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Abstract

Supporting Adherence to Physical Activity in People with Multiple Sclerosis

Rachel Louise Dennett

Background

The benefits of exercise and physical activity for people with multiple sclerosis are well
recognised, as are the challenges faced by many in adhering to these activities over the long
term. Adherence is considered by some to be the single most important modifiable factor
affecting outcome. With years lived with disability increasing and healthcare resources
limited, the need to develop and implement effective and acceptable interventions and

support people with adherence to physical activity is pressing.

Aim

This integrative summary presents work from three related areas regarding exercise and
physical activity in people with multiple sclerosis. The body of work represents a systematic

and rigorous approach to the topic and comprises outputs from three streams of work:

1) Web-based intervention studies; a systematic review and a qualitative study
exploring the participant’s experience.

2) Evaluation of a home-based standing frame programme; a randomised controlled
trial evaluating the clinical and cost-effectiveness, a qualitative study exploring
experiences of using the standing frame, and production of a series of four short
films to present these experiences using both images and the voices of the people

involved.



3) A systematic review of adherence to exercise interventions in people with multiple

sclerosis that presents recommendations regarding trial design in this area.

The Behaviour Change Wheel is used as a “reflection framework” to facilitate integration of
my current work and consider areas for future study. The reflection process has helped
highlight important ‘threads’ that bring my work together and has informed the

development of two concepts that provide a fresh perspective in this field.

Conclusion

This summary draws together work from a variety of studies encompassing original research
and systematic reviews, which demonstrate the creation and interpretation of new

knowledge in the field of physical activity in people with multiple sclerosis.
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Integrative Summary

Section 1: Introduction to the topic

Setting the scene

As a clinical physiotherapist with twenty years’ experience of working with people with long-
term neurological conditions, | am acutely aware of the importance of supporting
individuals to become and remain as physically active as possible throughout their lives. All
too often, people come to see a physiotherapist, set and achieve goals in a range of aspects
of life and then, despite best efforts end up referred back six months later once the initial
improvements have ebbed away. | was part of a “good” clinical team... neurology
specialists... informed, knowledgeable, motivated. We considered ourselves listeners,
example setters, researchers, inspirers. But still, the frustration remained that no matter
how effective interventions were at the point of delivery, benefits were not maintained if
people weren’t (for whatever reason) able to sustain the changes long-term. For whatever

reason...?

Then came an exciting opportunity... a secondment from clinical practice into a research
post at the University of Plymouth. A study hoping to address one aspect of the challenge
to support people to be active. Web-based physiotherapy for people with multiple sclerosis
(pwMS). Could this make a difference? | had been keen to be more involved in the world of
research and here was an opportunity to step into something new for a couple of years. |
was fortunate enough to be working with Professor Freeman. Jenny. An inspiring,
encouraging, supportive, person-focused, well-respected researcher and clinical
physiotherapist. It has been her example, guidance, provision of opportunity and belief in

me that has enabled this body of work to come together.
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My work has been completed over the five years | have worked at the University of
Plymouth where | have been a key member of the research team on studies involving
pwMS. | have played an integral role within each of the studies presented in this portfolio. |
was the trial co-ordinator for the standing programme study and led the qualitative analysis,
both the thematic analysis and production of the films. In addition, | led the web-based
gualitative sub-study from conception and design through implementation to completion.
Finally, | led both systematic reviews from conception and design through implementation
to completion, including leading a team of researchers from the United Kingdom (UK) and
Denmark for the adherence review. The studies have afforded me the opportunity to
undertake original research that has added to knowledge regarding supporting pwMS
adhere to a more physically active lifestyle. In addition, the work has enhanced our
understanding of the person’s experience of engaging in such interventions and has enabled
me to compose a body of work that contributes new knowledge and understanding in the

field.
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1.1 Background

The challenge of supporting adherence to increased levels of physical activity (PA) is an
international one that has required a global action plan (World Health Organisation, 2018).
The issues involved are wide ranging, affecting not only the individual but other people with
whom they are in contact, their communities and the wider social and political
environments. It is known that levels of PA are lower in those living with a chronic health
condition than the general population, highlighting the need for research in this area. One
such population is pwMS (Kinnett—Hopkins et al., 2017). Multiple sclerosis (MS) is a
progressive neurological condition, affecting 2.5 million people worldwide, which can result
in a range of physical, cognitive and emotional symptoms. It commonly presents in early
adulthood and progresses over time, frequently leading to increasing disability and a

significant increase in societal economic costs (Kobelt et al., 2017, Ness et al., 2020).

The terms PA and exercise are often, but not always used interchangeably within the
literature. Exercise is defined as a form of PA that is planned, structured and repetitive, and
is undertaken with the objective of improving or maintaining at least one aspect of physical
fitness; that is strength, flexibility or aerobic endurance (Caspersen et al., 1985). PA is
defined as any bodily movement produced by skeletal muscles that requires energy
expenditure (Caspersen et al., 1985). Within this summary | will use the term PA unless

there is clear definition that the intervention(s) are exercise.

Additional definitions used in this work include ‘short-term’, defined as less than or equal to
three months post intervention, and ‘long-term’, more than three months, in accordance

with Khan et al (Khan et al., 2015).
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PA, including exercise as a subset (Caspersen et al., 1985) has been demonstrated to result
in a wide range of health benefits in pwMS (Dalgas et al., 2019, Edwards and Pilutti, 2017,
Freeman et al., 2019, Heine et al., 2015, Jorgensen et al., 2017, Pearson et al., 2015). In
addition, disease specific guidelines have been developed to aid the promotion and
prescription of PA in people with different levels of disability (Kalb et al., 2020, Latimer
Cheung et al., 2013). Recent work (Canning and Hicks, 2020, Coote et al., 2017, Learmonth
et al., 2017) has evaluated the effectiveness of adhering to the guidelines for pwMS with
mild-moderate disability (Latimer Cheung et al., 2013) where a range of benefits including a
moderate increase in self-reported PA and improvements in fitness, mobility, fatigue and

quality of life in those that adhered were demonstrated.

For people to benefit from the positive effects of PA throughout their lives, it is imperative
that they are supported to continue long-term. The multi-dimensional construct (Heeson et
al, 2015) ‘adherence’ is commonly used in both research and clinical practice to describe
this sustained behaviour. Adherence is defined by the World Health Organisation (WHO) as
the extent to which a person’s behaviour corresponds with agreed recommendations from a
healthcare provider (WHO, 2003, p. 3). In line with other researchers working in the field
(Bollen et al., 2014, Essery et al., 2017, Frost et al., 2017), it is this definition that | have used

throughout this integrative summary.

Given the low levels of reported PA in pwMS, developing an understanding of the factors
associated with adherence is key to guide the development of supportive interventions. A
number of reviews have explored a wide range of potential correlates of PA. Casey and
colleagues conducted a systematic review and meta-analyses of modifiable psychosocial

constructs associated with PA participation. Of the 26 included studies, 12 were included in
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meta-analyses which demonstrated significant, moderate, positive correlations between PA
(both self-reported and objectively measured) and exercise self-efficacy, and self-reported
PA and exercise goal setting (Casey et al., 2017). These findings are supported by several
other researchers including Streber and colleagues who, additionally, report positive
correlations of PA with education level and employment status and an inverse correlation

with disability level, particularly walking limitations (Streber et al., 2016).

Another area of focus with respect to PA adherence has been on understanding the many
barriers and facilitators that both pwMS and clinicians have reported in recent qualitative
studies and surveys. Firstly, a range of disease-related factors including fluctuating
symptoms and fatigue (Learmonth and Motl, 2016) are reported. Secondly, personal factors
including lack of confidence (Crank et al., 2017), self-efficacy and intrinsic motivation
(Fasczewski et al., 2020, Riemann-Lorenz et al., 2020b) are suggested. Finally, other barriers
reported include the physical environment such as transport and accessibility of venues
(Adamson et al., 2020, Barnard et al., 2020, Learmonth et al., 2015, Streber et al., 2016) and
social environment, such as lack of expectation and health professional support (Adamson
et al., 2020, Hale et al., 2012, Learmonth et al., 2015, Riemann-Lorenz et al., 2020a, Streber
et al., 2016,). In addition, specific facilitators of PA reported include positive, constructive,
social and professional support, positive outcome expectation (Christensen et al., 2015) and
ability to have choice and control over PA opportunities (Hale et al., 2012). It is noted that in
reality, optimum adherence is frequently impacted by more than one of these factors
(WHO., 2003) and in this regard recent pilot and feasibility studies have emphasised the
importance of targeting a range of factors within programme design and delivery (Baird et

al., 2020, Hayes et al., 2017, Latchem-Hastings et al., 2021, Learmonth et al., 2017).
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As our understanding of the benefits and correlates of PA, and the related barriers and
facilitators have expanded, so has the drive to develop specific interventions to support
adherence. This complex issue of adherence to PA has inspired extensive research involving
pwMS (with a range of disability levels), carers and health care professionals over recent
years, using a range of research methodologies (Jeong et al., 2019, McAuley et al., 2007,

Riemann-Lorenz et al., 2020b).

A key area of work has been the development of behavioural interventions. Behavioural
interventions, defined as interventions, based upon behavioural science theory involving
specific techniques, aim to change the health behaviours of individuals, communities or
whole populations (Michie et al., 2011, NICE, 2014a). The effectiveness of such
interventions (used either alone or in combination with exercise or PA) has been
investigated on self-reported and objectively measured PA in pwMS in recent feasibility and
pilot interventional studies (Baird et al., 2020, Coote et al., 2017, Hayes et al., 2017) and is
currently being evaluated in a phase Ill RCT (Silveira et al., 2019) and single-arm feasibility
trial (Latchem-Hastings et al., 2021). Results from the pilot work (Coote et al., 2017, Hayes
et al., 2017) suggest a positive effect on self-reported PA and objectively measured walking
endurance (6-minute walk test), but not objectively measured PA (SenseWear Arm band).
Behavioural intervention effectiveness has also been considered by authors of several
systematic reviews (Coulter et al., 2020, Kim et al., 2020, Sangelaji et al., 2016). Sangelaji
reports a statistically significant improvement in PA (using combined subjective and
objective measures) immediately post intervention and at three-month follow-up (Sangelaji
et al., 2016). Similarly, Coulter and colleagues report that 25 of their 30 included studies
investigated total PA or leisure time PA with the majority (n=20) reporting significant

improvements. They highlight however, that of the included studies, only six included
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objective measurement of PA, and of these only one reported a significant improvement in
PA. Kim and colleagues (Kim et al., 2020) also report moderate effectiveness of behavioural
interventions in terms of increasing PA immediately post intervention and at short-term
(three month) follow-up. In addition, their moderator analysis identified a trend for larger
increases in PA as determined by self-report compared to objectively measured PA, and for
purely educational behavioural interventions compared to those delivered in combination
with exercise, or exercise alone. This latter finding is particularly interesting given it might
have been assumed that a combination of education and exercise would have afforded
greater changes in PA. It is possible that if interventions had been PA focused rather than
specifically exercise, there may have been enhanced improvements in PA. Further work
could explore these relationships, paying close attention to whether the exercise or PA

elements of combined behavioural interventions are being delivered at effective doses.

It was whilst reading about behavioural interventions that | became aware of the Behaviour
Change Wheel Framework (Michie et al., 2011). Whilst initially developed to facilitate the
design and evaluation of interventions in areas such as smoking cessation and weight loss,
the framework has also been used to structure systematic reviews, explore challenges
surrounding intervention implementation and retrospectively analyse gaps in the process of
facilitating behaviour change. It has been widely used across a range of disciplines and
topics regarding behaviour change, and by a variety of agencies including Public Health
England (McManus et al., 2018, West et al., 2019), the National Institute for Health and Care
Excellence (NICE, 2014a) and the WHO (Dodson et al., 2018). Within the field of MS
research, it has been used to develop a questionnaire exploring possible determinants of
adherence to PA (Riemann-Lorenz et al., 2020b), conduct a review of interventions

promoting behaviour change (Plow and Finlayson, 2019) and develop an internet-based
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intervention to change PA behaviour (Casey et al., 2019). In addition, the framework is
recognised to provide a valuable structure for reflection and analysis, enabling researchers
to “retro fit” interventions to identify any components that may be missing (Michie et al.,
2011). I had initially planned to use the WHO “five dimensions of adherence” (WHO, 2003)
framework to contextualise my research given its focus on adherence, however, when
reflecting on the extensive, contemporary use of the Behaviour Change Wheel Framework

within the area | decided it was a preferable option.
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1.2 Structure of this research portfolio

This research portfolio is comprised of three streams of work. The first was designed when |
was employed as a research physiotherapist on a feasibility Randomised Controlled Trial
(RCT) of a web-based physiotherapy intervention (WebPaMS). | wanted to know what the
evidence was for such interventions increasing PA in this population and was particularly
interested in the participant’s experience at a depth greater than would be achieved
through the study process evaluation exit interviews. These questions gave rise to the web-
based stream of work; a systematic review and a qualitative study exploring the

participant’s experience.

A second area requiring investigation was the need for effective supported self-
management options for people with progressive disease and higher levels of disability.
Much of the current literature regarding PA interventions had been conducted in people
with mild to moderate relapsing remitting disease. Working as the trial co-ordinator and
research assessor for the Standing Up in MS (SUMS) study gave me the opportunity to be a
key member of a team conducting a RCT evaluating the clinical and cost-effectiveness of a
home-based standing frame programme with an embedded qualitative study to explore the

participant and carer experience.

The final area that this research portfolio sought to address was regarding adherence to
exercise interventions. Given it is imperative that research findings can be implemented into
clinical practice, | wanted to know what is reported about adherence to and drop-out from
exercise intervention trials that may guide clinicians seeking to implement evidence-based

practice.
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My work is presented in these streams to highlight the new knowledge that each has added
to the evidence base in this field. | have then used the Behaviour Change Wheel Framework

to reflect on, bring together and analyse my work, and consider areas for future research.

Although | refer to the work presented in this portfolio as ‘my’ work, it is important to

acknowledge that each output is co-authored work as detailed in Chapter 3.
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Section 2: Contribution of published works to knowledge

2.1 Introduction to published works

My (our) work has contributed to the knowledge surrounding supporting adherence to PA in
pwMS in a number of ways. | have chosen to discuss these in terms of the three work
streams which occurred sequentially. Several of the areas of new knowledge are interlinked
as | will demonstrate. The outputs comprise five peer-reviewed papers and the production
of four short films as detailed in table 1. They have been colour coded to highlight the work
streams (blue-web-based, green- standing programme, grey-adherence) and numbered to
enable the content from papers to be more easily incorporated within the following critical

discussion.
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Table 1: Published works by work stream

Dennett R, Gunn H and Freeman J. Effectiveness of and user experience with
web-based interventions in increasing physical activity levels in people with
multiple sclerosis: A systematic review. Physical Therapy. 2018:98 (8) 679-690.
https://doi.org/10.1093/pti/pzy060

Paper 1

Dennett R, Coulter E, Paul L, Freeman J. A qualitative exploration of the
participants’ experience of a web-based physiotherapy program for people
with multiple sclerosis: Does it impact on the ability to increase and sustain
engagement in physical activity? Disability and Rehabilitation. 2020a:42(21)
3007-3014 https://doi.org/10.1080/09638288.2019.1582717

Paper 2

Freeman J, Hendrie W, Jarrett L, Hawton A, Barton A, Dennett R, Jones B,
Zajicek J, Creanor S. Assessment of a home-based standing frame programme
in people with progressive multiple sclerosis (SUMS): A pragmatic, multi-
centre, randomised, controlled trial and cost-effectiveness analysis. The Lancet

Neurology. 2019:18(8) 736-747 https://doi.org/10.1016/S1474-

4422(19)30190-5

Paper 3

Dennett R, Hendrie W, Jarrett L, Creanor S, Barton A, Hawton, A, Freeman J.
“I'min a very good frame of mind”: A qualitative exploration of the experience
of standing frame use in people with progressive multiple sclerosis. British

Medical Journal Open 2020b:10:e037680 http://doi.org/10.1136/bmjopen-

2020-037680

Paper 4

Dennett R, Hendrie W, Jarrett L, Creanor S, Barton A, Hawton A, Freeman J.
“I’'m in a very good frame of mind”: A qualitative exploration of the experience
of standing frame use in people with progressive multiple sclerosis. Four Short

Films. 2019 on study website: https://www.plymouth.ac.uk/research/sums

Short

films

Dennett R, Madsen LT, Connolly L, Hosking J, Dalgas U, Freeman J. Adherence
and drop-out in randomized controlled trials of exercise interventions in
people with multiple sclerosis: A systematic review and meta-analyses.
Multiple Sclerosis and Related Disorders. 2020c: 43(8) 1-16
https://doi.org/10.1016/j.msard.2020.102169

Paper 5
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https://doi.org/10.1093/ptj/pzy060
https://doi.org/10.1080/09638288.2019.1582717
https://doi.org/10.1016/S1474-4422(19)30190-5
https://doi.org/10.1016/S1474-4422(19)30190-5
http://doi.org/10.1136/bmjopen-2020-037680
http://doi.org/10.1136/bmjopen-2020-037680
https://www.plymouth.ac.uk/research/sums
https://doi.org/10.1016/j.msard.2020.102169

2.2: Web-based stream

The use of web-based interventions to increase PA is an intervention delivery model with
potential to help people adhere to PA. Paper 1 reports the first systematic review of this
specific model of delivery in pwMS. Although previous reviews had considered a variety of
telerehabilltation interventions (including gaming and using pedometers), this was the first
to focus solely on interventions delivered over the internet. Our meta-analysis of self-
reported PA data demonstrated a moderate positive effect on PA in the short-term in
participants with mild disability. There were, however, insufficient data to conduct an
analysis of objectively measured PA at any time point or analyses of self-report at any
longer-term follow-up points. An additional aim of our review had been to examine whether
the use of web-based interventions enable pwMS to achieve recommended levels of PA
(Latimer-Cheung 2013) whilst engaging in the intervention, and further if people were able
to maintain these levels after the intervention had ceased. However, coupled with limited
short-term follow-up data and an absence of long-term follow-up assessments, we also
found that none of the included papers reported PA in line with recommendations, so we
were unable to address this aim. Paper 1 therefore presented the headline results and
highlighted the need for the research community to consider effectiveness at both short
and long-term follow-up, in people with higher levels of disability, using objective
measurement of PA and against disease specific PA recommendations in future work. It is
encouraging that these issues are now being incorporated in recent studies as discussed
below and in section 1.2. Another noteworthy finding of the review was that although nine
papers were included, they only reported on (the development of) two different

interventions. This was a good reminder for researchers to ensure transparency of
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reporting, and clinicians to not assume that multiple papers regarding web-based

interventions indicate the area has been thoroughly researched.

The key findings from this study in relation to my research portfolio were that the web-
based interventions had a short-term positive effect on self-reported PA in ambulant pwMS.
As such, they may be a useful approach for some people wanting to become more active.
These interventions might, for example, be an option to discuss with people who are pre
diagnosis or recently diagnosed, and those experiencing lower levels of disability, adding a
potential ‘view’ to Riemenschneider’s “window of opportunity” (Riemenschneider et al,
2018). The relevance of web-based interventions within the context of the current
Coronavirus pandemic is undeniable. Given the rapidly changing landscape in the use of
telerehabilitation, it will be particularly important to gain contemporaneous insights into the
effectiveness of this mode of intervention delivery and its use within a hybrid model of

healthcare provision.

In order to consider whether such interventions help adherence to PA we looked at the
specific adherence data which was presented by six of the nine included studies. In these six
papers, intervention adherence was reported in terms of the percentage of participants that
logged in to the web-based programme each week (n=3), average number of weeks
participants were logged in for (n=4), average number of video coaching sessions attended
(n=2), percentage of participants who participated in specific components of the
intervention (including coaching) (n=1) and percentage of participants who documented
completion of at least 80% of their prescribed training programme (n=1). This use of a range
of definitions, and the question of which specific aspects of adherence are being measured

may lead to a lack of clarity surrounding measurement and reporting of adherence and are
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issues discussed more fully in the adherence stream section below. In these studies,
although adherence was reported to be high (range 73-96%) in the short-term, half of them
reported that adherence dropped to around 50% or lower by eight-twelve weeks (Dlugonski
et al., 2011, Motl et al., 2011, Tallner et al., 2016). Jeong and colleagues, recognising the
need to address such challenges with adherence to telerehabilitation, conducted a study to
identify predictors of adherence. They reported that personalising training and providing
feedback and support were particularly important for people with low levels of adherence.
Further, they suggested that early identification of such people could enable their
requirements to be prioritised by clinicians and potentially result in increased likelihood of
life-long adherence (Jeong et al., 2019). My own clinical experience resonates with this,
where it is apparent that providing personalised support at an early stage (of starting a new
PA) appears crucial. Some of the work | will present in papers 3 and 4 suggests that
facilitating pwMS to gain the knowledge, skills and confidence to self-manage PA was
instrumental in supporting adherence. Further, | postulate that positive early PA
experiences encourage longer-term adherence where people are more likely to experience
physical and psychological improvements that may then act as motivators to continue, as
we were able to report in papers 2 and 4. In addition, it is suggested that there may be an
association between previous positive exercise experience and adherence to PA (Essery et

al., 2017, Kayes et al 2011), potentially an area for further research.

The issue of personalised support resonates throughout much of my work and is one of the
key threads throughout this portfolio. One option for provision of support within
telerehabilitation is that of remotely delivered coaching sessions. The addition of such
sessions was demonstrated to be instrumental in increasing adherence to a behavioural

intervention during its development process, as reported in two of the included studies in
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paper 1 (Dlugonski et al., 2012, Pilutti et al., 2014). Further research is required to explore
which aspects of a coaching session (e.g. mode of delivery, quality of the coaching
relationship, level of support) may be key to facilitating increased adherence to better
understand how and why coaching may lead to enhanced adherence. A recently published
protocol suggests that these factors may be addressed through an embedded process
evaluation (Latchem-Hastings et al., 2021), results of which may help both fill gaps in
knowledge and direct future work. With respect to longer term impact of web-based
interventions, due to the absence of long-term follow-up assessments in the included
studies, it is not possible to comment on whether they can support an increase in PA in the
long-term. Current research in the field, however, incorporates longer-term follow-up

(Silveira et al., 2019) and may therefore start to answer this question.

Finally, an original aim of the systematic review had been to include both qualitative and
guantitative data, however no qualitative studies were identified by the searches. This was
acknowledged, and researchers were encouraged to consider qualitative work especially

given the current exponential rise of effectiveness studies in this area.

My next piece of work, reported in paper 2, was an opportunity to address this absence of
gualitative data. The study explored the participant experience of a web-based
physiotherapy intervention (webbasedphysio.com) on perceived levels of PA. Analysis of
this first qualitative study of web-based interventions in pwMS led to the development of
three themes, all of which are related to supporting adherence to PA. The first theme was
especially pertinent to the question of how the web-based intervention might support
people to become more active. “It’s all in one place” encompassed the benefits that the

accessibility, flexibility and portability of the intervention brought the individual. In addition,
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factors such as feeling safer and more confident to exercise at a challenging level at home,
choosing when to exercise and not having to travel were also raised as important. These
findings are supported by others including Christensen and colleagues in their meta-
synthesis of qualitative work exploring the intention to exercise and execution of exercise in

pwMS (Christensen et al., 2015).

With respect to who may find such an intervention helpful, the second theme “keeping an
eye” pointed to those who not only value flexibility and are technology literate but to those
who prefer to exercise independently and already have the confidence and skills to do so. In
our study, half the participants felt the level of support provided was sufficient to help them
continue to be active whilst the other half suggested that increased support would have
been valued. This issue is discussed further in the standing programme section below. The
lack of interaction with other people was a specific issue raised by some of those who
wanted more support, with one lady suggesting “There’s nothing negative about it apart
from the fact that it’s just not social is it...? It’s the [lack of] contact isn’t it, it’s the
interaction | suppose [that wasn’t enough]”. The value of interaction is a factor highlighted
by a team in Ireland seeking to design a web-based resource to encourage pwMS adopt
increased PA (Casey et al., 2016). Participants suggested that interactive components could
help develop a sense of community and provide peer support which they recognised as
being important for such a resource (Casey et al., 2016). Busse and colleagues also
acknowledge and address this issue in their intervention development work (Busse et al.,
2021, Latchem-Hastings et al., 2021). It is possible that addition of a more interactive
element to the webbasedphysio.com intervention during its on-going development may

help to address the reported lack of social contact.
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The final theme developed was ‘hopes and expectations’ where the importance of having
open and honest conversations with people, especially those with progressive disease is
discussed. This aligns with one of the consistent findings reported by Kulnik and colleagues
(Kulnik et al., 2018) in their exploration of experiences of self-management support for
people with progressive neurological long-term conditions, where key concerns included
anxiety and fear about further deterioration. This sense of uncertainty in respect to what
changes an individual might expect to experience or how their condition may change was
echoed by some of our participants. Specifically, one participant noted “If I’'m being brutally
honest with myself, | think I've gone down even though I've been working quite hard and
that has been quite hard [emotionally] | think”. Another participant added, “I thought that
by doing the exercises I'd build up some stamina and | wouldn’t have noticed it [fatigue]
quite so much... but it was the fatigue... that was the annoying bit if you like, you know, |
had hoped that I'd go through a barrier and come out the other side. | think it’s the nature
of the beast, perhaps it was my expectations that needed to be managed...” Clearly these

are examples of where communication regarding expectations could have been improved.

A closely related challenge (Kulnik et al., 2018) is that of the use of terminology, particularly
within the context of supporting goal setting with people who are being active alongside a
background of a deteriorating (progressive) disease. In these situations, it is especially
important to clarify the meanings of commonly used rehabilitation terms such as “progress”
and “improvements”. For example, as clinicians and researchers we often use the term
“progression” to describe an increase in the prescribed dose of PA, however it is important
to ensure that a person with MS recognises (and would want to use) such a term where
their understanding of progression may be more related to an increase in disability.

Similarly, use of the word “improvement” requires careful thought. Here, it is important to
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differentiate between improvement in terms of increased PA, strength or function (for
example) and improvement in confidence to self-manage, where a realistic goal may be to
maintain, rather than improve PA, strength or function over a period of time. Although both
situations demonstrate a positive outcome (an improvement), the expectation of how that
improvement presents for an individual needs consideration and discussion. For example, it
is likely that a more thorough discussion of the individual’s hopes of the web-based
physiotherapy intervention with careful use of terminology may have avoided the person’s

experience that their expectations needed to have been better managed (quote above).

The importance of effective communication within healthcare is widely recognised and has
been reported specifically within the field of MS and PA (Crank et al., 2017, Davies et al.,
2015, Ploughman et al., 2012). My work has demonstrated that open and honest
conversations are important to facilitate provision of the ‘right’ type of intervention and the

I”

‘right’ support. This notion that there is no “one size that fits all” resonates with my clinical
experience and is supported by others acknowledging that individuals often employ a range
of different strategies to facilitate self-management (Busse et al., 2021, Christensen et al.,
2015, Ploughman et al., 2012, Riemann-Lorenz et al., 2020a) and that it is important for
clinicians to attempt to understand the person’s own perceptions of living with MS, the

challenges they face and how this impacts their PA intentions and actions, when seeking to

support PA provision (Christensen et al., 2015).

An additional finding of the web-based study (Paper 2) was in relation to two participants
who reported that their PA had declined over the study timeline. Their interviews described
the way in which the web-based intervention benefitted them, in making it possible to seek

timely advice from a physiotherapist when their mobility deteriorated. This appeared to
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enable them to maximise their PA when without support they may have had to stop being
active completely. This significant role, described further in the paper’s “hopes and
expectations” theme is interesting, suggesting that the purpose of web-based PA
interventions in people with higher levels of disability may be different from those who are
ambulant. The first study (to my knowledge) of web-based physiotherapy specifically in
pwMS and higher levels of disability (moderate to severe) is a pilot RCT conducted in Canada
(Donkers et al., 2020). Donkers et al used the same intervention (webbasedphysio.com) as
our participants in paper 2. Interestingly however, neither study demonstrated a significant
difference in adherence to exercise between the web-based and active comparator groups
suggesting the web-based intervention did not support increased adherence to exercise in
either population. The Canadian study (Donkers et al., 2020) did not report a qualitative
component and hence it is not possible to compare our qualitative findings. The use of web-
based PA interventions in people with higher levels of disability is an area requiring further
exploration, where incorporating a different focus (such as satisfaction with access to

healthcare support- the importance of which | will discuss further later) may be informative.

Additional reflections from this study include that several participants did not engage with
the web-based element of the programme other than at the very beginning. Some felt that
they had “learned” their exercises so no longer needed to access the website, and others
reported that just seeing the intervention website address on their computer acted as a
prompt to be more active. These factors are important to consider in respect to how well
people adhered to the intervention where numbers of ‘log-ins’ were used to measure
adherence. It highlights an important issue in study design where using logins as a proxy for
completing an exercise programme may not accurately capture adherence to an exercise

programme. This could, for example, lead to underestimation in cases where participants
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exercised but did not log in to the website, or overestimation where people logged in to the
site but did not complete the exercises as prescribed. Similar issues are raised with respect
to completion of paper diaries or activity logs which are commonly used to measure
adherence in exercise and PA studies. This key aspect of study design, specifically with
respect to adherence is considered in more detail in the adherence stream discussion (paper

5).

A further notable finding was that some people reported that it was commitment to the
study that gave them motivation to continue to exercise. This issue is supported by other
authors, including this statement from a participant of Crank and colleagues (Crank et al.,
2017) “... am the kind of person that will stick to an arrangement I've made. | will stick to a
commitment”. It raises the question as to whether it was the intervention itself or other
study-related factors (such as this commitment to the research process) that helped
participants continue to be active. Unfortunately, because control group participants were
not interviewed in our study it is not possible to comment further on this. Research from
the field of psychology however has explored the sense of commitment within the context
of joint actions, where doing something such as signing a contract (perhaps comparable to a
consent form) may provide the motivation for an individual to feel and act committed to a
process or plan (Michael et al., 2016). Although not specifically within the context of health
research the potential for this “externalising” of commitment remains a consideration in the

interpretation of adherence data within the context of a research study.

Finally, it is important to acknowledge that the participant perceptions of increased PA
levels we report in paper 2 were not supported by the objective (accelerometer) data from

the main study (Paul et al., 2019). This discrepancy in PA levels when data is collected via
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self-report outcome measures compared to being objectively measured is well established
(Coulter et al., 2020, Prince et al., 2008) and is likely to also exist when people share their

perceptions of PA via interview.
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2.3 Standing programme stream

The second stream of work | present was developed to evaluate the clinical and cost-
effectiveness of a standing programme in people with progressive MS (Standing Up in MS
(SUMS) study), and explore the experiences of a subgroup of people allocated to the
standing programme and their standing assistants. This pragmatic RCT is the largest physical
rehabilitation trial in people with progressive MS to date. Paper 3 describes the standing
intervention provided to this under-researched population as one method of supporting
people with severe disability to undertake PA and reports the effectiveness results. In
summary, the main findings were that the standing intervention (plus usual care) resulted in
a significant increase in motor function compared to usual care alone. In addition, longer
standing times were associated with greater improvements in motor function. Of note, at
the end of the trial 66% of participants were continuing to stand at least once a week and
conclusions from the study were that the programme was implementable in clinical practice
in the UK. In respect to the focus of this research portfolio, the results support the
implementation of a standing programme in this population to enable people to be more
physically active, and further, that those who were adherent to the standing programme for
longer total duration over the nine months demonstrated greater benefits. The issue as to
who and why some people adhered to the programme and others did not is likely to be
multifactorial. Several potential issues are discussed in greater depth in the qualitative

component of the study (paper 4) described below.

An additional factor may have been the incorporation of a number of behaviour change
techniques based on the Social Cognitive Theory (SCT) (Bandura, 1986), the most widely

used theory in the field. These “active ingredients” included goal setting and problem
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solving, both of which were incorporated in the two face-to-face home-based physiotherapy
session and six follow-up phone calls. Educational resources (web-based, paper-based and
DVD) designed to enhance self-efficacy, were also integral to the intervention package.
These, primarily focused on intrapersonal factors (such as disease-related factors,
knowledge and motivation). In addition, interpersonal factors, such as supporting the role of
the standing assistant, and environmental factors; providing a home-based intervention to
facilitate accessibility, were addressed. Although this study incorporated behaviour change
techniques in line with SCT some researchers recommend using the social ecological theory

I”

(McLeroy et al., 1988) in future research, where more “multi-level” (i.e. intrapersonal and
interpersonal but in addition community, organisational and policy levels) interventions are
explored (Riemann-Lorenz et al., 2020a). These considerations are also supported by
findings of reviews of adherence to behaviour change in other populations (DiMatteo, 2004,
Middleton et al., 2013) where social support, including peer support and relapse
management are associated with increased adherence. Other authors suggest that future
studies are designed, evaluated and implemented in a way that behaviour change theory
drives the process (Michie et al., 2011). Improved description of the theoretical
underpinning of an intervention, linking chosen behaviour change technique to the theory,
incorporating constructs of the theory within outcome assessments and considering the
relationship between results and theory in any discussion are suggested (Motl et al., 2018).
In light of this, critical examination of the SUMS study indicates that it incorporated a range
of behaviour change techniques effectively within the trial design, implementation and
dissemination components. This may have been enhanced by measuring one of the SCT

constructs, such as self-efficacy as an outcome. Enhanced detail regarding the underpinning

theory within the publication (paper 3) would have provided more information regarding
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the efficacy of the behavioural intervention components of the standing programme.
However, at a pragmatic level, explaining other key methodological factors (such as the
selection of outcome measures and the sample size justification) were prioritised within the
limitation of the journal word count. It may have been, that building a formal process
evaluation into the study, and reporting it in a separate article, would have enabled us to
explore and report this further. Busse and colleagues provide a good example of such
reporting of both the development of a theory informed model on which an intervention is
based (Busse et al., 2021) and the protocol for its subsequent feasibility trial (Latchem-
Hastings et al., 2021). A further consideration with respect to enhancing the impact of the
selected behaviour change techniques could have been the incorporation of longer-term
planned opportunities to review and modify goals across the study timeline. This, among
other issues are highlighted as components of goal setting that are currently under-

implemented in practice (Kang et al., 2021).

