variables were reported as total numbers and/or percentages. The
reasons for drop out or any missing appointments were listed. The SUS score was calculated
per participant, then the mean score and standard deviation were calculated.

Results

Fifty-one potential participants were screened for participation in the study and 14
participants were included, see figure 2. Four participants were female (29%), and the
median age was 66.5 (49-78). Other participant characteristics can be found in Table 1. At
baseline, the average time spent sedentary during waking hours was 11.4 (SD 1.1, range
10.0-13.7) hours. One participant, from the group without participatory support, dropped
out after 5 weeks.
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Screened for eligibility except movement
behavior pattern (n = 51)

Excluded (n = 14)

« PAR-Q score indicating reducing and
interrupting sedentary behavior might not
be safe (n=1)

« No buddy available (n = 9)

« Physiotherapy outside primary care (n=3)

« Insufficient knowledge of Dutch language

A4

Screened movement behavior (n = 37)

Excluded (n = 22)

> e no sedentary movement behavior pattern
(n=21)
e Unable to start <6 months post stroke

v
Baseline measures, including participant characteristics and
movement behavior (4-14 days) —>

Lost at start
intervention (n =1)

RISE intervention RISE intervention with
Participatory support

Lost after 5 weeks of

intervention (n = 1)* Constant monitoring of Constant monitoring of —| Lost (n =0)

movement behavior, movement behavior,
compliance and safety compliance and safety
\4
Follow-up measurements, including Follow-up measurements, including
After 15 | movement behavior and satisfaction (n = 13) movement behavior and satisfaction (n = 14)
weeks
Analyses (intention to treat) (n = 14) Analyses (intention to treat) (n = 14)

Figure 2. Flow of participants through the trial including measurements conducted. Note: *
Reason for drop-out: no longer wanted to feel like a patient
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Table 1. Participant characteristics

Characteristic Complete sample  Group withPS  Group without PS
(n=14) (n=7) (n=7)

Age (years), median (range) 66.5 (49 - 78) 68 (49-71) 65 (55-78)

Gender, number female (%) 4 (29) 1(014) 3(43)

Education level, number (%)

Low 3(21) 2(29) 1(14)

Medium 6 (43) 3(43) 3(43)

High 5(36) 2(29) 3(43)
Comorbidities, number =2 (%, range) 11 (79, 0-4) 5(71,0-4) 6 (86, 1-4)
Living with spouse, number yes (%) 11(79) 6 (86) 5(71)
Smoking number (%)

Current 3(21) 2(29) 1(14)

Previous 8(57) 4(57) 4(57)
Alcohol consumption, number one or 6 (43) 2(29) 4(57)
more per day (%)

Type of stroke, number infarct (%) 14 (100) 7 (100) 7 (100)
Side of stroke, number right side (%) 3(21* 2(29) 1(14)*
Stroke severity (NIHSS at time of 12 (92, 0-8)** 6 (100, 0-4) ** 6(86, 0-8)
hospital admission), number <4 (%,

range)

Stroke impact (SIS physical), 88 (62-99) 86 (62-89) 89 (65-99)
median (range)

Recovered (VAS) 79 (55-100) 78 (56-100) 80 (55-99)
Walking speed, number full 9 (64) 6 (86) 3(43)
community walkers (>0.93 m/s) vs
limited community walkers (0.40-0.93
m/s) (%)***

General disability (mRS), number <1 11 (79, 0-2) 5(71,0-2) 6 (86,0-2)
(%, range)
Cognitive impaired (MoCA <26), 7 (50) 4(57) 3(43)

number (%)

SD: Standard deviation, NIHSS: National Institutes of Health Stroke Scale, SIS: Stroke Impact Scale, ADL:
Activities of Daily Living, mRS: modified Rankin Scale, MoCA: Montreal Cognitive Assessment, Management

Scale

* One participant had a central located stroke
** NIHSS was not in the medical record of one participant
*** All participants were able to walk independently within the community

Preliminary effectiveness

The randomisation test showed a significant change in both total sedentary time during
waking hours (p=0.01) and in the fragmentation of sedentary time (p<0.01) for the
overall group (all 14 participants). In individual level analyses, the PEM showed (score
>60%, table 2) that 12 participants (86%) improved on at least one outcome of sedentary
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behaviour, and 7 (50%) improved on both outcomes. Examples of the visualisation of the
data can be found in image 3, all visuals are included in Supplementary Materials 2.

Of the 11 participants that showed a change in total sedentary time, the reduction
ranged from 0.1 to 5.2 hours, with an average of 1.3 hours (SD 1.4). Eight (73%) of the 11
participants had a reduction of sedentary time that exceeded 30 minutes, and 7 (64%)
reduced sedentary time by greater than 60 minutes. Fragmentation index score increases
ranged from 0.6 to 2.0 with an average change of 1.1 (SD 0.5).

Repeated measures Sedentary Time NPS7 Repeated measures Sedentary Time PS4

Repeated measures Fragmentation index N=NPS7

Fragmentation
Fragmentation

Figure 3 Examples of visualisation of movement behaviour

Note: PS: Participatory support, NPS: group without Participatory Support

The black vertical lines indicate the start and stop of the intervention

The black horizontal line represents the mean from the baseline measurements

The red dashed horizontal lines indicate the 2 standard deviation bands from the baseline measurement.
In total sedentary time a downward trend indicates a reduction in sedentary time. An upwards trend in
fragmentation indicates an increase in the interruption of sedentary time.
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Table 2. PEM and mean scores (SD)

With Sedentary Fragmentation
participatory time (hr) Index*
support
Participant Percentage mean [SD] Difference Percentage mean [SD] Difference
Exceeding phase A phase A Exceeding phase A phase A
baseline Median phase B+A’ phase B+A’ baseline Median phase B+A’" phase B+A’
(PEM, %) (PEM, %)
1 69% 10.3 (1.6) 0.2 65% 3911 1
10.1 (1.3) 49(1.9)
2 57% 11.8 (0.6) 0.1 76% 2.8(0.4) 0.6
11.7 (1.0) 3.4(0.7)
3 61% 10.1 (0.9) 0.1 59% 7.2(1.6) 0.3
10.0 (1.0) 7.5(1.8)
4 100% 12.7 (1.1) 5.2 87% 4.8(1.1) 2
7.5(2.0) 6.8 (2.1)
5 73% 11.4(0.9) 1.4 70% 2.6(0.7) 0.9
10.0 (2.0) 3.5(1.9)
6 71% 11.2(1.9) 1.4 90% 2.8(1.3) 1.9
9.8 (2.1) 4.7 (1.8)
7 87% 12.4(0.7) 1.3 87% 3.5(1.1) 0.7
11.1 (1.3) 4.2 (0.8)
Without Sedentary Fragmentation
participatory time (hr) Index*
support
Participant Percentage mean [SD] Difference Percentage mean [SD] Difference
Exceeding phase A phase A Exceeding phase A phase A
baseline Median phase B+A’ phase B+A’ baseline Median phase B+A" phase B+A’
(PEM, %) (PEM, %)
1 87% 13.7 (0.9) 1.7 46% 4.1(0.7) 0
12.0(1.2) 4.1 (1.0)
2 83% 12.0 (2.3) 1.4 71% 2.3(0.5) 1.0
10.6 (1.6) 3.3(1)
3 46% 11.0 (1.2) 0 52% 4.3 (1.0 0.1
11.0(1.7) 4.4(1.5)
4 65% 11.0 (1.1) 0.1 24% 4.0 (1.0) -0.7
10.9 (1.0) 3.3(0.7)
5 68% 10.0(1.7) 0.8 54% 5.6 (0.9) 0.3
9.2(2.2) 59(2.2)
6%* 22% 10.9 (1.4) -0.1 58% 6.0(1.8) -0.3
11.0 (0.9) 57(1.2)
7 70% 10.4(1.7) 1.2 83% 3.4(0.3) 0.7
9.2(2.2) 4.1 (0.8)

PEM: Percentage exceeding the median; represents the percentage of days, during and after the
intervention, in which there was an improvement compared to the baseline median.

Hr: Hours

Phase A: baseline phase; Phase B: intervention phase; Phase A" post intervention phase

SD: standard deviation

Bold: effect of either high (>90), moderate (70-90), or mild (60-70); Non Bold: questionable effect (50-60)
or no effect (<50);

* A higher fragmentation index means more interruption of sedentary behaviour

** Pt who dropped out early
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When we looked at the groups with and without participatory support separately,
there was a significant change in total sedentary time (p=0.03) with the addition of
participatory support. In this group, there was also a significant change in fragmentation
of sedentary time (p=0.03). In the group without participatory support only the change
in the fragmentation was significant (p=0.04), the change in total sedentary time was not
(p=0.11).

