Journal Pre-proof

RESEARCH AND

THERAPY

Which behavioural and exercise interventions targeting fatigue show the most
promise in multiple sclerosis? A systematic review with narrative synthesis and meta-
analysis

Rona Moss-Morris, Dr Anthony M. Harrison, Dr Reza Safari, Dr Sam Norton, Dr
Marietta L van der Linden, Dr Federica Picariello, Dr Sarah Thomas, Dr Claire White,
Tom Mercer

PII: S0005-7967(19)30150-0
DOI: https://doi.org/10.1016/j.brat.2019.103464
Reference: BRT 103464

To appearin:  Behaviour Research and Therapy

Received Date: 6 June 2019
Revised Date: 21 August 2019
Accepted Date: 25 August 2019

Please cite this article as: Moss-Morris, R., Harrison, D.A.M., Safari, D.R., Norton, D.S., Marietta L

van der Linden, D., Picariello, D.F., Thomas, D.S., White, D.C., Mercer, T., Which behavioural and
exercise interventions targeting fatigue show the most promise in multiple sclerosis? A systematic
review with narrative synthesis and meta-analysis, Behaviour Research and Therapy (2019), doi: https://
doi.org/10.1016/j.brat.2019.103464.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Ltd.


https://doi.org/10.1016/j.brat.2019.103464
https://doi.org/10.1016/j.brat.2019.103464
https://doi.org/10.1016/j.brat.2019.103464

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Running head: Meta-analysis of fatigue interventions in MS 1

Title: Which behavioural and exercise interventions tamgdatigue show the most promise

in multiple sclerosis? A systematic review withnagive synthesis and meta-analysis

Authors

Professor Rona Moss-Morris PhD
Dr Anthony M. Harrison PhD

Dr Reza Safari PhD

Dr Sam Norton Phb

Dr. Marietta L van der Linden PHD
Dr Federica Picarielfo

Dr Sarah Thomas PHD

Dr Claire White Ph®

Professor Tom Mercer PHD

'Health Psychology Section, Institute of Psychiatgychology and Neuroscience 5th Floor
Bermondsey Wing, Guy’s Campus, King's College Lamd8E1 9RT

“Clinical Psychology Training Programme, InstituféHealth Sciences, University of Leeds,
School of Medicine, Level 10 Worsley Building, Giadon Way, Leeds LS2 9NL

®Health and Social Care Research Centre, Unives$iBerby, Kedleston Road, Derby;,
DE22 1GB

“Centre for Health, Activity and Rehabilitation Rasgh, Queen Margaret University, Queen
Margaret University Drive, Edinburgh, EH21 6UU

®Bournemouth University Clinical Research Unit, Hacof Health and Social Sciences,
Bournemouth University, R506b, Royal London HouSkristchurch Road, Bournemouth,

Dorset, BH1 3LT

Sensitivity: Internal



26

27

28

29

30

31

32

33

34

35

36

37

Meta-analysis of fatigue interventions in MS 2

®School of Population Health & Environmental Sciesdeaculty of life Sciences &

Medicine, King's College London, SE1 1UL

Corresponding author: Professor Rona Moss-Morris
Health Psychology Section, Institute of Psychia®yychology and Neuroscience
5" Floor Bermondsey Wing, Guy’s Campus, King's Codidgndon,
United Kingdom SE1 9RT
Corresponding author Tel.: +442071889324 Fax: +44860184

E-mail address: rona.moss-morris@Kkcl.ac.uk

Sensitivity: Internal



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Meta-analysis of fatigue interventions in MS 3

Abstract
Fatigue is a common and highly debilitating symptimultiple sclerosis (MS). This meta-
analytic systematic review with detailed narratbymthesis examined randomised-controlled
(RCTs) and controlled trials of behavioural andrejse interventions targeting fatigue in
adults with MS to assess which treatments offer riiest promise in reducing fatigue
severity/impact. Medline, EMBASE and PsycInfo elenic databases, amongst others, were
searched through to August 2018. Thirty-four trigl® exercise, 16 behavioural and 6
combined; n=2,434 participants) met inclusion cidte Data from 31 studies (n=1,991
participants) contributed to the meta-analysiskRi§ bias (using the Cochrane tool) and
study quality (GRADE) were assessed. The pooleddpbhd-of-treatment effects on self-
reported fatigue were: exercise interventions (=181 (95% CI -1.20 to -.47); behavioural
interventions (n=16) -.37 (95% CI -.53 to -.22)ndmned interventions (n=5) -.16 (95% CI: -
.36 to .04). Heterogeneity was high overall. Stuglyality was very low for exercise
interventions and moderate for behavioural and éoeabinterventions. Considering health
care professional time, subgroup results suggesthased cognitive behavioural therapy for
fatigue, balance and/or multicomponent exerciservantions may be the cost-efficient
therapies. These need testing in large RCTs witly-term follow-up to help define an
implementable fatigue management pathway in MS.
Word count: 198
Key words: Fatigue; Multiple sclerosis (MS); Meta-analysigriRomised controlled trials;