An interesting component of the dissemination work of the SUMS study has been talking
with clinicians about their current use of standing frames. My clinical experience and that of
most clinicians | have spoken to is that standing frames are not commonly incorporated into
rehabilitation management plans. When included, they are typically used with people who
are entirely dependent on a wheelchair for their mobility. This study has provided robust
evidence that the frames are clinically and cost-effective for people who can mobilise up to
20 metres with bilateral assistance. This novel finding has potential therefore to change the
practice of therapists. Also of note regarding development of clinical practice, is the
importance of clinicians having a good understanding of behaviour change techniques which
may be invaluable when supporting an individual implementing a new activity such as

supported standing. Of note, this is an area that is specifically being addressed in a current
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feasibility trial of a blended physiotherapy intervention for people with progressive multiple
sclerosis (Latchem-Hastings et al., 2021). One way in which we have tried to address this is
through provision of information for clinicians on our study website as will be discussed

later.

Recommended in the design of RCT’s is the recording of adverse events (loannidis et al.,
2004, Schulz et al., 2010). Unfortunately, systematic reviews highlight that this is not
commonly undertaken (Hodkinson et al., 2013). It is therefore of note that participants in
the SUMS study were asked to systematically record in a daily diary any adverse or serious
adverse events (defined in paper 3). This facilitated comprehensive consideration of the
difficulties participants faced in terms of new and existing symptoms and the impact of
infections (urinary tract (UTI) and chest (Cl)) on ability to sustain standing over the nine-
month study timeline. On a practical level there were some challenges with the accurate
recording of this data, for example how people defined a “new symptom”. Nevertheless, the
comprehensive nature of the adverse events data collected has provided useful, and novel
insights into the issues faced by those involved. This has enhanced the clinical relevance of
our dissemination work, by providing a detailed understanding of the potential short-term
aches and pains that may be experienced when re-engaging with standing. Such information
has not been previously reported in the literature. This finding links well with the “hopes
and expectations” theme from paper 2, in that, if a person is part of an open and honest
conversation about short-term aches and pains when first standing or has a plan of how to
manage standing (or not) with a UTI (for example) they are more likely not to be put off by
these issues but to ‘journey’ with them. By continuing to engage with supported standing,
benefits are more likely to be experienced and it is postulated that this may lead to

increased motivation to continue to stand.
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One serendipitous discovery whilst analysing the adverse event data with respect to
commonly reported problems such as UTls, was that standing times for some people
decreased for several days before the person recorded having a UTI or CI. It may be that
reduced ability to stand, even in this supported position may be a “warning light” for some
people who experience such infections. Recognition of this “warning” may potentially
improve detection and treatment of infections and so limit the impact they can have on

function. This, | suggest, is another potential area for future research.

Paper 4 presents the findings of the qualitative component of the SUMS study. The new
knowledge from this output was developed into four themes. The first, “feeling like the old
me” describes how standing helped people feel reconnected to their ‘old selves’, which was
frequently combined with the sense of enjoyment. The importance of this ‘sense of
enjoyment’ is also reported in other qualitative studies (Fasczewski et al., 2020, Hendrie et.
al., 2015), RCTs of exercise or PA interventions (Mayo et al., 2020, McAuley et al., 2007) and
systematic reviews (Casey et al., 2017, Moss Morris et al., 2021). New understanding
reported in the “noticing a difference” theme included the wide range of physical and
psychological differences that people reported such as a reduction in spasms, resultant
need for less medication and being able to be more involved in family life. Also noted was
that even in the absence of improved motor function, people reported other physical and
psychological benefits that led them to choose to continue to stand. These qualitative
findings demonstrate the value of incorporating a qualitative component within
interventional research, as is increasingly being recognised in the evaluation of complex
interventions guidance (Craig et al., 2013, Mohler et al., 2015). Although measurement of
secondary outcomes such as spasm frequency and quality of life (for example) was part of

the main RCT, the trial was not powered for these outcomes and as a result, without the
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gualitative results, the significance of such important benefits from the user perspective

may not have been conveyed.

Participants in the SUMS study described differences in the level of support that they would
have liked in similar ways to participants in the web-based study (paper 2) where some felt
they had enough, but others would have liked more. With respect to provision of support in
the context of living with a progressive disease others have reported similar issues (Davies
et al., 2015). For example, there is a striking resemblance between a participant quote from
Davies et al “you are just left to get on with it” and one we use in paper 4 “you do feel left
alone a little bit...” These quotes draw us back to the notion that individuals need provision
of the ‘right’ intervention and the ‘right’ support. This issue of personalising support is being
addressed in a current feasibility trial of a physiotherapy intervention for people with
progressive multiple sclerosis (Latchem-Hastings et al., 2021) where participants are
provided with an initial physiotherapy coaching session either face-to-face or online and are
then given the choice of accessing up to a further five coaching sessions during the three-

month intervention period.

The longitudinal nature of the multi-window methodology used in paper 4 highlighted that
additional support was mostly needed when people first started supported standing and
when there were any changes to individual’s health or environmental situation. Similarly,
Davies et al (Davies et al., 2015) also note the importance of providing support at key points
in the life of a pwMS, in their study, when transitioning to secondary progressive MS. This
reinforces the importance of asking people about what support they feel they need in open
and honest conversations: again, the ‘right’ intervention, with the ‘right’ support at the

‘right time’.
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The skills of goal setting and problem solving, built into the face-to-face and telephone
sessions of the main trial appeared to help many participants to “get it right” in terms of
when, where and how to use the frame. This is in line with Christensen and colleagues
(Christensen et al., 2015) where positive support through provision of helpful tips, helping
to identify PA limits, treating people as individuals and regular monitoring were seen as
important in facilitating the “execution” of exercise. Interestingly, it may have been that
had more of this “teaching” been built into the web-based physiotherapy intervention
(paper 2) a higher proportion of participants may have felt they received enough support
and adherence may have improved. Further, it is possible that the provision of additional
coached standing sessions across the SUMS study timeline (in line with the findings from the
web-based SR (paper 1)) may have enhanced standing effectiveness, participant adherence
and experience. This intervention however was specifically designed to be feasible to deliver
within the resource-limited National Health Service (NHS) where community provision of
rehabilitation is limited (Thames Valley Strategic Clinical Network, 2016, The Neurological

Alliance, 2018).

The final theme “you have a good day, you have a bad day” incorporated the challenges
people faced when implementing this self-managed standing programme in the face of a
progressive and fluctuating condition. This again resonated with work from paper 2 “hopes
and expectations”; the importance of planning for good and bad days, talking openly and
honestly about expectations and acknowledging the complexity of individual situations.
Davies and colleagues (Davies et al., 2015) describes such conversations as “anticipatory
preparation” where clinicians share knowledge of what to expect and helpful strategies to
support pwMS manage future change (Davies et al., 2015). Similarly, our SUMS study

participants reported that it was many of the small changes they made to their standing
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routines following the initial physiotherapy sessions (the “helpful tips” (Christensen et al.,

2015)) that were instrumental in supporting their long-term adherence.

Our findings are encouraging given those of another recent investigation of experiences of a
tailored exercise programme as part of a RCT (Crank et al., 2017), where participants
reported that despite their positive experiences of exercise in a supervised environment,
maintaining the self-directed exercise sessions at home was much more challenging. Some
participants suggested the difficulty was due to a lack of structure and many of the
participants reported that attending the supervised sessions were important for sustaining
their motivation to exercise. This challenge of self-managing a home-based exercise
programme has also been reported by Christenson and colleagues (Christensen et al., 2015).
Our research however, has demonstrated that a standing frame programme, built into a
daily routine, was both effective and acceptable to pwMS and standing assistants and could
be used to support adherence to PA, at least for the nine months of the study timeline. Our
study participants gained knowledge and experienced enjoyment but perhaps even more
importantly, they developed the skills to problem solve, establish routines and gain

confidence in their ability to self-manage this aspect of their lives.

To my knowledge this was the first study in pwMS to use an audio diary methodology to
collect contemporaneous data to gain insight into participant experience throughout their
standing journey. The methodology was chosen as it had the potential to reveal people’s
ongoing, everyday experiences as they undertook a new activity (supported standing) over a
period of time. In addition, it helped to address the potential issues of recall bias, known to
be a problem particularly for people with memory impairment, and poor dexterity which

may impact writing in exercise diaries. As well as providing day-to-day detail of participant
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experience, the method also provided a “bigger picture” of how participant’s experiences
changed over time longitudinally at multi-occasional windows. These experiences, not ones
that would be easily picked up using a more traditional interview method are supported by
others using similar methods of data collection (Rayment et al., 2019, Rieger et al., 2018).
Another learning experience in respect to the use of this methodology was that, despite
providing verbal and written instructions, some audio diaries were returned with minimal
data recorded. One practical issue reported by a couple of people was that they struggled to
use the audio recorders because the buttons were too small for them to operate
independently. In future, selecting recorders with larger buttons and simpler design, piloting
their use, and having a formalised approach to check for any problems, such as through

scheduled phone calls may address these issues.

To complement the written analysis of the SUMS qualitative study my next output was the
production of four “filmlets”, which | led. Each of the films were based on one of the four
themes developed in the study. They were produced in collaboration with a local media
company (http://www.fotonow.org) through an iterative process, over a period of months
following the data analysis. The project involved a process of combining narratives from the
audio diaries with photographic images from some of the participants to create the final
products. The films have played a significant role in the study dissemination at local,
national and international conferences. Consistent with our approach to dissemination,
other authors also encourage the use of participant collaboration and the incorporation of a
“remix” of traditional research outputs with innovative options such as audio-visual
summaries, art installations or dance performances to maximise the reach of the
dissemination (Mirkovski et al., 2019, Ross-Hellauer et al., 2020). In addition, by nature of

being freely accessible via the study website there is anecdotal evidence that these films
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have been helpful for pwMS and clinicians from the UK and internationally in supporting
informed decision making. In this way the films (along with the other study documentation)
are providing a degree of peer support, a facilitator of adherence to PA in pwMS (Riemann-
Lorenz et al., 2020a) and a key factor to consider in driving service delivery (Kulnik et al.,

2018).

The process of producing these films was personally one of the most rewarding parts of this
research portfolio. It came with its own challenges, a key one being how to influence the
creative process to ensure the images captured accurately reflected the stories being
shared. It was an experience that demonstrated to me the value of being fully involved in
both the research and the creative process: selecting audio extracts; planning photo shoots;
capturing images; and compiling the films. It was my depth of understanding from having
been immersed in the data that enabled me to bring to life the spoken word with images
used in the appropriate context and portraying the emotion with which the narrative was
delivered. | love personal stories! In my clinical role it is often the personal story of change
that gives purpose to what | do. This opportunity therefore has enabled me draw together
two of my passions- scientifically robust, comprehensible research and personal stories that,
when combined effectively are accessible to many and have the potential to transform the
experience of others. My hope is that these films will continue to have a positive influence
on people affected by MS, clinicians and other researchers considering ways to disseminate
study findings. Sharing new knowledge in this way has for us proven to be a powerful tool to

support adherence to PA.

A final comment with respect to the SUMS study is the collaborative approach that was

incorporated throughout the study process. People with MS were involved from design to
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dissemination in keeping with the National Institute of Health Research (NIHR) guidance
(NIHR, 2021) and NHS clinicians delivered the intervention. In addition, members of the
research team are clinical NHS neurological physiotherapists and as such provided clinician
engagement throughout the study process, a factor that has been reported to improve
benefits to patients, staff and organisations (Boaz et al., 2015, Harding et al., 2016). On-
going work from the SUMS study is focusing on the implementation of the RCT evidence
including exploring barriers to and solutions for implementing a home-based standing frame
programme in UK healthcare. It is hoped that this continuing work will help embed our “real
world” research in practice and minimise the knowledge-practice gap that is widely
reported (Lynch et al., 2018, Morris et al., 2020), a vital component of the mission to

support adherence to PA in this population.
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2.4 Adherence stream

My final stream of work focused specifically on the topic of adherence. Reflecting back on
my recent journey in research this final piece of work took me back to where the questions
all began... no matter how effective the intervention was at the point of delivery, benefits
were not maintained if people were not (for whatever reason) able to adhere to the
changes long-term. By now | had gained knowledge and experience regarding strategies and
interventions to help people adhere to PA but | wanted to explore what, as a research
community we measure and report about participant adherence to interventions. The
clinician in me wanted to know whether, even the highly motivated and mildly disabled
pwMS, typical of many rehabilitation research participants, adhere to study interventions
(and for how long). Further, given that this potentially biased sample was not reflective of
my clinical caseload, even if participants did adhere, could | expect generalisability of the

Ill

results into my clinical “real world”? The issue of participant selection leading to biased
samples is raised and discussed, along with other methodological considerations, in a recent
paper in MS rehabilitation research (Das Nair et al., 2019). The authors suggest that
criticisms of biased samples can be addressed by specifying whether a trial is an efficacy trial
(where a homogenous sample is needed) or an effectiveness trial (where generalisability of
results, and a more heterogeneous sample, like my patients, is important). The design of the

SUMS study (paper 3) addressed these factors where the broad eligibility criteria ensured

that participant recruitment enabled generalisability of results.

In our review we sought to summarise the reported adherence and drop-out data from RCTs
of exercise interventions in pwMS and identify moderators of adherence. We chose exercise

rather than PA interventions due to the large numbers of studies involved and the different
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nature of targeted exercise and more general PA interventions. The results of this
systematic review, the first in the area, were revealing. Only just over half of all the 93
included RCTs conducted over the last 25 years reported adherence and drop-out.
Definitions of adherence were not consistent and rarely described any aspect of adherence
to, or deviation from, an exercise protocol. When drop-outs were reported, in the vast
majority of cases, the level of detail did not allow the reader to establish if dropping out had
been due to the intervention or not. These omissions therefore made it impossible to draw
conclusions about whether participants were able to complete the exercise intervention per
protocol and, indeed, whether the intervention results could translate into practice. A
further finding was that only 4% of studies included adherence data at any follow-up point,
clearly an issue if looking to implement an intervention to support someone with a long-

term condition such as MS over time.

The issue of researchers using a range of definitions of adherence is in keeping with
previous reviews of adherence in other populations (Bollen et al., 2014, Hawley-Hague et
al., 2016, Levy et al., 2019). We have additionally highlighted the importance of
acknowledging the many facets of adherence and being clear on what aspect is being
measured. For example, it may be sufficient to use session attendance as a measurement of
adherence to a community exercise class as part of a feasibility trial, but this would not be
an appropriate measure for a proof of concept exercise intervention study where adherence
to a specific protocol, including aspects such as duration and intensity would be required. It
is my opinion that the sole use of session attendance is not a sufficient measure even for a
pragmatic feasibility trial. | suggest that whilst such a measure may allow confidence that a

programme would be sufficiently well attended to justify its set-up (for example), it does
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not enable consideration of whether participants are able to complete the intervention as

intended, a key consideration for any future interventional trial.

We used the terms “content adherence” and “session adherence” in our review to describe
attending sessions (session adherence) and adherence to the specific exercise protocol
(content adherence). Others, (Visek et al., 2011) have suggested use of four separate
measures of adherence: completion (of the whole intervention), attendance (session
adherence), duration adherence and intensity adherence. They suggest that doing so would
enable calculation of session and content adherence and would also give a “total”
intervention dose. Further exploration in this manner may provide additional insight into
how an intervention is delivered and adhered to over time. For example, if an individual can
adhere to 100% of the sessions but only 50% of the content, might the ‘right’ delivery of the
intervention for them be an increased number of shorter sessions? Or could this lead to an
insufficient dose or a reduction in session adherence? These are complex considerations,
but they resonate with the way in which many SUMS study participants adjusted their
standing programme (such as by doing more frequent shorter stands) to enable them to still
achieve recommended standing times over a week. Teaching such problem-solving skills is a

clear example of how the NHS clinicians involved in the study were able to work with the

individual to offer the ‘right’ support at the ‘right’ time to facilitate adherence.

The wide range of methods of measuring PA adherence that we noted in our systematic
review (most commonly activity diaries, logs, accelerometer, pedometer) are also reported
by other review authors (Bollen et al., 2014, Frost et al., 2017, Hawley-Hague et al., 2016,
Levy et al., 2019). In addition, limitations such as over-inflation in self-reporting, limited

adherence to wearing an accelerometer for objective activity measurement, and the
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motivating effect of such devices are also acknowledged (Bollen et al., 2014). In addition to
the measures listed above there are several other self-report questionnaires, designed to
measure adherence, that have been reported (Bollen et al., 2014, Frost et al., 2017). These
authors conclude however that almost all the identified questionnaires lacked any validation
(Bollen et al., 2014), also a finding of another more recent systematic review (Levy et al.,
2019). There are a couple of self-report questionnaires that do report some level of
validation; the Problematic Experiences of Therapy Scale (Kirby et al., 2014) and the Exercise
Adherence Rating Scale (Newman-Beinart et al., 2017). These measures allow an individual
to report reasons for poor/non-adherence (within the bounds of the available questions)
and could be used to facilitate discussion about what aspects of adherence may be most
challenging and may help ensure provision of the ‘right’ support. None of these measures to
my knowledge however have been validated in pwMS or were used in any of the included

studies of paper 5.

With respect to moderators, in view of the current literature it was surprising that
incorporation of a behavioural intervention component was not identified as a moderator of
adherence in our review (paper 5). This may have been because only one third of the
included studies contained any such element and in those that did, the content was limited.
A final issue highlighted during the review process was the importance of more clear and
transparent reporting of studies in terms of adherence and dropout. This issue of poor
reporting quality has also been highlighted in a recent scoping review of methodological
issues in rehabilitation research (Arienti et al., 2021). Paper 5 therefore concludes by
challenging fellow researchers to closely follow published guidelines some of which already
make recommendations with respect to measuring and reporting adherence (Page et al.,

2017; Slade et al., 2016; Mohler et al., 2015).
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It is important to acknowledge that recent trials involving pwMS are starting to incorporate
both longer follow-up periods (Hayes et al., 2017, Silveira et al., 2019) and to measure and
report adherence, drop-out and adverse events (Canning and Hicks, 2020, Coote et al.,
2017, Hayes et al., 2017, Heine et al., 2017, Latchem-Hastings et al., 2021, Learmonth et al.,

2017) which is encouraging for the interpretation and implementation of future research.

As well as this work being published, | have had the opportunity to share these new findings
with colleagues working in the field as a member of the MoXFo (Moving exercise research in
multiple sclerosis forward (Dalgas et al., 2020)) international study design group where |
hope the findings may impact study design at an international level. If as a research
community we can improve the way we define, measure and report factors such as
adherence and drop-out and pay greater attention to the impact of protocol deviations on
study results and how they are shared, we are likely to have a significant influence on how
implementable future interventions are. Here lies (I believe) an ethical challenge too. All
well designed studies have the potential to advance knowledge in the field, which is
important, however it is imperative the knowledge gained, particularly from interventional
research reaches those it intends to support. Researchers therefore have the responsibility
to consider the design of their studies to ensure that (often charity) funded research is
reported, disseminated and (if effective) implemented effectively (NIHR, 2019). With
respect to adherence, it is encouraging to recognise that as a research community we can
support adherence to PA, indirectly, in several ways. These include working collaboratively
to reach consensus on adherence definitions, developing a battery of valid and reliable
outcome measures, suitable for both clinical trials and practice that capture relevant
aspects of adherence, and by ensuring that our studies are clearly and transparently

reported.
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In summary, these three streams of my work have each added new knowledge within the
area of supporting pwMS adhere to PA. The work outputs have enabled an in-depth critical
discussion from different perspectives, using different interventions and study designs. |
now seek to provide a synthesis of my work and propose some areas for further research

from a newly formed perspective.

48



Section 3: Synthesis of my work

In section 2 the range of ways the individual streams of work have contributed to
knowledge regarding supporting pwMS to engage with and adhere to PA were discussed. In
this section the Behaviour Change Wheel Framework (Michie et al., 2011) will be used to

reflect on and synthesise the work within this research portfolio.

Before doing so it is important to address the complexity of the term ‘adherence’.
Historically, the term was introduced by the WHO in an attempt to move away from the
term ‘compliance’ that was deemed to carry a paternalistic air (Bissell et al., 2004). It was
hoped that ‘adherence’ implied that the individual agreed with, rather than just obeyed
recommendations. The debate regarding paternalistic connotations of this ‘new’ term
‘adherence’ however, continues (Bissonnette, 2008). Previously, adherence was a term
mainly used in relation to following prescribed medication advice in line with the WHO
definition: the extent to which a person’s behaviour corresponds with agreed
recommendations from a healthcare provider (WHO, 2003, p. 3). Within the field of MS
research, the first international meeting of the Adherence in MS group (then part of the
European Rehabilitation in MS network (RIMS)) was held in 2013 and in line with this
original perspective, focused primarily on adherence to medication. A second meeting in
2014 expanded the focus to summarise current knowledge of adherence to a range of
behavioural interventions in MS. At this meeting the group defined adherence as “active
agreement, consent and involvement of patients in their medical treatment” (Heeson et al.,

2015).

In addition to these two definitions, paper 5 highlights other terms (such as concordance,

compliance, participation or partnership) that are used by authors in this, and other fields
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as described in section 2.4. It also reports the variety of definitions of adherence used in
exercise studies such as: the number or proportion of participants attending a particular
number of sessions; the number or proportion of participants attending all sessions; the
total number of prescribed exercise sessions attended; mean number of sessions attended
by participants. Other terms widely used with respect to PA are engagement and
sustaining. Initially within this portfolio of work these terms were used: engage, to refer to
people making a choice to start an activity (such as by using a standing frame or a web-
based exercise programme) and sustain, to describe an on-going engagement of PA over
time (such as continuing with the prescribed standing or web-based programmes).
However, given both terms could be described as being different components of the same

construct the decision was made to use ‘adherence’ on each occasion for consistency.

Paper 5 also suggests a need for a greater depth of understanding of the meaning of the
term adherence and how it is measured in relation to that definition. An example of
providing greater depth in paper 5 was choosing to report adherence not only in terms of
“session adherence” but additionally “content adherence” with the aim of providing extra
information regarding intensity and duration; important components of any exercise
intervention session. Bissonnette (Bissonnette, 2008) in her content analysis of adherence
within nursing, psychology, pharmacy and general medicine also points to the need for
further exploration of adherence in terms of clinician’s perception and understanding of
adherence. One way in which Bissonnette and colleageues have taken forward their work is
through conceptualising the term ‘adherence’ in terms of “adherence to choice” and
“adherence to treatment” in a review of decision making tools designed to enhance
adherence to medication (Trenamen et al., 2016). The adherence framework developed
facilitated differentiation between tools that supported initial medication choice and those
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that captured whether a medication had been continued at follow-up, so enhancing clarity
about what aspects of adherence were being measured. With respect to this body of work
it could be that these terms represent “choosing to engage in PA” and “sustaining PA over a
period of time”. Furthermore it may be that such decision making tools could facilitate a
dialogue regarding PA between pwMS and their clinicians. Additionally, reflections based
on work from this portfolio suggest the importance of exploring researcher and patient
opinions to move understanding forward and facilitate the development of a greater
mutual appreciation of its complexities. On-going discussion regarding a range of issues
related to adherence, some of which have been discussed in this portfolio continues

through the work of the MoXFo adherence sub-group.

3.1 The Behaviour Change Wheel Framework

As introduced in section 1.2, the Behaviour Change Wheel Framework (Michie 2011) was
developed to synthesise existing behaviour change models into a single framework that
would facilitate comprehensive design and evaluation of behavioural interventions. The

framework comprises the COM-B, intervention functions and policy categories.

3.1.1 Mapping my work to the framework

3.1.1.1 COM-B

The COM-B is at the heart or “hub” of the Behaviour Change Wheel Framework. It
comprises the interacting components considered necessary for a given behavioural change
to take place (in this context, adhering to PA) as illustrated in figure 1.
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Figure 1: COM-B

Capability

—

Opportunity

Modified from Michie et al., 2011

Capability, the individual’s capacity to engage in the activity concerned includes a person
having the appropriate knowledge and skills to make a behaviour change. Distinction is
made between having the physical capability (such as strength to stand or finances to pay to
attend a gym or access the internet) and psychological capability (knowledge of the exercise
guidelines, ability to plan, trouble shoot and adapt a situation). Opportunity, described as
physical and social opportunity, is defined as factors external to the individual that support
or inhibit a behaviour (such as having a PA intervention they are physically able to use and
timely access to support). Motivation is defined as the brain processes that direct
behaviour, with distinction made between automatic motivation; an individual’s natural
disposition, confidence and emotions, and reflective motivation; being able to set goals,

reflect and evaluate behaviour (Michie et al., 2011).

The arrows in the COM-B represent the potential influence that the individual components

can have on each other. For example, improving a person’s opportunity to be active (such as
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by providing them with a standing frame or individualised web-based programme) can
increase their motivation to be active. This increased motivation may then have a direct
influence on their activity behaviour (they are more active), which in turn may influence

motivation to continue (Michie et al., 2011, West et al., 2019).

The initial stage of synthesising this work involved reflecting on each of the individual works
according to the COM-B. This enabled note to be made of ways that the work demonstrated
it had influenced each of its components as summarised in figure 2. Colours were used to

link the capability, opportunity and motivation components from the COM-B to the relevant

works.
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Figure 2: Summary of published works categorised using the COM-B

e Paper 2: Most participants perceived that using the web-based intervention helped increase PA
ePaper 3: Objective evidence of standing programme effectiveness on improved motor function

ePaper 4/ films: Participants reported positive changes in activities such as sitting balance, improved
continence, strength, walking and transfers

ePaper 2: Web-based programme aided memory of exercise programme, facilitated planning and
organisation of when/ where to exercise "it's all in one place" theme

ePaper 3: Provision of multimedia information, problem solving advice and goal-setting in face-to-face and
telephone sessions were key components

ePaper 4/ films: Participants reported that they learned to modify the standing programme to suit their
needs and manage difficulties that arose

*Paper 1: Web-based interventions have a short-term positive effect on self-reporte

* Paper 2: Web-based programme was reported to be "flexible, accessible and convenient"

ePaper 3/4: Films: Home-based provision of standing frame programme; reducing need for transport. Able
to stand when convenient re assistance/ symptoms

«Paper 1: Video coaching sessions were demonstrated to increase participation

e Paper 2: Accessibility/ flexibility/ convenience of web-based interventions

«Paper 3/ films: Involvement from standing assistant, building standing into everyday routine
e Paper 3: Freely available website advice for clinicians/ carers/ people with multiple sclerosis
 Paper 3: Evidence of cost-effectiveness within NICE threshold for being provided by the NHS
«Paper 5: Can researchers incorporate improved adherence measuring/ reporting?

— Reflective motivation (processes to direct behaviour e.g. goal setting, self-reflection, habits)

e Paper 2: Importance of discussing "hopes and expectations"

e Paper 3: Setting goals/ plans/ progression

e Paper 4/ films: "Feeling like the old me"- reflecting on previous roles/ experience/enjoyment
«Paper 5: Methodological challenges of improved measuring/ reporting of adherence

S Automatic motivation (Automatic processes e.g. emotions and innate dispositions)

Paper 2: Importance of discussing hopes and expectations of an intervention
e Paper 3: Use of established Behaviour Change Techniques to optimise adherence
Paper 4/ films: sense of enjoyment acted as a motivator to continue

Legend: Abbreviations: PA: Physical activity, NICE: National Institute of Health and Care

Excellence, NHS: National Health Service.

The next stage of reflection involved considering the work in the context of the

framework’s intervention function and policy categories.
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3.1.1.2 Intervention Functions and Policy Categories

Michie (Michie et al., 2011) describe two layers that surround the COM-B hub. The inner
layer includes nine intervention functions; broad categories of behaviour change
intervention, each associated with a range of Behaviour Change Techniques. The outer layer
consists of seven policy categories; factors suggested to be important to consider when
developing an intervention’s implementation strategy. These layers, combined with the

COM-B hub comprise the Behaviour Change Wheel Framework as illustrated in figure 3.

Figure 3: The Behaviour Change Wheel

Michie et al., 2011, Intervention Science with permission
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The main intervention function components this work demonstrates are education
(increasing knowledge or understanding) training and enablement (increasing means/
reducing barriers to increase capability or opportunity). These functions were core to the
standing stream work (Papers 3 and 4), from study design and intervention delivery to
dissemination. For example, the freely accessible SUMS study website

(www.plymouth.ac.uk/research/SUMS) which includes a range of multi-media educational

resources, provides tangible evidence of the importance placed on education of all parties
involved; pwMS, standing assistants and clinicians. This widely accessed website, with 150-
200 visits each month (analytics from 2018-July 2021), has facilitated two-way
communication with people affected by MS, clinicians and researchers at a local, national
and international level. Emails received by the study team include feedback from pwMS able
to remain active by using a standing frame at home throughout the Covid-19 pandemic, and
from clinicians reporting changes in clinical practice such as increased ordering of standing
frames and initiation of standing groups in rehabilitation settings. A further example of how
this work has provided education is through the dissemination of each output. In addition to
presenting each of the works at international, national and local conferences, the SUMS
study team held feedback events in village halls across the South West of England and East
Anglia for participants and their family members. Some clear examples of how this work has
demonstrated enablement is through the provision of a standing frame (Papers 3 and 4) and
a web-based exercise programme (Paper 2) to intervention group participants in the

respective studies (Paper 3 and Paper 2, Paul et al., 2019).

With respect to the policy categories, communication, guidelines and service provision are
represented by this work. The outputs from the standing programme stream of work

(papers 3 and 4) along with the study website, twitter account and engagement with
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the media have demonstrated a thorough approach to communication. They have included
lay people, generalist and specialist clinicians and the research community, and in doing so
have been identified by the NIHR as an example of good practice. Specifically, paper 4 was
selected for inclusion as an NIHR Alert; a short accessible summary of the findings that the
NIHR reviewers believe should inform practice. The ‘alert’ was posted on the NIHR website

https://evidence.nihr.ac.uk/, included in their monthly newsletter and

communicated through NIHR social media. On-going work from the study dissemination
plan seeks to increase the depth and breadth of impact with the aim of influencing the
development of policy (local and national) within this area. The work has also been
submitted for consideration of inclusion in the NICE guideline, Multiple sclerosis in adults:

management (NICE, 2014b) which is currently being updated.

3.1.1.3 Synthesis of works in relation to concept of adherence

In this section, the contribution of each paper to the conceptual understanding of
interventions that impact (or not) on adherence is considered through the interpretative
lens of the Behaviour Change Wheel. Findings from paper 1 suggest that provision of web-
based interventions (physical opportunity) had a short-term positive effect on self-reported
PA but that adherence to the interventions dropped to around 50% or lower by 8-12 weeks.
Provision of support (social opportunity) through additional coaching sessions appeared to
enhance adherence up to three months post intervention. There was no data available post
three months and as such it is not known how web-based interventions impact adherence

long-term.

Paper 2 highlighted that participants perceived that the webbasedphysio intervention

helped them engage in increased PA during the study timeline; that is to say, they were able
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to adhere to increased levels of PA. Themed reasons for this were the accessibility, flexibility
and portability of the intervention (physical and social opportunity, psychological and
physical capacity). For further debate in this study was whether the intervention provided
sufficient support (social opportunity) to enhance adherence where only half of the

participants felt it did.

Results from paper 3 demonstrated that provision of the standing frame (physical
opportunity) with support from a physiotherapist (social opportunity) enabled participants
to increase their motor function (physical capacity) and that those with increased
adherence to the intervention (based on the CACE analysis) made greater gains. The
qualitative findings from paper 4 and the films supported these findings and additionally
reported improved problem solving skills (psychological capability) and ability to reflect on
previous roles, experience and enjoyment (reflective motivation) which individuals reported
helped them continue to stand. At present however, the audio diary data has not been
explored in light of the individual’s actual level of adherence to the intervention and as such
it is not possible to comment on any potential association between the factors reported in
paper 4 and adherence. Papers 3, 4 and the films additionally demonstrate education,
training and enablement functions, particularly through the study website, that have the

potential to impact adherence to PA in people not involved in the SUMS study.

Finally, paper 5 highlighted the complexity of the definition, measurement and reporting of
adherence, prompting researchers to work together with people with MS and clinicians to

continue to consider the concept of adherence in this population.

The findings from this portfolio, in keeping with an aim of the Behaviour Change Wheel
Framework, suggest that interventions that incorporate a range of factors to target each

component of the COM-B hub (capability, opportunity and motivation) have considerable
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potential to positively impact adherence Additionally, enablement, education and training,
communication, guidelines and service provision also appear to be important in enhancing
adherence. It is noted that only a limited number of BCW ‘intervention function” and ‘policy
categories’ were investigated in this work and the relative importance of these components
compared to those that were not addressed would need further exploration. In addition this
work is limited to a standing programme and web-based interventions and as such, caution
is required in drawing overall conclusions regarding interventions that enhance adherence

to PA.
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3.2 Reflection and development of concepts

3.2.1 Reflexivity

The process of reflexivity has been described as one that is often ambiguous in nature and can be a
challenge to the researcher (Finlay, 2002). This resonates as a researcher whose previous research
experience was a small clinical effectiveness trial conducted from a positivist perspective and a single
systematic review. Reflexivity was a new process to learn, different, more considered perhaps, than
previous reflective clinical practice. Working as a fit and active physiotherapist, previously in the NHS and
now at a MS centre, brought assumptions about the value of PA, provision of accessible PA opportunities
and the importance of offering interventions that people could adhere to long-term. Additionally, roles
as a mum, daughter and friend and accompanying personal values around the importance of PA could
also add potential bias to data collection, interpretation and reporting. Researcher interest in the topic
and personal values were central to the aim of the portfolio and reflection on the work challenged
previous assumptions about PA resulting in a broader awareness of a range of issues impacting on

engaging with and sustaining PA.

The critical realism (Bhaskar, 1989) ontology underpinning both qualitative studies (papers 2 and 4)
enabled the research to consider the web-based intervention and standing programme in terms of what
worked, for whom, in what situation and why. Additionally, collection of that data (knowledge) through
exploration of the individual’s perception via audio diary and interview, within the context of their own
social experience ensured the research was conducted within a pragmatic epistemology. Whilst
suggesting these philosophical assumptions fitted well with the research, the researcher acknowledges

her limited experience in this area.

60



A particular benefit of this work being co-authored is that it encompasses a range of personal
assumptions about PA, not solely those of this author. Strategies were incorporated to minimise
researcher bias which included: independent coding of data by several members of the research team
who then met to discuss their findings; sharing themes that had been developed from the data with
other members of the trial management group who were not physiotherapists and who included a
person with MS, and sending summaries of findings to study participants for member checking. Findings
from the study were also shared with members of the University’s Rehabilitation Research Group which
provided opportunity for discussion with a broader audience. Additionally, the interview schedule used
in paper 2 was piloted with pwMS not involved in the study and finally, findings of paper 4 were
triangulated with the exit interview data from paper 3. On a personal level, keeping a ‘reflexive diary’
that was discussed in supervision sessions helped to acknowledge opinions, assumptions and
judgements made and separate them as much as possible from the data analysis process. This was done
for each of the qualitative studies but it is acknowledged that this could have been continued more

thoroughly during the write up of this portfolio.