The PEM indicated that all participants in the group with participatory support improved
(PEM score >60%, see table 2) on at least one sedentary behaviour outcome and 5 (71%) of
the participants improved on both. By comparison, only 5 (86%) and 2 (29%) participants
in the group without participatory support improved on these metrics, respectively.

Feasibility

Thirteen participants (93%) completed the intervention, including all face-to-face sessions
and use the RISE eCoaching system. One participant dropped out after 5 weeks citing not
wanting to be monitored. Three adverse events were registered during the intervention
period, though none were related to the intervention.

Participants’ SUS questionnaire scores ranged from 60 to 92.5, with an average score of 73
points (SD 13.8). Indicating a medium level of satisfaction with the e-health component
of the intervention.

Secondary outcomes

The PEM scores for physical activities were calculated (see Supplementary Materials 2,
Table PEM Physical activity). Forty-five percent of the participants replaced their sedentary
behaviour with both light and moderate to vigorous physical activity. A further 45% only
increased their time spent in light physical activity and 9% only increased their time spent
in moderate to vigorous activity.

Discussion

This study provides initial proof of concept that the RISE intervention may be effective
in supporting people with stroke who are highly sedentary, to reduce and interrupt
their sedentary time. Our preliminary effectiveness analyses showed significant positive
effects on total sedentary time and the fragmentation of sedentary time. The intervention
also appears feasible with 13 (93%) participants completing the intervention and no
intervention-related adverse events. Participants reported sufficient satisfaction with the
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intervention. Furthermore, the results of this study suggests the potential added value of
integrating participatory support in the RISE intervention.

The changes seen in total sedentary time in our study (average 1.3 hours) may be clinically
meaningful. There is no current consensus about the magnitude in reduction of sedentary
time needed for a clinically meaningful effect, however several studies,”*° report a dose
response relationship between higher amounts of sedentary time and greater health
risks.>6°°-62 Increases of 30-60 minutes in sedentary time have been shown to be associated
with all-cause mortality including stroke (hazard ratio [HR] 0.20-0.46 and HR 0.47-0.85
for 30 and 60 min increases in daily sedentary time, respectively).® Similarly, others have
reported a significant risk increase in cardiovascular mortality of 1.04 (95% Cl 1.03, 1.04,
p < 0.001) for each additional sedentary hour in individuals who were sedentary for >6 h
per day.”'

Several studies demonstrate an association between interrupting sedentary time and a
reduction in health risk factors in both laboratory-based and free-living studies, although
no clear dose response relationship has been identified.'*¢° These studies indicate that
the average increased interruption observed in our study, 1.1 points on the fragmentation
index (about 10 additional interruptions for an average of 10 hours sitting), may be clinically
relevant when it comes to cardiovascular disease risk.'1860

It is also important to consider the magnitude of change we found, with the minimal
detectable change (MDC) for the measures used. The MDC for total sedentary time was
determined at around 30 minutes for older adults and about 60 minutes for office workers
based on an average 16 hours wake time measured using the ActivPAL.®* With an average
change of 1.3 hours in our study, there appears to be a real change. The MDC for the
fragmentation index was 1.2 for both older adults and office workers.*

Studies of interventions aiming to reduce sedentary behaviour in other cardiovascular
disease populations have reported small and non-significant effects. A recent randomised
controlled study in a cardiac rehabilitation population showed a decrease in sedentary
behaviour in the intervention group, though no significant between intervention and
control group difference.®* Another recent pilot study, in a cardiac population targeting
moving more and sitting less only found a significant increase in daily steps, the time
spent sedentary did not change.®® This is consistent with recent reviews in the area of
cardiovascular disease, who conclude the need for further research due to the lack of
evidence.®®¢’ Similar conclusions can be found in a Cochrane review in community-
dwelling older adults.®® Our study shows promising results, which could be related to the
behavioural approach and the blended nature of the intervention combining face-to-face
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coaching with e-health by means of the RISE system that enabled real-time feedback on
movement behaviour patterns. Another novelty in our study was the inclusion of extensive
social support by means of participatory support. Though a randomised controlled trial
including a longer follow-up is needed to confirm the efficacy of the RISE intervention.

When it comes to the addition of participatory support to the RISE intervention, our results
suggest this form of social support may provide added value. In six cases, a spouse acted
as buddy and in one it was a daughter, all completed the intervention period. These results
match the insights from other studies which found that the direct social environment
is important when it comes to influencing movement behaviour.?>#30316 Participatory
support appears to influence both daily habits and routines, and seems capable of
providing meaningful support to change behaviour.?>303169

Our results suggests that a blended intervention, delivered by a physiotherapist that
combines coaching with an e-health system and includes several behaviour change
techniques seems promising to change sedentary behaviour. This is consistent with recent
studies that show an increase in the use of applications integrated with behaviour change
techniques which are promising to improve movement behaviour.®¢¢7¢° Although no clear
recommendations could be made regarding which techniques are effective to improve
sedentary behaviour.54¢7%° Qur study could be a first step to fill this gap in knowledge. A
randomised controlled trail including a long term follow-up is needed to draw definitive
conclusions.

Strengths and limitations

This study had a number of strengths. Firstly, using the multiple baseline design enabled
us to give a well-supported preliminary estimation of the effect of the RISE intervention
with a minimal burden and small sample size.”%”" Secondly, the combination of the highly
reliable and valid activity monitor,*-% to measure movement behaviour, and the use of
the ProcessingPAL software together with the diaries to determine wake time contributed
to the rigour of the data collection and subsequent validity of the results. Thirdly, the
intervention was delivered by physiotherapists specifically trained to provide the RISE
intervention. Still physiotherapist afterwards stated they feel they need an even higher
skill level to optimally support movement behaviour change.

Our study had some limitations. We experienced some technical difficulties with the use of
the RISE monitor and app leading to a slow loading of movement behaviour data. Though
this was improved during the study, this may have negatively influenced on our results,
in terms of satisfaction with the intervention. In addition, large variability was seen in the
sedentary behaviour data. Although the minimal baseline measurement duration used
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(4 days) was in line with previous research to determine an accurate average, this may
have affected the results. However, this limitation was mitigated by the use of analysis
strategies that best suited datasets with large variability. Seventy percent of our sample
was male, which limits generalisability. Lastly, though the randomised multiple baseline
design accounts for within person variability, our sample size was still small and therefore
more sensitive to the influence of any extraordinary occurrences within the setting of the
participants.

Conclusion

The RISE intervention appears promising to support people with stroke who are highly
sedentary to reduce and interrupt their sedentary time. Participatory support provided by
someone from their social network (e.g. partner or close friend) who joins the participant
in the RISE intervention appears to contribute to greater results. Our results show the
potential of blended behavioural interventions for supporting movement behaviour
change. A randomised controlled trial including a longer follow-up is needed to confirm
the efficacy of the RISE intervention.
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Supplementary Materials 1: RISE intervention details

Table 1. RISE intervention details
See Chapter 6, page 156 ‘Supplementary Materials 6: HAPA model and RISE intervention;
Table 1. A detailed description of the RISE intervention’

Supplementary Materials 2: Data visualisation and Table
PEM Physical activity

Images repeated measurement
This data will be published online due to its large quantity. It is currently available on
request from Wendy Hendrickx (w.hendrickx@fontys.nl)
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Table Percentage Exceeding the Mean scores Physical Activity
Table PEM and mean scores (SD) Physical Activity