Behavioural interventions; Exercise interventions.
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Meta-analysis of fatigue interventions in MS 4

Introduction

Multiple sclerosis (MS) is a chronic, incurablendeslinating disease of the central
nervous system, usually diagnosed during younglaoldl (Compston & Coles, 2008). An
estimated 2.3 million people worldwide have MS watB:1 ratio of women to men (Atlas of
MS, 2013). Around 85% of people with MS (pwMS) dragnosed with relapsing remitting
MS (RRMS), which includes periods of remissionempersed with symptom relapses. After
10 to 20 years, many patients with RRMS go on tebigp secondary-progressive MS
(SPMS), where impairment accumulates over timeuAdo15% of pwMS are diagnosed
with primary-progressive MS (PPMS) characterisedupnic-progressive worsening of
symptoms and disability from onset (Compston & GpRO08; Reich, Lucchinetti, &
Calabresi, 2018).

The disease causes a range of symptoms and assadiséibilities, including loss of
mobility, spasticity, sensory disturbances, impaipalance, slowed cognitive processing,
incontinence, pain, and fatigue depending on tteeagineuronal damage (Compston &
Coles, 2008). Fatigue is one of the most commarted by around 80% of pwMS. Two-
thirds consider fatigue their most troubling symmpt(Giovannoni, 2006). It is one of the
most commonly cited reasons for stopping work apdedictor of poor quality of life even
when controlling for disease severity (Branas, dordrry-Smith, Burls, & Hyde, 2000;
Krupp, Serafin, & Christodoulou, 2010).

In the context of chronic medical illnesses, sueii&, fatigue is defined as a lack of
energy, feeling of exhaustion or overwhelming sesfd@edness that can be physical or
mental or both. This fatigue is not relieved bstrand may be unrelated to physiological
exertion (Bleijenberg, 2003; Krupp, 2003; NICE, 8D1Fatigue is one of the least
understood symptoms in MS. Evidence to date sugdiest primary disease factors, such as
demyelination, axonal loss or damage, and inflaromyadisease activity only play a small

part in MS fatigue (Krupp et al., 2010; van Kesg&élloss-Morris, 2006). According to older
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Meta-analysis of fatigue interventions in MS 5

evidence significantly higher levels of fatigue w@bserved among people with progressive
forms of MS compared to those with RRMS (Bergama$tbmani, Versino, Poli, & Cosi,
1997; Colosimo et al., 1995). However, more reesdence suggests that there are no
significant differences in fatigue by disease cewafier controlling for disability and

duration of symptoms (Kroencke, Lynch, & Denney)@0Lerdal, Gulowsen Celius, Krupp,
& Dahl, 2007; Patrick, Christodoulou, Krupp, & Congum, 2009). Fatigue directly related
to the disease mechanisms of MS can be referrad popimary fatigue (Langeskov-
Christensen, Bisson, Finlayson, & Dalgas, 2017).

Recent systematic reviews suggest medications afted to treat MS fatigue, such as
amantadine and aspirin, have low efficacy andnbatpharmacological interventions (both
exercise and psychological/educational) may haveerbeneficial effects on reducing the
severity of fatigue (Asano & Finlayson, 2014; KhAmatya, & Galea, 2014). This may be
because a wide range of psychosocial and secofalzoys contribute to fatigue in MS,
including poor sleep, low mood, deconditioning, amthelpful cognitive behavioural
responses to fatigue (Krupp et al., 2010; van Kesddoss-Morris, 2006). Fatigue
associated with these non-disease-specific fatatsfined by some researchers as
secondary fatigue which may be treatable throudpatieural methods (Langeskov-
Christensen et al., 2017). Clinical guidelines ssgdpehavioural methods and exercise be
incorporated in treatments for MS fatigue, butnléure of these treatments is poorly
specified (National Institute for Health and Care@&lence, 2014).