3.2.2. Reflection on use of the Behaviour Change Wheel Framework

A range of potential frameworks to reflect on and synthesise this work were considered.
Given the focus of the work on adherence, initial reflection used the WHO “five dimensions
of adherence” framework (WHO, 2003). However, whilst researching the use of the
framework it became apparent that only a very limited number of other authors had used
it previously; a factor that could potentially limit opportunity for collaboration and
discussion. The aim was not to blindly “do what everyone else is doing”, but pay attention

to one of the findings of this body of work; the importance of speaking a clear and
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transparent common language to facilitate improved communication regarding behaviour
change. Some authors raise and discuss potential issues of the Behaviour Change Wheel
Framework. For example, Ogden notes that “systematisation” (Ogden, 2016) of
frameworks and theories to reduce variability may in fact be detrimental to the way
behaviour change research is conducted and implemented where patient, clinician and
environment variability should be supported and celebrated (Ogden, 2016; Peters and Kok,
2016). Although this notion resonates with the value of personalised care discussed
throughout this summary, the role of a framework in this instance was to bring together a
variety of works, recognising and acknowledging the variability of the work, yet assimilating
it into a single, coherent portfolio for which the Behaviour Change Wheel Framework was

considered appropriate.

Use of the framework posed some challenges, the main being recognising and accepting
that the process of retro fitting highlighted “gaps” in the work where not all components of
the framework were addressed. Initially this was perceived as a failure of the works, but the
process of supervised reflection and writing enabled appreciation that using the framework
retrospectively had, as designed, enabled effective reflection on the “big picture” of the
work. Further, it had helped assimilation of findings both within the context of the current

evidence base and the clinical landscape.

The reflection process enabled systematic development of two over-arching concepts: The
‘Behaviour Change Triad’ and ‘Right intervention, right support, right time’. These
concepts, which may resonate with people affected by MS, clinicians and researchers will
be discussed further in section 3.3 and represent areas of new understanding which merit
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further exploration. Briefly, although current research in the field focuses on supporting
pwMS to change their behaviour, this synthesis proposes a more complex interaction,

requiring behaviour change of a number of parties.
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3.2.3 Development of concepts
3.2.3.1 Behaviour Change Triad

Key to the fresh perspective presented is the concept that supporting pwMS adhere to PA
requires behaviour change of (at least) three parties: pwMS, clinician(s) and researchers in
the field. These complex and inter-related behaviour changes are referred to as a

‘Behaviour Change Triad’ as conceptualised in figure 4.

Figure 4: The Behaviour Change Triad
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It is suggested that each party could use the Behaviour Change Wheel Framework to

explore opportunities for a change in their own behaviour, hence the image of the

Wheel at the centre of the process.
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This concept was developed whilst reflecting on what had been learned from each of the
works. The research journey began by focusing on what a physiotherapist, could do to
support adherence to PA, thinking, in the main, about types of intervention that could be
offered to pwMS so that they could change their PA behaviour. During this research journey
a bigger picture has become apparent that, not only the pwMS but the physiotherapist
needs to change behaviour. Not only is the role of a physiotherapist to support others to
change behaviour, to do this most effectively there is a responsibility for clinicians and
researchers to also change practice. Yes, the web-based and standing studies have
demonstrated the value of such interventions for people with diverse levels of disability and
technology literacy/ preference and the experiences shared have highlighted that every
individual will want or require different support depending on a variety of personal factors.
However, further to these factors this work has resulted in a realisation that the way in
which people are supported to adhere to PA can be influenced more effectively if clinician
and researcher behaviours are also modified in a number of ways. For example, ensuring
that open and honest conversations are always part of often time-pressured clinical
sessions, that a range of supported interventions are offered to accommodate those who
access physiotherapy, and that targeted behaviour change techniques are consistently

taught and used within clinical practice.

As a researcher this work has provided a challenge to ensure research findings are
reported in a clear and transparent manner and in line with guidelines despite the
confines of journal word counts. Paper 5 particularly has provided motivation to
encourage the research community to modify behaviour specifically in terms of how
aspects of adherence are collected and reported so that the information is more

useful to clinicians and people affected by MS.
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The Behaviour Change Triad conceptualises the interaction that each of these changes can
have on each other. For example, a clinician discussing a trial of a standing frame
programme with an individual supports implementation of evidence-based practice
(clinician behaviour change). The person feeling supported to use this intervention is then
more likely to feel motivated to sustain that new behaviour and go on to experience
benefits as demonstrated in papers 3 and 4 and the films (person with MS behaviour
change). This implementation of research into clinical practice then affords the researcher
opportunity to evaluate the intervention (including adherence to it) in a real world setting
and then report the findings transparently, clearly a benefit to all those affected by MS
(researcher behaviour change). It is suggested that the potential interactions of the triad
(including research from the fields of implementation and patient and public involvement)
are numerous and offer a range of ways to positively impact the overall goal of supporting

adherence to PA in pwMS.

When presenting the Behaviour Change Triad, ‘at least’ three parties were suggested, being
involved mindful of the considerable influence that guideline and policy writers, and service
commissioners have on UK healthcare provision. Although beyond the scope of this
integrative summary further work could explore the interaction of these complex,

interacting behaviour changes.

66



3.2.3.2 ‘Right intervention, right support, right time’

A theme running through this work is the importance of providing and valuing personalised
opportunities for PA to optimise adherence; the ‘right intervention with the right support at
the right time’. This forms the basis of a second over-arching ‘concept’. Every individual’s
condition, life experience and current environment is different, as are their hopes,
expectations and preferences (Papers 2 and 4). There is a wealth of research evidence
supporting personalised care for pwMS (Donkers et al., 2020a, Mayo et al., 2020, NHS
England, 2019, Richardson et al., 2020) and this work (Papers 2, 3, 4 and films) adds
understanding regarding personalising opportunities for PA in this group of people. In
addition, this work highlights the importance of personalising both the type and timing of
support. Examples include modifying a web-based physiotherapy programme in response to
changes in ability (Papers 2) or supporting pwMS problem solve how to alter their
programme when standing is challenging (Papers 3, 4 and films). Further, the fluctuating
nature of MS and progression of symptoms and disability over time means it is important
that people are provided with the opportunity to re-access advice about suitable,
meaningful and enjoyable opportunities for PA when they need it as exemplified by the

experiences shared in the qualitative studies (Papers 2 and 4).

Recent research adds further weight to the importance of providing pwMS the ‘right
intervention at the right time’. Researchers in the United States report data from a
secondary analysis of PA intervention effectiveness outcomes from several previous studies
(Baird and Motl, 2019). They suggest a ‘response heterogeneity’ in relation to factors such
as MS disease characteristics, nervous system damage, and MS-related disability. It may be

that future research could develop a response prediction model based, for example, upon
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ideas from Jeong and colleagues’ “adherence prediction model” (Jeong et al., 2019). This,
crucially, would enable clinicians to target interventions more effectively, resulting in
enhanced benefits for pwMS, a crucial factor to consider in our resource-limited healthcare

environment.

Finally, it is encouraging to see that many of the issues raised throughout this body of
work (such as providing choice of intervention, level and timing of support and
opportunities to use a hybrid (blended) approach to provision and having open and honest
conversations) are supported by other research groups and are currently being evaluated
in a number of trials across Europe, Australia and the US (Baird et al., 2020, Casey et al.,
2019, Latchem- Hastings et al., 2021, Learmonth et al., 2017, Silviera et al., 2019). | look
forward to readingthe results of these studies, being part of future research and exploring

the concept of the Behaviour Change Triad within the field.

3.3 Next Steps

There are a number of next steps currently being developed that follow on from the work included in
this research portfolio. Building on the successes of the SUMS study (paper 3 and 4 and films) a study to
develop and evaluate an implementation intervention, co-created with stakeholders, to facilitate the
supply and use of standing frames for people with MS is being planned. In addition it is hoped to further
develop the adherence work from paper 5. Currently this has been limited to discussions with the
MoXFo study design group regarding incorporating, as standard practice, comprehensive measurement
of adherence within future study design. It is hoped this work may be incorporated and further
developed by the adherence group of MoXFo. Another area that has potential to add significantly to the
‘adherence debate’ is an exploration of the perception and understanding of the term adherence by

clinicians, researchers and pwMS. This work could look to incorporate the concept of the behaviour
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change triad and involve all parties in its co-production.

In addition to the direct results of this portfolio of work, this author’s current role is closely aligned to
its findings. Working as a Researcher in Residence (RiR) provides opportunity to be part of a team of
clinicians, patients, carers and researchers co-producing and assessing the feasibility of a peer-coaching
intervention for people with long-term health conditions. The RiR model enables the researcher to be
embedded within the clinical team and together develop and action research that is relevant and
implementable by the Trust’s decision makers (Gradinger et al., 2019). This has additionally provided
the opportunity to informally observe and reflect on roles and relationships within the team and

consider factors that may be important to explore with regard to the behaviour change triad.

3.4 Summary

This integrative summary has brought together peer-reviewed, published work from three
related streams all of which involved pwMS. Each output has provided new knowledge,
much of which is at the forefront of the field. The work streams have discussed potential
factors to support people with a range of disabilities adhere to PA. Critical analysis of the
work has acknowledged areas where challenges were experienced, contextualised the
findings within the current evidence base and has facilitated consideration of areas for
future work. It is hoped that this research portfolio will help support pwMS, (especially
those who, for whatever reason, find PA challenging) become and remain more active,
experience the associated benefits and then share their story to inspire others to do

likewise.

69



Chapter 2: Published Works

2.1 Web-based Interventions Stream

2.1.1 Paper1

Dennett R, Gunn H and Freeman J. Effectiveness of and user experience with web-based
interventions in increasing physical activity levels in people with multiple sclerosis: A
systematic review. Physical Therapy. 2018. 98 (8) 679-690.

https://doi.org/10.1093/ptj/pzy060
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Review

Effectiveness of and User Experience
With Web-Based Interventions in
Increasing Physical Activity Levels in
People With Multiple Sclerosis:

A Systematic Review
Rachel Dennett, Hilary Gunin, |ennifer A. Freeman

Background. supporting people with multiple sdlerosis (M5) to achieve and maintain
recommended levels of physical activity is important but challenging Web-based inter-
ventions are increasingly being used to deliver targeted exercise programs and promote
physical activity.

Purpose. The purpose of this study was to systematically review current evidence re-
garding the effectiveness and user experience of web-based interventions in increasing
physical activity in people with MS.

Data Sources. MEDLINE, EMEASE, CINAHL, AMED, FEDro, Psychinfo, Web of Scienc-
es, The Cochrane Library, and gray literature were searched from 1590 to September 2016,

Study Selection. English language articles reporting the use of web-based interven-
tions to increase physical activity in adults with M5 were included. Eligible quantitative
studies were of any design and reported 2 measure of physical activity. Qualitative studies
exploring users’ experiences in any context were induded. Of the 881 artides identified,
9 met the inclusion criteria.

Data Extraction. Two reviewers independently assessed methodological quality and
extracted data using standardized critical appraisal and data extraction tools from the
Joanna Briggs Instilute Meta Analysis of Statistics Assessment and Review Instroment
{JBI-MASIART).

Data Synthesls. Meta-analysis of self-reported physical activity questionnaire data
from 4 studies demonstrated a standardized mean difference of 0.67 (95% CI = 0.43-0.92),
indicating a positive effect in favor of the web-based interwentions. Narrative review of
accelerometry data from 3 studses indscated increases in objectively measured physical
activity. No qualitative studies met the inclosion oriteria.

Limitations. in the 9 included articles, only 2 different interventions fused with people
who were ambulant)} were reported.

Condusions. web-hased interventions had a short-term positive effect on self-report-
ed physical activity in people who had M5 and were ambulant. Evidence is not currently
available to support or refute their use in the long-term or with people who are not
ambulant.
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Web-Based Interventions in M5

ultiple sderosis (M5} s a

progressive  neurological con-

dition that can result in
wide-ranging impairments that may
impact negatively upon activity and
participation levels. Evidence demon-
srates that people with M5 are more
sedentary and physically inactive than
those in the general population, even
in the early stages of the disease'=?
This is thought to be due to 3 combina-
tion of factors which include the direct
effect of MS-related impairments (such
as fatigue and weakness), and the gen-
eral deconditioning and functional de-
terioration which ocours as the disease
[Progresses.

It is now well established that target-
ed exercise and increased levels of
physical activity can result in 3 range
of physical>” and emotionalss benefits
for people in the early stage of M5, al-
though this is yet to be established for
those in the progressive phase of the
disease. 10 Such increases in physacal
activity are important to minimize the
ated with living 2 more sedentary life-
style.? Furthermore, recent literature
has suggested possible neuroprotective
properties of exercise in people with
M5 Accondingly, there has been an in-
creased emphasis within clinical prac-
tice IO iNCOMpOTAle eXErcise PrOgrams
and Facilitate engagement with physi-
cal activity.# This approach aligns with
public health guidelines,'* developed to
promote physical activity participation

Evidence based physical activity guide-
lines recommend that people with M5
who have miki to moderate disability
should zim to participate in 30 minutes
of moderate intensity aerobic activity
twice 2 week and progressive resistance
training imvolving major musde groups
twice 3 week s There are no owrment
puidelines regarding the prescription of
physical activity levels for people with
M5 who have higher levels of disability.

Ensuring that adequate levels of phys-
ical activity are sustained in the long
term is challenging, both for people
with M5 and for those involved in their

management.'” Choice of activity, ad-
vice and support, control over level of
engagement,™ and the ability to devel-
op “selfsupport™® have been identified
as key factors to facililate participation
of physical activity in people with M5=
has also prompeed researchers to identi-
Fy ithe harriers to participation that peo-
ple with M5 experience. Fatigue, lack of
time, and the effort and travel distance
recpuired to access rehabilitation venues
are reported as barmiers. 22 [n parallel,
health services across the word face
ever-increasing financial pressures, en-
forcing reconsaderation of cost effective,
evidence-based service delivery.

information related to the patient is
gathered, stored and forwarded to the
professional at a later date; or facilitate
the patient to use technology for health
benefits without the requirement to
share information. Innovations in web-
based technodogies are increasimgly
being used as a method for delivering
rehahilitation  programs of promoting
increased physical adtivity, where the
term telerehabilitation may be used. Re-
views of such interventions in the gen-
eral population, as well a5 in conditions
such as obesity, rheumatoid arthritis
and diabetes, have indscated promising
resulis 224 More recently, 2 systematic
reviews of randomized controlled erial
studses in MS, evaluating 3 broad spec-
trum of telerehabilitation interventions,
suggest that these distance-based inter-
ventions may be effective in increasing
physical activity22 but that further
robust research in this area is neaded.
However, these reviews of telerehabil-
itation are broad, including not only
studses using technology in the form of
real-time or store and forward innova-
tions but also studies wsing technology
in the form of gaming (such as the Wik
or pedometers to encourage increased
engagement with physical activity. It is
therefore not possible to evaluate the

effectiveness of each specific type of
telerehabilitation  intervention. Qaeals-
tative work™ and process evaluation
questionnaires™ have been undertaken
o explore the feasibality and accepta-

back is important to optimise their ef-
fectiveness in enabling people with M5
o increase and sustain physical activity
levels in the long term.

This sysbematic review fooesed on std-
ies of any design that investigated the
use of interventions delivered via the
intermet that aimed to increase phys-
ical activity (as defined by Caspersen
et al*®) in people with M5. It sought to
establish their effectiveness in increas-
ing physical activity, over the short
term (<3 months) and the long term
(=3 months)® and whether levels of
activily met MS-specific guidance 1s
This systematic review was conducted
acconding to an @ prort published
protocol, which was registered with
PROSPERO (ref CROM201 60540841 2

Thee original aim of this systematic re-
view was o0 comprehensively explore
the wse of web-based interventions in
increasing  physical activity levels in
people with a diagnosis of multiple
sclerosis (MS), incheding both qualits-
tive and quantitative data. As the litera-
ture search yielded quantitative papers,
it was not possible to address the qual-
itative objectives. Therefore, only the
quantitative elements of the review are
reported in this paper.

The quantitative objectives were to
identify the effectiveness of web-hased
interventions in enabling people with
M5 it increase their physical activity lev-
e{s,umulmbedhfmufpmr&

enable people with MS to achieve the
physical activity levels recommended
in puidelines for adults with M5 while
they are being used: and to examine
whether the use of web-based interven-
tions enable people with MS o main-
tzin recommended levels of physical ac-
tivity after the intervention has ceased,
at short- and long-term follow-up.
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Web-Based Interventions in M3

Methods

Data Sources and Searches
Searches aimed to find both published
and unpublished stedies. A 3-step
limited search of MEDLINE, AMED, and
CIMAHL was undertaken followed by
an analysis of the text words contained
in the title and ahsiract, and of the in-
dex terms used to describe articles. A
second search using all identified key-
words and index terms was then under-
taken across all B included databases.
Thirdly, the reference kst of all identi-
fied reports and artices was searched
in English since 1990 were considered
for inclusion. This date restriction is
in place as the world wide Web was
estzhlished in 1982, and, therefore,
web-based interventions were not pos-
sible prior to this. Two independent
reviewers screened abstracts and full
text anticles for eligibality for inclusion,
and any duplicates were removed.

The initial keywords wsed were as fol-
lowes:

Web-based OR internet-based OR
www OR world wide web OR
e-learning OR  telerehabilitation
OR telemedicine OR eHealth

Multiple sclerosis OF M5 OR neuro-
logical condition OR neurolog®

Physical activity OR exercise OR
physical fitness OR walking OR
motor activity OR rehabilitation
OR physiotherapy

The full search sirategy is provided in
the Appemdix.

Databases searched were MEDLINE
(Owid), EMBASE (Owid), CINAHL
(EBSCO), AMED (EBSOO), PEDm,
Psychinfo, Web of Sciences, The
Cochrane Library, and The Cochrane
Central Begister of Controlled Triaks
(CENTRAL). The search for unpublished
studses incheded hand searches of refer-
ence lists of all adentified articles and
searches using Google Scholar, Confer-
ence Papers Index, and clinical trials
registers vid www.oonirolled-triaks com

and hitp-//clinicalivials gov.  Authoms
of abstracts were contacted via email
where possible, and on 2 oocasions the
full papers were provided, one of which
was incdheded in the review.»

Study Selection

This review considered studies that
included adulits over the age of 1B
with a diagnosis of M5, regardless
of M5 type, lime since diagnosis, of
level of disability. It considered both
experimental  and epuieu'mlngﬂl

trolled trials, quasi-experimental stod-
ies, before and after stadies, prospec-
tive and retrospective cohort studies,
and case control stdies.

Studies that investigated the use of
web-based interventions that were ex-
ercise or lifestyle activity based, and/
or incorporated a behavior change or
coaching approach o inorease physical
activity were reviewed. Studies report-
ing an active comparator, usual care or
waiting list controd, and those without
such comparators were included. In-
terventions describing any regimen of
frequency or intensity of delivery were
included. Studses that described use of
the Infernet o deliver virizal assess-
ments or gaming interventions (such
a5 Wii or Xbox) were not incloded
to enable a focused, manageable, but
in-depth review of this topic drawing
upon evidence from a wide range of
research methodologies.

Smdies were considered if they inched-
ed measures of physical adtivity such
as accelerometer, pedometer or glob-
al positioning system data, or physical
activily questionnaires.  Participation
outcomes, when measured alongside
physical activity data, were also inched-
ed (eg, by recorded numbers of bog-ins
o web-based interventions or comple-
tson of activity diaries). The purpose of
this review was not to evaluate the of-
fectiveness of web-hased interventsons
at the level of impairment; therefore,
outcomes swch as weight loss, reduced
blood pressure, increased cardiovasou-
lar fitmess, and muscle sirength were
not considered.

Data Extraction and Quality
Assessment
Papers selected for retrieval were evalu-

{JE-MASIART) were used (accessed
via  hetps.www jhisumariorg.  Any
disagreements that arose between the
reviewers were resolved through dis-
cussion, of with a third reviewer on
2 oocasions. The outoomes of the qual-
ity assessments were summarized by
caboulating the number of iems that
were marked as present for each study.
In keeping with the aim to be as com-
prehensive as possible, a outoff point
for indhusion was not set for the quality
review stage; howewver, the outcome of
the quality assessment was considered
when making inferences from the data
synthesis.

Drata were extracted from papers using
the standardized data extraction tool
from JEIFMASIARL. The data extracted
incheded specific details about the inter-
ventions, populations, study methods,
and outcomes of significance o the

Data Synthesis and Analysis

mmtrep-rbed.ﬂ:q'mmwla:l
from ithe reported standard emmor using
ithe formula S0 = 5E % yN.% Because of
the small sample sines and variability of
sample characteristics within the stud-
ies,® 4 random-effects generic inverse
variance analysis was undertaken. The
pooled data set was anabyzed for heter-
ogeneity using a combination of viswal
inspection and consideration of the chi-
suared statistic, setting 3 P value of
103 Publication bizs was not assessed
as recommended due to the low num-
bers of induded studses.

Where statistical pooling was not pos-
sible, the findings are presented in nar-
it aid in data presentation.
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Web-Based Interventions in M3
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Figure 1.

Prefermed Reporting [tems fior Systematic Reviews and Meta-Analyses (PRISMART fiow diagram of ssarch and study selsction.

Results

Study Selection

one  reviewer (RD} performed the
searches in September 2006, In todal,
831 records were identified, which after
removal of duplicates resulted in 618 -

thes and absiracts being screened for el
igibility, and 9 studses subsequently be-
ing included in the review. The results of
the searches are presented in the study
selection Aow chart (Fag. 1), with specific
details of the indluded studses in Table 1.

Critical Appraisal Results

Methodolegical quallty. Summaries
of the appraisal of stdy quality are
included in eTables 1 and 2 (available
at hitps-//academic oup.com/ptj). Stan-
dards of reporting were generally good
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Web-Based Interventions in MS

marked as “yes” for all questions. Within
the randomired controlled mials, the
miadian numbser of “yes” scores was 10 of
a possible 13 items (interquartibe range
= B7%1025. The mml frequently

management of incomplete outcome
data Masking of both participants and
treating therapists was not reported
to have been undertaken in any traal,
2 common finding in reviews of

with 2 mean age of 437 years (5D =
9.4 years) and disease dumation of 8.9
years (S0 = 7.0 years). Participants were

subypest2mae (4
of which reported on the same study
sample). Tallner* exchided those with a
primary progressive disease oourse. Eight
of the 9 siudies wene based in the United
States, and 1 was based in Germany @

interventions with waiting list controls
{Tab. 1)1 2memae Four of theser e

counting of data, of these only Pilwtti
et alv has been used within the
metz-analysis. The other 2 incheded
studses are single-group design where
participants are the waiting list conirols
from previously reported studies =@
Only 1 of the studses® described their
sample size calculation.

Description of web-based Interven-
tlons.  Eight of the 9 articles report on
studses thatwere part of the development
process of a behavioral intervention

designed to increase physical activity by
promoting additional walking as part
of everyday life. The intervention was
initially trialled as a 12-week multimedia
internet intervention®® that foosed
on 4 information modules based on the
Social Cognitive Theory: Getting Started,
Planning for Success, Beating the Odds,
and sticking With It. Content of the
modules was made accessible during
the intervention period in a tirated
Fashion and was supported with group
chat sessions and a telephone line and
email address to provide direct contact
with the sdy team. The professional
background of the study team is not
described. studiesr?.a
desribed the addition of 7 one-io-
mevitucmdnugmﬁaskype

activity research in people with MS.
In these 5 o I-minute sessions, the
participant and coach reviewed and
progressed goals and discussed strategies
to aid behavior change based on the
websile content that had already been
accessed 1774 In the latest reporied
study @ the intervention was delivered
over & months and incheded 15 of the
video coaching sessions. Intervention
group participants in this study akbso
wore 3 pedometer and completed a
logbook and goal tracker spreadsheet
to motivate and recond physical activity
as part of the program.

Tallner et al® describe a different in-
tervention approach delivered via the
internet: a &month, individually pre-
and weekly endurance training (jog-
ming, walking, cycling, or swimming)
program. The trainers were physical
therapists or exercise therapists with
experience of rehabilitation of people
with M5 and trained in the exercise
prescription and study processes. Par-
ticipants received supervision, and had
their exercise programs —progressed
online using a standardized progres-
sion scheme, delivered via a messag-
ing service in the web-based software
(not in real time} with further email and
telephone support if required. MNone of

the artides published after the develop-
ment of the Template for Intervention
puidelines made reference o them
in reporting their interventions > al-
though a summary of the intervention
components is provided within each
article.

Description of Outcomes

Physical activity. Physical — activity
was measured wsing both self-report
and objective measures. Three different
standardized and validated self-report
measures were wsed. The Godin Leisure
Time Exercise Questionnaire (GLTEQ)
was reported in 6 amicleszime-a
the Intemational Fhysical Activiey
Questionnaire (IPAQ) was reported
in 5 articdes w42 (3 of which

in 1 article® The GITEQH inchides
3 items that measure the frequency of
light, moderate, and vigorous leisure-
time physical activity completed for at
least 15 minutes over the previous 7
days, which are weighted and summed
(0~119). The IPAQH has & items that
measure the frequency and duration
of vigorous, moderate, and walking
physical activity over a 7-day period
which are then weighted and summed
{0-117). The sport score of the Baecke
Quesionnaire* is the product of the
frequency, intensity, and duration of a
participant’s Teported sports activities.
In each of these measures, higher
values indicate increased levels of

physical activity.

Accelerometers, worn at the waist during
waking hours, were used to collect ob-
jective physical activity data over 7 days
in 3 siudies®— and are reporied as part
of 3 composite measure in a secondary
analysis artiche. The adtivily counts per
day (for days when the accelerometers
were woin for at least 10 hours) were
converted into minutes of moderate to
vigorous physical actvity (MVPA) per
day using validated cutoff points <4 In
addition, pedometer steps-per-day data,
as a descriptive measure of change in
physical activity, were available from in-
tervention group participants in 4 stud-
ies17 %1 whete higher numbers of steps
per day demonsirate greater bevels of
activity. Although no MS-specific step

August 2018

Volume 3B Number 8 Physical Thempy B 683

Cowmnlcadesd from hLI'.]:I..I'.r.I-«:l_.I.: oup. ooy pt farticle-ahat ract /80767 B/ 4 FIRIRR
hT ml._’ll.h‘!' -::l W.]-ﬂ

75



ch 16 Aot

Web-Based Interventions in M3

Table 1.

Surmmary of Articles Reporting Included Studies”

Study* Stdy Dasign Total No. of visability Diseass Imt arvention Phoysical Activity
Participants Laval {Scores) Coursa Dutcomas®
okl at al RCT weith walting 54 (909 women); | PDOS 0-5 RRMS 12wk mraltimedia Intemet in- | GLTEG; Intervan Bon
(201718 (usa) | st control dita roported from tanwontion, baics waaldy onling | group partidpation
a8 dat sesions, patlant fiorum,
takephone and emall support
Dhugonskd et al | Singla group 71 (9% womenl; | FOOS 0-5 RRMS 12wk mritimiadia Intemst In- | GLTEG; P, 7-d
{2071)= (Usay contrd groep from tarvantion, teics weakdy online | a - partic-
Kot ot al® chat sessions, patlant forum, Ipation
talaphons and email mpport
{=ama Intervention = that wsed
by Mot at al=)
Cugonskd et al LT weith veailting A5 (EF% wormeni) POAOS 06 RAMS 12-wik Inbamst-delivansd GLTED; Imervan bon
(201207 {usal | st control bohaviorl Intervention phe 7 | group pedomster and
vidon oaching sewions particpaiion
wiot] and Diu- Intermupied tima 18 (E5% wormnan: FOOE 04 RRMIE 12wk Inbamsat-delivarod GLTED; FAG; 7-d
gonskd (20117% | mres; sngks growp | controd groap from bahaviorl iIntervention phe 7 | acceleromatar;
{uzae Dlugonsi ot a7 wab-tased video coaching ses- | pedomsater;
siore (sama Imtervantion as that | participation
usad by Dlugonsld et al™)
Pilutt] st al BCT writh walting BZ (7&)- data re- PS5 RRMAS and £-mao multico mponent bahare. ELTIQ,J'-I‘I
(20747 (USA) st conitrod poried from 76 progressive | loral Intersention phes 15 vweb-

M5 bemad video coaching sesslons htrrnnﬂnnm
¥aren at a BT 70 (of tha 82 mtha | FOOCS 05 RAMS and £-mo multcomponent behav- | Question 7 of IFAQ
(207419 (USAY | analyss) studly of Piluttl ot progresive | loral Inkervontion phes 15 wob-

T} (7E% womsn) M5 berad viden coaching seasions
{sams Intervention = that used
by Paburt at al)
Sandroff ot al BCTwith walting | B2 (sama as thosa | PDDS 05 RAMS and | &mo multicomponent bohae. | A0 participation
(20740 (LISAN st conitrod n tha study of progressive | loral Intersention phes 15 vweb-
sacondany Pt ot alen) (75% M5 bemad video coaching sessions
oiromies) waroeman); data (zama Intervantion = that wsed
raporied from 76 bey Pt at abt}
hdot] at al BLTwith walting | B2 (ame asthosa | FDOS 04 RAMS and | &-mo multicomponent behav- | Composits FA scom
Ll EAER LAY Y =t conitrol In tha study of progressive | kol Inkervontion phes 15 web- | from CLTED, 1A, and
Filutdl st al®) (76% M5 berced viden moaching seslons | 7-d acmeleromater
wromen); data {=ama Intervention = that wsed
reporiad from 75 Esy Piluttd at 2F1)
Tallnar ot a BCTwithwalling | 126 (F5%women); | EDSS 04 RAME and | &m0 program of strangth Eaocin e tonnain:,
(2o1ey= st contred data reported from SPMS training 2 tmesiwlk, 2 or 3sets | particpation
{Carmary) ne par axandss: sndurancs brain-
Ing 1 tmalwk; homa based
and supervsed via the Intemat
= Db Status Scale; GLTEDR = Godin Leisuna Time Exardss IFAD) = Imlarmational ‘Cusestionnaing,
M5 = sduﬂbl’..l.w- acthity; PODS = mMWMMM-nmmmwmnm - ralapzing ramitting

For all pirltq:\mlsl.lim

afor intarvenbion unies

othanwiss stated
mmam“mlmu.um sty
Em‘bchrymwwmﬂqlnﬂmdﬂn original samplo dats was reported.

; SPMS =z00n progresshe multipls sernss; USS = United States.
bﬂu:ﬁ othantss stated.

count recommendations are available, a
value of 7100 steps/day has been sug-
gested (by the hterature for older adults
who are healthy and special group pop-
ulations} to equate to someone achiev-  completing their prescaribed program,

ing 30 mimubes of MYPA &

Particlpation.

Participation in the inber-
ventions was reportedin 6 stdies!- o0
as numbers or percentages of website
logins or percentage of parficipants

Process evaluation gquestionnalres.
Process  evaluation questionnaires
were incorporated at the end of 2
studies.”™  Information  regarding
overall satisfaction of the intervention,
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Figure 2.

Meta-analysis of self-reported physical activity questionnaire data. df = degress of freedom; IV = inverse variance; 3id. = standardized.

the website, and the staff delivering the
program was collected.

Effectiveness of Interventlons In

Increasing  physical  activity levels.
Both self-repored and objective data
were available from the induded sdies
and will be presented separately. All
effiect sines are presented as the Cohen d.

Selfreport  physical acthity

available from 4 different study samples
{n=277 jcomplete data set]). Participants
in the infervention groups participated
in significantly more  selfreported
physical activity than conirols: F= 001,
d =077 P= .01, d=072% F=_001,
d = 0.33%; and, for the fourth sample,
F < 001, d = 0,987 which remained
statistically significant at the 3-month
follow-up (P < 001, d = 0.79). These
data were pooled in 3 mets-analysis
(Fig. 2). The pooled standardized mean
difference of 0L6T (25% CI = D.43-0002)
indicated a positive effect in Favor of the
web-hased interventions.

Self-reported  physical activity ques-
tionnaire data were also available from
the 2 single-group sudses. One,® the
waiting list control group from the in-
itial pikot stody, demonstrated a small
and nonsignificant inrease in GLTEQ
scores (P = 07, d = 0.34) and a sig-
nificant improvement in IPAQ soores
P = 03, d = 043 In the second
fodlow-up single-group sudy,© a sts-
tistically significant and large increase
in GLTEQ scores (P < 0015, d = 0.B3)
and IPAQ scores OF < 001, d = 1.12)
was demonsirated on completion of the
treatment period, which had not been
seen in the period of no reatment.

Accelerometry data.  Accelerometry
data were available EH:H:I'I only 1

Pilutti et a]“preserladacmlammtry
data which indicated that pantcipants
in the intervention group achseved a
moderate but nonsignificant  increase
in time spent undertsking MYPA
with controls (P o7,
d = 0.43). This equated to an average
increase of just under & minutes a day
of exira MYPA compared with controls.
Reporting on the same shady, MotF
oonducted 3 secondary analysis in
which a composite score of PA was
created combining GLTEQ, IPAQ, and
accelerometry. This composite phiysical
activity data were analyzed wsing a
1-way analysss of covariance, controlling
for baseline physical activity scores,
and demonstrated that the intervention
group had significantly higher levels of
physical activity compared with those
in the wailing list control group after
the &-month intervention (F < 001, np°
Ipartial eta-squared effect size] = 0.12),
which the authors reporied o be a
“practically meaningful effect™ The
preintervention and postintervention
accelerometer data from 2 single-group
studies® 9 demonstrated  statistically
significant increases in both total activity
oounts per day (F = 002, d = DLGR™,
P < .001, d = 0.92Y) and total step
counts per day (F < 001, d = 1.037).

Intervention group pedometer data
were reponted from 3 studies™04" al]
of whom report increases in week-
Iy pedometer step counts. Two of the
studies note that the increases ocourred
during the first & weeks of the 12-week
interventions and were maintzined o

the endime The magnitude of these
increases ranged from 22%, or an av-
erage of 1387 steps per day,™ o 46%
(1869 stepst=—both in excess of the
minimal dinically important difference;
these data would indicate 3 change in
ambulation and dinical/health out-
comes in people with M5 As there
were no control-group pedometer data,
it i not possible o comment on wheth-
er these increases were due o the in-
tervention.