With Timein LPA Time in MVPA
Participatory (hr) (min)
Support
Participant Percentage mean [SD] Difference Percentage mean [SD] Difference
Exceeding phase A phase A Exceeding phase A phase A
baseline Median phase phase baseline Median phase B+A’ phase
(PEM, %) B+A B+A (PEM, %) B+A
1 74% 34(1.7) 0.6 89% 48.8 (36.6) 21.3
4.0(1.2) 70.1 (26.1)
2 63% 3.2(0.8) 0.4 80% 32.4(10.5) 12
3.6 (1.0) 444 (17.8)
3 57% 3.5(0.9) 0.2 53% 41.1 (10.5) 4
3.7 (0.8) 45.1 (13.6)
4 100% 2.1(04) 4.2 52% 15.9 (6.6) -0.7
6.3(1.9) 15.2(5.4)
5 59% 2.6(0.7) 0.5 54% 22.8(5.7) 4.6
3.1(1.4) 27.4(16.3)
6 78% 24(1.5) 1.5 93% 26.4(21.3) 37.2
3.9(2.0) 63.6 (31.0)
7 93% 2.5(0.6) 1.2 57% 54.1(15.1) 8.2
3.7 (1.1) 62.3 (29.3)
Without TimeinLPA Time in MVPA
Participatory (hr) (min)
Support
Participant Percentage mean [SD] Difference Percentage mean [SD] Difference
Exceeding phase A phase A Exceeding phase A phase A
baseline Median phase phase baseline Median phase B+A’ phase
(PEM, %) B+A B+A (PEM, %) B+A
1 84% 1.7 (0.5) 0.8 83% 14.7 (3.3) 11.4
2.5(0.8) 26.1(12.3)
2 72% 2.6 (0.8) 1 64% 54.2 (16.6) 231
3.6(1.5) 77.3 (39.1)
3 34% 3.0(0.9) -0.3 47% 104.4 (38.1) -12
2.7 (0.9) 92.4 (37.0)
4 40% 2.5(0.7) -0.3 34% 42.3(17.6) -6.6
2.2(0.5) 35.7(17.7)
5 72% 4.3(0.7) 0.6 40% 63.8 (23.6) -10.9
49 (1.4) 52.9(30.7)
6% 58%* 41(1.2) -0.1 69%* 42.4(14.9) 6.1
4.0(0.7) 48.5 (14.6)
7 70% 3.4(1.0) 14 26% 979 (27.3) -13.6
4.8(2.0) 84.3 (28.8)

PEM: Percentage exceeding the median; represents the percentage of days, during and after the
intervention, in which there was an improvement compared to the baseline median.

Hr: Hours

Phase A: baseline phase; Phase B: intervention phase; Phase A" post intervention phase

SD: standard deviation

Green: effect of either high (>90) or moderate (70-90); Blue: mild (60-70); Black: questionable effect (50-
60) or no effect (<50);

* Pt who dropped out early
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Chapter 8

People who have had a stroke have a high risk of recurrent stroke. High levels of sedentary
behaviour and low levels of physical activity have been identified as risk factors for
cardiovascular disease, including stroke. A large proportion (79%) of people who have
had a stroke engage in high levels of sedentary behaviour and barely interrupt their
sedentary time, and few meet the recommended levels of moderate to vigorous physical
activity. Therefore, improving movement behaviour is of vital importance for secondary
prevention after stroke. There are no effective interventions to support people who have
had a stroke to reduce and interrupt their sedentary behaviour and increase their levels
of (light) physical activity.’

The aim of this thesis was to identify what is needed to support people with stroke who
are highly sedentary and inactive to sustainably change their movement behaviour
patterns. This enabled the development of an intervention that aims to improve
movement behaviour, by reducing and interrupting sedentary behaviour and determine
the preliminary effectiveness and feasibility of the intervention.

Main findings

1. We combined ActivPAL data from 9 original studies to identify which personal and
stroke-related factors are associated with high amounts of sedentary time (Chapter 2).
Only low walking speed was found to be associated with high amounts of sedentary
time and high proportions of sedentary time spent in prolonged bouts, which
accounted for 11-19% of the variability. This indicates a need to investigate the influence
of environmental and behavioural factors. These factors were not included in this study,
although they may be highly relevant to address within an intervention.

2. When looking at the accumulation patterns of sedentary time, people within the
highest quartile of sedentary time accumulated a significantly higher proportion of
their sedentary time in prolonged bouts (Chapter 3).

3. Large variability was seen in the accumulation pattern of sedentary time. Even for
highly sedentary people with stroke, there is not one single accumulation pattern of
movement behaviour (Chapter 3). Personal and stroke-related factors explain only
a very small part of the variability in the accumulation of sedentary behaviour. This
shows the need to determine individual movement behaviour patterns to enable
personalized coaching (Chapter 3).
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General lifestyle interventions do not seem to be effective in supporting increasing
levels of physical activity in people after stroke or TIA (Chapter 4). A specific focus on
movement behaviour seems necessary.

People who have had a stroke are mostly unaware of their own movement behaviour
pattern, especially their level of sedentary behaviour, and the risks associated with
their movement behaviour pattern (Chapter 5).

Movement behaviour across the day (i.e., accumulation patterns) is, for the most part,
based on daily routine and personal habits. People rarely think about how much time
they spend sitting or standing during the day. The accumulation of sedentary time
(and physical activity) is highly dependent on what activities they people engage in
during the day and is therefore influenced by factors from their physical and social
environment. This needs to be taken into account during intervention development
(Chapter 5).

The RISE (Reduce and Interrupt Sedentary behaviour using a blended behaviour
intervention to Empower people at risk towards sustainable movement behaviour change)
intervention was developed through an extensive development process using the
principles of co-design (Chapter 6). The RISE intervention is a 15-weeks blended
behavioural intervention in which a primary care physiotherapist coaches participants
to reduce and interrupt their sedentary time. Physiotherapists provide personalized
coaching to people with a first-ever stroke in their home setting by using behaviour
change techniques and the RISE eCoaching system. The RISE eCoaching system consists
of 1) an activity monitor, 2) a smartphone application that provides real-time feedback
and contains e-learning modules, 3) a monitoring dashboard for the physiotherapist.
Participants receive participatory support from someone from their social network
(e.g., a partner or close friend) who joins them in the intervention.

. The blended behavioural intervention called RISE appears promising. Preliminary
effectiveness was shown by a significant reduction in sedentary time (1.3 hours on
average) and a significant improvement in interrupting sedentary time. Additionally,
the intervention was considered feasible (Chapter 7).

Including participatory support appears to contribute to the effectiveness of the RISE
intervention (Chapter 7).
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Interpretation and discussion

Movement behaviour interventions and the new focus on secondary
prevention

The high stroke recurrence rate calls for effective secondary prevention strategies. With the
development of the RISE intervention, we aimed to address this need. A combination of
medication and lifestyle changes can lead to a risk reduction of 80% for recurrent vascular
events.? This shows the need for secondary prevention with attention to lifestyle, such as
movement behaviour (including sedentary behaviour). In general, a transition to a more
(secondary) preventative focus seems necessary in health care due to increases in the
number of people living with a chronic condition and increases in health costs.> This has
led to an expansion of the view of health care from merely the absence of iliness and care
to a broader perspective including daily functioning, lifestyle and the living environment
as well as maintaining and promoting health in everyday life.>® In fact, one of the aims
of the Knowledge and Innovation Agenda 2020-2023 health and care developed by the
Ministry of Health, Welfare and Sport (VWS) and partners is that ‘by 2040, the burden of
disease resulting from an unhealthy lifestyle and living environment is decreased by 30%." This
is also emphasized in the articulation of the policy-based report ‘The right care in the right
place’, which states, ‘We should be thinking much more in terms of health and well-being. This
also means investing in prevention, lifestyle advice, early detection and a broad assessment
of what is genuinely needed.” These policy documents stimulate the development of
interventions such as the RISE intervention from a broader health care perspective and the
need to address lifestyle. The RISE intervention focuses on healthy movement behaviour
as part of a healthy lifestyle and may be highly valuable for secondary prevention. The
RISE intervention also incorporates innovative technological applications by means of
e-health and blended care. Both aspects fit the current policies: ‘the essence of ‘The right
care in the right place’ is avoiding expensive care, moving the point of care delivery closer to
people’s homes and replacing care delivery with other forms such as e-health.”

More than just physical capabilities

Currently, physiotherapy care focuses mostly on physical capabilities. Research, including
the current studies (Chapters 2, 3, 5, and 6), shows the importance of focusing on
environmental (both social and physical) and behavioural aspects to support people
to reduce their sedentary behaviour."®° Just because someone is capable of a certain
behaviour, such as standing or walking, does not automatically mean they will perform
this behaviour in sufficient amounts. Therefore, there is much to gain from a complete
behavioural approach that enables change throughout the day while focusing on
opportunity, motivation and cognitive as well as physical capabilities. For this reason, we
used the behaviour change wheel (BCW) to develop the RISE intervention (Chapters 5
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and 6). This intervention development methodology takes into account all these aspects
related to movement behaviour.®" It enables the indication of all factors related to
capabilities, opportunities and motivation regarding the behaviour and how they should
be addressed.”®™

During the intervention development process, we found that the incorporation of social
support is needed, which is also supported by the literature on the stroke population.'>'
This is because people’s levels of sedentary behaviour are mostly driven by habits and
routines, which are directly related to their social and physical environment (Chapter 5).
Additionally, social support helps people stay motivated and obtain the support needed
to sustainably change their behaviour.2'2"3 Within the RISE intervention, an extensive form
of social support, participatory support, was investigated and appears to contribute to
greater results. This means truly involving people from the social environment of the
participant in interventions. The coaching sessions were in the home environment,
allowing the physiotherapist and the participant to assess the environment. Addressing
possible limitations due to stroke or other comorbidities as well as every environmental
factor related to movement behaviour.