Meta-analytic systematic reviews of exercise antdédravioural interventions for the
management of fatigue in MS already exist. Two $atlion the effects of exercise therapy
only (Heine, van de Port, Rietberg, van Wegen, &kKlel, 2015; Pilutti, Greenlee, Motl,
Nickrent, & Petruzzello, 2013), one on yoga (Craneuche, Azizi, Dobos, & Langhorst,
2014), three on behavioural interventions, inclgddmergy conservation (EC; Blikman et al.,

2013), cognitive-behavioural therapy (CBT; van dédker et al., 2016), and patient
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education (Wendebourg et al., 2017). Only Asanofanthyson (2014)’s systematic review
included pharmacological, exercise and behavidotafventions, but no consideration was
given to the heterogeneity of interventions witthie exercise and behavioural categories.
Except for three systematic reviews (Asano & Fietay, 2014; van den Akker et al., 2016;
Wendebourg et al., 2017), none of the other revigyesified fatigue as a primary outcome.
Furthermore, van den Akker et al. (2016)’s reviewrfd variability in intervention content,

suggesting that even CBT is not one entity.

The combined evidence from these reviews has sisovatl to moderate effects of
exercise and behavioural interventions on fatigugls; however, given the heterogeneity
and complexity of such interventions, this evidefaiks to unravel differences in efficacy by
subtypes of exercise or behavioural interventibmsting the clinical utility of the evidence
syntheses. Firstly, previous reviews have not fedwexclusively on interventions aimed at
fatigue, and instead pooled outcomes across faspaeific and non-specific interventions.
Although, improvements in mood or self-managemeatikely to lead to secondary benefits
in fatigue, essential differences in content ofapeutically-similar interventions based on
intervention target are overlooked. For instand®T @r depression focuses on thoughts and
behaviours relevant to low mood, while fatigue-siiethoughts and behaviours need to be
addressed in CBT aimed at fatigue. In fact, acogytlh a systematic review in cancer,
psychosocial interventions were only superior tereise interventions when aimed
specifically at fatigue (Kangas, Bovbjerg, & Monigery, 2008). Inevitably this also limits
the consideration of treatment mechanisms pertittefatigue. Another important caveat of
this is that trials evaluating interventions naohad at fatigue specifically are less likely to
screen patients for fatigue, which is likely tora@tuce a ceiling effect, again doing little to

discern what therapeutic approaches need to bédewed in the management of fatigue.
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136 It'is also still unclear which exercise and behavabinterventions are likely to have
137  the greatest clinical utility, as an in-depth asa\yof intervention components is not

138  presented in the current reviews and interventésaften pooled in meta-analyses without
139  any clear indication of how similar or differenetfe interventions may be, making the

140 relative effectiveness hard to determine. For exapwhereas CBT for fatigue involves

141  establishing balance in activity and rest by ofjesdually increasing activity (Chalder,

142  2014), energy conservation involves a systemasiesssnent of all daily activities and

143  identifying ways of reducing energy expenditureciga, Brink, & Sauriol, 1995). This

144  clearly highlights that pooling behavioural intemtiens without consideration of the

145  potentially conflicting mechanisms of action spiecidé each approach may not be

146  appropriate. Issues such as intervention delivayge, and homework practice are often not
147  elucidated. Therefore, although a number of metdyéin reviews are already available, key
148 research questions remain unanswered. Hoffmanalehgues have recently argued for

149  methods of reviewing complex intervention studidsolr enhance the clinical utility of the
150 reviews (Hoffmann et al., 2017; Hoffmann & Walk215). These include using the

151  Template of Intervention Description and Replicat{®@IDieR) to extract and summarise the
152  contextual factors relevant to an intervention frainn et al., 2014) and establishing the key
153  components of complex interventions. The currestesyatic review incorporates these

154  elaborated methods alongside meta-analysis ohtezdtefficacy. The overall aim was to

155  provide a detailed description of all behaviourad &xercise interventions for MS fatigue

156 trialled to date against their relative potentidicacy and future treatment utility. The

157  specific objectives are to:

158 (1) Provide a narrative synthesis of all the exssr@and behavioural interventions explicitly
159  designed to treat fatigue in MS, including a breatw of the treatment components of each
160 intervention, the delivery methods, and acceptgbiif the interventions (uptake and

161 adherence).
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(2) Calculate the effect size for outcomes of seferted fatigue for each intervention based
on the primary post-randomisation end-point (defias being within two months following
the stated duration of the intervention) and sunmseaisk of bias for each study.

(3) Create subgroups within the exercise and behsai interventions based on key
intervention components and conduct meta-analy$gmst-treatment effect sizes of self-
reported severity or impact of fatigue across eddhese intervention subtypes.