Achlevement of recommended levels
of physical acthvity. Although all
articles describe the importance of
physical activity in people with M5 and
one makes direct reference to exercise
prescription recommendations,” nong
report physical activity levels in line
with recommendations for either the
general= or M5! populations. However,
g1ms-a of the © articles were published

regarding the type and intensity of
physical activity undertaken is reported
in omly 1 study,® in which participants
were individually prescribed strength
and self-selected  endurance-training
programs based on their filness level.
A standardired progressiom  scheme
was used to facilitate strength training
overload, and puidance was given
regarding endurance training intensity
levels in ling with recommendations. =
There is no detail provided as o
whether this was achieved or whether
these data were collected.

Dugonski et al™ repor intervention
group pedometer data that demonstrat-
ed that the sample walked an average
of 6368 steps per day in the final week
of the 12-week intervention. However,
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Tahble 2.
Participation Data Reported in 5 Included Studies®
Study Fartidipation Maasura ‘Outcomses Conclusions
Mot ot al (201178 % of partidipants logged Infak SE% In wosls 1 and 2; doclined Very wiak oormalaion with changs in P& (r=0.10,
12wk 525 Inwwaoks B, | P= 540
10, and 11; 71% (SO = 15%) ovar
12k partnd
Avorags no. of weals partidipants B.6 (S0 = 30}
wore logged In
Chugonsi ot al % of partidpants logged nfrk TE5 In vl 1; B1 % In woak 3; 5% oomelaition batvwoan no. of woslks
{2o001)= In vl 10-1F logged in and changes in aooderomator data
(r=10.42, F= 03} but notwith changes in IPAQ
(r= 0.0, F= 3Z) or GLTEQ {f = 0LOE, F= 35)
Average no. of weals participants 7.5 (50 = 4.3} ovear 12 wk
wara logoged In
atal % of participants logged infak -73% of partidpants logged in for | Wiaakdly was moderately and significantly
(201 207 (7 video 10wl of 1240k on cormatatad with change inweakdy
counts bebasen weals 1 and 12 {7 = 0.43,
P= 05}
Averags no. of weals partidpants 1050 = 2.7} Megligible and nonsignificant comalationwith
wera logged in wagkly log-in and change In saifroported P&
{r=—0.03, P=_50)
Avorags no. of video coaching £.8 [range = 5-7) {7796 of pariid-
sestons atiended pants attandod 2l 73
Motl and Dlugensk Avorags no. of weals partidpants T0E (5D = 3} vk of 1229k Intar- Micdorats and sgrificant comalations batwoan
(20071 (7 video wera logged in vanbion wadkdy log-in 2nd no. of coaching seaslons attond-
moach sasiore) od {r = 045, P = 05} and bobwoon woskdy
and chang In GLTED scora {F = 051, P« 05 but
nonsignificant comulation betwaon woekly log-in
and «changa In IF&G scora (= 0,35, F= 08}
Avorags ne. of vidso coaching E.& (5D = 0.8} schoduled seasions
sesions ationded
Sandroff ot al (20040 | % of partidpants who participated | Ovorall participation: Mo further Information regasding tima points: or
{15 wob- beand video In= possiblo comlations
roach sasiore)
All imtarvention features BE.E%
Webshio login BD%
Uploading step counts BE.B%
‘iideo coaching sessions 57
Tallner et al (201510 % of participants wio documantad
at st B0% of the prescribed tmin-
Ing program dering:
Mionths -3 73I% Gradual decreasa In particpation from week 4 on
Months 4-5 35 Along with reducad particimtion, therawas an
Increass in the dropout rata {1 4% during meonths
0-3; 25% during monthe 48}

AGLTEQ = Godin Lalsurs Tima Exerciss Cuastionnalre; IFAD = indernatioral Physical Acivity Quastionnains; PA = physical aciity.

data from the follow-up single-group
study® showed that 67% of the partic-
ipants exceeded 7100 stepsfday over 1
week—above the value suggestede o
be required for acoumulating 30 min-
wtes of MVPA each day for older adults
and special populations.

Participation In and maintenance of
physical acthity levels In the short
were oollected by 6 of the inchded
studses and is summarized in Table 2. In
the US behavioral intervention shadies,
participation in the eardy stages of

the intervention®* decreased during
demonstrated to be improved by the
addition of video coaching sessions
during development of the intervention
program 1174 These Sessions were
deliverad oneto-one, online, @
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dedined after 4 weeks, Glling to 36%
of documented sessions after 3 months.
However, il is not possible to establish
if participanits were conotinoing to
exercise and not dooomenting  their
engagement with the program or if
they were no longer adhering to their
EXSICISE PIOETAm.

Only 1 study™ collected follow-up phys-
ical activity data (selFreported physical
activity at 3 months) which demonstrat-
ed that the increase in physical activity
after intervention (F < 001, d = 0.98)
was sustained at 3 months (P < 001,
d=0.79)

Process Evaluation
Twelve of the 21 participants provid-
ed feedback in 1 study® and 21 of the
22 who completed the interventson in
another'” Participants in both shedies
reported a high degree of satisfaction
with the program as a whaole, the staff
involved, and an overall willingness to
recommend the intervention o others.
They reported less satisfaction with the
intervention website, cting disinter-
est® in the online group chat sessions,
and difficult to use forum section, as
reasons for this and suggested that the
program would benefit from more in-
teraction with other participants.

Discussion

The purpose of this systemalic review
was o examine the effecliveness of
web-based interventions in enabling
people with MS to increase their phys-
ical activity levels. Purther, to ascertain
if any increases were in line with rec-
ommended levels for adults with M5s
and were maintzined at short- and
long-term follow-up.®* The review also
set out to indude 3 qualitative compo-
nent, but as no shedies were found that
met the inclusion criteria, it is not pos-
sible o achieve this aim of the review.
This finding is of interest in view of the
potential benefit gained ffom engaging

Effectiveness in Enabling

Increased Physical Activity Levels
The results of the mets-analysis of
seli-reported  physscal  activity data
demonstrated that web-based interven-
tsons had 3 moderate positive effect on

e5 in their use® Further, the GLTEQ
measures only leisure-time exercise of
longer thanm 15-minute duration and
the Baecke Questionnaire sports soore,
only time in recognized sports; neither
therefore capture the important shorter
bursts of activity that people engage in
as part of their usual activities of daily
living throughout their day, or to acomm-
modate disabling symptoms such as
Fatigue. To our knowledge, there are no
established minimal clinscally impontamt
differences for self-report measures of
physical activity, and, hence, under-
standing the meaningful change also
remains difficult. These ssues highlight
the importance of collecting more oom-
plete, objective data o acourately pac-
tre 3 person’s daily lifestyle activity
and help provision of the most appro-
praate physical activity advice.

Participants in all induded shudies had
minimal disability, with a high percent-
age reporting no lmikations o walk-
ing. Hence, it is nod possible to omm-
ment on whether such interventsons
would be effective for people with
higher levels of dsability. Indeed, re-
sults from a secondary analysis of data
from Pilutti et al demonstrated a disa-
hility x time effect suggesting that theeir
G-momth intervention was most effec-
tive for those whose mobility was least
affected. Other analyses went further,
suggesting a greater effect for people
with relapsing-remitting M5 and normal
weight In many coundries, the popu-
latiom of people with M5 who access
health care systems hawve typically
higher levels of disability and as such,
this raises the question whether web-
based interventions can also be benefi-
cial for this group. Further, it may also

challenge cumrent practice, pointing to
provision of physical activity promotion
and rehabilitation input at earlier stages
of the disease.

Panticipants from most of the incleded
studies completed the Physical Activ-
ity Readiness Questionnaire™ a tool
designed o help people evaluate their
medical fitness prior 0 engaging in
physical activity. Whalst fimess o ex-
ercise s very important, none of the
studses asked participants about their
attinede or readiness 0 engage in in-
creased physical activity. It may be im-
portant to incorporate such questions
prior to using such interventions in
practice, where targeting a population
ready o engage may have greater dini-
cal and cost benefits.

walking was the most common type
of physical activity encouraged in the
induded studies. In order to describe
the amount of adtivity undertaken at
recommended levels, data were pre-
sented as steps per day or time spent
undertaking MYPA. Those that report-
ed time spent in MYPA caloulated this
acoonding o defined cutoff points? of
mumbers of steps‘minute that would
equate to MVPA. It is suggested that for
people whose disability levels are high-
er, the increased effort of walking™ may
mezan that the number of steps/minute
to reach MVPA is lower2® There is no
available data regarding required num-
bers of steps per day for people with
M5 to achieve 30 minutes of MVPA, 50
reference is made o 7100 steps per day
over 1 week, the figure obtained from
the older adult and special groups Lit-
erature ¥ For those people where it
is too challenging to engage in suffi-
cient walking to achieve health bene-
fits, accessing other types of physical
activity to achieve an adequate durs-
tion and intensity of activity is impor-
tant ! This was incorporated into the
Tallner® intervention, where choice of

Achievement of Recommended
Levels of Physical Activity

FPhysical adtivity guidelines for people
with M5 with mild to moderate disabiliry
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recommend that people should aim to
undertzke 30 minutes of moderate in-
tensity aerobic adivity twice 2 week
and progressive resistance iraining in-
volving majwr muscle groups Mwice a
week.* The findings of this review are
such that it is not possible o suggest
whether web-based interventions fa-
cilitate people with M5 0 meet these
puidelines. Although some™2-0 of the
& articles describing the 15 behavior in-
tervention development included acoel-
ermmeter of pedometer data (that could
be used o estimate time undertaking
MVPA), none report whether any of the
web-based modules or coached ses-
sions discussed or prescribed strength
training. The final articde® described
a targeted exercise program incuding
both  srength and  endurance  oom-
ponents that could therefore have fa-
cilitated meeting recommendations,
but do not present data as o whether
prescribed bevels were achieved, suffi-
ciently intensive, or perfiormed for long
enough.

ome of the potential benefits of a web-
hased intervention is that it may be
used to help people maintain activity
levels in the kong term. As such, the
issue of participation is an important
one o consider. The importance of
appropriate support o faciliate en-
gagement with exercise i well recog-
nized 23 In the included studies, such
support was provided by: experienced
doctoral students (whose clinical back-
ground is not stated) in the behavioral
intervention studies!? 4. and physical
therapists or exercise therapists in the
targeted exercise intervention study.®
The opportunity to engage with web-
hased support through a messaging
service, with email and telephone op-
tions as required, did not appear to
help participants adhere to the pro-
gram in the latter study,® in which
participation in documenting training
sessions had already begun to dedine
after 4 weeks However, during the
development of the US behavioral in-
tervention, the addition of web-based
individeal coaching sessions as part
of the intervention was demonstrat-
ed to be instrumental in increasing
participation.™ It s perhaps the case,
therefore, that planned, face-to-face
sessions were key to the delivery of

successfiul online support This gives
rise to the gquestion as o whether it
was the coaching itself or its role with-
in the intervention package that made
the difference. A further area of note
is whether measuring participation as
numbers of kog-ins or attendance at a
coaching session truly represents the
level of engagement with an exercise
program of indeed participation in in-
creased physical activity.

Maintenance of Physical Activity
Levels in the Short and

Long Term

It is not possible o comment on
whether the web-based interventions
enabled peocple to sustain recom-
mended levels of physical activity in
the long-term due to the lack of data.
Only 1 study” included any follow-up
beyond the postintervention assess-
ment and that was short term, at

activity that remained at 3 months are
promising, but longerterm follow-up
data are required to enable thorough
discussion of this isswe.

Strengths and Limitations of
This Review
One of the strengths of the review was
that it et out to inchude both qualitative
and quantitative studses of any design,
nmot just randomized controlled iriaks.
This systematic review has enabled
clarification of the existing body of
literature, which can be sometimes
difficult given the wideranging
i sources. It has adentified
that, of the 9 artides published, there
is mubtiple secondary reporting of a
single siudy, resulting in 6 independent
data sets (2 of which were single-
group studies). It has identified that the
included studies, in essence, report on
just 2 different interventions. The weh-
based intervention inclusion criterion
was chosen because of the very distinct
role such interventions can provide and
the specific challenges they present.
This was in contrast 0 2 previous
technology based systematic reviews
in M52 and resulted therefore in this
focused review including only 2 small
mumber of studies, which could be
considered a limitatson.

A further Emitation of this sudy was
that we chose not o include measures
of effectiveness such as reduced blood
pressure or weight loss. Although this
was in keeping with our desire for the
review to remain fonotionally fooused,
given the opporunity afforded by
telehealth for remote monitoring of vital
signs by patients, stodies evaluating
pential impact may have provided
mmmm
ally in refation bo remote physical activiey
prescription, Bcilitation of panticipation,
and progression of activiy.

Conclusion

This systematic review suggests that
web-hased interventions have a positive
effect on self-reported physical activity
in the short term in people who have
M5 and are ambulant. There is insuf-
ficient ewidence to comment on their
effectiveness on objective physical ac-
tivity data or whether increases in phys-
ical activity equate to disease specific or
worldwide physical adivity recommen-
dations. Due o the lack of follow-up
data, it is also not possible o suggest
whether such interventsons can have an
effect on physical activity bevels in the
long-term. Similarly, it is not possible to
comment on whether they can be ef-
fective for people with higher levels of
disability, but it may be that web-based
physical activity when used in the early
stages of the disease.

Web-based interventions may be help-
ful in fcilitating an increase in physacal
activity levels in people who have M5
and are ambulant, at least in the short
term. Evidence is not curmently available
to either support or refute the use of
web-hased interventions in enhancing
physical activity levels in people who
have MS and are not ambulant. The im-
portance of the user experence should
be considered in the on-going devel-
opment and evaluation of web-based
interventions in the M5 population. Re-
search into the short- and long-term ef-
fectiveness of such web-based interven-
tions, especially for those with higher
lemkufdﬂbilnty is reqpuired. Finally,
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ABSTRACT ARTICLE HISTORY
Bachg round: Web-based ewercise and physical activity interventions are being developed &5 2 potential — Fecered B July 112
way o help people with muliiple scleresis achieve and maintsin incressed physical aciivity levels — Reased 9 Fewury 1085
Seeking feedback from pecple who have wed such interventions will help guide the develsp-  Acepied 11 Fdmury 13
ment process.

Methods: In-depth inlendews were wed to explore the experiences of participants who wed a web- m“.l
based physictherapy intervention = part of a fesibility randomiz=d contralled trisl INteniews were b biesre: neme
sudiorecorded, transcribed verbatim and analyred wsing thematic analyss Bazed & Hedth

Resmilts: Heven people (age 268 were inendewed Most perceived that their physical activity

inceased, primarily due to complating twice-weskdy web-based wmmmm
were identified. 's all in one place’ encompases the valee of having 2 convenient and portable pro-
gam Kesping an eye’ caplures people’s thoughis regarding the supervision offered by the physiotherap-
ist, throwgh the website, and ‘Hopes and expectations’ reflects the imponance of having opportunity to
disouss what may be gained fom wsing such & program.

Condusions: This intervenion offered 3 convenient, Mexible and portable physiotherapy progam which
miast people perceled helped them achisse and sustsin inceated levels of physical activity. Talking with
people aboul expectations is important, paticulady il 2 person’s condition is deteriorating.

B IMPLICA TIORS FOR REHABILITATION

» When discussing the potential benefits of exercise programs with people with multiple sclerosis it s
important bo have honest and open conversations sbout the expectations of what may be achieved
This is particularly important for people with progressive disease

» Web-hased interventions may be most valusble 1o peaple who are technology literate, seek e bility

reganding where and when to exerise, prer 1o aercie independantly and have the confidence
and skills to selFmanage.
Introduction adequate bevels are sustsined in the long term remains for indi-

Achieving and maintaining recommended bevels of physical activ-
ity is impotant yet challenging for many people with multiple
sclerodis (M5). The we of targeted exercise programs and physical
activity promotion have been demonsirsted to lead 1o a range of
physical [1-5] and emotional [67] benefits which may also extend
B minimizing the complications and comonbidities 25 sted
with living & more sedentary lifestyle [8]. This has encouraged an
increased emphasis within dinical pracice to incorporate Largeted
exarcie programs, and (adlitate engagement with increased lev-
e of physical activity 191 In this study physical activity is consid-
ered in line with the Caspersen definition a3 “any bodily
movement prodeced by skebstal muscles that requires enengy
expenditure’ [10] and &5 such ensbles participants 1o disoss all
pes of activity such as struciured exercise and sport, but abo
lifestyle activity such a5 housework, gardening and em ployment

Disease specific guidelines for people with M5 [11] have
hedped guide physical activity presoription, particulardly for those
with mild to moderate disability, but the challenge to ensune

viduals and those involved in their care. Current physical activity
levels in people with M5 remain low [12] and this concern has
prompled research to identify factors that may have a podtive
infleence on long-term participation. These inclede: dhoice of
activity [13} controd over level of engagement; advice and sup-
port received: sell-efficacy [14,15] and use of goal setting [16]
Evidence alio describes some of the barrers 1o participation that
people with M5 experience, such as the effort and travel distance
required bo acces rehabilitation venues, fatigue and lack of
time [17].

The use of techmobogy, such a5 the intemet &5 a mode of deliv-
ery of exercie and physical activity interventions, i being increas-
ingly trisled in many aress of healthcare 1o address some of these
Ibarriers. Two systematic reviews evalusting a wide variety of bele-
rehabilitation interventions in MS provide 2 broad overview of
their content, design and outcomes [18,19] They suggest that
this approach may be effective in increasing physical activity
[&19 in the shon term, altoegh compliance remaing & signifi-
cant iswe [20-22] and an important factor to futher explore
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Table 1. Interview guide.

It has been a little while since you finished using the web based physiotherapy program ... perhaps you can start by telling me what you thought of it?

Have you seen a physiotherapist before?
Prompt: One-to-one? Exercise program? Group? National Health Service?
Did web-based physiotherapy differ? How? Why?

As part of the WEBPaMS study you were asked to follow your program twice a week. Did you find you could stick to that? Prompt: What stopped/

helped you?
Did you manage to do any other physical activity as well as this?
Prompt; What do you do? Day to day routine? Around the house/ elsewhere?

Has using the web-based program made any difference to how active you are now?
Prompt: compare with activity prior to starting the program i.e. what did you do day to day? Exercise/ general activity? At home? Out and about? What do you

think may have affected this?
Do you imagine using the website long term?
Prompt- key points in condition/ stepping stone/ with/out online support

Is there anything else you like to tell me about your experience of web-based physio?

Telephone interviews [23] and process evaluation question-
naires [23,24] have been previously used to explore the feasibility
and acceptability of different web-based interventions and have
provided researchers with areas of development on which to
focus. Continuing to capture the user experience about issues
broader than the operational aspects of the program, is likely to
provide a deeper understanding of the factors that impact on the
use of web-based interventions and may be instrumental in their
further development.

This study aimed to explore the user experience of a web-
based intervention which was part of a multi-centre randomized
controlled  feasibility trial of web-based physiotherapy
((WEBPaMS), registered at ClinicalTrials.gov (Identifier:
NCT02508961)), and specifically, whether or not users perceived
that it had impacted on their ability to increase and sustain
engagement in physical activity.

Materials and methods
Ethical approval

Ethical approval for this study (15/WS/0030) was obtained from
the West of Scotland Research Ethics Service, Glasgow. All partici-
pants gave written informed consent prior to taking part.

Research approach and methodology

A qualitative research approach was selected to address the aim
of the study using a general qualitative inquiry design, under-
pinned by a pragmatic epistemology and a critical realism ontol-
ogy. In-depth, individual, face-to-face interviews were undertaken
with the participants allocated to the web-based program at one
of the three main WEBPaMS study sites (Plymouth). Interviews
were selected to gain depth of understanding about each partici-
pant’s unique experience of the intervention and in order to
explore this in light of their own individual circumstances. They
were conducted at the participant’'s home (or preferred venue)
using an interview guide (Table 1) which was developed and
piloted with a person with MS who was unrelated to either this
sub-study or the main WEBPaMS study. Open questions, with
prompts as required, were used with sufficient flexibility to enable
participants to raise issues they considered important. Interviews
were conducted by the (female) primary researcher (RD, a PhD
student and physiotherapist with 20years clinical experience).
Interviews lasted up to one hour, were audio recorded and tran-
scribed verbatim. This study is reported in line with the COREQ
guidelines [25].
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Participants and intervention

Each of the WEBPaMS [26] intervention group participants at the
Plymouth site were invited to participate in this sub-study. The
entire WEBPaMS sample was not investigated for pragmatic rea-
sons. This study was undertaken as part of the primary research-
er's doctoral work exploring adherence to physical activity and
physiotherapy programs and Plymouth was her location of resi-
dence. An invitation letter and participant information sheet were
sent to the potential participants within one month of their final
WEBPaMS follow-up assessment. Each gave consent and were
interviewed within six weeks (range 1-6weeks) of that final
assessment. Inclusion criteria for the WEBPaMS study included;
adults with a confirmed diagnosis of MS, known to an MS consult-
ant in the study recruiting areas, an Expanded Disability Status
Scale (EDSS) score of 4-6.5 (indicating mild to moderately
impaired walking) and access to a personal computer/tablet or
smart television with an email address and internet connection.
Potential participants had been excluded if they were already tak-
ing part in regular exercise or physiotherapy (two or more times
per week), had poor cognitive function as assessed by a Mini
Mental State Examination Score (MMSE <24), had any significant
change in medication or a relapse requiring treatment within the
last 3 months, or any significant co-morbidities for which exercise
was contra-indicated. They were also excluded if they were unwill-
ing to be randomized to intervention/control group or were cur-
rently participating in another clinical trial (rehabilitation or
pharmacological).

The main WEBPaMS study was a single blind randomized
controlled feasibility study. Ninety participants from three cen-
ters were randomized to receive either a six-month individual-
ized web-based exercise program (n=45) (intervention) or a
paper based exercise program (n=45) (active comparator). All
participants were assessed by a physiotherapist, had an individ-
ualized exercise program devised and were asked to complete
it twice weekly. A range of outcome measures were completed
at baseline, three months, six months and nine months (three
month follow up). The active comparator group received their
exercise program in paper format (www.physiotherapyexercises.
com) and were asked to complete a paper exercise diary. The
intervention group accessed their exercise program via a web-
site (www.webbasedphysio.com). The website included exer-
cises in video format with audio and text description along with
MS specific exercise advice. Participants were requested to com-
plete a diary entry after every session to indicate which of the
exercises had been completed and to comment on any issues
such as if the exercises were too hard or easy. The physiother-
apist remotely reviewed the diaries every two weeks and was
able to modify the exercise program in line with any feedback
they had received. Participants were informed of any changes



to their program via email and could contact the physiotherap-
ist through the diary or via email or telephone at any point if
required. Further information regarding the intervention can be
found in the pilot [23] and main study [26] publications.

Data analysis and ensuring rigour

Data were analyzed using thematic analysis according to the six
phase method of identifying and analyzing patterns in qualita-
tive data described by Braun and Clarke [27] using a general
inductive approach. Initially the audio recordings of each inter-
view were listened to twice and transcripts were read and re-
read in order for the researcher to become familiar with the
data. Observations were noted on the transcriptions as appro-
priate during this stage and relevant codes were generated
along with appropriate data extracts. The next stage of analysis
involved the primary researcher considering and collating the
codes by hand, rather than through use of a software package
and making note of meaningful patterns in the data that were
relevant to the research question. These were discussed with
the other members of the research team (JF, LP and EC) on a
number of occasions and used to create themes and subthemes
that captured the essence of the participants’ voice and worked
in relation to the data set.

Themes and subthemes are presented using pseudonym
quotes (with participant age and EDSS) to illustrate the participant
view.

Rigour was enhanced during the process by ensuring an audit
trail of the primary researcher’s (RD) process. A second researcher
(JF) independently coded and discussed in detail three of the
transcripts with RD and the whole team was involved in reviewing
each of the themes and subthemes. The principles of credibility,
transferability and dependability were followed throughout [28].
Reflexivity was promoted by the primary researcher who is an
experienced neuro-physiotherapist. Steps, such as completing a
reflexive diary and regularly meeting with the research team were
put in place to try and minimize the bias this would bring to
interpretation of the data. A summary of the main themes was
sent to participants for member checking. Responses indicated
that the summary provided an accurate reflection of the inter-
views content.

Results

Eleven out of a possible 12 people were interviewed. One person
did not respond to the initial invitation letter or to three further
attempts to make contact by letter, email and telephone.
Participants were 90% female with an age range 28- 68years;
time since diagnosis range 1-40years and EDSS range 4-6.5.
Disease course was: Relapsing Remitting [n=4], Primary
Progressive [n=1] and Secondary Progressive [n=6]. Three par-
ticipants were employed, two unemployed and six were either
retired or medically retired. Demographic information of partici-
pants is presented in Table 2.

Perceived impact on physical activity level

Nine of the 11 participants felt that their physical activity levels
had increased over the study period. This was attributed to a var-
iety of reasons including improved balance, confidence and gen-
eral fitness, increased motivation to exercise, and being
committed to the study protocol of completing the exercise pro-
gram twice-weekly. One participant described an example of
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Table 2. Demographic information of interview participants (n = 11).

Participant Disease Employment
pseudonym Gender  Age  EDSS course status

Mary F 61 6.0 SPMS Part time employed
Hannah F 28 55 RRMS Unemployed

Debbie F 45 5.0 RRMS Unemployed

Simon M 63 6.5 SPMS Retired/medically retired
Becky F 54 6.5 SPMS Retired/medically retired
Fay F 68 6.5 SPMS Retired/medically retired
Wendy F 60 4.0 RRMS Part time employed
Claire F 65 6.0 SPMS Retired/medically retired
Emily F 48 6.0 RRMS Retired/medically retired
Jane F 59 4.5 SPMS Retired/medically retired
Sarah F 51 4.0 PPMS Part time employed

EDSS: Expanded Disability Status Scale; F: female; M: male; RRMS: relapse remit-
ting multiple sclerosis; SPMS: secondary progressive multiple sclerosis; PPMS:
primary progressive multiple sclerosis.

when she was more physically active which she attributed to the
benefits she had experienced from engaging in the web-
based program.

“| picked up my daughter and we drove to [local town]; | got lost on
the way but we got there. It took ages to get there... we walked all
the way round [local town]. Oh my God. It is like really narrow, there's
that little high street. So | had to walk up there. | probably stopped
about three times. That's good for me. That is really good for me and
that's quite a steep road and | made it all the way to the top.”

Debbie (age 45, EDSS 5.0)

Further exploration of the potential reasons for her improve-
ment revealed that completing her exercise program had helped
her to feel fitter and be able to achieve more, which in turn pro-
vided motivation to continue.

Well that's [using web-based physio] what started me off isn't it? |
wouldn’t have bothered otherwise, would I, so yeah, | wouldn't
honestly truthfully | wouldn’t have bothered. That's what made me get
up and go, “what, | can do it!"

Debbie (age 45, EDSS 5.0)

Not everyone felt that their activity levels improved however.
Two participants shared their thoughts regarding the impact that
disease progression had had over the duration of the WEBPaMS
study. Both noted a deterioration in their activity level, with one
person, to the point that she was no longer able to walk. In this
case the participant explained that although she was now not
walking, having been able to make direct contact with the physio-
therapist by reporting her difficulties on the online diary page,
she was able to seek advice early, have her exercise program
modified and was enabled to continue to exercise at a level she
could manage. Without this, when her primary activity (walking)
was no longer possible she would have had to contact her doctor
and wait for referral for a physiotherapy appointment to discuss
her situation. The participant’s perception was that the program
helped her to be more active than she would otherwise have
been and noted that it was the timely remote support through
the intervention that had facilitated this.

Things had got to the point that | wasn't able to take my son to
school, a friend was picking him up and another friend bringing him
back because | was finding it too difficult to walk... so | was glad to
have the exercise programme as well to make up for the lack of
exercise that | was getting by not doing the school run, so that was
quite good.

Becky (age 54, EDSS 6.5)

Only two of the nine participants who perceived that their
physical activity levels had improved described this in terms of
walking further or more frequently. The majority reported that
they had increased physical activity by completing the two
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web-based exercise sessions in addition to their wusual

weekly activity.

Themes and subthemes

Three key themes were identified from the participant experience
data with specific regard to perceived impact on physical activity.
They are: (1) “It's all in one place”, (2) “Keeping an eye” and (3)
“Hopes and expectations”. Subthemes were also developed, some
of which were linked to more than one of the themes.

Theme 1 “It’s all in one place”

“It's all in one place” encompasses the value placed on having an
easily accessed, portable and flexible individualized exercise pro-
gram. These benefits were reported as important in helping par-
ticipants use the intervention regularly, which in turn facilitated
the increased physical activity they described.

Subtheme: Accessibility

Five participants reported that the ease of accessibility provided
by having their exercise program accessed on their electronic
device (e.g. computer, tablet, or phone) made it much more con-
venient. This meant they were more likely to complete their pro-
gram, and in turn increase their physical activity that day. One
participant [Hannah (age 28, EDSS 5.5)] commented: “the web is
part of my life”, reflecting that she used her electronic devi-
ces regularly.

Additional reasons were reported as to why ease of access was
a benefit to participants. One participant described previous
experience of having written paper exercise programs, which on
occasions she had lost. She noted that having the program in one
place (on her computer) not only meant she didn’t have to worry
about losing it, she had the added benefit of not having to phys-
ically struggle around the house to find where she had put it.

| just find it quite difficult to manage lots of bits of paper which seems
silly but | do, so having it online actually | found easier way to keep on
track with it ... papers do easily get lost, or dog-eared, or thrown away
by mistake so it was good to have it all on computer in one place so
you always know where your laptop is... Because it's there and easier
to find and you're not faffing [colloquialism, struggling to get things
together] around because of not being able to move very easily, | don't
know, you value it more in a way.

Becky (age 54, EDSS 6.5)

In some cases, when using their electronic device as part of
their daily life, simply seeing the link website address to web-
based physio prompted access to the site and completion of their
exercise program.

Well, if I'd have had a bit of paper and there wasn't the incentive to
look on the website and um you know, | am fairly computer literate
and | use the computer a lot and then you know it just becomes
second nature to check and um and if | hadn’t had that incentive it
would have just been a bit of paper exercises I'd have put them or
pinned them up on the wall and um then said oh | better do some
exercises today as an after-thought. It wouldn’t have been at the front
of my mind... When | am on the computer, | see that and it
incentivises me.

Simon (age 63, EDSS 6.5)

One person reported that seeing the website link on her iPad
motivated her to get out and walk more, so increasing her overall
level of physical activity. At no point other than the very start of
the study did she choose to access her web-based physio pro-
gram on the website. For her, simply the visual prompt to exer-
cise played a significant role.
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I've done a little bit more walking um, perhaps like popped into town
on a day when | wouldn’t have normally gone into town because I've
seen it [the website link] and I've thought “oh, yeah, you know, I'd like
to do that today” that’s kind of helped me; reminded me to do some
exercise ... rather than sitting there like perhaps going on Facebook or
something, going “well it's actually quite sunny and nice today, go out
and take a walk”.

Hannah (age 28, EDSS 5.5)

One aspect of the program that some participants were less
positive about was being asked to complete the online exercise
diary to show what exercises had been done. Although the pur-
pose was to enable the physiotherapist to remotely monitor and
progress the exercise program this was not always completed,
especially as people became more familiar with their exercises
and did not rely as much on this aspect of the intervention. Two
participants commented that once they had got to a stage where
they were confident with their exercise program, they did not feel
the need to access the website and as such it would have been
helpful to have been able to go back to the website and add
comments retrospectively rather than every time. These views
were also reported by some of the participants who took part in
exit interviews following the main study as part of the process of
exploring the intervention feasibility and acceptability [26].

Sometimes | did feel it was a bit annoying having to go back and do
the ticking when you'd done your exercises like “oh right! Yes, need to
do that part” as well so sometimes it could be a bit of a nuisance to
think you had to do the filling in as well.

Becky (age 54, EDSS 6.5)

The vast majority of the participants reported the intervention
was easy to access however one noted difficulties setting up a
link on her computer and suggested having an app to click on
would have been easier.

When | first started going on it | kept forgetting what the web address
was and | kept having to go into the, | think it was in the email to the
link to get on it cuz | couldn't remember what it was.

Debbie (age 45, EDSS 5.0)

Subtheme: Flexibility

The opportunity to choose when and where to access the website
was also reported as a benefit of this approach to delivering
physiotherapy programs. Some people reported a preference to
exercise in the privacy of their own home where they didn't
experience embarrassment they had previously felt when exercis-
ing in front of others, In addition, flexibility in terms of exercising
at a time that fitted with family life or around the presence of
symptoms was described.

If | was doing it in a group session, | would be conscious of being
clumsy and messing up and something like that. At least at home, | am
more comfortable at doing it at my own pace and my own way and
then monitoring it. So | feel better doing it that way.

Simon (age 63, EDSS 6.5)

| don't particularly want to be part of a group um, I'm much happier
doing at my own level and my own pace really um, and so that was
good for me and it was good for me because I'm reasonably computer
literate so it was easy, | did it on my phone.... It's difficult for me, not
physically, to get to the same place regularly in the course of a week
cos | just find work’s quite, encroaches on my free time and also the
children.

Sarah (age 51, EDSS 4.0)

Literature suggests that to achieve the potential benefits of
exercise, people with MS should be completing exercises at a
challenging level [29]. For some people, the web-based program
provided an opportunity to exercise in a safe and familiar



environment where they felt able to challenge themselves and
perhaps achieve increased benefits.

I was in familiar surroundings, so | was able to push myself a bit more
as well because of the surroundings | felt happy in my home... | knew
where things were. You know, | did have wobbles when | was doing
them [balance exercises] but it was great because | knew where
everything was, so | could stop myself... whereas if | was doing that in
a group and especially if I'd been in the middle of a group somewhere
or something I'd have been right down on the floor. | didn't have to
think, “oh | have to make the effort or | have got to make myself look
presentable before | go out the door”. | could just you know be in my
jimjams [colloquialism pyjamas] if | wanted to do it, which was great,
you know, it didn't really matter, you know. If | couldn’t do one for any
reason, or did it stupidly, or lost my balance or anything, it wasn't a
problem because | was at home.

Emily (age 48, EDSS 6.0)

For another participant, the flexibility of being able to exercise
at home and with her children, was an important factor that
helped her remain motivated to exercise.