Another finding from our studies that was relevant to further exploration during the
development process was the large variability in movement behaviour and within the
accumulation patterns (Chapters 2 and 3). Since sedentary behaviour is often spread
throughout the day and is closely related to habits and routines, it is part of mostly
subconscious processes (Chapter 5). That is, being highly sedentary is not a conscious
choice for most people with stroke; it highly depends on what activities people engage
in and what their physical and social environment looks like. Within an intervention, a
focus on creating awareness of personal movement behaviour patterns and the health
risks related to these movement patterns is needed. These insights are vital to enable
behavioural regulation and address daily habits and routines that increase sedentary
behaviour and enable behaviour change.

Using innovative technologies to provide insight into movement
behaviour

The RISE intervention development process indicated the need to develop the RISE
eCoaching system. One of the things that makes the RISE eCoaching system unique is that
it provides an accurate overview of 1) the amount of sedentary time with a specification
of time spent in prolonged bouts (>30 min) and 2) the time spent engaged in physical
activity with a specification for moderate to vigorous physical activity. Both the participant
and the physiotherapist can see this overview. Second, the RISE system provides an
accurate overview of each type of movement behaviour throughout the day. Both the
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participant and the physiotherapist can see the daily accumulation pattern (see image 1).
The availability of total amounts and accumulation patterns in real time is not found in
other available monitoring systems.

R I S E RISE eCoaching system:

A 15-weeks blended behavioural Monitoring
intervention to reduce and interrupt ?ashﬁourd
or physio-

sedentary time.

therapist
A primary care physiotherapist coaches
people at risk in their home setting by using
behavioural change techniques and the RISE

eCoaching system.
Module week 3

Coaching using behavioural
change techniques:

‘\ Goal setting

@ Feedback

o Information about health
consequences

. J
real-time feedback e-learning modules

Activity
monitor

RISE

(% ) )
MM\ Social support

Image 1. The RISE intervention including the RISE eCoaching system

Providing this real-time feedback enables sustainable change to sedentary behaviour.
These insights are needed to determine the focus of the behaviour change and to enable
individualised and thorough coaching. By showing the goals and the action plan, the
system provides daily support throughout the day to specifically change sedentary
behaviour, which is accumulated throughout the day. The real-time feedback is also of
great importance because the different types of movement behaviour and their influence
on health are not independent.*'® Since the system shows the integrated movement
behaviour pattern throughout the day, it allows for a more integrated level of coaching.

Physiotherapist from cure to coach

The shift in focus in health care from a cure perspective and focus on (physical) capabilities
to prevention and coaching in lifestyle requires a change in the regular conduct of
physiotherapists. Changing movement behaviour, especially sedentary behaviour, requires
behavioural interventions that address all factors related to the behaviour. Coaching and
behaviour change techniques are thus becoming increasingly important in physiotherapy
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care for people with stroke. As lifestyle coaching is an upcoming profession and coaches
have different backgrounds, one of the questions to ask is whether a physiotherapist
is needed to support movement behaviour change. Looking at the results of our
lifestyle intervention review (Chapter 4), we see an indication that the involvement of
physiotherapists may be relevant. Additionally, a well-supported finding from both our
review and the reviews of others is that a specific focus on movement behaviour and
sedentary behaviour is needed to enable change.”'® Physiotherapists have expertise
in regard to stroke sequelae, physical capabilities, training principles, physical activity
and basic coaching skills. Therefore, they account for a large part of the skills needed to
cover important aspects to support movement behaviour change, including sedentary
behaviour, in people who have suffered a stroke. This makes them capable of providing
a focus on movement behaviour, including sedentary behaviour, that was found to be
necessary in our studies (Chapters 4 and 5) and in previous literature.””'® Physiotherapists
are also familiar with working with other disciplines to address the complex multifactorial
aspects of stroke sequelae to provide complete care.

Expansion of these skills is necessary. To support sustainable sedentary behaviour change,
a physiotherapist needs a thorough understanding of movement behaviour patterns,
including sedentary behaviour, and the associated health risks to determine possible focus
points for coaching. Additionally, physiotherapists need to be able to make a behavioural
diagnosis to identify all factors regarding capabilities (including stroke-related factors),
opportunity and motivation related to personal movement behaviour. Furthermore,
they need to be able to incorporate appropriate behaviour change techniques and
have sufficient communication skills to deliver the coaching in an effective manner. The
promising results of the RISE intervention study (Chapter 7) show that with education
and skill training, physiotherapists feel more capable of delivering advanced behaviour
change techniques and appear to be able to support people with stroke in improving
their movement behaviour patterns by reducing and interrupting sedentary behaviour,
indicating great potential in this area. The education and training of physiotherapists in the
current RISE intervention is a good starting point; however, it is not sufficiently extensive
with regard to the advanced practical incorporation of all relevant behaviour change
techniques and knowledge of movement behaviour to optimally support behaviour
change. This conclusion is based on the evaluation of the results and specifically on the
fact that physiotherapists involved in delivering the RISE intervention have stated that
they need an even higher skill level to optimally support movement behaviour change.
This calls for more attention to movement behaviour, including sedentary behaviour, as
well as behaviour change knowledge and coaching skills in educational programmes for
both newly educated physiotherapists and current professionals.
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Implementation into regular care

How can an intervention such as RISE fit into regular care? When we look at the
guidelines for stroke care, they all include secondary prevention aims, such as stimulating
healthy movement behaviour, including sedentary behaviour in some.’”2? In practice,
the incorporation of these secondary prevention guidelines is often part of routine
cardiovascular risk checks at the general practitioner’s office that mostly focus on
medication regulation.” There is some attention to a healthy lifestyle, although this
often only entails the advice to, for instance, engage in sufficient moderate to vigorous
physical activity. This is the case although the literature and the findings of our study
show that general advice is not sufficient to incorporate behaviour change, and sedentary
behaviour warrants specific attention.”” The preliminary effect study showed that the RISE
intervention seems promising, so it might be beneficial to start thinking about how it could
be integrated into current secondary prevention actions if effectiveness is definitively
proven. An option could be to expand regular check-ups with general practitioners to
include an objective determination of movement behaviour to identify who is at risk.
This would enable indicated referrals for those in need of support to a physiotherapist
to participate in the RISE intervention as part of routine care. With the high costs of
curative health care and the personal burden of recurrent stroke and other cardiovascular
disease,®?* it seems warranted to allocate budgets to these types of secondary prevention
interventions.””-?2 These interventions will also have some costs; however, it is expected
that the costs will be lower than curative and long-term care costs, especially if risk
identification is used.>”

Another implementation option for those receiving post-stroke rehabilitation would be
to integrate RISE within regular physiotherapy care. Ideally, secondary prevention should
start as soon as possible after stroke.”22 Within the first year, approximately 25% of people
will have another major adverse cardiovascular event (e.g., recurrent stroke, acute coronary
events and cardiovascular death).?* Post-stroke care is provided immediately after these
major life events and often involves addressing people’s daily activities from a capability
perspective in the home setting. This provides the ideal situation to integrate and/or
follow-up by addressing movement behaviour, including sedentary behaviour.

Methodological considerations

Due to the complexity of behaviour change, we conducted a thorough design process that
included truly understanding the behaviour and determining the needs of the people for
whom the intervention was designed (Chapters 2-6). To ensure that the intervention met
the needs of people with stroke and other stakeholders and could be delivered as intended,
it was decided not to immediately proceed to a large randomised trial with the newly
developed intervention. In line with recommendations,?? the preliminary effectiveness
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and feasibility were first determined (Chapter 7). To enable an accurate assessment of
the preliminary effectiveness of the intervention without the need for a large sample, a
randomised multiple baseline design was used.?®-* In these types of designs, repeated
measurements are applied before, after and during the intervention with baselines of
varying length, including random allocation. This allows a distinction between observed
effects of the treatment and effects due to chance.?®-* Due to the continuous monitoring
over time, the pattern of behaviour change can be determined, enabling the detection
of genuine change in sedentary behaviour that can be complicated in other designs due
to the large day-to-day variability of sedentary behaviour.®* Therefore, this type of design
is recommended for future studies with a similar aim. To account for this large variability,
which was also seen in our data, we recommend including a sufficiently long baseline
measurement. The previous estimation of 3-4 days® to obtain accurate averages within
this design does not seem sufficient for some participants. For future research, we would
recommend a minimum baseline period of at least two weeks.