(4) Where possible conduct meta-analyses of effiezets of longer-term follow-up of self-
reported fatigue outcomes across each of theseémtgon subtypées

(5) Compare the overall standardised interventitecesizes of the exercise and behavioural
interventions.

(6) If possible, conduct exploratory moderator aadsitivity analyses to explore how
treatment effects vary according to whether intetiems were guided by theory or not,
different levels of health care professional contagpes of MS, comparators used, and study
quality.

Method

The review protocol was registered on PROSPEROG20RD42016033763) and contains
details of the methodology employed (Moss-Morriglet2016).
Eligibility Criteria

Studies were included if they (a) were randomisadrolled trials (RCT) or quasi-
randomised controlled clinical trials (CCT) (b) idered behavioural and/or exercise

interventions where the primary focus of the inégon was explicitly stated as reducing

! Our original protocol also aimed to explore treatmeffects on measures of physical or
cognitive/mental fatigability (A. M. Harrison, ddair, & Moss-Morris, 2016). Fatigability has been
defined as “the magnitude or rate of change inrbopeance criterion relative to a reference value o
given time of task performance or measure of machboutput” (Kluger, Krupp, & Enoka, 2013).
As none of the studies included in the review ideldila measure of fatigability, this aim was dropped
from the review (A. M. Harrison et al., 2016).
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fatigue® (c) recruited adults (aged 18 and over) with dicored diagnosis of MS (McDonald
et al., 2001; Polman et al., 2011; Polman et @052 (d) used any compara{oo
intervention. usual care, standard medical caesglio treatment or another active
intervention); and (e) measured self-reported fetigeverity and/or impact of fatigue, or
vitality as an outcome using a validated sc&tedies including pwMS alongside people with
other conditions were included if at least 50%h&f sample comprised pwMS, and if data for
the MS subgroup were reported separately or proMigethe author on request. Trials were
excluded if they evaluated pharmacological andagyeinterventions, except where diet was
included as part of a broader behavioural appraddoHanguage restrictions were applied.
Search Strategy

Studies were identified though a systematic ordiearch of AMED, CINAHL,
EMBASE, LILACS, Medline, PEDro, Psycinfo, SPORTDis¢ and Web of Science core
collection databases to December 2015 using séamtis in Appendix A. AH and RS
screened all titles/online abstracts independeRdevant full-text published and
unpublished articles were read and assessed fibigty. Forward citation searches and
screening of reference lists were conducted otiohedl articles and previous MS fatigue
reviews and key authors contacted for unpublistedies. Trial databases (Cochrane
Library, WHO ICTRP, NIHR, ClinicalTrials.gov, Comiited trials) and grey literature online
databases were also searched (Dissertation Alsstraetnational World Cat, Greylit.org,
and Open Grey). The search was updated using the si@ategy on the online databases in

August 2018 by MvdL and a research assistant (eeedhart Figure 1).

INSERT FIGURE 1 ABOUT HERE

2 Generic interventions like CBT or Mindfulness-ba&tcess Reduction (MBSR) were not deemed
eligible, unless specifically targeting fatigue andlear mechanism postulated by authors.

Sensitivity: Internal



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Meta-analysis of fatigue interventions in MS 10

Data Extraction

Trial data were double extracted independentlygigbles developealpriori based
on the Cochrane Handbook recommendations (Higgiak,&011). Data extracted for the
calculation of treatment effect sizes were samiziess means, and standard deviations per
arm at each post-randomisation assessment. Whenedh not available, related information
(e.g. standard errors, confidence intervals artcstatistics) were recorded. The details of the
intervention delivery were single-extracted usinBi€R (Hoffmann & Walker, 2015).

Where possible, manuals of the interventions wetained from authors. Details of the key
intervention components or techniques were exttagitber from these manuals or article
descriptions alongside background theory, if addda

Data Synthesis Methods

A narrative synthesis of all interventions was aaectdd (Popay et al., 2006),
including a breakdown of the key treatment comptsand the acceptability of the
interventions (uptake and adherence). Becausesahtliticomponent nature of many of the
interventions, the key components of each of these described and where relevant, linked
to behaviour change taxonomies (Hardcastle, FoBiake, & Hagger, 2017; Michie et al.,
2013).