Me and my littlies [colloquialism, children], because they love
exercising, they're really sporty and they’'ve done it with me before
when I've been upstairs in the bedroom and I've had it on and
they’ve been doing exercises with me so they give me more
incentive to do it then because they want to do it, “oh do your
exercises mummy!”

Debbie (age 45, EDSS 5.0)

In contrast, others reported missing the rapport and social
aspect of exercising with others.

| did miss the action of the [local MS exercise group], | do like the
interaction with the group, it's the social side as much as anything
isn't it?

Mary (age 61, EDSS 6.0)

There’s nothing negative about it apart from the fact that it's just not
social is it?
Debbie (age 45, EDSS 5.0)

As such, it is perhaps the flexibility in choice of environment in
which to exercise which is important. Facilitating choice of exer-
cise was also reported as a benefit by some participants who
liked being able to choose from their individualized program
which exercises to do and when (perhaps encouraging self-man-
agement and reflection).

Subtheme: Portability

Portability was an issue raised as a benefit by three people. They
each described situations where they had been able to continue
using their exercise program when working away from home or
traveling on holiday. Each suggested that their program worked
well away from the house and that they would have been much
less likely to have chosen to take a paper exercise program
with them.

You can take it with you because it's on your phone, and the first time
I did it | put it on the iPad and we went away for the weekend and |
thought it was great because | could do it, take it with me. It's been to
Malta .... Tenerife, been to France.

Wendy (age 60, EDSS 4.0)

Having the website there, like | said at the beginning, is an incentive,
whereas if you see a physio, you see the physio for a period and then
you are left to go away and then it is up to you to ring them up again
if you want more help and then again it is difficult to get
appointments. It is accessible wherever | am. So even if you are
travelling you can still access it.

Simon (age 63, EDSS 6.5)
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Theme 2: “Keeping an eye”

There were mixed views regarding the type and level of remote
support provided by the physiotherapist through the website.
Around half of the participants felt it was sufficient, suggesting
that the support enabled discussion and progression of their exer-
cise program and potentially facilitated longer-term engagement
with it.

| liked the fact that someone was keeping an eye so | wasn’t doing

something stupid [exercise technique] that, you know, | shouldn’t have

been doing, and also so that | knew that | would carry on doing it.
Mary (age 61, EDSS 6.0)

| always knew if | wanted to change something, all | had to do was
contact the physio or write something in [the online diary] and they
would respond. I'm quite independent in that way [choosing and
modifying exercises], maybe that doesnt work for everybody but |
think I'm quite, er, self-critical, you know, | can appraise what I'm doing
quite well, quite honestly | think.

Sarah (age 51, EDSS 4.0)

Others however did not feel that the support was sufficient to
keep them engaged and resulted in them only accessing the site
for four of the possible six months.

[l needed someone] saying “Debbie, get on the website, you're doing
really well, you need to exercise, don't give up”. I'm one of those that
needs a push all the time; that's the sort of person | am. It's the contact
isn't it, it's the interaction | suppose [that wasn’t enough].

Debbie (age 45, EDSS 5.0)

One person discussed the importance of building a relation-
ship with someone who could support and encourage them to
continue to be active long-term. Her experience was that this did
not happen for her through the website.

When you're having like regular [face to face] physio more often, | think
you're more likely to, or | personally am more likely to engage in your
activities because you're, you're being reminded on a weekly basis by a,
by a physio. but when you're not seeing a physio so often, it's hard to
self-motivate yourself to do your exercises.

Hannah (age 28, EDSS 5.5)

A related issue raised by three participants was that of the
website allowing immediate access to a physiotherapist for advice
regarding difficulties with an exercise or symptom. Each described
previous experience of having to wait a considerable length of
time to see a physiotherapist.

If you see a physio, you see the physio for a period and then you are

left to go away and then it is up to you to ring them up again if you

want more help and then again it is difficult to get appointments.
Simon (age 53, EDSS 6.5)

Yeah some people would prefer that they don’t have [only remote
support] waiting perhaps several months for an appointment so they
can have face to face contact. But for other people who are maybe
more disabled and can’t get there so easily or are perhaps working and
haven't got the time they could just have a quicker contact with the
physio.

Claire (age 65, EDSS 6.0)

The most frequently reported aspects of the website that par-
ticipants found helpful were the exercise videos, (in line with the
pilot study [23]), and the opportunity to email for advice. This
support enabled some participants to continue exercising without
the need for face-to-face contact throughout the study.

| think it's okay with the computer because as | say the videos are
there for you to watch. If you didn't have that and you just had it
written down as a diagram you might want to see the physio more in
order that they could demonstrate to you what you are supposed to be
doing.

Claire (age 65, EDSS 6.0)
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Further thoughts from participants suggested the potential
benefit of such a system to the clinician, who could oversee and
maintain close contact with many more patients rather than rely-
ing on face-to-face assessments.

It would free up more time for the physio to see other people as well if
they weren't constantly needing to have an appointment that lasted
half an hour or something. If they could just be in touch with the
person that had a problem they might be able to deal with it in five
minutes rather than half an hour. They might know straight away what
the problem is and say just do it this way instead and then it could be
sorted out. | think it would free up their time more.

Claire (age 65, EDSS 6.0)

Theme 3: Hopes and expectations

This particularly challenging theme highlighted that clinicians and
researchers need to openly discuss and better understand peo-
ple’s hopes and expectations of the potential benefits of exercise
and physical activity for them. Sarah described the emotional
impact that not achieving what she had hoped for during
the study.

If 'm being brutally honest with myself, | think I've gone down even
though I've been working quite hard and that has been quite hard
[emotionally] | think. | think I'm quite good at burying my head in the
sand... | didn't expect to feel the way | felt when | started doing it. |
didn’t expect that to be the way | would be feeling at say six, seven,
eight months ... maybe it's because | was coming to the end [of the
study] and | haven't achieved what | thought | might.

Sarah (age 51, EDSS 4.0)

One participant in particular clearly explained how disap-
pointed she was in not seeing the improvements she had hoped
for and how this had affected her motivation to continue. She
challenged clinicians to consider how to manage her expectations
more effectively.

| thought that by doing the exercises I'd build up some stamina and |
wouldn’t have noticed it [fatigue] quite so much... but it was the
fatigue ... that was the annoying bit if you like, you know, | had hoped
that I'd go through a barrier and come out the other side. | think it's
the nature of the beast, perhaps it was my expectations that needed to
be managed... because | carried on with it and did everything,
but ... .l always feel that | could be doing more, and then on some days
when | try and do more | get disappointed because | haven't actually
been able to do it. And | don't know whether that's because I'm
judging myself on too high a standard or whether somebody should be
behind me going “go on”,” keep on”.... “Am | giving in to this?”
“Should | be going that extra mile?” ...do you know what | mean,
how, how far do you push yourself?

Mary (age 61, EDSS 6.0)

In contrast, being motivated to exercise and walk more in one
case, and stick to, and progress their web-based program in
another, helped two participants exercise beyond their own hopes
and expectations.

...it's um the like a rewarding process that when you get home you're
like “actually I've done this today, I've walked this far” rather than just,
kind of like, staying at home and perhaps watching something on tele
so it's, it's been, yeah it, it's been quite nice actually.
Hannah (age 28, EDSS 5.5)
I've got the feeling that I'm actually doing more than | thought | could
do.
Wendy (age 60, EDSS 4.0)

Discussion

The purpose of this research was to explore the user experience
of the web-based physio intervention and further, whether or not
participants perceived it had impacted on their ability to increase

89

and sustain engagement in physical activity. The interview data
demonstrated that the majority of participants felt that the inter-
vention had helped them achieve increased physical activity lev-
els, typically by the addition of the twice-weekly web-based
exercise sessions. This perception of having increased physical
activity levels contrasts however with the objective accelerometry
data from the main study which demonstrated a decline in steps
per day over the nine month study period [26]. Such disparity
between self-report and objective measures is well reported [30]
and underlines the complexity of this issue, particularly in a pro-
gressive condition such as MS where physical activity levels fluctu-
ate and where people’s perspectives are constantly recalibrated as
they adjust expectations within their changing context.

It is important to consider the role that factors other than the
intervention itself may have played when considering perceived
increase in activity. Some participants in this sub-study reported
that it was their commitment to the study that was the motivator.
However, having not interviewed the active comparator group
participants it is not possible to know whether committing to the
study provided a positive influence on their exercise behavior.
Further research is required to better understand this.

Some strengths of this study are that it sought the experiences
of people with all MS disease types and that of those with moder-
ate as well as mild disability. Participants reported a variety of
experiences of the intervention that do not appear to be related
to disability level or indeed age, as demonstrated by the quotes
from participants across the age spectrum (28, 54 and 63years)
regarding the accessibility of this intervention. The different opin-
ions represented in this study highlight the importance of
acknowledging that a variety of models of service delivery may
be required to meet differing needs. Further, that discussing with
people their preferences with respect to intervention and delivery
type within the constraints of health service funding challenges
is crucial.

In the first theme “All in one place”, the subthemes of accessi-
bility, flexibility and portability describe some of the benefits that
participants in this study felt they gained from this intervention
and go some way to address some of the reported barriers to
exercise [13,15,17]. The qualitative data supports the notion that
the intervention made it easier for some people to integrate regu-
lar exercise into their daily lives. The accounts of the participants
also suggest that this mode of exercise program delivery may be
particularly helpful for people who are technology literate, value
flexibility in terms of location, time of day and choice of exercise,
and who are confident to exercise at a challenging level inde-
pendently. It may be that the ability to modify and progress exer-
cise programs online result in these interventions being better
able to deliver the ongoing change and challenge that is required
to achieve positive clinical outcomes. This is yet to be determined
in a definitive randomized controlled trial.

“Keeping an eye” was the second theme identified. For an
intervention such as this to be effective in supporting people to
be more physically active long-term, it is important for people to
remain engaged. In this study, some participants reported that
having their exercise diary monitored remotely and receiving
timely support from the physiotherapist were important in main-
taining adherence. Although each participant’'s web-based pro-
gram was reviewed every two weeks, the amount of support each
individual received depended upon the feedback they provided
via their online diary, email or telephone. It is likely that this will
have influenced their experience of the supervision received.
Other studies describing the development of a different



web-based intervention have demonstrated an improvement in
adherence by the addition of video coaching sessions [24,31,32].

Whilst the views expressed by our participants regarding satis-
faction with the level and type of support provided were mixed,
with those most satisfied tended to also describe feelings of con-
fidence in self-managing their condition. It appears that this inter-
vention helped some people develop the confidence to exercise
at a challenging level. Results from a nominal group study con-
ducted as part of the development of a balance, safe mobility
and falls management program for people with multiple sclerosis
[33] identified that people may need significant encouragement
and support to develop the confidence to undertake highly chal-
lenging balance exercise. For some people, this intervention may
have facilitated this.

The important issues regarding the theme “hopes and expect-
ations” draw focus on how best to support people with MS to be
as physically active as possible. For some people this may be to
achieve improvements such as getting fitter, walking further or
gaining confidence but for others achievement may be in terms
of minimizing the effects of disease progression on mobility. It is
therefore imperative that clinicians and researchers attend to this
range of expectations and consider carefully choice of outcomes
when establishing programs such as this. In this study, some par-
ticipants described the disappointment, frustration and distress
experienced by not meeting their own, or what they perceived to
be the clinician’s expectations. Similar issues were raised in other
explorative studies in people with MS. One [34], in relation to a
gaming intervention where some participants reflected negatively
on their physical abilities and limitations in light of Nintendo
Wii Fit feedback, and a second [35] evaluating a physical activity
program, where issues of disappointment and frustration were
described concerning the way in which their MS prevented them
from being able to engage in pre-morbid activities. It is likely that
on some occasions in this study, discussion regarding the expect-
ations of the intervention by both the person with MS and the
physiotherapist would have highlighted differences that could
have been talked through and may not have led to the individu-
als becoming disappointed and demotivated by their lack of
improvement.

Effective strategies are required to enable honest and open
discussions especially when introducing the idea of exercise and
its benefits to people with progressive disease. This is a key clin-
ical area that warrants further exploration.

Limitations

There are a several limitations of this study. Firstly, participants
knew the primary researcher (RD) through her role as the
Plymouth site WEBPaMS intervention physiotherapist. This poten-
tially may have resulted in participants feeling they needed to
share experiences that were more positive. Secondly, all of the
researchers are physiotherapists which will have influenced the
reading and interpretation of data. Every attempt was made to
explore all participant experiences through use of the interview
guide and ensure the trustworthiness and credibility of the inter-
pretation of the data by using several strategies to ensure deci-
sions could be evaluated and defended [36]. Thirdly, only
intervention group participants at one site were interviewed in
this study as it was conducted as part of the doctoral work of the
primary researcher. There is no reason to suggest however that
there would be notable differences in data from either of the
other two sites, and this was confirmed by the results of the pro-
cess mapping exercise, which was undertaken as part of the
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feasibility trial [26]. Because the aim of the study was to explore
user experience of the web-based physio intervention only inter-
vention group participants were interviewed. Finally, the small
numbers of participants in this study has the potential to limit its
findings, however, the last two interviews did not add new
themes to the data and as such, it is likely that data saturation
had been reached.

Conclusion

The findings of this study demonstrate that most of the partici-
pants, perceived that the web-based physio had facilitated an
increase in their day-to-day physical activity. Also highlighted is
the importance of building in conversations with people with MS
about expectations of exercise and its potential benefits, particu-
larly for those whose condition is deteriorating. Finally, it is
important to consider who will benefit most from a remotely
delivered and monitored exercise program such as web-based
physio. This data suggests that the target population may be
those who are technology literate (or have a significant other
who are), value the flexibility that such interventions can offer,
prefer to exercise independently in an environment of their
choice and have confidence and skills to self-manage without
face to face contact.
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Assessment of a home-based standing frame programme
in people with progressive multiple sclerosis (SUMS):

a pragmatic, multi-centre, randomised, controlled trial
and cost-effectiveness analysis

JenniferFresman, WensyHendie Louise jamett, Annie Howton, Andrew Borton, Roche Dennett, Ben jones, jobnZ ojicel; Siobfan Creanor

Summal

Eacbgmuz Peaple sevarely impaired with progressive muliiple sclerosis spend much of their day sieting, with very few
options w0 improve mosor funcdon. As a resub, secondary physical and psychosodal complications @n eoor. Effectve
and fimsible selimanagement swategies are necded v reduce sedentary behaviour and enhance mowr fonodon. In
this smdy, we aimed w assess the dindczl and cost effectveness of 3 home-based, selfmanaged, seanding frame
PrOgramme.

Methods SUMS was a pragmatic, mullcemre, randomised controlled superiorisy trial of people with progresshee
multiple sderosis and severe mobiliy impatrment, undenaken tn sight centres from two reglons in the UK. The
sindy had assessorblinded omcome assessments with use of dinlcan-raved and patient rased measures at baseline,
20 weeks, and 36 wesks. Afier teseline assessmem, particpams were randomised (1°1) by companer generated
assignment w0 elther a sanding frame programme plus usual care or usual @re alone. The inervenion consised of
twi home-based physiotherapy sessions (60 min each) w0 sat up the sianding frame programme, supporeed by
st follow-up telephone @lls (15 min per @ll). Partcipants were asked o stand for 30 min, thres dmes per week over
20 weeks, and encouraged v contimue tn the longer verm, although no further physiotherapy support was provided.
The primary clinical outcome was motor foncion mexsured by the Amended Mowor Club Assessment {AMCA) score
atwesk 36, analsed in the modihed Intenton-to-rea populadon (exchuding only patients whowere deemed inaligible
afier randomisation, tose who withdrew from the trial and were unwilling for their previously collected data w be
usad, or those who did not provide baseline and week 36 measuremems). A 9-potm AMCA score change was
considered dinically meaningful a priorl. Adverse events were collected through a datly preformaned pavent dlary
throughout the 36 weeks and analysed in the modified imenvon-w-rear populavion. An economic assessment
esiablished the resources required w provide the sianding frame programme, estimared neervenilon costs, and
esiimate cost effecthveness. This wial ts regisered with the Intemational Standard Randomised Conrolled Trials,
mumber ISRCTHE9614598.

Findings Between Sept 16, 2015, and April 28, 2017, 285 people with progresshee multiple sclerosis wene screened for
aligibility, and 140 were andomly assigned w efther the standing frame groop (o-71) or the usual cre group (o=Go).
Of these, 122 complesed the primary ourcome assessment (61 panldpams in both groups) for the modifed intenton-
to-ereat anahysts. The use of the standing frame resuhed in a significant increase in AMCA score compared with that
fior usual care alone, with a fully adjusied between-gronp difference n AMCA score at 36 weeks of 4- 7 polms (955 CI
1-9-7-5; p=0-0014). For adverse events collecwed through padent diarkes, we observed a disparity between the wo
groups in the frequency of short-verm musmiloskeletal pain (486 [41%6] of 1185 adverse events in the sanding frame
group vs 160 [2236] of 736 adverse evemts in the uswal care group), which was poventially relaved v the tmerventon.
The muscuboskeleeal pain laswed longer than 7 days in fve pardcipanis (teo in the sanding frame group and three in
the usual care group). Mo sarious adverse evenes relaved w the stedy ocrurmed. The standing frame group had a mean
0-018 (9536 CI—0- 014 wo 0-051) addidonal qualisy-adjuseed 1ife-years (QALYS) compared with those of the usial @e
group, and the estmated incremental cost per-QALY was approximanely £14 704

Interpretation The sanding frame programme significandy inoezsed motor funcdon in people with severe
progresshve muldple sderosis, akhough not eo the degree thar was considered a prior as dini@lly meaningful . The
standing frame is one of the first physistherapy inerventions 0 be affectve in this population. We sugges: that the
programme is feasible as a home based, self managed inservention that conld be roudnely implemented in clinical
pracice in the UK

Funding UK Nadonal Insvane of Health Research.

Copyright (£ 2019 The Authons). Published by Elsevier Lad. This is an Open Acoess andde under the CC BY 4.0 licensa.

wwIhelancEL comneuriogy Vol 15 August 2015

93



Articles I

Research in contexct
Evidence before this study
W fhed electronic datat [MEDLIME, AMED, CIN&HIL,
Emitxase, PepdNFO, and PEDo) for manuscripts published in
from database inception todwg 1, 3018, Seanch terms wene:
“multiple sclercei” and “standing frames", “standing tables”, or
“standing wheddhairs”. We also checked the reference lists from
mmmmmmgm-ﬂu-
Ir-mtlmd i d Controdk 'I'r:i::rlptl:pI Ho

ch-udcr n:u:dT- t of ding intereenti .-..:
identified. Our search resealed one systematic review of standing
in preopke with upper motor neuron disceders that cited a small

fi ] wal ......Ln.li_im.'m
pecpiewith ar mltiple sclerosis wh
hﬁm:ﬂ.ﬂ]ﬂum‘*ml‘lﬂ.hﬂ:ﬂmﬁ:ﬂ.
prog wras el | | inpeoplewith multiple sdemes

arhawere urable to walk crachcse mobility was limited to a
maximum of 20 miwith a bilateral walking aid. The sanding
programme sigrificantiy increassd motor funcon in people
thatwas D]m.pﬂﬂﬂ = dnd_p meaningful.

average, longer ding with
significantly greater improsements in motor function, with the:
n:I'l'Flh'I:l intersals containing the 2 pric dinically mearingful

L: Our cost-effectiveness analysis showed that the

o miced-methods study (4B cse study design plus interdess,
ri-ﬂLnlihﬂ':fwhdInﬂnm*muidpq*'r&
|progressive multiphe scdercss. Toour b fomised
u:rlmllltr:tufﬂz'ldmg f:l'mun-npiqﬂu'li:hrrl.lq:i-
= ince cur fiterature seardh

Added value of this study

Toour knos ledge, the SUMS study i the lamgest mndomised
u:rlrdlld trial as=essing physical rebabilitation in F-q:i'lrlh
proge multipk iz, [t is the first asses

mrlticentre, mndomised trial to ireestigate the dinical and cost
effectiveriess, safety, and tolerability of 2 supported standing

Introduction
Multiple sclerosis 1s a progressiee, neumloglcl condison
that affecs 2-5 million people worldwids, The dissase
tmpacs a2l aspeas of patems’ lhes, having substantal
and adwersa efiects on qualty of Iife. Muldple sderosis &=
associated with high direc: and indirec: costs 1o patents,
thetr fumilles, and society. Thess coses are highly comalaed
with Increzsing tmmaobdiie:?

Mobiliy 15 a major concern for people with muldple
scleroste® Kt 15 esumated that, wishin 10-15 pers of

with mressed rsks of morbidiey and monsly® The
dinical tmiporeance of these Bsues 15 underimed by thetr

www Theance comfnewrniogy Vol 18 Augest 7919

standing fi 1 an estimated inoremental oost
of approximassly £14700 per quality-acjusted lfe-year (QALY)
and a (152 to 061 probability of being cost effective at the
Matioral Institute of Health and Care Bocellence threshold of
EXD000-30 000 per QALY.

Implicaticns of all the available evidence

The use of ahome-based, seif-managed sanding fame
programme mould improve mator function in indieidualswith
progresive multiple schersks Dur shudy i animportant
addition to the evidence- base for supported standing, forwhich
high-level evidence i asmently lacking.

ConsisteTs prominence in palicy documents for long-term
neurclogiczl condivions =

Strong evidence exises that Increases in physical actviey
can improve mobily and mintmise secondary health
problems in people with mild © moderste mubiple
scherosts,* and evidence sugges:s that this might also be
the case for people with severe muhtple sclerosis =
Desplee this evidencs, up 1o 78% of people with mul-
dple sclerosts do not pandcpase n meaningful physscl
acthvity™ There n be considerable barriers w0 keeping
acthe when mobilisy impatrment is sevena.™ Inservendons
have wplcally been resource inenshe, enailing reg
ular supervised sessions by @ physiotherapis: or Spors
tharapist, In an cutpatient or hospies] seming, and relying
On expenshve equipmen: that Gnnot be used tn the home
envinomment *® Moreover, more data are nesded reganding
athsarence when supsarvision ceases.

Finke health-care esources mean that ongoing super
vision of physical aciviy pmgrammes s rarely possibla.
Effechve self management sirategles, which are low oose
and realtstc o tmplement, are needed for people with
seveme physial imtadons w0 opdmise thelr engagement
in physical actvity. Regular supporeed ssanding wish usa of
sunding frames, which can be wed wihin people's
homes, 15 cne such opion. Standing frames enable indi-
viduals with resmiceed mobilisy, balance, or lower hmb
or wmunk conerol the opportumtty @ spend #me In sup-
poreed standing. Proposed benefis of sandmg inchude
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For the Dwwastry standing
Frurme sem btg; beree cwemiry-

srengthening ansgravisy muscles, providing prolonged
welght-bearing musde smesch, enhandng respirasony
fumcxton, and matmatning bone densty* Alihough preltm-
inary evidence has shown benefht for thelr uss in people
whh muhtple sderosts,™* no approprisely poeered
randomised contrallad trials have been done. In line with
the conchusions of a systematic review® that such evidence
was needed, we aimed w assess whether a homebased
sanding frame progrmme was dinkally efectve and
to explore hs costeffecdvencss in people with severe,
progresshee muliiple sclerosts.

Methods

Stedy design and participants

The trial methods, previously published 1n deatl ® are
briefty described in line with exising guidelines == The
SUMS stusdy was an indbidually randomised, controlled,
pragmatic, muldl-centre, superiorisy wial with masked
OusCome assessments In people with progresshe mul-
dple sclerosts. Pandcipems were andomly assigned o
recetve alsher usual care or usual cre plis 2 sanding
programme, with masked assessments done ax baseline,
20 weeks postrandomisadon jaligned with the end of
the prodocol inervenson period for those allocaed o
the imervensdon group), and again 16 weeks afierwards
[36 weeks poss-randomisstion).

Parecdpants were recnased through eight healsh-care
organisasans, induding the UK Masonal Healh Service
[NHS) Trusts, secial enserprises, and third secior muliple
sclarosls therapy centres, N two reglons [Devon—Comwall
and Fas: Angha) of the UK Indhwidimls were mvieed
consecuthvely umil the allocared mumber of sending
frames (dependent on commissioning costs) ar each
health-care organization had been reached. Key indusion
criserta were age older than 18 years, a diagnosts of pro-
gressive muliple sderosts (primary or secondary) acoond-
ing to McDonald's criteria,® and a score of 6-5-8-0 on the
Expanded Disabillty Stams Scle (EDSS). Key edusion
criseria weTe belng within 3 months of ceasing 3 muldple
mem whitin the preceding momth, or pansdpating in
another dimcal wral. Full incuston and exdusion aiena
are repareed in the protocol paper™

This sy was ethially approved by the NHS Health
Research Authority Commites Souh Wess—Frenchay
Research Ethics Commines (15/SW/00BS). Faricipants
provided writen informed consen: bedfore entolment or
undertaking any smdy-related procedures.

People with muldple sdemsts wene acthvely
throughous the snady, nchuding in the developmem of
the research questtons, smdy design, al management
and sweering groups, writing of study materials, and
dissemination actvitles.

Randomisation and masking
The 11 allocarion sequence was done with random-stzed
permued blocks, serastfied by Tegion |Devon-Cormwall or

East AngHa) and baseline EDSS score (<7- 0 o7 =7-5). The
SAJUETICA was COMpLeT generated in comjunction with an
independent starsdcian who had no further tmvohemen:
in the trial. The andomisadon lst and the programme
that generated it were s0red 10 2 seoure newaork locadon
within the Peninsuls Clinscal Trials Unie, registered with
the UK Chnical Research Collaboration, accessihle only o
thase responsible for providing the syssem. Parddpanis
weTe randomly assigned afier baseline assessment, with
the masked assessor inpuning the pamicipant deails
directdy into the randormisation webshe.

It was not possible 0 mask trial parddipants, carers,
or treating physiotherapisis because of the namre of
the merventdon. However, DULCOME 355658008 [resaarch
therapises) were masked s wresvment allocson, and all
assessmenss were dome and away from
the pardcipant's home. At each assessment tmepoing
research theraplsss were asked whether shey were un-
masked w0 group allo@on; 114 (895%) of 128 answers at
wessk 20 and 110 [57%6) of 126 ar week 36 were “no”. The
trial statisticlans were masked for the primary analysis of
+the primary outoome.

Procedures

Fanicipams alloczeed w the sanding frame goup
wete 1ssued with 2 wooden Oswesty smnding fame
{Theo Davies & Sons, Wrexham, UK], finded shrough the
UK NHS commisioning process and delivered w0 the
parddpant's home before the firs: physiotherapy sesslon.
The person with mulitple scerosts and thetr sanding
assistant [rypically thelr spouse] engaged In wo face-n-
face, home-based, 60-min phystotherapy sessions, atmed
at sesting up, Implementing, and progressing the sanding
programme acoording o ability, supplememned by online
advice and DVDs. These were supponed by sk soripred
welephons calls (15 min per call) that used a behaviour-
change approach® o increase the paridpanes self
efficacy, mtended w0 enhance long-term engagement.

In line with previous reseanch,® pardopants wers asked
o stand in the frame for 30 min thres dmes perwask over
20 weeks, and to record the frequency and duraden of
pach sand 10 a datly diary. This allowed for 3 gradwsed
immoducdon o sanding. At the end of the 20-wesk pariod,
parddpants were encouraged e contnue w0 regulary
stand, although no furher physiosherapy suppon was
provided. O trial completon, parddpans were able
13 keep the frame, providing they used it ax least once
perwaak.

The usa of standing frames 1s a racognised core skill for
Uk-tratned neurclogical phystotherapisss. To standardise
and opumiss implemensaton of the inservenion, we
provided educational materials and assessed fdebisy w0
them™ All pamscipans recetved thelr wsual health
and soctal service inpue throughow the smdy period *
This Input was recorded on a selfrepar: health-care and
soclal-care Tesource form, which inchuded changes in
medicason.
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THG partc iparts comiuched wnd sossoed for aligibiy

128 insligible
T3 ro wpace i houne
T2 oty b high
o peroral meons
2 niiaby i irkarade infernion
T ——
& o Sirem

5 rink-of bewng mndiomised to sostrol groug:
™ Lcked|
7 abmady hud trame
7 rat o snough
3l rat horvw progreses meckiple s
& another brial
1chestrphoba
4 almaoumsh
14 recruitrrentguots el for slorsted healsh-care
-
20 resruitrrent target reached
& declined io pa e pate

147 pariicapant scrmred
Tehuked
¥ Lmchility el b highs
Turaths 3o |olerste ssrwmen | proc s
[t ———
| 71 allexabed o standing frame group | | 68 allocaied o ual care groep |
|?| T ...ml |ﬁ5 bk 5 ..."ul
Iwithcmr §withcm
Lk 3 il otk b i ekl o
= 1 osteopath eocmmendston =t 1wt cancer
U thange ir dresne v 1 tamily crosrmaitancs snd bladder nfection
2 aended et dicl not complete SM O3 siwest 30 1 dd nct S axsmament atweek 70
r
b aHerdadwenh 30 soawmart &3 miwrded wesk 20 asmarran
b rzrrpleeed SACE, &3 oo imd M CA,
Drerithckm Lwnthdres
L iy bmrvrrent Lurthritm
e i, mwating oot wsgery M wSerced Bt did mof compleis ML sbwesk 36
1 ot o Bollow- up
A atmrcdee b dird ol o eepieie SAVCH, ot wash 1h

L
7% gHerded wesk Th suesnect b7 aiterahed west 15 sl
&8 mepheted AMCA B8 crmpete S CA
52 incheciaed im Hae it oSt 8 inchuded it} . i b
papeketcon and srabvesd pospaibaticn wred a rhyed
Figuve 1 Trtal profile
AR ‘Tub " ez parzicipant did nov amend the 20 wessk amsesment but resumed forwesk 36
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T40

Amended Mosor Cluby Assessment (AMCA) 500E® 2t the
primary endpalmt of 36 weeks postrandomisaon. This
score was devaloped for use by physiotherapiss 1n 2
clinical setdng w0 assess mosor funodon in people with
mulitple scdlerasts and has shown validiey, reltabilty, and
Tespansheness. 2 The AMCA sooTe [range 0-76) 15 the
sum of two subsoores. The funcdonal actviey subscore
(6 tems, each scored 0-3) comprises key fumcilonal
acthvities of the trunk and lower limbs, such as mwlling in
bed, stetoestand, and siing and sandmg belance. The
lorweer b movernen: subscore (14 feems, each soored 0-2)
rates motor impatrment by grading hip and knes fievion
and knee fledon and dossifiedon in hing, steng, and
seanding poshions.

sondisg  Usmicee  ARIR-L40) Somding  Ummicae  AN(s-140)
famEgIUE QoA (= £5) framegroup  geoup (e 60)
=71) =71}
g, years -3 01 [T Corminued from previous. column)
El3-664)  GALEED  (GIS-66Z) Ounsocrwalking akd
Moean EDSE scve FI0E T2 FI0E P 23m Tam) e
[50: ange} BEED) £Lam BLE0)
Two sticks 6(H3} (1:00] 12 {3}
5 2434w} 18 2Ew) £330)
70 Wi ot m Frame T tmEEe o 2enew
. e e — rr-mr“ £7104) 54533 130 134w)
B L hene FrE 453 Bl
S
M Tiew  WEEw  SEew) :‘“""’" :g: f:: :x
Women A0(SER) 57Tl D064 ¥ B e e
Type ol muhiple schere ¥
- J— — p— Cally 4B [EE) 514w 90T
N e B
T — Oecarshris 6{E3} [ 15 )
=Lyear G2iETE] &1 91w 125085 Eﬂ'ﬂ"-‘::-h_'l- 15 [#1w) Ll =)
wWiminlmonths 3w 1) S w"""
‘Within & momhs et o Tk} Diaheses E[l1%) 1) o [Ea}
Withinlimonths  1{ka} 23w plrt] coPD B{2a} L] L]
“"‘: 4iea] 1G] Ebm Migane 70 Sal 25}
O Other newrclogical 4 (B Tidw) TiEw)
Unempiyed Lo T4} EiEw) conditian
Snsdent L] 1w 15t} DCepresion I [(3Ew) W4T 5 i4ra)
Pars- time work ple ) 7 o 6] Ceopons 1) 2w} 13 5}
Full-time wor 1(1m} 10 Tt} Dther I Es) T 4B 34
Peired due 50 age 7 (M) B 1Z=] {10} S " fmd FISS-E
Mesalyredma 56 TT) 49 F1) WS T5w Dissbifty Statin Seabe, (DPC—hroric cbsiructv puk 2
Inder walking 2kt = — —
Ore stk e 2w Shdm) —
Two ks 7 (Mre) B ) T
c o The secondary cuscomes, 3t weeks 20 and 36, weare
e Lt = of explanatory physical impairments
MeasUrements
‘Wheslthalr
{length of hip fievors, hamsirings and anke plamar fie-

ors [manual gonkomesry|, knee eceensor swengdh [hand-
held ., spasm fequency [Penn Spasm
Frequency Scale], and forced expiratony volome at 15
[hand-held spirometer]);® ciinical ouscomes (bowel and
bladder comrol [Hadder and bowel conerol smles), sheing
halance [modsiied fiunconal reach n siing], and falls
frequency); and qualsy of 1fe (29-#em Muliple Scemosts
Impact Scale [MSIS-29, verslon 2]). AMCA score at
week 20 and the two AMCA subscores 2t week 36 ware
also measured as sscondary cURCOMEs. Paracipamts were
classtfied as Gllers 1f they selfrepored falling on 2 or
moze days during thres diferent periods: up o wask 20,
up toweek 36, and between weeks 21 and 36.