The RISE intervention development process was thorough and methodical. It included
several research strategies to determine what was needed within the intervention. To
guide several parts of this process, the Behaviour Change Wheel methodology was used.
This included obtaining the perspective of people with stroke who were highly sedentary
and inactive to ensure that the intervention matched their needs as much as possible.
Additionally, in the actual design phase of the RISE system, people with stroke provided
valuable input. In future intervention development, we recommend increasing end-user
participation even further to a level where participants are involved in the choices made
regarding the trial. This would, for instance, provide information regarding the best time
to start the intervention post-stroke, which we found out during the trial, varied among
potential participants.

For the RISE intervention, we had a detailed intervention protocol and provided
educational sessions for the physiotherapist delivering the intervention before the start
of inclusion. Throughout the trial period, we held regular coaching meetings during
which questions and complex cases were discussed. Nevertheless, the physiotherapist
indicated after the trial that an even higher skill level was needed to provide optimal
support for behavioural change. The literature on coaching and communication skills also
recommends extensive and ongoing group support on this topic, including feedback.*”
Therefore, for future research, we recommend extending the education sessions to
include more time on the topic of behavioural coaching. Additionally, monitoring the
coaching sessions with participants, either live or via videos, to provide specific support
and feedback to the physiotherapists could improve skill levels as well as the quality of
the intervention delivery.
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Clinical implications

1. With regard to influencing movement behaviour, general lifestyle interventions seem
insufficient. A specific focus on movement behaviour and the parts that should change
is needed to ensure behaviour change.

2. Due to the large individual variability in movement behaviour patterns in people with
stroke (with regard to the levels of sedentary behaviour and accumulation), there is a
need to objectively determine personal movement behaviour. This would allow the
identification of people at risk within the stroke population and personalised coaching.

3. The need to look beyond physical capabilities and stroke-related factors with regard
to sedentary behaviour change has been clarified further with our findings. Within
clinical practice, all behavioural aspects that influence sedentary behaviour should be
taken into account, including capabilities (physical and psychological), opportunities
(physical and social environment) and motivations (automatic and reflective). This
calls for adequate and complete behavioural diagnosis and the incorporation of
matching behaviour change techniques. Examples of key techniques identified within
our studies are real-time feedback, goal setting, action planning and social support.
Physiotherapists must be sufficiently skilled and trained to deliver these types of
interventions.

4. Since people with stroke are mostly unaware of their movement behaviour patterns,
especially with regard to sedentary behaviour, and these patterns are highly dependent
on habits and daily routines, it is important to provide insight into their movement
behaviour throughout the day. Innovative technology such as the RISE eCoaching
system can provide this crucial information via real-time feedback to both participants
and therapists.

5. The current results indicate that extensive forms of social support such as participatory
support seem to generate better results. This shows the possibility of extensive
involvement of people from the social environment of the participants to facilitate
sedentary behaviour change.

Implications for education

The necessary shift in focus to coaching on movement behaviour, including sedentary
behaviour, calls for an extended educational focus in this matter. Both the experiences
of the physiotherapist included in our trial and the literature®® show that the current
knowledge and skill levels of physiotherapists are insufficient for behavioural coaching.
Education should focus on these skills, including the ability to perform a complete
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behavioural diagnosis and the use of appropriate behaviour change techniques to ensure
that interventions are sufficiently personalised to be effective. Another area of importance
is a focus on the skills to work with other disciplines to optimise the integration of the
physiotherapist in the needed multidisciplinary setting of secondary prevention after
stroke.

We showed the feasibility of using monitoring and eCoaching within an intervention
aimed at improving sedentary behaviour, and participants stated that they highly valued
the combination. Blended care is the integration of face-to-face coaching and eCoaching
by means of innovative technologies. This strategy fits the needs of the ‘the right care
in the right place’ policy to reduce health care costs, to increase self-efficacy and self-
management, and for care to be delivered in a meaningful context such as the home
setting.” Because we did not assess the effectiveness of the different aspects of the RISE
intervention separately, we cannot definitively state that the monitoring and eCoaching
were crucial parts of the intervention. However, the promising preliminary results and
the necessary changes in health care seem to call for the inclusion of properly used
monitoring and eCoaching within interventions as part of educational programmes for
physiotherapists.

Future research

The current results show the potential of the RISE intervention to support people with
stroke who are highly sedentary and inactive to reduce and interrupt their sedentary
behaviour. The findings of this study have been used to make final improvements to the
RISE intervention. Follow-up research is necessary to definitively prove the effectiveness
of the (improved) RISE intervention to support people with stroke to sustainably reduce
and interrupt their sedentary behaviour through the use of a randomised controlled trial
including long-term follow-up. If a (long-term) effect on behaviour is shown, there is a need
to determine whether this will lead to less recurrent cardiovascular events, as hypothesized.
Furthermore, the cost effectiveness should be addressed to obtain a complete picture of
the added value of the RISE intervention. Cost effectiveness and the preventive effect
can be addressed within a randomised controlled trial by including long-term follow-
up with outcome measurements of these aspects (e.g., quality-adjusted life years and
cardiovascular events). To determine what is needed for implementation, focused analyses
of the current preventive system are needed, including the needs and barriers of different
stakeholders (e.g., neurologists, nurse practitioners and physician assistants, general
practitioners, general practice nurses and physiotherapists). Intervention implementation
can be challenging, especially when it involves multiple health care professionals and
requires a change in perspectives, routines and skill levels. Therefore, a structured
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methodology that incorporates the entire care spectrum is necessary. The development
of an appropriate business model for the technology involved is also needed.

Within the RISE intervention, personal movement behaviour patterns were determined
for each participant and used to determine the personal focus for behaviour change.
Aims and recommendations were made by comparing the personal pattern with currently
available information regarding healthy movement behaviour. Total amounts of time spent
in each type of movement behaviour, with a special focus on total sedentary time and
the interruption of sedentary time, were taken into account to maximize health benefits.
This was based on currently available health recommendations for the separate types of
movement behaviours in isolation and thus do not take into account interactions between
the different types of movement behaviour that could influence the overall risk level.
However, the different types of movement behaviour are not independent and neither is
their influence on health.*'53° Recent studies show the possibility of using this interaction
to provide integrated movement behaviour advise that allows for more personalised
and possibly more feasible recommendations when it comes in regard to healthy
movement behaviour.>'® This could allow compensation between the different types of
movement behaviour instead of having to meet every isolated recommendation. This is
a new area of research, and insufficient information is currently available to incorporate
this into interventions. Based on our findings that show a high level of individuality of
combinations of the different types of movement behaviour and accumulation patterns
and the dependence of the behaviour on habits and daily routines, this next step in
personalisation seems valuable. Thus, research is needed that provides the necessary
information to make these personalised interactive recommendations. It seems worth
considering the inclusion of sleep time within these recommendations to account for the
entire daytime continuum.>*

Conclusion

Within this thesis, we identified what is needed to support people with stroke who
are highly sedentary and inactive to sustainably reduce and interrupt their sedentary
behaviour. We found that the variability in sedentary behaviour was largely unaccounted
for by physical capabilities or stroke sequelae. Our research showed that movement
behaviour, including sedentary behaviour, is mainly based on personal habits and
daily routines and is therefore influenced by the physical and social environment of the
participant. Additionally, accumulation patterns vary, and sedentary behaviour is often
accumulates in prolonged bouts. All findings were incorporated in the RISE intervention,
and we have provided a first proof of concept. The RISE intervention, including participatory
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support, seems promising to support people with stroke who are highly sedentary and
inactive to improve their movement behaviour patterns by reducing and interrupting
their sedentary time. Thus, the RISE intervention might be of added value for secondary
prevention after stroke.
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Chapter 9

Summary

Stroke affects approximately 12.2 million people around the world each year and remains
the second leading cause of death and the third leading cause of disability worldwide.
People who have suffered a stroke are at high risk of recurrent stroke, and secondary
prevention after stroke is therefore of vital importance. As described in Chapter 1, healthy
movement behaviour is an important part of secondary prevention guidelines. Sedentary
behaviour (in addition to physical activity, an important part of movement behaviour)
is defined as ‘any waking behaviour characterized by an energy expenditure <1.5
metabolic equivalent of task while in a sitting, reclining, or lying posture’. High amounts
of sedentary behaviour, especially when accumulated in prolonged bouts, increase the
risk of cardiovascular disease. Approximately 78% of people who have had a stroke are
highly sedentary and inactive. Therefore, improving movement behaviour by reducing
and interrupting sedentary behaviour and replacing it with physical activity might help
to reduce the risk of recurrent events after stroke.