All pardctpanes were ashed 0 record new symptoms,
falls, and medscation changes 1n a datly preformared
diary. Imtervention parddpants were asked w reoord
frequency and dursson of standing sessions and amy
adverse events they had A serious adverse event was
defined a5 an umoward ocourrence thar resulted in death,
was Ife-threasening,. required hosplesl admission, or was
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MMCK worEforsmnding  AMOA scoreforussl MK scove for compllers MMCAscoreforsoncompless  Fulyadpsosd  Andyss
Trame group (n= 711 e group (=650 [Pl sLal care geoep analysls, meas adjesoed for
differece bassdine
Uil akane, mean
diference
05w T}
Easedine Wk T8 Bxeline ‘Weesk 36 Basedine: ek 15 Bxeline ‘Week 16
miTT aralyss 61030; T2I07L I (- T8I0 - = = 47 (18- 5k 4517 EL
30003 LOGEL:  GO-S63;  DOEEG p0-00L4 pe0-0030
= n=a1yt n=E0]t n=&1}1
CACE aralyses:

Best 16 weeets - - - - BETIIET; IBONE 191 045 18475 &1 Q25-2EL E-1[23-00%
560 G50 O bO-£60; n=013F 10-5848; p=0-00004 P OO0
n-4gje n-dE]¢ n-7E]¢

Wors 15 weels - - - - EIL 160164 281 (47 T90L TAE-0E:  T9RES130
B0-Lay BO-ER 0 D564 ne MY 1-0-580; p=0-0013 [p=C:D0GT
=361 =354 F0

Wesa 020 - - X7 LG TENAL: BUTL ELOE-104)x 652310
560 G50 O bO-E60; n=0d}F 10-580; p=0-0010 p=0-0037
n=4i&jt =35t =0 E

Bt 17wk - - - - 26140 T4 65 Fi4{165; B0 045 SLE7-0); 654105
30-560; GO-ER BO-ELO; -yt E0-660; P06
n=4EH =30t Lo b

Wors Tweeis - - - - 24035 T4 065 WL FLO6E  FOGILF: JEQE1ROL
BLLay BOLEn O 0564 ne MY 1-0-58.0; p=0-0013 [p=C:D0GT
n=36)¢ -kt LS 3L

Wesizs 536 = = = = T3TE; 11005 85 14-6; L& EB[(RE-I0E:  GEQEI1OL
FO-SEE 6O-E0 0 AO-E60; n=0EE  10-580; p=0-0058 [p-C:D015
n=437t n=41pt n=E1]8

Duta R —— e M i bt L " PR Aclumtecd i B AMACA, o, A F-rpmrcic Dinabii
—— i e el e . o rcviched P—

Tiabfe 3: Prmary cuncome of & mesded Momr Qo A SSecsment (4 MCA ) 500785 25 35 weske: primary modified INEacion. w-orear (miTT) analysts and Complier verage Causal Effec
(A CE) sersityr ity anahyses

oonsidered medically signtficant by the imvestgator. An
embedded qualtestive component explonad the contemp-
omaneous subjectve experiences of using a sanding
frame within datly hfe through sudic-recorded dianes by
a subgroup of inservenion pardopants. Thesa das will
be reported in a fiutare publicasion.

Statistical analysis
The target sample stze was based on comparing AMCA
scoTes at week 36 besween allocased groups, adjustng for
baseline AMCA score, and detecting a mintmal dinscally
tmrponant difference of 9 points, assuming an estmaed
S0 20 for AMCA scote and estmased comelaton of
0-55 hetwaan baseline and weak 36 AMCA scores ™ The
desection of 2 9-poimt betwesn-group difference with
80% power and at a 5% signtfiance level requined
fiillver-up dasa from 55 pardcipams per group. We allowad
for 208 loss w follow-up or non-completion of primary
ourcome and ses the recrulumens aTget at 140 pardcipants.

The analyses were pre-spectfied in a siaslssical analysts
plan approved by the wial sweering committes before
analysis seareed, except for the analysis method for spasm
frequency. Primary amalses were adjuseed for the
srattfication faceors (region and bassline EDSS) as flead
offeces and baseling scotes where appropriate (le, fully
adfusisd models); resuls adusted for baseline scores

www Theance comfnewrniogy Vol 18 Augest 7919

alone are also presemed. Estmased besween-group dif
ferences are presented with two-sided 95% Cls, with the
two-sided significance bavel for hypothests tessing see at
5%. The analyses were done with Staa SE jwerston 14.2).

The primary anabsk population was defined as all
participants who completed baseline and 36-week assess-
ments. The primary analysis of the primary oumcome,
AMCA scote 3t 36 weeks, fllowed 2 modifiad imemson-
to-erear approach, regardless of compliance o the imer
verion, b did excude pagenss who were deemed
ineligible afier randomizsson, those who wishdrew from
the ezl and were unwilling for thetr previously oollaced
data &0 be used, or those who did not provide baseline and
week 36 measurements (i, there was no Imputaton of
missing baseline or wesk 36 scotes for the primary
analysts), and used an analysts of covartance (ANCOWVA)
approach. As prespacified in the setistical analysts plan,
Complier AweTage Causal Effect (CACE] sensitviy analy-
seswere dome on the 36-wesk AMCA soores. This method
provides an unblased esstmase of the inervemion effece,
based on pamicipanes who complied with the sanding
inservention protocol ® The agreed seaisiical analysts plan
Itssad st compliance definttions that could erigger 3 CACE
anzlysis™ jappendic p 2, if at least 20% of parddpan:s
allocared 1o the inmservenuion group were dassed &= non-
cormpllers in the definton. The CACE analysis, erigpeted
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fLs

fior all st defimifions, used swo-stage least squares insrro-
mental varable regression, with weatmens allocation as
the instrument for the binary compliance varizble and
adjustmen: for baseline AMCA score, tegion, and EDSS

category.

A repeated-measures model was Bued @ the post-
baseline AMCA scores, mcluding adusmment for
baseline AMCA score, satficadon varlables, and the
inseracion torm betwaen allocaesd group and dmepsoln.

Smedisgy  Usalare Smndng  Usalome
fame group Qg (e=55) framegroup  group {n=E0)
(m=71) =71}
A OErSE B ENES kg < s 1EE 5 Cormirued fom previous coiumn)
Fain m 20 Famidpanes reporzing wenn = n
{Canegortsed acneding oo RN chresincrion” lasing 2 days [mumber of partkipants)
Mool 485 150 Urnary maa infeon o 4
Newrciogical % el Chesz infection 10 g
Aboamiml 3 & Meryous syscem 4 &
CGyraeoniogical o 2 S 2 4
Rel 2 o Faigue 2 1
Repioy 1 (v] Weicnem o o |
Sqorme m T Sifliegs 1 0
Fauigue B0 184 Eowel difficuies o 3
Urirany tract ifection a5 £ infeczion 1 ]
anmiones o serory dsnrbance 41 ke Py chiarric (depresion) 1 o
Tremer or shaking 7 4 Musosicsisieral paint 2 3
Weaimess k' ke "Fan catsgormed g bz tra MplEA, s - emiFrassen g,
Corapaenor s 7w e i e i
e g . finds
Vinm n 5
— - - Tt 3- Sett.pey - acoredion oo
-_dm
Leq o back stifess or dghmess kil 2
Headache 3 3
Vel duurence 3 3 Berween-group palreise comparisons at 20 and 36 wesks
Seinme 0 . were caloulased with use of marginal Inear prediceions
Eaknce problen 5 2 and Cls from the fevad model.
Lorss of biasiler conred o 2 All secondary outcomes were analvsed on 3 modified
Slumed spesch a 1 Imtenslon-to-treat basis, with an ANCOVA approach, for
Mt srierces retape al 1 baeh fially adjusted models and models with adjustmens
Conhusion o 1 for baseline measures alone, excepe spasm fTequency
rmh o 1 and falls. Ordinel logkslc regression was prespacifed
ToeInfecion o 1 for the analysts of the 5level Penn Spasm Frequency
shingies 0 1 Scale; howeewer, because of Insufficlen: mumbers In some
Badser sps I 1 of the respomse caegories, a dichoeom¥ason of no
oo I wine o 1 EpAsmE versus Infrequent Spasms—more
s orvamiing 1 1 tham 1 per h-more than 10 per h was agreed. We used
P 1 o logiselc regression to analse te dichowmised Penn
PR—— 4 o Spasm Frequency Sale and the binary outcome of fallers—
— - - non-fllers with adpusmment for stratfication faeors.
e — 3 o we did a within-trial cost-edfectheness anahysts. This
e - - estimatad the addiional costs of devering the inter-
e 3 - vengon, costs associated with healkth, soctal cre, carer
- 1 o and pasters respurce use, and qualty-adjuswed Heyoars
o momroumn | (QALYE] over the 36week wial period. QALY were
estimated with use of selfrepon EQ-50-5L (the five-leval

verston of EQ-5D, a seandardised gemeric mstrument for
measuring health szanes) dasa collected 2t basebing and ar
2wesk and 36-week followup, and by apphing the se-
called cross-walk algorithm? o provide QALY weighs
from the UK generzl populadion valuadon survey of the
three-level version of EQ-50.° The primary perspecthe
was the UK NHS and Persomal Soctal Servlices [PSS]), with
a broader soclem] perspecrive considerad 1n semsithviny
analyses. Detalled methods are provided 1o the appendic
rp 391
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This erial 1= regisered with the Imernasional Standarnd
Randomised Contrallad Trals, number ISRCTHE9614598.

[Role of the funding sowrce

This was an invesdgator-inidased susdy. The sponsor and
funders of the stdy had no mle In sudy design, data
collection, data analysis, data imerpresasdon, or wridng of
the repore. All awhors had full ooess e all the data in the
smuly and responsibiliy for wrising the mamscripe. The
corresponding awthor had final responsibiley for the
dectsion s submbt for publicson.

Results

BetweeT Sept 16, 2015, and Aprll 28, 2007, we soreened
285 poeenelal pardcipams. A fer screening, 140 panicipams
were randomly assimed eo elther use a szanding frame in
additson w0 usual @re (p=71) or o ususl care slone [n-69;
figure 1). Rasaline characieristics were broadly consiswent
across the allocated groups {able 1). Some tmbalances in
sex and type of muliple sderosis wete observed: the pro-
pordon of men allocated 1o the standing frame group was
higher than that allocaed w the wsusl @re group, and
the propordon of paridpants with primary progressie
mulple sderosts was higher in the ssanding frame group
than i the usual care group jabls 1), Addisonally, there
was an imbalance in bassline AMCA score, with a lower
mean score in the ssanding frame group compared wo that
in the usnal care group {able 7).

At the primary endpaint, 36 weeks post-Tandomisatan,
the pooled {le, across both groups) S of the AMCA soore
was 16-9 polnss, with a cormalation beeween hassline and
woek 36 AMCA score of 0- 86, IndhviduaHeve] changss In
the score betwesn baseling and wesk 36 assessmenss by
allomed group are shown 1n appendie [p 1), The AMCA
sC0Te 3t week 36 was significansly higher in the sunding
frame group than the usual care group, with a fully
adpseed betwesn-group mean difference of 4.7 points
[95% C1 1-9-7-5, p-0-0014; whle Z). Resuls of the
analysls adjusted for basaline AMCA smre alone were
stmilar.

Analyses of 36-week AMCA subscores and shon-erm
AMCA scores at 20 weeks showed significans fully adposwed
besween-group mesn differences in favour of the sanding
frame group [appendte pp 11, 14). We observed shon-erm,
saicically symificam differences tn favour of the samnding
frame group at 20 weeks in hip goniometry, knee exeensar
smength, and W both the physicsl and psychologlcal
componenis of the MSIS-29 scale {appendic pp 11-13).
We also observed longer eerm significamt d¥ferences,
at 36 weeks, In hip and ankle gondomewy tn favour of
the smnding frame group; the shomerm differences
In MSIS-F scale were not susmamed ar 36 weeks
[appendix pp 14-16). The propondon of pardcpants heving
two ar more falls during weeks 21-36 was signifcandy
Jowsr in the smnding frame group, with odds rato of 0-43
[95% C10- 20-0-94, Peid-035), bnat therewas no significant
between-group diference over wosks 1-20 or the full
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across both groups, was 9-9 during 36 weeks.

18 seTious adverse evemis wete Teponed In 15 parscl-
pamts (seven partidpans in the nsual care group and eghe
in the sanding frame group; three perddpams each had
twi serious adverse evenis), nome of which oooorred
during or in reladon to the sanding frame mervention.
These serious adverse eventswere tn Hne with expeciadons:
Urimary wac InfecHons (n-8), cardiovascular evenss [smoke
[o=2] and arrhythmia =1, breast ancer {n-1), falls (-3,
of whom two parucipemts frecred a hip), Tespiraoty
infechions {0=2), and bums (o=1). In o indvidusls,
pressure sores on the hesls developad afier hospial
admisston. For one of these paricpanss, this resuled n
the tnability w0 contimie using the frame aher hosptal
discharge, despies requilar uss pre-hospiahissson.

Our adverse event Teporing was based on so-called
new sympioms, Tecorded with preformased datly
diaries, and s distinet from the serious adverss even:
data. Overall, 1924 symptoms were recorded (1188 10 the
saanding frame group and 736 in the wsusl care group;
tabla 3). These were expectad in people with mulstple
sclerosts.” We observed a disparity between the groups in
the frequency of shore-term musouloskeletal pains, such
as aching leg muscles, which was potendally melaed 10
the meervention. The musculoskeles] pain laswed for
lomger than 7 days in five indbidusls fo W the sanding
frame group and three in the wsual qre group).

Prespecified senstitvity analyses of the primary ousmomes
with addilonal adfustment for varisbles with cheerved
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baseline itmbakance [sex and type of muldple sclerosisy
wire Consiseent with the primary analysis resuls. The
planned CACE sensithity anahyses ylelded resulss con-
sistent with the primary analysis, although, under the
CACE approach, the average between-group mean differ-
ences ware larger and all the Cls induded ©9-0 [figume 7).
The repeated-measures modelling gave stmilar resulss 1o
the primary analysls, with a significant between-group
difference tn mean AMCA soore 2t week 20 of 3.7 polnes
[95% CI 1-2-6-2, p~0-004) and at woak 36 of 4-5 points
[2-0-7-0, pc0-001).

The estmeted mean inteTvemion cos: per pardcipant
was JBOB [SD 91; appendte p I7). The main cos: drivers
were the standing frame [£504) and physiotherapist home
vistes [£76). Mean ooses &0 the MNHS—PSS over the follow-up
period {adjusted for cost at basaline, FDSS cwegary, and
Tegion] were approcimasehy £539 kess for the sending
frame group than for the ususl care group, eccuding the
cost of the Imervention hself With the addion of the
inserventon oost, adjusied mean costs @ the NHS-PSS
were approcimasely £268 greater for the sanding fame
group [wble 4, and appendte pp 18-26). The amoum
of Informal care used by our swdy populadon was
substamtal, and applicaton of a nadona] average hourly
rate to this dme gave an adjuswed informal care cose of
approxtmasely £3643 less in the smanding frame group
than in the usual care group jable 4 appendtc pp 18-26).
The mezn EQ-50-51 inezse fom baseling w0 36-week
fallow-up was 0-042 for the sanding frame group and
001 for the usual cre group. This equated o an adjussed

mean of §- 018 [95% CI —0- 014 &0 0-051) addivional QALYs
over the pertod of follow-up (ahble 4.

The cost-per-QALY of the Imervemion from the
perspechee of the NHS-PSS was approximassly £14700
{appendk pp 7). Uncenainty arund this esdmase 1s
1Tustrated in the ooss-effectveness plane of boowstapped
replicates of increments] costs and Incrementa] QALYS
{appendk pp 28). These stmulatons suggessad that, on
87% of occastons, the sanding fame group would have
greater (ALY over the period of follow-up than thosa of
the usual care group. The boosswrap replicasss also inds
cated a 0-52 probabilty of ghe imerventon belng con-
sidered coss-effectve at 3 willingness-to-pay threshold of
£20000 per QALY and a 0-61 probability at a threshald
of £30000 per QALY. Emadening the analysls perspective
beyond health and sodal care, I line with the recom-
mendations of the Second Panel on Cost-Effectveness
i Health and Medicne® increased the appatens cost-
effeclveness of the Imervemion.

There were few missing dasa and ds, we did not use
mulsipls impuiston. Sensihiy analysss explored the
broader soclees] perspective and also ok nto acoouns
the 10vear Wfe of the frames and the NHS's palicy of
equipment re-uss. For both scenarios, the interven-
tion appearad dominant in terms of cost-effectiveness

[appendt pp 37-28).

Discussion

Our resules provide high-qualiy evidence thar, compared
with usual care alone, regular use of frame standing phus
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usual care provides significant improvemenss in mowor
functdon jour primary mucome) In people severely
pivsically impatred with progresstve muldpls sclerosts,
although not wo the dagree that was considered a prior as
dinically meaningful. We alse found evidence for
differences I favowr of the sending flame group
regarding hip and ankle join: enge and qualiy of life
(secondary ouscomes). This saanding frame Inservention
was Ehown 0 be feasible for people with progresswe
multple sdemsts w sslimanage with the help of a
suanding assisan: and for phystotherapists o tmplement
within routine dinical practica.

Less dearnn & whesher the ouscome of the sanding
frame mervention was dini@lly meantngful. InteTpredas-
fon & disficuly because of the msuffiden: svidence o
define wha: consttnees a minimal chiniclly Imponant
dtfference on the AMCA score. We relled on the only swo
pivsiotherapy smies we were aware of that had usad the
AMCA score; both suggesied thar a 9-point improvement
wis dinia@lly relevamt In people with severe muldple
sclerosts *+# & 9-point change could mean, for eample,
that a person could have tmproved 5o thas they could
halance i shing w0 dress themsahves 3 polnis), wansfer
tndepenidendy 3 poims), and sand wihoos heving
w0 e their hands for balance {3 poinss). Howeves, an
improvement n any single one of these funcional acy-
vitles might comseinme a dinically meaningful change.
This view is supponed by the andio marmaskve acoouns of
the changes undergone by SUMS smdy pamidpamis.
When considertng the design of fimure smdies, furher
explorzion 1 needed regarding the mintmal cimcally
tmipanant difference on this measure for severely impatred
indviduals

Our CACE amalysis showed that accoundng for
complance w0 e inservention resubed tn a larger estm-
ated Imervention effect, with the prespectfied mintmal
cinically imparan: difference of 9 poims on the AMCA
scoTe comained within the 95% Cls of all sk compHlance
defimisions. This suggesss 3 positive assoclason between
compliance with the inservention and the motwor benafis
galned. This 15 constseem with theoretlcal expecations
and whh the resubs of flow meshodological quabiey)
snudies of seanding frame use in populations with other
neurological comdttions *

To sustain any benefiss gamed from physical actvisy,
individuals nesd w0 maintain long-erm engagement,
Mmapa:tulardlaﬂmeﬁxpmp]emhadnhﬂm
Evldence & sarce reganding long4erm adherence in
pecple with multiple sdersts w physical acth by nteTven-
dons; however, non-adherence raies ate as high as B0%
for indtvideals with chromc condisons for which nterven-
dans might aim &0 slow down decline rather than vo cure =
Two thirds of the paridpans 1n the sanding frame group
comtinued 0 sand regolidy in the frame during the
36-week period, which, in light of the leeranre, we
oomsider to be a high propordon. Furthermone, 7056 of
partctpanits wha had 2 sending frame during the swudy
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requested w0 beep the frame on compleding te smdy, thus
furter supporning the feasthilty and accepabiiyy of the
inservention.

Behavioural change tednigues were an integral
component of the sanding frame Inerventon. To comple-
ment the physlotherapy advice and suppare, Indhadusls
had aocess w paper-based, CVWD, and online resources,
designed o aquip them and thetr sanding assisans with
the knowledge and skills necessary e undemake this
acthity within their own homes. Almed a: enhancing self-
efficacy,™ this approach was constdered essendal because
self-efficacy 15 2 key deserminamt of physical acthity
behaviour in peopls with muliple sclercsis® and is
typically bow™
Thlerabilisy of an inseTvenion 1s tmparant for adhetence
and thus, @pturing adverse evens powmdally assodased
with the ImeTvemion was Imponant. We achleved this by
using dafly, selfreported, preformated dianes. However,
free-eext descripon of adverse evemis was ofien ambig-
uous, making & dificul w0 desermine whether they were
new symptoms. Therefore, # & challenging o predsaly
state what proporson of these broad-mEnging sympeoms
are melated w0 the sanding flame imervensdon. Eas o
reporting of adverss evemss 15 also possible becase the
sunding frame group recorded both dewils of each
sunding sesston and amy New symMpoms In e same
dtartes, poeendally riggering reporing of Dew Sympsims
mare comprehenshely than m e usuwal e group.
However, overall, the dawa suggest diat this mervemon 15
well wlerand; the adverse ovems were wplally tensien:
{lasting bass than 7 days). musauloskelatal in nanre [aches
and pains), and ccowrred early in the programme when
partctpants were probably adfusting o recommencement

pains might ocour and provide edwmson show how ©
mmanage this. From a methodologica] perspective, effective
and rebable sysems for collecting adwerse event dat n
rehabilitaton ertals should be further investigaed.

Our study has several srengths. To our knowledge, this
15 the largest randomised controlled phstcal rehabilisarion
study +0 date undertaken in severely impatred pooplewith
progresshve muliple sderosts. It was the first definithe
muicentre randomised comtrolled trial o assess the
clinical and cost edfectveness, safety, and wlerabllisy of 2
home-hased, self managed standing frams programme in
this populsion. The study was originally planmed o have
BOFE power, on the hasis of conservatve assumpdons™
with our observed SO belng lower and the correlztion
between basaline and wesk 36 AMCA soores higher than
anticipated, we were able 0 esumate the MieTvention
effer with Inoessad precision. Our oosteffectiveness
analysls assumed that a new sundng frame would
be purchased for evervone in the meTvemion group;
howevear, gheen the NHS policy of equipment re-use, and
the average 0-vear e of a fame, our cost-efiectveness
estimate 18 likely to be conservagve.
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Pt SUMS schecational

pirmouther i reeerthfum

Anoeher ssrengrh of our swdy & tha: & was a pragmatc
trial. To maximise generalisabilty of the resuls, we
mintmisad our evchision criverla. The inervendon was
delverad by physiotherapiss working within the HHS,
whidid not undergo specific ratning for dils Imervwemmion,
making i hkely that stmilar resubts would be gamed
on implememarion within usual practice. However, wa
should note dhat our fmdings cnnoe aussmadcally be
generalised w0 other coumrles that do not hawe a stmilar
organisaslonal comtect. The publicavon of cur educssonal
Tespurces on 2 frecly avallable webshe atms 0 enhance
shared, evidence-basad, decision making sbowt the effec
of imoducing this imervention 1o people's datly lves.

Our smdy has several Hmbagons, Cur primary ecd-
NNOKC (MHCDME Measure was QALYS, In lne with
guidance by the Naviomz] Instnne for Heshth and Care
Excellence, The difference tn EQ-5D-51 scores (used o
calulase QALYS) betwaen the ssanding frame and osual
care groups at 36-weeks did oot mach the minimal
cimically tmponam difference for the EQ-5D-5L score
describad by Marma and collesgues ® Thersfore, t could
be argued that the QALY gam was noe percepubly
differen: from wero, tmplying that the Intervendon was
noe cost-efacive. However, the sanding flame merven-
don did appear effectve from the padent's perspactve
when considered across outcome measures, specifically
according o the primary cimol cucome measure, Our
main analysls might have been restriczve tn idensfying
benefits of the mervendon, and a bmoeder soceal
perspacve might have been prefrable.

The usual care group was not offered an Inservention
and hence, we could not ecclode that placebo efeas
might have contribused 0 the benofits evpertenced by the
saanding frame group. Howeves, the primary owtcome
was cliniclan-rated and measured by a masked assassor,
which should reduce the effec of dhis. Meverthelsss,
further ressarch 15 needed to disentangle the mrinsic
offexs of sianding fom non-spediic efecs due o, for
example, awenson. It 15 also possible shat drug inter-
ventions might have coneributed w0 any of the changes
observed. However, parddpams wete exduded o there
had been amy recent changes in disease-modifying ther-
apies, and they were asked @ record amy medication
changes throughout the smdy pertod; the two groups
were balanced in terms of medicason changes, there-
fore, this 15 unlkely 0 account for the betwssn-group
differences

In comchusion, there 15 3 paudty of svidence-based, self-
management interventions that are recommendad for
people severely impatred with progressive muliple scler-
o518 whio have few treatment options available. We hopa
this imemventdon can now be offered and retmbursed
mare widely 25 3 management opdon for tis population.
Comeritamoe:
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ABSTRACT

Dhjectives The study aim was to explore the experiances
af people with progressne multiple sclerosss (MS) and
thair stznding assistants during their participation n
Standing Up in Multiple Sclancsis, 2 randomised controllsd
frial (RCT) of & home-hased, ssf-managed standing frame
[EOgramme.

Design A qualitative approach, using audio diary
mathodalogy was used to collect data conbemporaneously.
Diry dats were transcnbed verbatim and analysed using
thamatic analysia.

Setting Participants wers recnsiisd from eight healthcare
organisations in two regions of the UK. The intervention
was home-based.

Parficipamts As part of the RCT, 140 participants ware
randomily aliocated to sither usiesl care or usual care plus
= standing frame programme. Using a sampling matri

12 peopla with progressive M5 (6 fiemale, aged 35-71
wyears, Expanded Dissbility Status Scale 6.5-8.0y and B
standing assistants {4 famals) kept audio diaries of their

EXPEriBNCEs.
Intervention The standing frame programme ivolved
two face-to-face home-based physiotherapy sessions io
et up the standing frama programme, supplementsd by
educstional material designed to optimiss
hﬁpﬂﬂmm@dhﬂﬂhdhﬂtﬂ]m
threa times a week for the 36-week study peviod.

Results Four main themes were identified: *Feeling like
tha old ma”; Haticing a differsnce’; *| want o do i nght™
and “¥ou have a good day, you have a bad day”.
Conclusions Supported standing helped peopla with
progressve M3 fisel mors Bke their old selves and provided
= sense of nomality and enjoyment. People noticed
improvements in physical and paychological sympioms,
which were often associated with incressed participation
in activities they walued. Provision of support from a
physiotherapist and recognition of the vanable nature of
tha condition were highlighted as factors fo consider when
establishing a standing programime.

Trial registration number ERCTNED614508.

INTRODUCTION

Multiple scleross (MS) s a progresive,
newrological conditon where  inflamma-
tion and neursdegeneraton in the central

» Audio dizry methodology enabled data to be collect-
ed contemporaneously znd longitwdinslly.

= [ata include the perspactives of both the person

= This quolitatve dsta complement and support
findings from our randomised controlled frial that
demonsirated standing frame use to be bensficisl
for people with severe progressive M5,

= Some practical difficulties were ancountered when
using the swdio reconders.

nervous system can result in a wide variery
of sympmms. Approcimasely 1 000 000°
people worldwide live with progressive MS,
where increasing disability can negatvely
impact on function and quality of life. With
sympiom onset commonly in early adule
hood and survival rates im prcnrmﬁ YEArs
lived with disability are increasing.” Conse-
quently, pecple with M3 are likely o have
an increasing requirement for rehabilicion
over the course of their lives to help manage
sympioms  and maximise independence.
Higher levels of disability can make it difficult
for people o engage in sufficient physical
activity o achieve recognised health bene-
fits, " with many people with progressive M5
spending most of the day siting down.' " ®
This prolonged immaobility places them at risk
of developing preventable secondary compli-
cations, which may include muscle wasting,
spasms, constpation and depression.”
Effective long-term, physical activity surate-
gies, which can be selfmanaged and imple-
mented relamvely easily and cheaply within
people’s homes, are needed. The use of a
sanding frame is one option that enables
people with severe MS o increase their
physical actvity through regular supported
s@mnding. Standing frames are devices which
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allow people who have limited or no ahiliy to stand
upright independenty, m do so safely, with good postural
alignment and for extended periods of time. We have
provided robust evidence, from a definitive, multicentre,
mandomised controlled trial (RCT) with costeffective
analysis, that a home-based, self-managed standing frame
programme, set up by a physiotherapist and supported
using behavioural interventions can significandy increase
motor function in people with severe progressive MS,
is feasible o implement and appears costeffective.” OF
impormnce, at Gmonths follow-up, the majority of people
allocated o the smnding frame group (66%) were
continuing to use the frame regularly.

Understanding the subjective perspective of using
supported smnding devices is also important. This has
been explored in a small number of studies. Two cross-
sectional surveys of frame users with spinal cord injury
included questons about the perceived benefis of
smnding,"” "' both finding that the vast majority of partic-
ipans (76% and 87%, respectively) reponed improved
well-being and quality of life, and that standing had a posi-
tive impact on self-esteem and self-image.'" This improve-
ment in well-being increased o 38% for respondents who
stood more than once a day.' Similar findings have been
reported in surveys of mixed neurological populatons,
including people with MS."* "

MNordstrim el ol interviewed 15 people (7 of whom had
a progressive newrological conditon including MS), who
had used a variety of standing devices for between 1 and
10 vears. The authors described how the upright standing
position alters the person’s sense of self, augments their
availability w the ouside world, strengthens social inter-
play and changes a person’s motvation and expections
over time. They concluded that standing unites body w
self and emphasised that therapists should understand
both the subjective and physiological impaces. Similar
conchisions were drawn by Hendrie & al'® who used a
mixed-methods approach  involving nine  single-case
studies of people with M5 who paricipated in a2 home-
based sanding-frame programme. In this study, indepth
interviews were undertaken on three occasions at base-
line {before standing began) and again at 36 and 48
weeks postbaseline. Respondents” stories revealed how
regular frame smnding enabled them w reconnect with
their body, regain skills, re-engage with relationship roles
and develop a sense of opimism for the fuore.

To our knowledge, no previous study has explored the
contemporaneous experience of using a standing frame
from the initial sand cnwards, either from the perspec-
tive of the participant or the individual assisting with
frame use {referred o here as the “smnding assistant’ and
rypacally their spouse). There are a number of impor@ne
factors to consider in order (o opamise any impact of the
imerventon and subsequently increase the likelibood
thae this self-managed acavity is sustained over the long
term. These include: understanding the immediate expe-
riences of using the frame; changes experienced over
tme; factors which impact on is everyday use and how

standing frames can be integrated into people’s everyday
lives. We embedded a qualictive component within our
RCT? which explored participants’ subjective experience
of self-managing this sanding frame programme, over the
36-week trial period, from the moment the person with
M35 first secend in the frame. Capturing the personal expe-
rience and impact of using a smnding frame within daily
life was considered impornant w complement the objec-
tive data gathered, and w provide a richer understanding
of both the benefits and drawbacks of this intervention.

MATERIALS AND METHODS
Our multicentre RCT imvolved 140 people with progres-
sive MS. Abilities ranged from being able @ walk 20 m
with bilateral assistance w fulHime wheelchair users
(graded 6.5-8.0 on the Expanded Disability Stams Scale
(EDISS}). Here, we focus on reporting the embedded
qualitative component; the RCT methodology and results
have been previously described.? '

The qualitative component reported here is described
in line with the smandards for reporting quali@tve
research.'®

PATIENT AND PUBLIC: INVOLVEMENT

People with MS and their family members were actively
involved in development of the research questions, study
design, tial management and soeering groups, writdng
study materials and dissemination activities.

Research approach and methodology

We conducted this qualitative soudy from a critical realist
Perupect.i\\e-‘!' and explored people’s experiences of a
partcular phenomenon (frame sanding) in a panticular
context (the home emvironment). We chose the audio
diary method o capture data about participants’ day-
wrday experiences because of its potential ability to reveal
people’s ongoing, everyday experiences ongimdinally
by offering ‘muli-occasional windows' for da@ collec-
don.™ * We considered this important since people’s
views and experiences of undertaking an actvity alter over
time; the mastery of a skill such as standing within the
frame is an ongoing process, and MS sympuoms fucoate.
The hope, therefore, was thar the diaries would enabile
the immediacy of the moment 1o be reflected, rather than
partcipants recollecting these feelings later, at a single
point in dme dismnt w the event, as would have been
the case using interview or focus group methods. Other
advantages of the unstructured nature of this approach is
that it allows people flexibilicy over when, where and what
o record, and being able to erase files they do not wish
tor share. ™ Furthermore, the participant is not required to
write down their thoughis, which may be problematic for
people with progresive MS where upper limb dextericy
issues are commonplace ™ In addition, such a method
reduces the bias that may be introduced due to an inwer-
viewers questioning.”’ Exploring the experiences of

2
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both people with MS and smnding assistants was consid-
ered imporant due w the invaluable role assisanis play
in the lives of many people with MS. For many people
with significant disability, pardcipation in this standing
activity would only be possible with help from an assistant
Understanding both perspectives of the frame use there-
foore was recognised as crucial for successful integradon of
astanding programme int everyday life.

The standing intervention

Briefly, the standing frame programme involved provie
sion of an Oswestry standing frame {Theo Davies & Sons,
Wrexham, UK}, at home w0 71 panticipants who were allo-
cated w the smnding group. A physiotherapist visited the
person in their home on wo occasions, 1week apart, w
teach the person with M5 and their sianding assistant how
oy use the frame. This was complemented by the provision
of educational materials, via writien and video mediums,
designed w optimise self-efficacy (for detils, see hops:/”/
www. plymouth_ac.uk Sresearch/sums). These face-w-face
sessions were followed up with six shorn phone calls inter-
spersed over Smonths. Behavioural change strategies
such as goal senting and faciliated problem-solving were
used o progress the exercise programme in the frame
and optimise adherence. Particpants were asked to prog-
ress the dme they spent smnding in the frame so that, by
the end of 4weeks, they were standing for at least 30 min,
three times a week. This approach was individualised
according to the ability of the person with MS.

Qualitative study sampling and recruitmant

Purposive sampling was used o select participants from
thise allocated w the intervention group w ke part in
this embedded qualimative study with the aim of achieving
maximum variation. A sampling matrix informed the
selection in terms of gender, age, disability level, home
environment {eg, from one bedroom flats i houses) and
pecple with and without a sanding assistant. Panicipanis
were excluded if they did not have the physical capacity
i operate an audio recorder or a carer i assisi them with
this, or had severe communication difficulties preventing
them from verbally recording their experiences. From
the pilot study by Hendrie s al'® it was considered that
20 participants would provide a broad representation of
pecple using the frames under different circumstances so
that as much indepth information as possible about the
experience of using a standing frame in the home could
be obwmined. The decision was made © recruit more
pecple with MS than standing assisants tw reflect the
possibility that some participants would be living alone,
self-managing withour an assismne In tdal, 12 panici-
pants allocated o the standing intervention arm of the
RCT, wogether with 8 standing assistants were invited o
participate, and written consent was obtained.

Data collection
Dam were collected using portable, hand-held, awdio
digiital recorders. Participants (pecple with MS and

standing assistants) were provided with, and shown how
o operate the recorder and given an opportunity to prac-
tise using it. To supplement this, they were provided with
illustrated instructions on is use and a writen summary
o remind them about the purpose of the audio diaries.
They were requested w record their experiences of how
it felt w stand and use the frame from the Arst moment
they wied i They were also asked to describe any
changes they experienced or witnessed, and include any
other commenis they wished to make. As our intention
was 10 gather contemporanecus data, panicipants were
asked w record these experiences, if possible, during
each smnd or as near w the completed sanding period
as possible. Participants were free wo record as many
times as they wanted and when they wanted. No further
promps regarding this were given. The audio recorders
were Collecied afier the partcipans had completed
the final 36week RCT assessment The audio files were
downloaded and stwed securely. They were uranscribed
verbatim, dated and anonymised.