Currently, care after stroke mainly focuses on people’s physical and cognitive functions
and abilities. Rehabilitation mostly aims to regain independence in daily living and
participation. An added focus on improving movement behaviour, especially sedentary
behaviour, seems warranted. This calls for effective interventions to support people with
stroke who are highly sedentary and inactive in improving movement behaviour by
reducing and interrupting sedentary behaviour. Currently, there are no proven effective
interventions available. Therefore, the aim of this thesis was to identify what is needed to
support people with stroke who are highly sedentary and inactive to sustainably change
their movement behaviour patterns. This enabled the development of an intervention that
aims to improve movement behaviour, by reducing and interrupting sedentary behaviour
and determine the preliminary effectiveness and feasibility of the intervention.

The first step, as described in Chapter 2, was to identify factors associated with high
sedentary time in community-dwelling people with stroke. To obtain a sufficiently large
sample size to identify the demographic and stroke-related factors that are associated
with high amounts of sedentary time, we conducted a data pooling study in which
datasets from 9 original studies, including 274 participants from Australia, Canada and
the United Kingdom, were combined. The participants spent, on average, 69% (SD 12.4)
of their waking hours sedentary. Of the demographic and stroke-related factors, slower
walking speed was significantly and independently associated with a higher percentage
of waking hours spent sedentary (p=0.001) and uninterrupted sedentary bouts of >30 and
>60 minutes (p=0.001 and p=0.004, respectively). Regression models explained 11-19% of
the variance in total sedentary time and time in prolonged sedentary bouts. This indicates
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that the variability in sedentary time among people with stroke was largely unaccounted
for by demographic and stroke-related variables and suggests that behavioural and
environmental factors are likely to play an important role in sedentary behaviour after
stroke.

Chapter 3 shows the results of an exploration of how people with stroke accumulate
their periods of sedentary behaviour. We identified which demographic and stroke-
related factors influence the distribution of sedentary behaviour and whether clusters
can be distinguished. We conducted data-driven clustering analyses to identify unique
accumulation patterns of sedentary time across participants. This was followed by
multinomial logistical regression to determine the association between the clusters and
the total amount of sedentary time, age, gender, body mass index (BMI), walking speed
and wake time. We found that participants in the highest quartile of total sedentary time
accumulated a significantly higher proportion of their sedentary time in prolonged bouts
(p<0.001) compared to people with lower amounts of total sedentary time. This suggests
that this part of the population would benefit most from interventions to reduce and
interrupt sedentary time to mitigate their health risks. Six unique accumulation patterns
were identified, all of which were characterized by high sedentary time. We found wide
variability in total sedentary time and average bout duration across the clusters. Total
sedentary time, age, gender, BMI and walking speed were significantly associated with
the probability of a person being in a specific accumulation pattern cluster, p<0.001 -
p=0.002. Although unique accumulation patterns were identified, there is not just one
unique accumulation pattern for high sedentary time. This suggests that interventions
to reduce sedentary time should be tailored to the individual and include objectively
determining accumulation patterns.

To inform intervention development, Chapter 4 includes the result of a systematic review
that assessed the effect of lifestyle interventions on levels of physical activity performed by
people with stroke or TIA. Three databases were searched up to August 2018. We identified
11 randomised controlled trials that met the inclusion criteria. These studies compared
lifestyle interventions that aim to increase the amount of physical activity completed by
participants with stroke or TIA with controls. The Physiotherapy Evidence Database (PEDro)
score was used to assess the quality of the articles, and the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) method was used for the best
evidence synthesis. The quality of the trials was mostly high, with 8 (73%) trials scoring
> 6 on the PEDro scale. The overall best evidence syntheses showed moderate quality
evidence that the included lifestyle interventions do not lead to significant improvements
in the physical activity level of people with stroke or TIA. This indicates that general
lifestyle interventions on their own seem insufficient to improve the levels of physical
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activity after stroke or TIA. There is low-quality evidence that lifestyle interventions that
specifically target physical activity are effective atimproving the levels of physical activity
of people with stroke or TIA. A specific focus on physical activity and/or adding an exercise
component to a lifestyle intervention and having a physiotherapist involved in the delivery
of the intervention might be beneficial. Further properly powered trials using objective
physical activity measures are needed to determine the effectiveness of such interventions.

Chapter 5 shows the results of a qualitative study conducted to identify Capabilities,
Opportunities and Motivational model factors influencing movement behaviour
throughout the day from the perspective of people with stroke who are highly sedentary
and inactive, to inform intervention development. Semi-structured interviews with people
with stroke who were highly sedentary and inactive were conducted. The interview guide
was based on the Capabilities, Opportunities and Motivation Behavioural model. Analyses
were conducted using an iterative process using the Theoretical Domains Framework.
Saturation was reached after eleven interviews. The participants reported a lack of
knowledge regarding healthy movement behaviour patterns and a lack of insight into
their own movement behaviour. Some experienced physical and cognitive limitations in
engaging in certain physical activities. Several social and environmental elements affecting
movement behaviours were mentioned, and their impact on movement behaviour varied
among the participants. Movement behaviour, especially sedentary behaviour, was mostly
driven by habits and daily routine, without conscious regulation. These results show that
people with stroke are unaware of their own movement behaviour or of the consequences
of these behaviours for their health. Since movement behaviour is, for the most part,
based on daily routine and personal habits, this indicates there is a need for a behaviour
change intervention. Such interventions will need to include providing information about
healthy movement behaviour, feedback on the individual’s movement behaviour and
individualized support while taking into account the social and environmental context
and personal capabilities.

Chapter 6 describes the development of the RISE intervention (Reduce and Interrupt
Sedentary behaviour using a blended behaviour intervention to Empower people at risk towards
sustainable movement behaviour change) to support highly sedentary people with stroke to
sustainably reduce and interrupt sedentary behaviour by replacing it with physical activity.

To develop an effective intervention, the development process was guided by the
Behaviour Change Wheel. Three stages were distinguished: Stage 1: Understanding
the behaviour, Stage 2: Identify intervention functions and Stage 3: Identify behaviour
change techniques and modes of delivery, after which the final intervention protocol
could be drafted. The intervention and digital delivery system were co-created with people
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with stroke and their relatives, physiotherapists, (inter)national behavioural, stroke and
movement behaviour experts, people with previous experience developing blended
interventions, hardware and software developers, and technical experts.

This extensive process resulted in the RISE intervention, a 15-week blended behavioural
intervention in which a primary care physiotherapist coached participants to reduce
and interrupt their sedentary time. Physiotherapists provided personalised coaching to
people with a stroke in their home setting by using behaviour change techniques and
the RISE eCoaching system. The RISE eCoaching system consists of 1) an activity monitor,
2) a smartphone application that provides real-time feedback and contains e-learning
modules, and 3) a monitoring dashboard for the physiotherapist. The participants received
participatory support from someone from their social network (e.g., partner or close friend)
who joined them in the intervention.

Chapter 7 reports the results of a randomised multiple baseline study conducted to
determine the preliminary effectiveness and feasibility of the RISE intervention to support
community-dwelling people with stroke, who are highly sedentary, to reduce and interrupt
sedentary time. Additionally, the added value of including participatory support within
the RISE intervention was determined. Fourteen community-dwelling participants
were randomly allocated to different durations of baseline assessment, during which
repeated measurements were conducted. All received the RISE intervention, and half of
the participants (randomly allocated) received participatory support from someone from
their social network (e.g., partner or close friend) who joined them in the intervention.
Outcome measures included total sedentary time and fragmentation (interruption) of
sedentary time. Feasibility was assessed with adherence to the intervention protocol,
safety and satisfaction with the intervention. The results showed that the RISE intervention
appears promising for supporting people with stroke who are highly sedentary to
reduce and interrupt their sedentary time. The participants significantly reduced their
total sedentary time (p=0.01) by 1.3 hours on average and increased their fragmentation
index (p<0.01). Twelve (85%) of the participants showed improvement for at least one
outcome of sedentary behaviour. Subgroup analyses showed significant improvements in
total sedentary time (p=0.03) and fragmentation (p=0.03) in the group with participatory
support. Only fragmentation was significantly improved in the group without participatory
support (p=0.04). This indicates that including participatory support provided by someone
from their social network (e.g., partner or close friend) who joins the participant in the
RISE intervention appears to contribute to greater results. Thirteen of 14 participants
(93%) completed the intervention, and no related adverse events occurred. Moreover,
the participants reported sufficient satisfaction with the intervention.
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Chapter 8 presents a general discussion regarding the process of developing the blended
RISE intervention and the determination of the preliminary effectiveness and feasibility
of the intervention as well as the added value of participatory support. The implications
of the main findings are addressed as are the methodological considerations and clinical
implications. Recommendations are made for education and further research. The research
conducted in this dissertation is a first step towards supporting people with stroke who are
highly sedentary to reduce and interrupt their sedentary behaviour. The RISE intervention
appears to be promising to support this movement behaviour change. We also found that
participatory support appears to contribute to greater results. With the needed transition
to an expansion of the view on health care from the perspective of merely the absence
of illness and care to a broader perspective including a healthy lifestyle in everyday
life, there is a strong need for effective interventions that support lifestyle change. Our
results show that the RISE intervention might contribute to this overall aim in regard to
people with stroke. To draw any definitive conclusions, a randomised controlled trial is
necessary, including long-term follow-up. Additionally, attention is needed to identify
how the RISE intervention can be implemented in current stroke care. Based on input from
physiotherapists trained to deliver the RISE intervention, we recommend expanding the
skill level of physiotherapists in regard to movement behaviour, behavioural diagnoses
and the use of fitting behaviour change techniques and communication skills to deliver
coaching in an effective manner.
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Jaarlijks worden ongeveer 12.2 miljoen mensen wereldwijd door een beroerte getroffen.
Het is nog steeds de op één na belangrijkste doodsoorzaak en de derde belangrijkste
oorzaak van invaliditeit ter wereld. Mensen die een beroerte hebben gehad, lopen een
hoog risico op een recidief. Dit maakt secundaire preventie na een beroerte van vitaal
belang. Zoals beschreven in hoofdstuk 1 is gezond beweeggedrag een belangrijk
onderdeel van de richtlijnen voor secundaire preventie. Sedentair gedrag (naast fysieke
activiteit een belangrijk aspect van beweeggedrag) wordt gedefinieerd als ‘elk wakend
gedrag gekenmerkt door een energieverbruik van <1,5 metabole equivalenten van de taak
(MET) terwijl men zit of ligt'. Een hoge mate van sedentair gedrag, vooral als dit verzameld
wordt in lange aaneengesloten periodes, verhoogt het risico op hart- en vaatziekten.
Ongeveer 78% van de mensen die een beroerte hebben gehad, zijn zeer sedentair en
inactief. Daarom zou het verbeteren van het beweeggedrag, door het verminderen en
onderbreken van sedentair gedrag en het vervangen daarvan door fysieke activiteit,
kunnen helpen het risico op een nieuwe beroerte of een ander cardiovasculair incident
te verminderen.

Momenteel ligt de focus bij de zorg na een beroerte vooral op de fysieke en cognitieve
functies en vaardigheden van mensen. Revalidatie is met name gericht op het herstellen
van onafhankelijkheid in dagelijks functioneren en participatie. Een toegevoegde focus
op het verbeteren van het beweeggedrag, en dan met name sedentair gedrag, lijkt
gerechtvaardigd. Dit vraagt om effectieve interventies om mensen met een beroerte die
zeer sedentair en inactief zijn te ondersteunen bij het verbeteren van hun beweeggedrag
door het verminderen en onderbreken van sedentair gedrag. Momenteel zijn er geen
bewezen effectieve interventies beschikbaar. Daarom was het doel van dit proefschrift om
te identificeren wat nodig is om mensen met een beroerte die zeer sedentair en inactief
zijn duurzaam hun sedentaire gedrag te laten veranderen. Dit om de ontwikkeling van
een interventie die gericht is op het verminderen en onderbreken van sedentair gedrag
mogelijk te maken en de preliminaire effectiviteit en haalbaarheid van deze interventie
te bepalen.

De eerste stap, beschreven in hoofdstuk 2, was het identificeren van factoren die
geassocieerd zijn met een hoge mate van sedentaire tijd bij mensen met een beroerte
die thuis wonen. Om een voldoende grote steekproef te krijgen voor het identificeren
van demografische en beroerte-gerelateerde factoren die geassocieerd zijn met veel
sedentaire tijd, voerden we een data-pooling studie uit. Daarbij werden de datasets van
negen oorspronkelijke studies, met in totaal 274 deelnemers uit Australié, Canada en het
Verenigd Koninkrijk, gecombineerd. Ze brachten gemiddeld 69% (SD 12,4) van de tijd
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dat ze wakker waren sedentair door. Van de demografische en beroerte-gerelateerde
factoren was een lagere loopsnelheid significant en onafhankelijk geassocieerd met
een hoger percentage wakende tijd die sedentair werd doorgebracht (p=0,001) en met
ononderbroken sedentaire periodes van >30 en >60 minuten (p=0,001 en p=0,004,
respectievelijk). Regressiemodellen verklaarden 11-19% van de variantie in totale
sedentaire tijd en tijd in langdurige sedentaire periodes. Een groot deel van de variabiliteit
in sedentaire tijd bij mensen met een beroerte lijkt dus niet verklaard te kunnen worden
door demografische en beroerte-gerelateerde variabelen. Dit suggereert dat gedrags- en
omgevingsfactoren waarschijnlijk een belangrijke rol spelen in zittend gedrag na een
beroerte.

Hoofdstuk 3 toont de resultaten van een onderzoek naar hoe mensen met een beroerte
hun sedentaire gedrag verzamelen gedurende de dag. We hebben geidentificeerd welke
demografische en beroerte-gerelateerde factoren de distributie van sedentair gedrag
beinvlioeden en of er clusters te onderscheiden zijn. Datagestuurde clusteranalyses
zijn uitgevoerd om na te gaan of er unieke accumulatiepatronen van sedentaire tijd
geidentificeerd konden worden bij de deelnemers. Dit werd gevolgd door multinomiale
logistische regressie om de associatie tussen de clusters en de totale hoeveelheid
sedentaire tijd, leeftijd, geslacht, Body Mass Index (BMI), loopsnelheid en waaktijd te
bepalen. Deelnemers in het hoogste kwartiel van totale sedentaire tijd verzamelen een
significant hoger aandeel hiervan in langdurige aaneengesloten periodes (p<0,001), in
vergelijking met mensen met lagere hoeveelheden sedentaire tijd. Dit suggereert dat
dit deel van de populatie het meeste baat zou hebben bij interventies om sedentaire
tijd te verminderen en te onderbreken om hun gezondheidsrisico’s te verminderen. Er
werden zes unieke accumulatie patronen geidentificeerd; allen gekenmerkt door een
hoge maten van sedentaire tijd. We vonden een brede variabiliteit in de totale sedentaire
tijd en de gemiddelde duur van sedentaire periodes in de verschillende clusters. De totale
sedentaire tijd, leeftijd, geslacht, BMI en loopsnelheid waren significant geassocieerd met
de waarschijnlijkheid dat een persoon zich in een specifiek accumulatiepatroon cluster
bevindt, p<0,001 - p=0,002. Hoewel unieke accumulatiepatronen werden geidentificeerd,
is er niet slechts één uniek accumulatiepatronen voor hoge sedentaire tijd. Dit suggereert
dat interventies om sedentaire tijd te verminderen afgestemd moeten worden op het
individu en een objectieve bepaling van het accumulatiepatroon moeten bevatten.

Om informatie op te halen ten behoeve van interventie ontwikkeling hebben we een
systematische review naar het effect van leefstijlinterventies op de hoeveelheid fysieke
activiteit bij mensen met een beroerte of TIA uitgevoerd. De resultaten hiervan zijn
beschreven in hoofdstuk 4. Drie databases werden doorzocht tot augustus 2018. We
identificeerden 11 gerandomiseerde gecontroleerde studies die aan de inclusiecriteria
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voldeden. Deze studies vergeleken leefstijlinterventies, met als doel het verhogen van
de hoeveelheid fysieke activiteit bij mensen met een beroerte of TIA, met een controle
groep. De Physiotherapy Evidence Database (PEDro) score werd gebruikt om de kwaliteit
van de artikelen te beoordelen en de Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) methode voor de best evidence synthese. De
kwaliteit van de trials was meestal hoog, acht (73%) van de trials scoorde > 6 op de
PEDro-schaal. De algehele best evidence synthese laat zien dat er matige kwaliteit bewijs
is dat de opgenomen leefstijlinterventies niet leiden tot significante verbeteringen in
de hoeveelheid fysieke activiteit bij mensen met een beroerte of TIA. Dit duidt erop
dat algemene leefstijlinterventies op zichzelf niet voldoende lijken om de niveaus van
fysieke activiteit na een beroerte of TIA te verbeteren. Er is lage kwaliteit bewijs dat
leefstijlinterventies die zich specifiek richten op fysieke activiteit effectief zijn bij het
verbeteren van de hoeveelheid fysieke activiteit bij mensen met een beroerte of TIA. Een
specifieke focus op fysieke activiteit en/of het toevoegen van een oefencomponent aan
een leefstijlinterventie en het betrekken van een fysiotherapeut bij de uitvoering van de
interventie zou een positief effect kunnen hebben. Vervolgonderzoek met een voldoende
grote steekproef en objectieve uitkomstmaten voor fysieke activiteit zijn nodig om de
effectiviteit van dergelijke interventies te bepalen.