Data analysis

Data were analysed using thematic analysis according
w the Braun and Clarke six-phase method of idend-
fving and analysing patterns in qualitative da® In the
initial stages, the audio recordings were listened w along-
side reading of the ranscripts to ensure accuracy. Two
members of the research team (WH and BRIV} read and
re-read the wanscripts several dmes and independentdy
assigned relevant initial codes mw the dam using comment
boxes on word versions of the transcrips. To further
ensure rigour, a third researcher (JAF) independendy
listened w, read, re-read and checked the coding of each
of the wanscripes. In addidon, the narrative ajectories
were considered over ime, exploring whether and how
the narratives changed across the trajectory by viewing
the diary entries as 2 whole series rather than solely as
fragmented entries.

The next stage of analysis involved reviewing and
revising the codes and combining them inw themes by
looking for meaningful patterns that were relevant to
the research aim. This sage was completed longhand
rather than using a computer software programme. The
assigned codes were considered and critically discussed
on several occasions by WH, JAF and RD. Disagree-
menis were resolved through discussion until consensus
was obmined. Using this iterative process, themes and
subthemes were agreed on, supported by asociated
key extracts of dam that captured the participant voice.
Preliminary results were shared with the wrial manage-
ment group, including people with M5, and the extended
research team, who were able o reflect and comment on
the findings.

The data were analysed as a whole as it was considered
that the experiences of the people with MS and their
standing assismnes were interdependent and entwined.
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Trustworthiness and credibility

The truseworthiness and credibility of the analytical
proces was optimised through several strategies. The
transcripes were independently coded by several memibers
of the research team who were experienced in under-
mking qualitative data analysis and detailed discussions
were held wo ensure decisions could be defended. Trian-
gulation was undertaken with field daa gathered from
informal, voluntary, exit interviews with all RCT standing
group participants who completed the study (61 of the
71 participants allocated o the smnding frame group). A
summary of the main themes was sent 1o partcipants for
member checking to ensure credibility of the findings
WH, RD and JAF are all experienced neurological phys-
intherapists working in the field of M3. In order to mini-
mise the bias this may have brought to the analysis, and w
enhance reflexivity, regular trial management meedngs
were held w enable discussions with the broader research
team and M3 representatives.

RESULTS

Twelve people with progressive MS (six female, aged
3571 years, EDSS 6.5-8.0) and eight smnding assismns
{four female} kept audio diaries of their experiences of
using the Oswestry standing frame. All participants who
were invited o participate accepted and none dropped
out. Two of the participants encountered technical diffi-
culties using the recorders and, instead, chose to write
accounts of their experiences over the duration of
the study. Demographic information of participants is
presented in mble 1.

A toeal of 155 (range 1-56) diary entries were recorded.
More entries were recorded by the individuals with M5
{median 8, range 1-36) than the smnding assisants
(range 1-16 entries). All daa were analysed.

Four overarching quoted themes were developed:
“Feeling like the old me”; *Noticing a difference’; I want
o do it right” and “You have a good day, you have a bad
day”. A number of subthemes were also identified and are
presented below, supported by quotes using pseudonyms.

“Fealing like the old me"

This theme describes how smanding reconnected people
with their old, more able selves in a positive way, either
through changed behavicurs browght about by phys-
ical improvements or the feelings that were elicited by
sranding safely upright in the frame. The participants
with M3 described the enjoyment of standing. As a result,
standing made them feel more like the person they used
o be. Two subthemes were identified.

‘Being upright is really most enjoyable’

Participans talked about the enjoyment they felt standing
fully upright again and the feelings that standing evoked.
Muost commented specifically abour the positive impact of
supported standing, sometimes from as early as the very
first sEnd

Simon has had his standing frame for a week and it
has just been the most fanmstc thing. He just real-
Iy enjoys standing wp...It seems o have completely
changed his life. He is just really excited about life
Inoking forwand now, so brillianc.. _he just loves being
uprighe. Sofhkiz, danding assisland of Simen EDSE 8.0

Table 1 Demographic information of participants (12 people with MS and B standing assistants)

Gender of Baseline EDSS of  Standing assistant
pwMS pseudonym  pwMS Age of pwM5  pwMS peeudonym Home setfing
James M B3 BS Three bed house
Justin M +:3 B.5 One bed flat
Jamie M Eh B5 Claire Two bed flat
Mandy F 43 B.5 Keith Threa bed bungalow
Sam F B9 B5 Rob Two bed flat

F 13 B.5 Thomas Threa bed bungalow
Jane F B2 70 Three bed houwse

M B4 7.5 Liz Two bed house
Joyca F 7 75 Peter Three bed house
Henry M 58 a0 Four bed house
Diarvid M 54 a0 Three bed houwse
Simaon M 51 8.0 Sophia Threa bed old cottage

M 54 a0 Penny Four bed house
Sarah F 53 a0 Three bed house
Ellen F a5 a0 Two bed flat
EDSS, Expenced Disaiiiity Status Scale; F, femake; M, mak; MS, muttiple sClertss; pwhis, person with M3,
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Enjoyment from smnding was reponted chroughout te
36 weeks of the trial, even after any potential novelty of
using this new piece of equipment had passed. For many,
it gave them a feeling of being in control and doing some-
thing w help themselves.

It gives me a different kind of freedom because [
don't have o cling ono everything ... uswally I have
wal lack of confidence, I cling onte everything as
I walk, but in the frame it's like a kind of freedom.
Although I am srapped in, I am able i move and ic's
really very enjoyable... it really has given me a sense
of liberaton. fane, FNSS 7.0

Participants also repored a posiive psychological
impact of sianding even when physical improvemenis did
not appear o have been gAined. The pleasure of being
upright in standing in iself was a motivator for them o
oontinue.

I'don't think the smnding frame has helped as far as
the MS sympems are concerned. As far as sireiching

my muscles, stretching my body and the psycholog-
ical effect that | am standing which is fantastc. All
thixse side issues are great. Hemry, EDSS 8.0

‘A sense of nomality’

For some people, the impact of sanding upright in the
frame gave them a feeling of being ‘normal’. People
described enjoying the sensation of standing w their full
height again and of engaging with previous life roles in
sianding: a dad listening w his daughter practising her

violin, a husband and wife @iking in the kitchen.

It gives vou a sense of normality...It has been really
nice standing in the sanding frame looking our of
the conservamry watching all the birds on the feed-
ers. Henry, FIDISS 8.0

And

It’s a major, major plus being able to sand up be-
cause everything looks the size it always used o and
I don't feel like a little tiny seven year old (standing
assis@nt added) [insignificant] boy. Simon, EISS 8.0

O occasions, people provided illustrations of how
using the frame had enabled them w achieve something
they may not otherwise have managed. For some, this
was due o an improvement in sympeoms or function
(described in the next theme), but for others itwas purely
standing in the frame iself that facilitated the sense of
achievement

I have been building up for my daughier’s wedding,
and when it was time for me 0 make my father-ofthe-
bride speech they brought the frame in and my carer
whao was there for the day for me srrapped me in, and
no problem, I stood for about 15 minutes ... read the
whaole speech, got everyone in tears... Daevid, FDSS 8.0

For some, the experience of standing in the frame

appeared w give an opporunity w reflect on their past
identiry,

My friends and 1 were surfing a lot, that's what we
did, we surfed in the summer, surfied in the winter,
whenever... the reascn [ am saying that is that now on
the standing frame if I let go of the @ble or the side
arms and lean backwards a litde bit [ can balance. ..
I can imagine myself standing on the surfboard with
my arms down by my side and I just move my body
around a litde bit in the straps as if I'm moving the
board... 1 am enjoying it tremendously. Henry, ENSS
8.0

Family and friends were also affected by seeing their

loved ones smanding again.

It’s really nice to be upright... my mum and her hus-
band came woday and she was absolutely amazed. It's
a long time since she's seen me s@nding so we kind
of reminisced about the days when I was walking and
getting up and about, so that was nice. .. she had wears
in her eves, bless her.... Sangh, FIISS 80

‘Moticing a difference’

This theme capures the variety of positve changes the
participanis reported in actviges such as walking, trans-
fers, posture and siting balance and in a wide ange of
MS sympuoms including spasms, weakness, muscle stiff-
ness, faigue and bladder and bowel function. These
improvements appeared o increase participants’ cond-
dence and enable them o engage maore in everyday life.
The changes were from across the specomm of impais-
ments, activities and paricipations, as illustrated by the
following subthemes:

“My muscles have wokan up”

I can vruthfully say I felt as if | was using my muscles,
the muscles in my calves and thighs were aching but
pleasantly as if my body was saying tx me ‘hello you're
using some more muscles that you're not used o us-
ing’... consequendy | was standing more upright and
feeling a litle bit more confident about doing things
around the house. 3o, as far as the s@anding frame
is concerned, posure’s improved, upper body move-
ment has improved and I'm in a very good frame of
miircl. fiames, EISS &5

I don’t have the spasms | used w have by any means.
In fact I have really cut down on the Baclofien, which
is the ant-spasm drug. Bowels and things like that...
within about a couple of weeks, | suppose, it is so
much easier, | can go on demand, so that is really, re-
ally good.... I've cut down on a load of my medicines.
It's the best thing ever. David, EDSS 5.0

....we are alrexdy notcing a difference... His bowels
are fanastic. | don't think he has been constpated
in the last few months [since smarng the sanding
programme]. 1 don't think he wees so much in the
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night... He's up for trying new things, going out
doesn't seem o be such a problem. Sofhia, standing
assislani of Simon FDSS 8.0

“Wa suddenly noticed ha was passing the salad bowl™
Participants often @lked about functional improvements
as they described thie day-to-day impact of using the frame.

I have been able to s@mnd more confidendly when 1
have got up from the wilet and I know that 1 am able
w pull my trousers up... without feeling the need
w hold ont anything, so litke goals like that [ am
achieving already. fane, EIVES 7.0

Juse the lase couple of days 1 felt my legs being a little
bit stronger and consequentdy due to that, I've been
able o walk a licle bit further with less fague and
it's quite nice feeling that sensation that you koow
the muscles in vour legs are beginning o work. fusiin,
EDX8 6.5

Standing assistants also reponed they had observed
functional improvements of the person with MS, for
example, those associated with increased tunk strength
and sitting balance.

We suddenly noticed he was passing the salad bowl
and he reached in with the wo salad servers and
helped himself. He has never been able to do that
before because he has always had o hold on with
one hand. And then I canght him paling the plates,
reaching across the mble, picking up plates, putting
them on wp of each other and mking them out e the
kitchen. Sophda, siending assisiani of Simon EDSS 8.0

‘Going out doesn't saem fo be such a problam’

Many of the posigve changes that people experienced
appeared to impact on their confidence © participate
with life in a new way which, in turn, gave enjoyment and
a sense of achievement.

I'have had no falls since 1 have been using the stand-
ing frame and [ have been feeling a litde more con-
fident with my balance... Yesterday 1 went o lunch
at a friend’s house...I decided o use my husbands
arm and a crutch... the improved feeling that 1 can
balance mow, it was just really absolutely brillianc... 1
am so happy that | managed w do i fane EDSS 7.0
... I've just been wo my [ pheasant] shoot teday and I'm
absolutely amared, I've been able w stand [perching
on the seat of the electric scooter] for a good hour
ar least, at least 20 minutes at a ime, and thats 3 los
for 20 minutes... and I've had a faniastic dme. fizmes,
FDNSS 6.5

“l want to do it right”

Initially, some participants lacked confidence in using
the frame and wanted o make sure they were doing ic
correctly. With increased practise and support from the
physiotherapist, however, their confidence grew and they

were able o modify the standing programme to suit their
own needs and manage difficulties that arose. This is illus-
rated by the following subthemes:

“The physic came round and sat me right”

Paricipants commented that they valued the supportand
guidance from the physiotherapist in helping them estab-
lish a smanding programme that worked for them.

We were... floundering in it... was he standing up

completely straight? Was it alright w be leaning back

on the back strap? Amnyway, so it was very comfoning

o have the physiotherapist here. Sophia, danding as-

sistani of Simon, EIISS 8.0

One person would have preferred increased congact,
remarking:

You do feel left alone a linle bit and wondering why
youre doing them [the exercises in the standing
frame], but 1 have persevered as far as | can. fusiin,
ENSS 6.5

Interestingly, however, this participant’s audio diary
entries illustrated how he independently problem-solved
issues as they arose and he used the frame regularly over
the entire course of the smedy.

“l am finding diffarent things as | go along™

People found that they needed to modify their standing
routine over Gme in order to maximise benefit, manage
symptoms and gain the greatest enjoyment from ic
Making these (often small) changes to the programme
appeared instrumenial in helping longterm adherence.
A number of ideas were described: gradual progression
of smnding time; standing at different dmes of the day
or on different days of the week; varying the exercises
completed or adding funcional msks such as folding the
washing.

I stanted with a couple of minutes and then worked
up o kind of ten minutes, then fifieen minutes, then
I was doing my thinty and 1 am absolutely loving it
Sarah, KIS 8.0

Mandy decided to use it a litle bit later. Normally
she uses it mid-afternoon, about half past three, but
decided w do it about half past six. She found it a
lot easier because that is a bener dme of day for her.

Krith, standing assistan! of Mandy, EDSS 6.5

“My back gets a bit achy but it's early days yet™

An impontant ares that some participants talked about
was in relaton w sideeffecs that they experienced.
These were mainly back and beg aches and pains, which
tended w occur early on in the programme, and either
resalved completely or reduced in frequency as the inds-
vidual became more accustomed o smnding.

Today 1 used the frame for the first dme, knees and

back a bit sore when standing, but the feeling disap-
peared when | was back in my chair. foyee, EIISS 7.5

]
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My legs feel quite suff immediately afier I've got out
of the frame bue that soon passes. Mandy, FISS 6.5

Experience of side effects, even in the early days, was
not menticned by everyone, with a couple of paricipants
specifically noting their absence.

At the moment [week three] there's no side effects
for me personally doing them. fiwsiin, EDSS 6.5

“We ara definitaly not giving the frame back”
At the end of the wrial, several of the people with M3
reflected on the value they placed on standing in the
frame and on how they intended to use it in the long-
term. This sentiment was also echoed by many of the
standing assistants, and with particular enthusiasm by
Sophia.

All in all it has been the most fantastc thing and we

are definitely not giving the frame back and he will

be using it every day for the rest of his life! Sofhia,

standing assistant of Simon, £S5 8.0

The accepabilicy of both the user and s@anding assis-
@nt may be important faceors in facilicating long-term
use of a frame. In this study, people reported that, afier
a period of adjustment to this new piece of equipment,
they could incorporate this into their weekly routine.

Juse vo say as a panner [of Simon] and having o help,

it is no bother aall. 1 don't have o haol himowp acall.

I just wait for him o get in standing posigon, easily

tie him in and sometimes rearrange his feet just o

get them exacily right, and then leave him. Soffia,

standing assistani of Simen, ENSS 8.0

The daia revealed that a ‘settling in’ process was some-
umes needed, as people became accustomed o the
eeuipment.

[day one] we had a couple of issues with the sanding

frame. It is our first tme using it 0N OUr OWN.... We

used the smnding frame again wday [day three] we
found it much easier w0 use; we have got the straps
set up precy much where we want them now.... [day
seven |, so we are getting a lot quicker using ic Keith,

standing assistant of Mandy, EDSS 6.5

This is an interesting example of the insight provided
by the multi-sccasion windows that the audio diaries
enabled.

Another standing assistant raised (wo IMPOrEnd issues
for consideration for amone contemplating using a
frame in their home environment: having sufficient phys-
ical ability o move the frame if necessary and having
adequare space for it

The frame iself is quite cumbersome 0 Move 50

it is better left in situ. In our case it needed to be

moved each tme w allow a wheelchair or walker
access past it. Thomas, standing assisfanl of person

with EDSE 6.5

“You have a good day, you hawve a bad day”™

This theme highlighes the challenges faced by people
living with a progressive and flucmanng condigon when
implementing a selfmanagement programme and
their expectations of sanding. Three subthemes were
identified.

The ups and down of M5’
Many participants @lked about how the unpredicoabilicy
of their condition affected their ongoing abilicy w engage
in the standing programme and that this could change
on a day-by-day basis.
I think it is just the nature of my illness, 1 just, I know
only too well that you have a good day, you have a bad
day. flane, EIES 7.0

“He raally hasn't been faeling wall”
This subtheme demonstrates the impace that other
illness, infections and environmen &l conditions can have
O SHMEenne’s s}'mpu:vms,1 and in trn, on their ability o
consistently engage in a smnding programme.
Yesterday for the first time, he couldn’t even get up
into the frame, which was really scary and thought
oh well perhaps it's another bladder infection and
we thowght we would mke another urine sample [t
the doctor], and then suddenly yesterday evening he
suddenly said *oh, | am feeling beuer now”. He did a
fifteen minute s@and and then gotup the bouom step
i go o bed... today he seems o be back on track.
Sofkia, sanding assinand of Sfmen, EDSS 8.0
I couldn’t use the frame at all last week [week 5], as
I had a bad cold and that always leaves me weak and
tired as it seems to affect all my muscles. Today I am
feeling better, 50 [ used the frame in the afternoon. ..
Last week [week 6] I hurried back inwo using the frame
o quickly after being unwell. [ felt comforable with
no pain so I did 3% minutes wodays running and
was exhausted with back ache. This week [ am doing
less ime, but more often with rest days in beoween. ..
I feel that the legs and the back are gaining more
strength now. foyee, EDSE 7.5

“I'm not expecting mirackes”
Pamicipanis expressed different expecratons of the
standing frame programme both in terms of their hopes of
improvement and the length of time changes may ake o
happen. In the main, particpans appeared satisfied with
their experience, although some described an internal
dialogue reganding the suruggles they had in balancing
their aspirations with the reality of their achievements.
I was hoping that by now [six months] 1 would have
noticed something ... that would be bewer, my bal-
ance of being able w0 stand or strengthening my legs
or whatever. Maybe it is sorengthening my legs, but
because they don't work, which is nothing w do with
that, it'’s just the M3 damaging the nerves which [
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suppose the sanding frame sn't going w help is it? 1
have wried to soldier on, as | usually do. .. as much as
I possibly can... Henry, EDISS 8.0

Once again, the multwindow nature of the audio diary
methodology enabled the reader to realise that individ-
uals continued w0 sand throughout the smdy dmeline,
despite the challenges they faced.

Exit inferviaws

Cuualiative data were also capiured in informal exic
interviews with the 6l sanding group panicipants who
completed the RCT. Interviews were in the region of
10min duration, and were completed face-to-face at the
end of the final smdy asessment by the research ther-
apist. They were designed to ask briefly about partici-
pant experience of the smdy, aspecs that could have
been improved, things that they particularly liked and
an opportunity o share any other thoughts regarding
the study. The main poines raised in the exit interviews
about the use of the standing frame concurred with the
themes and subthemes identfied in the audio diary
data bur without the detil, depth or sense of personal
journey. People reported specific physical and psycholog-
ical changes they had noticed, how they established and
maodified their sanding over tme and described issues
they faced in terms of both the practicalities of using the
frame, and the impact that the variable nature of their
sympioms had on main@ining a regular programme.

DISCUSSION
Thizs embedded qualicative study is, w our knowledge,
the first 1o explore the ConemMporanecus experience of
self-managing a sanding frame programme in the home,
from the perspective of both the person with progressive
M5 and their standing assistant. The choice of using audio
diaries w facilitate contemporanecus data collecticon has
enabled the reader to gain an insight into both the imme-
diate experience and the smnding journey as it unfolded
over time. This may help therapists w beter under-
stand the experiences of people living with a long-term,
progressive and often unpredicable condidon when
they are asked o carry out a new, seli-managed, physical
intervention. Other smdies have used surveys'™™ "' ™ Y or
interviews'* ' i explore standing frame use bui this meth-
odology has proven helpful in capruring the day-to-day
experiences and has provided new detailed insights.
Participants and their sanding assismns reported
a variery of physical and psychological changes over
the G-month dam collecion period. Among the range
of perceived benefis reported, one very commonly
described was that of enjoyment. This was linked by some
w feeling a sense of normality and,/or freedom, experi-
ences that have also been previously re in other
qualitarive studies of supponed smanding. " The coniem-
poraneous namre of the dam collection revealed these
feelings even from early on in the standing programme

and somenmes in the absence of noticing any physical
changes. Engagement with an activity is more likely to
be susmained over the long-term if that activity is mean-
ingful and enjoyable.™ * Our study showed that this was
the case for many of the sianding participants. Therapises,
therefore, have an imporant role in identfying what the
pauent considers, for them, is a relevant activiey and how
they might integrate it into daily life.” ™

The subjective reports of improvements in Sympoms
complements and supports some of the objective results
of the RCT, such as those relating o motor function.” Tt
is notewnrthy, however, that some of the perceived bene-
fis highlighted in this qualitatve component, such as
improvements in Madder and bowel function and sicing
balance were not supponed by the objecave trial da.
There are a number of potential reasons for this: (i}
the lack of responsiveness of the smandardised measures
in detecting small but meaningful improvements for an
individual; (ii) the group-based nature of analyses in
RCTs, where the focus is on aoerage treatment effects™
and (iii} the restriceed range of outcomes that can feasibly
be measured within a oial. These ssues underline the
added value of qualitative work in expanding our under-
standing of issues which are impor@nt o consider when
implementing evidence-based interventions inw clinical
practice.

Gauging the type, timing and level of suppont thar indi-
viduals need o sustain effective behaviour change when
introducing new equipment is complex and requires
careful consideration. For some panticipants in this
study, the range of behaviour change strategies incor
porated and level of support provided appeared suffi-
cient to enable them w problem-sobve and modify their
programme from the outser. These individuals appeared
successful in continuing to engage in their smanding
programme despite the challenging circumstances they
faced, which included flucmating symptoms and adverse
evenis. Crihers, however, reported they would have valued
additional support to gain confidence when learning to
use the frame. An example of gaining additional suppornt
might be the oppormunity w hear the experiences of
people in similar circumstances. An output of this qual-
itative smudy therefore has been the producton of four
short films, compiled from these audio diary data, and
a narragive acoount, which can be accessed ag www. plym-
outh.ac.uk/research/sums. In addidon, we suggest a
number of ‘top dps” compiled from the study dam which
may provide helpful guidance for therapises, people with
M3, their family and friends (see box 1).

Strengths and limitations

Several methodological poine have been highlighted by
this qualitative study. The choice of using audio diaries
enabled dam w be collected contemporaneously and
longimdinally at multiple windows over a period of dme,
rather than reurospectvely. This approach capiured
the dayto-day experiences as well as the ongoing chal-
lenges fared over time by people when implementing a

Dennett B, &f & B8 Open 2020;102037550. dok10.11:35bm|jopen- 2020-03760

113

ubufdoo Ag peyoaoly “send A OZ0C ‘67 Meqop) Lo Lo sy wadolugrd py oy pepEcUMC OZ0E SSQoa0 67 U0 (B9 E0FIZ0Z-vedofusgior | 1 01 &8 peysygnd Eay wad() ring



Box1 Top fips to maximise adherence i a standing
frame programmea

= Try tointegrate the standing programme info a weakly mutin.

= There will be 8 ‘settiing " process which may inciede short-term
achas and pains. This i 2 normal response bo starting a new plysi-
cal activity and usually improves after = few days.

= Find activities and exercises to do when standing that zre enjoyable
o undartaka.

= There are many ways to modify the programme over time, even
‘whan M5 sympioms are ‘up and down’. Support from a physiother-
apist can halp with this. Sharing idess with other people who use a
frame c=m also be usaful.

= Not everyona feels up fo standing every day—that's ok

= Frames are about the size of an srmchair 0 spece & a consid-
eration. From @ practical perspactive, it is ideal if they are kapt in
one place, but they can be moved quite easily with help from an
assistant.

Wbuidoo Ag payaoud senb &g OZ0Z ‘&2 Qo0 L0 Lo g uadofug d By Wow PepecUMo] OZ0T JSQN0 5T UO RS S0HIZ0Z-LedolLg/esl L L se peysygnd 1Bay uadd rng

sel-managed programme while living with a progressive,
fluctuating condition. The inclusion of standing assistants
gave different perspectives on changes seen as a result of
standing, as well as the practcalides of using a frame in
the home.

Other strengths of the study are the clear awdit trail and
variery of strategies 0 enhance ransparency and rigour.
Although the findings represent a subsample of partic-
ipants involved in the RCT, a comprehensive sampling
approach was used o ensure represenmion of viewpoinis
from a range of participants. In addition, riangulaton of
the audio data with that obained from the exit interviews
supports the validity of the findings.

It is difficult w know how this audio diary approach
fared compared with more traditional interviews. One
might surmise, for ins@ance, that the participants may
have produced less sanitised accounts of their experiences
given the opporunity they were afforded w provide,
at their own discretion, a more immediate reaction o
a situarion in comparison o 2 more formal interview
approach; there is scope for further research regarding
this. At a practical level, however, the use of this meth-
odology presented some challenges. Despite showing the
person with MS and their standing assistant how o use
the audio recorder, and providing written information
support this, some people experienced difficultes with
using the audio recorder. Some people with dexterity
problems found the small, portable recorder difficult w
use and on wo occasions, people chose o replace the
audio with written notes. On other occasions, it was not
until the recorders were returned at the end of the smdy,
that it became apparent that for a few of the panicipanis
reconrdings had only been successfully completed on wo
or three occasions during the intervention period. Addi-
tonal systems, such as telephone or email reminders w
encourage use of the audio diary, may have helped w
minimise this.

While other researchers using audio diary methodology
have found ethical challenges in dealing with emotional

distress, given the delay in listening o the diaries and
thus the inability w offer immediate support in Gmes of
distress; we did not experience this when listening to the
recordings, although it is an imporant consideration. ™

CONCLUSION

Supported smnding in the frame appeared w help
people with severe progressive M3 experience a sense
of normality and enjoyment, which led w them feeling
mire like their old selves. People reported improvements
in physical and psychological sympioms and impais-
menis, which were associated with an increase in activities
of daily living and (re-Jengagement with activities which
were important w them. These positve changes and the
enjoyment they derived from sanding meant that two-
thirds of participants requested to keep the frame at the
end of the 36-week uial period in order w continue o wse
it. Notably, people wanted to continue using the frame
even if they had not seen many physical improvements
as a result of standing. Physiotherapy support o estab-
lish the programme and educate the person with M3 and
their srnding assistant abowt how o modify it according
wr their individual and varied needs and symptoms was
considered key, as was a recognition of the ups and downs
of living with a progresive and fluctuating neurological
comnadition.
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2.2.3 Films

Dennett R, Hendrie W, Jarrett L, Creanor S, Barton A, Hawton A, Freeman J. “I'm in a very
good frame of mind”: A qualitative exploration of the experience of standing frame use in
people with progressive multiple sclerosis. Four Short Films. 2019 on study website:

https://www.plymouth.ac.uk/research/sums

In order to play these films with audio, please ensure your device is set to play sound from
webpages. To do this, go to ‘control panel’, select ‘internet options’, ‘advanced’, scroll down

to multimedia and tick ‘play sounds in webpages’. | hope you enjoy the films.
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“Feeling like the old me”

In this short film people share the enjoyment they experienced from standing in the frame
and some describe the opportunity it provided to reflect on their past and consider their

present identity.



https://youtu.be/FkobfY6K1SM

“Noticing a difference”

Here people talk about the positive differences they noticed from standing in terms of both

physical changes and emotional well-being.
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https://youtu.be/x7spnfQ7Yhg

“You have a good day, you have a bad day”

In this film we learn more about the impact that the "ups and downs" of living with MS can
have on using the standing frame as part of a daily routine, and how people's hopes and

expectations influence their experience of standing.
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https://youtu.be/RmAxicLLxRs

“l want to do it right”

In the final film people share ways they found to modify their standing frame programme.
Potential short-term issues such as aches and pains and managing fatigue are also

highlighted as factors to consider when establishing a standing programme.
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https://youtu.be/LNRXHRabzqc

2.3 Adherence Stream

2.3.1 Paper 5

Dennett R, Madsen LT, Connolly L, Hosking J, Dalgas U, Freeman J. Adherence and drop-out
in randomized controlled trials of exercise interventions in people with multiple sclerosis: A
systematic review and meta-analyses. Multiple Sclerosis and Related Disorders. 2020: 43(8)

1-16 https://doi.org/10.1016/j.msard.2020.102169
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ARTICLE INFO ABSTRACT

Keywords: Background: The short-term benefits of exercise in people with multiple sclerosis (MS) are well established. To
Multiple Sclerosis sustain benefits exercise needs to continue long-term. Despite important clinical implications, no systematic
Exercise reviews have synthesized evidence on adherence and drop-out in MS exercise interventions.

Adherence Objectives: 1) To summarize reported adherence and drop-out data from randomized controlled trials (RCTs) of
Ezzf:vm exercise interventions, and 2) identify moderators related to adherence and drop-out.

Methods: Nine databases were electronically searched in October 2018. Included studies were RCTs of exercise
interventions in adults with MS published from January 1993 to October 2018. Abstracts and full texts were
independently screened and selected for inclusion by two reviewers. Methodological quality was assessed using
the TESTEX rating scale.

Results: Ninety three articles reporting 81 studies were included. Forty one studies (51%) reported both ad-
herence and drop-out data during the intervention period with three (4%) also reporting follow-up data. Of the
41 studies, < 25% pre-defined adherence or described how adherence was measured. Meta-analyses of 59
interventions (41 studies) showed a pooled adherence estimate of 0.87 (95% CI 0.83 to 0.90) and 0.73 (CI 0.68-
0.78) when including drop-outs. Mean age, proportion of females and intervention duration were inversely
associated with adherence.

Conclusion: Little consensus existed on definition of adherence or determination of drop-out in MS exercise
studies, with reporting generally of poor quality, if done at all. Hence it is largely unknown what can moderate
adherence and whether exercise continued following an exercise intervention. Researchers should ensure clear
transparent measurement and reporting of adherence and drop-out data in future trials.

1. Introduction and in a range of settings. (DeBolt and McCubbin, 2004, Feys et al.,
2019, Zimmer et al., 2018) For example, over the past twenty years
interventions to enhance long-term engagement with activity

(McAuley et al., 2007, Dennett et al., 2018, Emmerson et al., 2019)

Promoting exercise in people with multiple sclerosis (pwMS) is
important since the short-term benefits of exercise are well documented

(Edwards and Pilutti, 2017, Heine et al., 2015, Jorgensen et al., 2017,
Latimer-Cheung et al., 2013) as are the low levels of physical activity
within the population. (Kinnett-Hopkins et al., 2017) The international
community of researchers (Motl et al., 2017) and clinicians continue to
develop our understanding of exercise in pwMS and work towards
identifying the most effective exercise interventions for people with a
range of disability (Feinstein et al., 2015, Riemenschneider et al., 2018,
Edwards and Pilutti, 2017, Garrett et al., 2013, Freeman et al., 2019)

have been developed and evaluated and the value of incorporating
behavioural interventions to support behaviour change has been in-
vestigated. (Casey et al., 2018, Motl et al., 2017, Motl et al., 2018)
These developments are vital since sustained engagement in exercise is
required to retain any benefits gained. (Twomey and Taylor J, 1984)
A key term used when considering long-term engagement with an
intervention is “adherence”. Within the field of exercise research this
term is often used synonymously with that of compliance, concordance
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or participation but within this paper the term adherence as defined by
the World Health Organisation (WHO) (see definitions section below)
will be used.(World Health Organisation, 2003) It is of note that ac-
cording to WHO, across diseases, adherence is the single most im-
portant modifiable factor that affects outcome. Despite the advances in
MS exercise and rehabilitation research, poor exercise and physical
activity levels are still reported in pwMS (Kinnett-Hopkins et al., 2017),
highlighting the importance of continuing to gain greater depth of
understanding regarding the factors that impact adherence in this po-
pulation.

In addition, in order for any intervention to have a positive long-
term impact it is imperative that its efficacy transcends the research
setting into clinical practice and the daily lives of those people it is
designed to help. As such, it is important that research is conducted and
reported in a manner that allows clinicians and healthcare providers to
be confident in the quality, replicability and relevance of the findings. It
is also important that effective exercise interventions are suitable for
implementation within the financial constraints of health service pro-
vision and are feasible and acceptable to the user in order to maximise
adherence.

Many of these important factors, including intervention delivery,
level of supervision, study retention and intervention adherence were
considered by Allen et. al. (Allen et al., 2012) in a review of exercise
interventions in people with Parkinson's disease. Interventions from the
53 included studies were typically of short duration and highly su-
pervised, with less than half reporting adherence. They highlighted the
challenge this presented to clinicians considering the cost-benefit bal-
ance when seeking to translate research into practice. It is not yet
known whether similar issues are experienced in the field of MS or
whether sufficient information exists to identify important moderators
of long-term adherence and drop-out in exercise studies. Therefore, the
objectives of this systematic review were to 1) summarize reported
adherence and drop-out data from Randomized Controlled Trials
(RCTs) of exercise interventions during the intervention and at follow
up, and 2) identify moderators related to adherence and drop-out
during the exercise intervention and at follow up.

2. Methods

This review is reported in line with the Preferred Reporting Items
for Systematic Reviews and Meta- Analyses (PRISMA). (Moher et al.,
2009) The protocol for this review was registered with PROSPERO ref
CRD42018112866.

The following PICO question was formulated and guided the lit-
erature search and study inclusion: What adherence and drop-out data
are reported by studies evaluating structured exercise interventions
(according to the definition of Caspersen (Caspersen et al., 1985)) in
pwMS, during both the intervention period and any follow-up period,
and what moderators of adherence and drop-out can be identified,
which relate to these exercise interventions?

2.1. Definitions

The following definitions are used within this review:

Exercise: As defined by Caspersen, a form of physical activity that is
planned, structured and repetitive, and is undertaken with the objective
of improving or maintaining at least one aspect of physical fitness; that
is strength, flexibility or aerobic endurance. (Caspersen et al., 1985)

Physical activity: Any bodily movement produced by skeletal muscles
that requires energy expenditure. (Caspersen et al., 1985)

Adherence: The World Health Organisation (WHO) define adherence
as “the extent to which a person's behaviour; taking medication, fol-
lowing a diet, and/or executing lifestyle changes, corresponds with
agreed recommendations from a health care provider”. (World Health
Organisation, 2003) Adherence is reported as the number of attended
sessions expressed as a % of the total number of planned supervised
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sessions, and/or the percentage of completed prescribed home pro-
gramme exercises/sessions where this was a component of the inter-
vention. In addition, adherence can be reported according to pre-de-
fined cut-offs as stipulated by study authors. Where possible distinction
is made between adherence to session attendance (session adherence)
and adherence to the specific exercise protocol (content adherence).