Hoofdstuk 5 toont de resultaten van een kwalitatieve studie om de factoren gerelateerd
aan capaciteiten, gelegenheden en motivatie die het beweeggedrag gedurende de dag
beinvloeden te identificeren, vanuit het perspectief van mensen met een beroerte die in
hoge mate sedentair en inactief zijn. Dit om de ontwikkeling van interventies mogelijk te
maken. Er zijn semigestructureerde interviews gehouden met mensen met een beroerte
die veelal sedentair en inactief zijn. De interviewguide was gebaseerd op het Capabilities,
Opportunities and Motivation Behavioural model. Analyses werden uitgevoerd met
behulp van het Theoretical Domains Framework in een iteratief proces. Na 11 interviews
werd saturatie bereikt. Deelnemers gaven aan dat ze weinig kennis hadden over gezond
beweeggedrag en geen inzicht hadden in hun eigen beweeggedrag. Sommigen ervaarden
fysieke en/of cognitieve beperkingen om bepaalde fysieke activiteiten te ondernemen.
Verschillende sociale en omgevingsfactoren die het beweeggedrag beinvloeden werden
genoemd, de invloed hiervan varieerde onder de deelnemers. Beweeggedrag, met name
sedentair gedrag, werd voornamelijk bepaald door gewoonten en dagelijkse routine,
zonder bewuste regulatie. Deze resultaten laten zien dat mensen met een beroerte zich
niet bewust zijn van hun eigen beweeggedrag of van de gevolgen daarvan voor hun
gezondheid. Aangezien het beweeggedrag grotendeels is gebaseerd op dagelijkse
routines en persoonlijke gewoonten, lijken gedragsveranderingsinterventies noodzakelijk.
Dergelijke interventies zullen informatie over gezond beweeggedrag, feedback over
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het individuele beweeggedrag en gepersonaliseerde ondersteuning moeten bevatten,
rekening houdend met de sociale en omgevingscontext en persoonlijke capaciteiten.

Hoofdstuk 6 beschrijft de ontwikkeling van de RISE-interventie (Reduce and Interrupt
Sedentary behaviour using a blended behaviour intervention to Empower people at risk
towards sustainable movement behaviour change). Deze interventie is ontwikkeld om
mensen met een beroerte die in hoge mate sedentair zijn, te helpen om duurzaam
hun sedentaire gedrag te verminderen en te onderbreken door het te vervangen met
fysieke activiteiten. Om te komen tot een effectieve interventie hebben we het Behaviour
Change Wheel gebruikt in het ontwikkelingsproces. Er werden drie fasen onderscheiden:
1) Het gedrag begrijpen, 2) Bepalen van de interventiefuncties en 3) Bepalen van
de gedragsveranderingstechnieken en de leveringswijze, waarna het definitieve
interventieprotocol kon worden opgesteld. De interventie en het digitale systeem werden
ontwikkeld samen met mensen met een beroerte en hun naasten, fysiotherapeuten, (inter)
nationale gedrags-, beroerte- en beweeggedragsexperts, mensen met ervaring in het
ontwikkelen van blended interventies, hardware- en softwareontwikkelaars en technische
experts. Dit uitgebreide proces resulteerde in de RISE-interventie, een 15 weken durende
blended gedragsinterventie, waarbij een eerstelijns fysiotherapeut de deelnemers coachte
om hun sedentaire tijd te verminderen en te onderbreken. Fysiotherapeuten boden
gepersonaliseerde coaching aan, aan mensen met een beroerte in hun thuissituatie
middels gedragsveranderingstechnieken en het RISE eCoaching-systeem. Dit systeem
bestaat uit 1) een activiteitenmonitor, 2) een smartphone-applicatie die real-time feedback
geeft en e-learningmodules bevat, 3) een monitoringdashboard voor de fysiotherapeut.
Deelnemers ontvingen participatieve ondersteuning van iemand uit hun sociale netwerk
(bijv. partner of goede vriend) die mee deed aan de interventie.

Hoofdstuk 7 rapporteert de resultaten van een gerandomiseerde multiple baseline
studie met als doel de preliminaire effectiviteit en feasibility van de RISE-interventie te
bepalen om thuiswonende mensen met een beroerte die in hoge mate sedentair zijn, te
ondersteunen bij het verminderen en onderbreken van hun sedentaire gedrag. Ook werd
de toegevoegde waarde van participatieve ondersteuning binnen de RISE-interventie
vastgesteld. Veertien thuiswonende deelnemers, werden willekeurig toegewezen
aan baseline periodes van verschillende duur, waarbinnen de herhaalde metingen
werden uitgevoerd. Alle deelnemers ontvingen de RISE-interventie en de helft van hen
(random toegewezen) kreeg participatieve ondersteuning van iemand uit hun sociale
netwerk (bijvoorbeeld een partner of goede vriend) die mee deed aan de interventie.
Uitkomstmaten waren de totale sedentaire tijd en fragmentatie (onderbreken) van
sedentaire tijd. De haalbaarheid werd beoordeeld op basis van het naleven van het
interventieprotocol, veiligheid en de tevredenheid met de interventie. De resultaten
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toonden aan dat de RISE-interventie veelbelovend lijkt om mensen met een beroerte te
ondersteunen bij het verminderen en onderbreken van hun zittende tijd. Deelnemers
verminderden hun totale sedentaire tijd significant (p=0.01), met gemiddeld 1,3 uur en
verhoogden hun fragmentatie index (p<0.01). Twaalf (85%) deelnemers verbeterden op ten
minste één uitkomstmaat van sedentair gedrag. Subgroep analyses toonden significante
verbeteringen in de totale sedentaire tijd (p=0.03) en de fragmentatie (p=0.03) in de
groep met participatieve ondersteuning. De groep zonder participatieve ondersteuning
verbeterde alleen de fragmentatie significant (p=0.04). Dit wijst erop dat het opnemen van
participatieve ondersteuning, geboden door iemand uit hun sociale netwerk (bijv. partner
of goede vriend) die mee doet in de interventie, in de interventie bijdraagt aan betere
resultaten. Dertien van de 14 deelnemers (93%) voltooiden de interventie en er deden
zich geen gerelateerde adverse events (ongewenst medisch voorvallen) voor. Deelnemers
rapporteerden voldoende tevredenheid over de interventie.

Hoofdstuk 8 bevat een algemene bespreking van het ontwikkelproces van de RISE-
interventie en het bepalen van de voorlopige effectiviteit en feasibility ervan, evenals
de toegevoegde waarde van participatieve ondersteuning. De implicaties van de
belangrijkste bevindingen worden besproken, evenals methodologische overwegingen
en de klinische implicaties. Aanbevelingen worden gedaan voor onderwijs en
vervolgonderzoek. Het onderzoek binnen dit proefschrift is een eerste stap om mensen
met een beroerte, die in hoge maten sedentair zijn, te ondersteunen bij het verminderen
en onderbreken van hun sedentaire gedrag. De RISE-interventie lijkt veelbelovend om
deze beweeggedragsverandering te ondersteunen. Ook participatieve ondersteuning
lijkt bij te dragen aan betere resultaten. Gezien de noodzakelijke transitie naar het bredere
perspectief op gezondheid met daarin aandacht voor een gezonde leefstijl, is er een
sterke behoefte aan effectieve interventies die leefstijlverandering ondersteunen. Onze
resultaten laten zien dat de RISE-interventie mogelijk kan bijdragen aan dit algemene
doel voor mensen met een beroerte. Om definitieve conclusies te kunnen trekken is een
gerandomiseerde gecontroleerde studie nodig, inclusief lange-termijn follow-up. Ook is
het nodig om te identificeren hoe de RISE-interventie kan worden geimplementeerd in de
huidige beroerte nazorg. Op basis van ervaringen van de fysiotherapeuten die getraind
zijn om de RISE-interventie te geven, bevelen we aan om het vaardigheidsniveau van de
fysiotherapeut op het gebied van beweeggedrag, gedragsdiagnoses en het gebruik van
passende gedragsveranderingstechnieken en communicatievaardigheden uit te breiden,
om op een effectieve manier te kunnen coachen.
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