Drop-out: Participants that leave a study during the intervention
period or during the follow up period expressed as:

% drop-outs during intervention period = (drop-outs during inter-
vention period/ total number recruited participants) x100

% drop-outs during follow up = (drop-outs during follow up
period/ total number recruited participants) x100

Study drop-outs could be related to a multitude of factors. Some,
directly related to the exercise intervention itself such as time com-
mitment, but others may be study related factors such as failure to at-
tend follow up assessments

Adverse event: Any unfavourable and unintended symptom or dis-
ease that develops or worsens during the period of the trial, whether or
not it is considered to be related to the trial intervention. (FEuropean
Parliament, 2002)

2.2. Eligibility criteria

To be eligible for inclusion, studies were RCTs in adults over 18
years of age with a diagnosis of MS but regardless of gender, disease
duration, MS phenotype or level of disability. Trials involved exercise
interventions of any modality (location, group/ individual structure,
level of supervision, intervention duration, session duration, intensity,
frequency); content (aerobic, resistance, combined, other); with or
without inclusion of a behavioural or home exercise component and
with or without a follow up period.

Studies where the primary intention was to improve balance but the
intervention was exercise (as defined by Caspersen (Caspersen et al.,
1985)) were included. Studies reporting: balance gaming interventions
(such as the Wii Fit); interventions specifically for the upper limb; gait
re-education, where the primary intention was to impact on spatial or
temporal parameters of gait; vestibular rehabilitation; and wheelchair
propulsion interventions were not included. Studies reporting activities
where the participant could be passive such as hippotherapy and ro-
botic training were also not included. Control interventions could in-
clude passive controls, (often reported as usual activity/ care or a non-
targeted exercise intervention such as relaxation or massage) or active
controls where an active exercise comparator was included.

Included studies had to report at least one objective and/or self-
report measure of either strength, aerobic capacity, endurance, fatigue,
walking capacity or physical activity. Measures of walking capacity
could include 10 metre, 25 foot, 2 minute and 6 minute walking tests
and any type of accelerometry data.

Exercise interventions were categorised as either aerobic, resistance
or combined training or as ‘other’ interventions, such as yoga, Pilates
and inspiratory muscle training.

2.3. Data sources and search strategy

A search strategy was developed in liaison with an information
specialist, based on the following key terms; “multiple sclerosis” OR MS
AND exercise OR “physical activity” AND strength OR aerobic OR fit-
ness OR training. The full search strategy can be found in appendix 1.
Two reviewers (LM and RD) conducted electronic searches of
MEDLINE, EMBASE, CINAHL, AMED, PEDro, SPORTDiscus, PsycINFO,
Web of Sciences and SCOPUS from January 1993 to October 2018. This
25 year period was chosen to encompass the earliest of MS rehabilita-
tion/ exercise randomized controlled studies. Electronic searches were
supplemented by hand searches of reference lists. Duplicates were re-
moved and records were imported into the Rayyan data management
system. Titles and abstracts were independently screened for eligibility
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based on the inclusion criteria by two reviewers (RD or JF and LM).
Finally, full texts of remaining articles were read by two reviewers (LM,
LC or RD) and any disagreements were discussed with a fourth member
of the research team (JF).

2.4. Data extraction

A customized Excel spreadsheet was used to collate the extracted
data from included studies. Details extracted included participant
characteristics (age, gender, disease duration, MS phenotype, disability
level and fatigue as a symptom); modality of the intervention (setting,
group/ individual structure, level of supervision, intervention duration,
session duration, intensity, frequency); content of the intervention
(aerobic/ resistance/ combined / other modality/ including a beha-
vioral or home exercise program component); report of adverse events,
% drop-out, and adherence during the intervention period and at any
follow up. Where there was missing data, the median was used as a
proxy for the mean and 0.75 times the interquartile range or 0.25 times
the range as proxies for the standard deviation. (Hozo et al., 2005)
Standard errors were converted into standard deviations by multiplying
the standard error by the square root of the sample size. (Hozo et al.,
2005)

Data extraction was completed by one reviewer (RD, LM or LC) and
10% of papers (n=10) were also extracted by a second reviewer for
quality assurance purposes (JF or UD) with a kappa of 0.639, p <
0.0001 indicating substantial agreement between reviewers. Adherence
data from all studies that reported this was extracted by two reviewers
(RD, LM or LC).

2.5. Quality Assessment

Methodological quality was assessed independently by two re-
viewers (LM, LC or RD) using the Tool for the assEssment of Study
qualiTy and reporting in EXercise (TESTEX) rating scale; a novel tool
designed for appraising methodological quality of exercise studies.
(Smart et al., 2015) Any discrepancies were discussed, and on six oc-
casions a third reviewer (JF) was consulted to reach consensus.

2.6. Synthesis of results

The adherence data were extracted in the form of proportion of
participants ‘adherent’ to an intervention or mean number or percen-
tage of sessions attended. Where adherence was reported as mean
number or percentage of sessions attended, this was not always ac-
companied by a measure of variation. Consequently, and in line with
McPhate et al. (McPhate et al., 2013) the data were converted to re-
present the proportion of participants ‘adherent’ in order to include all
interventions in the analysis. In studies with an exercise comparator
group, adherence data were reported separately for each different in-
tervention evaluated in the same study; for example, Pilutti et al. 2016a
(recumbent stepper), Pilutti et al. 2016b bodyweight support tread-
mill). For the purpose of clear reporting, in cases where study results
were reported by more than one article, the paper reporting the primary
outcome or with most complete adherence data was used.

A meta-analysis was conducted to estimate the pooled adherence
across the 59 interventions (41 studies) using the Freeman-Tukey
double arcsine transformation to transform the raw proportions. We
hypothesised that intervention type (i.e. ‘aerobic’, ‘resistance’, ‘com-
bined’ or ‘other) would be a moderator of adherence and as such we
calculated pooled adherence within these sub-groups as well as across
all studies, taking into account this sub-grouping using a mixed effects
model.

Heterogeneity was assessed using the I-squared statistic and meta-
regression was used to examine the association between the a priori
defined study intervention related variables (potential moderators in-
cluding: intervention type, duration, and frequency, supervised or
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unsupervised, inclusion of a behavioural intervention or home exercise
component and EDSS, disease duration, mean age and proportion of
female participants, TESTEX score of study quality) and adherence.

Studies reported adherence data for participants who completed an
intervention. As such, this did not take into account participants who
dropped out of a study (for whatever reason). In this review therefore,
in order to consider the impact of study drop-outs on adherence, ana-
lysis was repeated with percentage adherence recalculated to include
drop-outs. Mindful that reasons for drop-out (exercise intervention or
study process related) were not consistently provided, each drop-out
was assumed a conservative adherence estimate of 0%.

A further meta-analysis was also carried out including only those
studies which reported mean adherence (with a measure of variation).
All analyses were carried out using the ‘metafor’ (Viechtbauer, 2010)
package in R. (CoreTeam, 2019)

3. Results
3.1. Study characteristics

Searches identified 10267 articles which after deduplication re-
sulted in 6612 titles and abstracts being reviewed. Of these, 133 were
included for full text review of which 93 met the inclusion criteria. For
further detail please refer to figure 1.

The 93 included articles reported on 81 RCTs which involved 4007
pwMS, mean (SD) age 43.8 (8.2) years, disease duration 9.2 (6.3) years.
Eleven of the included studies only involved people with relapsing re-
mitting MS (RRMS), 19 included people with all types of MS (RRMS,
secondary progressive MS, primary progressive MS and benign) and 11
did not state MS type. Disability level was reported using the Expanded
Disability Status Scale (EDSS) in 59 studies. (Kurtzke, 1983) Other
measures used were the Patient Determined Disease Steps (PDDS)
(Learmonth et al., 2013) and the Guys Neurological Disability Scale
(GNDS). (Sharrack and Hughes, 1999) The vast majority of studies in-
cluded people who were ambulant with or without walking aids (EDSS
0-6.5) with only three studies (Aidar et al., 2018, Klefbeck and Hamrah
Nedjad, 2003, Pilutti et al., 2016) including participants with an EDSS
=7.

In eleven studies the RCT involved exercise comparator groups,
seven included active controls and 31 enrolled passive controls. Of the
passive controls, two were defined as relaxation exercises (Fox et al.,
2016, Ozkul et al., 2018) and one as massage. (Duff et al., 2018) The
remaining studies described the content of the passive control as “usual
activity” or “usual care”. Two studies gave some information about
what usual activity could comprise of, for example ‘recording in a diary
all physical activity exceeding 20 minutes and occurring more than
twice a week’, °® or ‘usual care could include habitual exercise parti-
cipants engaged in, or therapy, provided it did not include progressive
resistance training. (Dodd et al., 2011) Importantly however, no au-
thors defined, detailed or reported what usual activity included or
stated adherence to that activity. As such it is not possible to comment
on adherence to the passive control group content. Adherence data
throughout this review, therefore, is reported for active exercise inter-
ventions, both the exercise comparator and active control groups.

3.2. Studies reporting adherence and drop-out

Of the 81 included studies, 41 (51%) reported adherence to an in-
tervention (exercise comparator and/ or active control). Details re-
garding the study interventions can be found in table 1. The definitions
of adherence used and methods of reporting were not consistent. In 38
cases adherence was defined as the proportion of prescribed sessions
attended. On three occasions adherence was defined as the proportion
of people who were adherent based upon a pre-defined cut-off; exercise
on 45% (Conroy et al., 2018) of days during the study or 67% (Hosseini
et al., 2018) or 80% (Tallner et al., 2016) of sessions attended.
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Figure 1. PRISMA Flow Diagram.

Nine (DeBolt and McCubbin, 2004, Zimmer et al., 2018, Tallner
et al., 2016, Fox et al., 2016, Fry et al.,, 2007, Mutluay et al., 2007,
Oken et al., 2004, Romberg et al., 2004, Wens et al., 2015) papers
stated within their methods section that adherence was an outcome of
interest. Sample size in the studies reporting adherence ranged from
n=14% to n=314° with mean (SD) intervention participant age
46.1(8.4) years and control participant age 45.5 (7.8) years. Mean
disease (SD) duration of intervention participants was 9.4 (7.1) years
and EDSS score 3.8 (1.2) and controls was 9.5 (6.2) years and 3.3 (1.1)
EDSS score.

Mean intervention duration was 12.2 weeks (range 3-26) and mean
frequency 3.3 sessions a week (range 1-7). Of the included studies only
11 (14%) included a follow up assessment (range 4-26 weeks) of which
three (4%) made reference to exercise adherence during this period.

3.3. Reporting of adherence and drop-out

Authors reported adherence in a variety of ways including: the
number or proportion of participants attending a particular number of
sessions (n=7); the number or proportion of participants attending all
sessions (n=6); the total number of prescribed exercise sessions at-
tended (n=2); mean number of sessions attended by participants (ei-
ther as a single average (n=7) or as an average accompanied by a
measure of variation (n=19)).

With respect to adherence to the exercise protocol (content ad-
herence), thirty-five of the forty-one studies did not provide any detail
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to confirm completion of the exercise program as prescribed. A further
five studies reported only very briefly on intervention completion, by
statements such as: “the intervention was completed as prescribed”
(Sandroff et al., 2017, Hogan et al., 2014); participants “completed all
the scheduled training sessions” (Medina-Perez et al., 2014); “affirmed
full compliance with the programme” (Mutluay et al., 2007) or that
“the intervention schedule was completed”. (Collett et al., 2011) Only
one study gave additional, although limited details, by reporting that
adherence to the program was successful, with 95% of exercise sessions
completed and participants in the exercise group successfully increasing
the weight in their vests by 0.5% t01.0% of body weight during the 8-
week intervention. (DeBolt and McCubbin, 2004)

Reported adherence to an exercise intervention (exercise com-
parator or active control) ranged from 50% (Conroy et al., 2018,
Collett et al., 2011) -100% (Fimland et al., 2010, Hojjatollah et al.,
2012) during the intervention period and 20% (Dalgas et al., 2009) -
88% (Kjolhede et al., 2015) in the three studies reporting this during
follow up. Seventy eight percent of included interventions reported
adherence of 80% or more. Eighty two percent of these were supervised
interventions. In two studies, flexibility regarding time frame for
completing the intervention was allowed within the protocol in order to
attain 80% adherence. (Feys et al., 2019, Moradi et al., 2015) Methods
used to measure adherence were stated in eleven studies, some of which
included more than one method, and included session attendance
monitoring (n=>5), self-report diary or logbook (paper; n=9; electronic
diary n=1) or activity tracker (n=1).
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Study Proportion  95% C.I. Study Proportion  95% C.I.
“Intervention Type’ = aerobic “Intervention Type’ = aerobic
Collett 2010a 0.65 [0.40; 0.86] Collett 2010a 0.55 [0.33; 0.76] —_—
Collett 2010b 0.55 [0.33;0.76] Collett 2010b 052 [0.31,0.74] ———®%——
Collett 2010¢ 0.50 [0.27;0.73] Collett 2010¢ 045 [0.24;067] ——&—— |
Feys 2017 0.94 [0.78; 1.00] Feys 2017 0.81 [0.61;0.95] —T
Kerling 2015b 0.94 [0.78; 1.00] Kerling 2015b 057 [0.38;0.74] o
Mostert 2002a 0.62 [0.33;0.87] Mostert 2002a 044 [0.22;068 ——&— |
Negaresh 2018 0.94 [0.76; 1.00] Negaresh 2018 0.89 [0.69; 1.00] e
Oken 2004a 0.67 [0.41;0.89] Oken 2004a 048 [0.26;069] —®&— |
Petajan 1996 0.95 [0.81; 1.00] Petajan 1996 0.74 [0.56; 0.89] —
Pilutti 2016a 0.80 [0.32; 1.00] Pilutti 2016a 0.67 [0.24;0.99] -
Pilutti 2016b 0.80 [0.32; 1.00] Pilutti 2016b 0.67 [0.24;0.99] s
Sutherland 2001 0.91 [0.65; 1.00] Sutherland 2001 0.91 [0.65; 1.00] ——=—
Zimmer 2017a 1.00 [0.94; 1.00] Zimmer 2017a 0.93 [0.80; 1.00] P
Zimmer 2017b 1.00 [0.94; 1.00] Zimmer 2017b 0.97 [0.87; 1.00] P
Pooled Adherence 0.86 [0.78; 0.92] Pooled Adherence 0.71 [0.60; 0.81] e
Heterogeneity:/* = 78%, * = 0.0142, 1}, = 59 (p < 0.01) Heterogeneity.I” = 77%, <* = 00263, 73, = 55 (p < 0.01) H
“Intervention Type’ = resistance N " i . E
Cakit 2010b 0.60 [0.28; 0.89] clg::tr;;qggn S resw:)ézge[me; 0.66] ——m—— !
Conroy 2018a 0.50 [0.25;0.75] Conroy 2018a 0.31 [0.14; 0.50] «—@—— :
Dalgas 2009 1.00 [0.89; 1.00] Dalgas 2009 0.79 [0.57; 0.95] — -
DeBolt 2004 0.95 [0.79; 1.00] DeBolt 2004 0.95 [0.79; 1.00] | —a
Dodd 2011 0.92 [0.80; 0.99] Dodd 2011 0.85 [0.71; 0.95] S
Fimland 2010a 1.00 [0.77; 1.00] Fimland 2010a 1.00 [0.77;1.00] ——
Hosseini 2018a 1.00 [0.80; 1.00] Hosseini 2018a 0.89 [0.58. 1.00] —_—
Hogan 2014a 0.79 [0.66; 0.90] Hogan 2014a 0.58 [0.45; 0.69] —.—
Harvey 1999b 067 [0.24;0.99] Harvey 1999b 057 [0.19:0.92] :
'\K/:olhedzeoZ%ﬁ g.gg [g;ﬁg lggl Kjolhede 2015 0.89 [0.69. 1.00] i
M::g: 20173 g {0-74; 1-00% Manca 2017a 0.93 [0.74; 1.00] I—
Medina-Perez 2014 0.97 [0.86; 1.00] Manca 20ib pradiioh H—}
Madina.Peraz 2016 095 [0.80. 1.00] Medina-Perez 2014 0.97 [0.86; 1.00] !

: i e Medina-Perez 2016 0.50 [0.34; 0.66] —a—
Moradi 2015 1.00 [0.80; 1.00] Moradi 2015 0.80 [0.49; 0.99] —t——
Pooled Adherence 0.91 [0.85; 0.96] P X Pl :
R S5 P BT Aa B ) ooled Adherence 0.77 [0.68; 0.86]

Heterogeneity:/* = 82%, > = 0.0263, 2, = 80 (p < 0.01)

“Intervention Type' = combined
> » ' “Intervention Type™ = combined

1§

Bjarnottir 2007 0.83 [0.41; 1.00 3 %
CJakit 2010a 0.93 onz; 1 00} B]ar_nottlr 2007 0.45 [0.17;0.76]
Carter 2014 0.90 [0.80; 0.97] Cakit 2010a 0.87 [0.64; 1.00]
Hojiatollah 2012 1.00 [0.83; 1.00] Carter 2014 0.75 [0.63; 0.85] !
Harvey 1999a 0.67 [0.24; 0.99] Hojjatollah 2012 1.00 [0.83; 1.00] —a
Hansen 2015 0.88 [0.66; 1.00] Harvey 1999a 0.57 [0.19; 0.92] T
Garrett 2012a 0.81 [0.70; 0.90] Hansen 2015 0.61 [0.40; 0.80] —
Kalron 2017b 0.83 [0.64. 096] Garrett 2012a 0.64 [0.53;0.74] ——
Kerling 2015a 0.89 [0.71; 1.00] Kalron 2017b 0.76 [0.57;0.91] ey
Ozkul 2018 0.83 [0.62; 0.98] Kerling 2015a 0.57 [0.38; 0.74] —
Romberg 2004 0.93 [0.84; 0.99] Ozkul 2018 0.71 [0.50; 0.89] ——
Sandroff 2017a 0.81 [0.66;0.93] Romberg 2004 0.86 [0.74; 0.94] —
Tallner 2016 0.72 [0.56; 0.86] Sandroff 2017a 0.60 [0.45;0.75] ——
Wens 2015a 0.92 [0.68; 1.00] Tallner 2016 0.44 [0.32; 0.57] — !
Wens 2015b 0.91 [0.65; 1.00] Wens 2015a 0.92 [0.68; 1.00] -
Wens 2015 0.90 [0.75; 0.99] Wens 2015b 0.91 [0.65; 1.00] —
Garrett 2012b 0.78 [0.67; 0.87] Wens 2015 0.87 [0.72;0.97] T
Hogan 2014b 0.91 [0.79; 0.99] Garrett 2012b 0.60 [0.50;0.71] ——
Pooled Adherence 0.87 [0.81; 0.92] Hogan 2014b 0.71 [0.57; 0.84] — R —
Heterogeneity:/® = 5%, <> = 0.0142, 7%, = 18 (p = 0.40) Pooled Adherence 0.72 [0.63; 0.80] -
Heterogeneity:/ = 70%, <* = 0.0263, 72, = 56 (p < 0.01) '
“Intervention Type" = other ;
Duff 2018 0.87 [0.64; 1.00] “Intervention Type® = other it
Forsberg 2016 0.86 [0.72; 0.96] Duff 2018 0.87 [0.64; 1.00] —
Fox 2016a 0.67 [0.50; 0.82] Forsberg 2016 0.68 [0.54; 0.81] ——
Hosseini 2018b 1.00 [0.80; 1.00] Fox 2016a 0.67 [0.50; 0.82] — e
Fry 2007 0.80 [0.59; 0.95] Hosseini 2018b 0.89 [0.58; 1.00] —_—
Kalron 2017a 0.82 [0.63; 0.96] Fry 2007 0.70 [0.49;0.87] —I:—
Mutluay 2007 0.95 [0.80; 1.00] Kalron 2017a 0.72 [0.53; 0.88] ——
Oken 2004b 0.68 [0.47; 0.86] Mutluay 2007 0.95 [0.80; 1.00] P —a
Sandroff 2017b 0.83 [0.68; 0.95] Oken 2004b 0.58 [0.38;0.76] —
Garrett 2012¢ 0.73 [0.61;0.83] Sandroff 2017b 0.62 [0.47;0.77] ——I—f—
Hogan 2014c 0.77 [0.50; 0.96] Garrett 2012¢ 0.60 [0.49;0.70] ——
Fox 2016b 0.84 [0.69; 0.95] Hogan 2014c 0.62 [0.37;0.85] +
Pooled Adherence 0.82 [0.74; 0.89] Fox 2016b 0.77 [0.62; 0.90] —
Heterogeneity:/* = 24%, v* = 0.0142, 1}, = 14 (p = 0.21) Pooled Adherence 0.72 [0.61; 0.82] b
Heterogeneity:I” = 42%, <" = 0.0263, 73, = 19 (p = 0.06) :
Pooled Adherence 0.87 [0.83; 0.90] H
Heterogeneity.I* = 57%, 1° = 0.0142, 13 = 133 (p < 0.01) f 1 I ] ] Pooled Adherence 0.73 [0.68; 0.78] -
Residual heterogeneity: I* = 56%, 73; = 124 (p < 0.01) 0.2 04 06 0.8 1 Heterogeneity: ” = 73%, * = 0.0263, %, = 213 (p < 0.01) I T T T !
Test for subgroup differences: 1 = 3, df = 3 (p = 0.36) Adherence Residual heterogeneity: /° = 74%, 2, = 210 (p < 0.01) 02 04 06 0.8 1
Test for subgroup differences: 75 = 1,df =3 (p = 0.79) Adherence
Figure 2. Pooled adherence (excluding drop-outs) according to intervention
type. Figure 3. Pooled adherence (including drop-outs) according to intervention
type.
10
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The pooled estimate of adherence was 0.87 (95% CI 0.83 to 0.90),
as illustrated in Figure 2. This estimate represents the proportion of
participants reported as adherent to the intervention when adherence
data were combined in a meta-analysis. The I-squared statistic was 57%
(95% CI 46.4% to 76.2%) indicating a moderate-to-high degree of
heterogeneity.

The reported drop-outs from exercise interventions ranged from 0%
(Fimland et al., 2010) to 47% (Medina-Perez et al., 2016) during the
intervention period and 0-27%°% at follow up. There was a lack of
consistency in reporting adherence and drop-out numbers and reasons
for drop-out. This was the case regardless as to whether or not studies
reported adherence at follow up. For instance, some studies excluded
people who did not reach a pre-defined cut-off level of adherence to an
intervention, such as 75% (Medina-Perez et al., 2016) or 80% (Wens
et al., 2015, Dalgas et al., 2009) of sessions attended and instead re-
ported them as drop-outs.

When adherence was re-calculated to include drop-outs, the pooled
adherence was 0.73 (95% CI 0.68 to 0.78) and I-squared was 73% (95%
CI 66.0% to 84.7%) as illustrated in figure 3.

3.4. Moderators

Only mean age (estimate=-0.009, standard error=0.003,
p=0.013), proportion of female participants (estimate=-0.003, stan-
dard error=0.001, p=0.017), and duration of intervention (esti-
mate =-0.007, standard error=0.003, p=0.045) all showed statisti-
cally significant inverse associations with adherence and together
explained 31% of the adherence heterogeneity.

A range of potential strategies to enhance adherence have been
suggested. (Casey et al., 2018, Motl et al., 2017) Our moderator ana-
lysis however suggested that there was not a significant association
with adherence in relation to the use of behavioural interventions or a
home exercise component. Fifteen studies (Garrett et al., 2013,
DeBolt and McCubbin, 2004, Feys et al., 2019, Conroy et al., 2018,
Hosseini et al., 2018, Tallner et al., 2016, Fox et al., 2016, Fry et al.,
2007, Mutluay et al., 2007, Oken et al., 2004, Romberg et al., 2004,
Cakit et al., 2010, Carter et al., 2014, Harvey et al., 1999, Kalron et al.,
2017) incorporated a home exercise element, eight of which were home
based interventions. Fifteen studies (Garrett et al., 2013, DeBolt and
McCubbin, 2004, Feys et al., 2019, Conroy et al., 2018, Tallner et al.,
2016, Fox et al., 2016, Fry et al., 2007, Mutluay et al., 2007, Oken et al.,
2004, Romberg et al., 2004, Cakit et al., 2010, Carter et al., 2014,
Harvey et al., 1999, Bjarnadottir et al., 2007, Dodd et al., 2011) in-
cluded a behavioural intervention component. These were reported as
goal setting, (Feys et al., 2019, Carter et al., 2014) use of an activity
tracker, (Feys et al, 2019) telephone support, (DeBolt and
McCubbin, 2004, Fry et al., 2007, Romberg et al., 2004) face to face
support, (DeBolt and McCubbin, 2004) peer support, (Feys et al., 2019)
social support, (Carter et al., 2014, Dodd et al., 2011) education re-
garding benefits of exercise (Garrett et al., 2013, Fry et al.,, 2007,
Carter et al., 2014, Bjarnadottir et al., 2007) and log or workbooks. (Fox
et al., 2016, Oken et al., 2004) Only one (Carter et al., 2014) of the
studies described the theoretical background of the behavioural com-
ponent.

3.5. Quality

The mean TESTEX score of the included studies reporting adherence
was 7.5/15. Details of the individual scores can be found in table 2.
Sixty six (70%) studies scored below 10 points, which although not
designed to be a cutoff point, is suggested by the scale's authors as in-
dicative of poor study design and/ or reporting (personal communica-
tion). TESTEX score was not found to be a moderator of adherence.
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4. Discussion

The results of this systematic review provide a novel synthesis of the
measurement and reporting of adherence and drop-out from exercise
interventions (both exercise comparators and active controls) in ex-
ercise studies in MS. Overall measurement and reporting is poor, with
only half (41/81) of the identified RCT studies reporting adherence.
The lack of data is particularly striking in the follow up period where
only three of 81 studies reported whether participants continued to
engage in exercise. Hence we cannot ascertain from the existing evi-
dence whether or not pwMS continue to exercise in the medium or
longer term following the initiation of an exercise programme. This
potentially limits the translation of results to clinical practice, since
clinicians cannot make evidence based decisions regarding which ex-
ercise approach is most effective in sustaining long-term engagement in
exercise; this being known to be required to retain any immediate
benefits gained. In addition, only a few weak adherence moderators
were identified. It would have also been interesting to determine levels
of adherence to the control group intervention, however this data was
rarely recorded or reported.

On a more positive note, it is encouraging that adherence to the
exercise interventions (based on attendance to supervised sessions and
percentage completion of prescribed home programme exercises) was
high in the 41 studies which reported adherence during the interven-
tion period, with the majority (78%) reporting adherence in excess of
80%. It is noteworthy, that more than 80% of this data related to at-
tendance at supervised sessions. It is possible however, that this level of
adherence is an overestimation given half of the exercise studies did not
report adherence which potentially may have been due to poor levels of
adherence rather than lack of measurement. During follow up, when
supervision had ceased, the three studies reporting adherence scored
20, (Dalgas et al, 2009) 36 (Tallner et al., 2016) and 88%
(Kjolhede et al., 2015) although this data should be interpreted with
caution given the very limited number of studies upon which this is
based.

Drop-out during intervention ranged from 0-47% and 0-27% at
follow up. Whilst it is possible that participants may have dropped out
for reasons related to the exercise intervention, unfortunately, a lack of
consistency and detail in reporting means that it is not possible to de-
termine whether or not this was the case. The limited available data
provided wide ranging reasons for drop-out, which include personal
circumstances (e.g. family illness) which are not modifiable when
considering potential changes to either study or intervention design. Of
note, Pilutti et al. (Pilutti et al., 2014) has previously reviewed the
literature and reported that the number of adverse events in, and drop-
outs from MS exercise groups are comparable to those from the control
groups. In addition, the exercise groups in general had a risk reduction
of 27% for having a relapse thus, adverse events and an increased re-
lapse rate are likely not major factors affecting adherence in MS ex-
ercise studies.

There are several major findings of this review. Firstly, the variety
of adherence definitions reported by the identified studies suggests that
trials do not consider adherence in consistent ways. Indeed the focus of
a laboratory-based proof of concept intervention study will have dif-
ferent issues related to adherence than a pragmatic community-based
physiotherapy intervention. It may therefore be that different defini-
tions are appropriate for different trials, however their definition
should clarify the specific elements of adherence that are being ad-
dressed. (Hawley-Hague et al., 2016)

The majority of studies in the review reported the proportions of
available sessions attended as the measure of adherence. This data is
informative for determining feasibility of the programme, particularly
from a service delivery perspective. Another aspect of adherence relates
to whether an exercise intervention is completed at the prescribed in-
tensity and/or duration of the protocol (content adherence). This pro-
vides information as to whether an adequate training stimulus was
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received, and whether the prescribed training is achievable for all
participants. In this review only one study (DeBolt and
McCubbin, 2004) was identified that provided any detail on this aspect
of adherence and none explicitly reported details of how many people
deviated from the prescribed training protocol with respect to intensity
and/or duration. As exercise protocol deviations are likely to be present
in most studies, future trials should optimally provide data on planned
versus actual intensity (such as heart rate data confirming aerobic in-
tensity or loading data from resistance training) and duration of ex-
ercise. This also highlights the issue that words often used synony-
mously may indicate different aspects of adherence, a finding also
underlined by other reviews of adherence in different populations.
(Ezzat et al., 2015, Frost et al., 2017) In addition, studies reported
adherence of completer participants. Reporting adherence including
that of those who dropped out of a study for an intervention related
reason would add further transparency and accuracy of intervention
adherence. Interestingly the Consensus on Exercise Reporting Template
(CERT) only recommend that a detailed description is provided on how
adherence to exercise is measured and reported, but do not provide any
specific recommendation on how to report adherence. (Slade et al.,
2016)

A second finding is that of how adherence is measured. To our
knowledge there is no guidance available regarding the optimal method
for measuring adherence in exercise studies in people with neurological
conditions, although attempts have been made to make such re-
commendations within the musculoskeletal field. (Holden et al., 2014)
In our review, the majority of studies measured adherence as session
attendance. However, some studies measured adherence via self-report
electronic or paper logbooks or self-report diaries. The use of different
methods makes comparison between studies or inclusion within meta-
analysis difficult. Furthermore, interpretation of the self-report data
needs to be considered mindful of the widely recognised issues of over-
inflation of exercise reporting, memory recall and social desirability.
(Jansons et al., 2017) Thirdly, without a follow up period post inter-
vention it is not possible to know whether people continued to engage
in exercise or if any benefits resulting from a given intervention are
maintained long-term, which is a key focus of current research. Only
eleven of the studies in this review included such a follow up period and
of these only three made comment as to whether exercise adherence
continued over this time. The necessity of evaluating long-term follow
up to determine whether short-term changes persist is emphasised in
the Development and Evaluation of Complex Interventions guidance.
(Mohler, 2015) Our review demonstrates that this recommendation is
not yet being widely followed.

It is noteworthy that in this review, we have highlighted studies that
include comprehensive behavioural interventions as well as those in-
corporating a component in line with Michie et. al. (Michie et al., 2011)
such as follow up phone calls or completion of activity logs. Although
the benefits of including a behavioural intervention are recognised in
the literature, only around a third of studies reported inclusion of such
and in the majority of cases the extent of this component appeared to be
limited. Although not included in this review, it is encouraging that
more recent pilot and feasibility studies (Coote et al., 2017, Hayes et al.,
2017, Keytsman et al., 2019) are seeking to further evaluate the addi-
tion of such interventions which may provide useful future insights.

An objective of this review was to identify moderators related to
adherence and drop-out during the exercise intervention and at follow
up. Of the variables assessed, only age, proportion of females and
duration of intervention were the significant moderators. This finding
was unexpected. On the basis of clinical experience and studies in-
vestigating correlates and determinates of physical activity. (Streber
et al., 2016) it was anticipated that disease duration and level of dis-
ability might also have been significant moderators. So too might
programme related factors such as the exercise modality, mode of in-
tervention delivery, and whether or not the programme was supervised,
as has been the case in studies in other populations (McPhate et al.,
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2013, Reljic et al., 2019, Allen et al., 2015) however this was not the
case. In addition, group allocation may have been a moderator but
analysis of this was not possible due to the lack of passive control (usual
activity) group adherence data.

As has been the finding of previous systematic reviews of re-
habilitation interventions, (Hawley-Hague et al., 2016, McLean et al.,
2017, Jordan et al., 2010) reporting of the study methods and results
was not consistently of a high standard. In particular this was with
respect to the transparency of reporting and incomplete or inaccurate
reporting (such as of drop-out data). This makes both interpretation and
implementation of the results more difficult for both researchers and
clinicians. It underlines the necessity for authors to more closely follow
the Consolidated Standards of Reporting Trials (CONSORT),
(Page et al., 2017) CERT (Slade et al., 2016) and the Template for In-
tervention Description and Replication (TIDieR) (Hoffmann et al.,
2014) guidelines in order to facilitate the translation of evidence to
practice. In addition, future exercise studies should seek to report their
work in line with the criteria for the development and evaluation of
complex interventions, (Mohler et al., 2015) where process evaluation
is considered important to exploring issues related to the delivery and
uptake of an intervention, such as adherence.

4.1. Strengths and limitations

This is a comprehensive review of adherence to exercise interven-
tions over the last 25 years. Conducted in line with PRISMA guidance
and utilising an exercise specific methodological appraisal tool, it
provides a robust overview of the MS specific exercise literature. The
study, however has several limitations, which include possible bias as
studies not published in English were not included. The grey literature
was not searched in this systematic review which may be a further
limitation. Finally, we did not go back to the original authors for raw
data, since the focus of our review was on the measurement and re-
porting of adherence data. Whilst this may have provided additional
information, poor response rates are common when attempting to re-
trieve such data. (Schroll et al., 2013) The results should therefore be
interpreted in light of these.

5. Conclusions

Only half of the existing exercise RCT studies in MS report data on
both adherence and drop-out during the intervention period, and it was
very rare for this data to be gathered at follow up. In addition, only a
few weak moderators of exercise adherence were identified.
Researchers are urged to consider clear definitions and presentation of
adherence data within future studies to enable the clinician to make a
balanced cost-benefit decision regarding implementation.
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