Grouping of Interventions: There has been a recent trend for reviews to group
interventions based on the use of specified belawdoange techniques (BCTs; French,
Olander, Chisholm, & Mc Sharry, 2014; Michie, Abaat, Whittington, McAteer, & Gupta,
2009) as defined in the Behaviour Change Taxonadvhghje et al., 2013). However, the
context in which BCTs were delivered varied subadlg across interventions included in
this review (e.g. goal setting to conserve eneggus goal setting to increase activity) and
the BCT approach failed to differentiate betwegretgf intervention. Therefore,
interventions were sub-categorized under threedogoaupings: exercise, behavioral or

mixed behavioral/exercise interventions based wrilai intervention features and theoretical

Sensitivity: Internal
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backgrounds rather than use of BCTs. Behavioutahrentions focused on behaviour
change, cognitive/attitudinal changes and/or ematichanges. Behavioural interventions
included physical activity unless clearly definedexercise. Physical activity was defined as
any bodily movement produced by skeletal musclasrgquires energy expenditure and
includes activities which are done as part of pigyworking, active transportation, house
chores and recreational activities (WHO, 2018).rEise interventions included exercise
defined as a subcategory of physical activity thg@lanned, structured, repetitive, and aims
to improve or maintain one or more components gkfal fithess (United States
Department of Health and Human Services, 2008).

Mixed interventions included a clearly defined component (as opposed to
general physical activity) alongside a clearly defl behavioral intervention (i.e. a defined
intervention not just use of BCTs to enhance trer@se uptake).

Risk of Bias: Risk of bias for all included studies was assessgéependently by AH
and RS according to the Cochrane Handbook for 8yate Reviews of Risk of Bias tool
(Higgins et al., 2011). Overall studies were coesed to be ‘low risk’ of bias in relation to
treatment effects when: i) participants were ranigaaasigned to groups (selection bias); ii)
group allocation was concealed to study persorrabth randomisation and outcome
assessment (selection & detection bias); iii) asedyfollowed the intention to treat principle
with levels of incomplete outcome data unlikelyrittoduce bias (attrition bias); and iv)
there was no evidence of selective outcome rempftinfatigue (reporting bias). It is
important to note that all studies are at riskderformance bias, as whilst it is possible to
blind participants to the study’s hypotheses, itas possible to blind participants or health
care professionals to group allocation in behawband exercise interventions (Page &
Persch, 2013). Therefore, performance bias wagégna the overall assessment of bias for
each study, but is included in the summaries pelystDiscrepancies between raters were

resolved by discussion with all authors until corsses was reached.
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Meta-Analysis: Individual effect sizes were calculated for eattldyg based on data
extracted. Treatment effect estimates were poolgairwise random-effects meta-analyses
conducted usingeetan in Stata 14.1 (Harris, 2008), stratifying intertiens into their
subgroups under (1) exercise, (2) behavioural @hchixed. The treatment effect on the
primary fatigue outcome was expressed as the stdisdd mean difference (SMD) between
groups at the primary post-randomisation end-peaitulated as Hedgefgwith correction
for small degrees of freedom (White & Thomas, 200%jrials with more than one
intervention group, the standard error of the SMihpared to a common control arm was
calculated accounting for the non-independenceetontrol arm across the comparisons
(Borenstein, 2009). Data were combined into a sieghtrol group where studies included
multiple control groupsStatistical heterogeneity, representing the vditgbn effect sizes
between studies, was quantified using th&tatistic within each intervention group and
subgroup. Heterogeneity was considered importaenwhwas greater than 40% and the
significance test indicated p<.05 (Higgins et2011).

Where available, data for fatigue at subsequergdoterm follow-up assessments
(>2months) were extracted to allow for examinatdmaintenance of treatment effects.
Data from 7 studies were provided for the behawabimtervention group at mid-term follow-
up (3-6 months) and 3 studies at longer-term follgpy(7-12 months). Only one exercise
(Heine et al., 2017) and four mixed interventiodsgos, Cameron, Chen, Chen, &
Bourdette, 2018; Hugos et al., 2019; Nedeljkovialet2016; Rietberg, van Wegen, Eyssen,
& Kwakkel, 2014; Turner et al., 2016) had long-tefiotiow-up.

Where sufficient studies in each subgroup exigihned sensitivity analysis was
conducted omitting studies where the risk of beseasment was either high or unclear for
three key domains. Exploratory analyses of potent@lerators, including total contact

hours with a healthcare professional (none or éthitlefined as 80 minutes, versus other),
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type of MS (relapsing remitting versus progressiaag type of control condition (no
treatment or usual care versus active comparat@s) also conducted where possible.
Grading of Recommendations, Assessment, Developmetd Evaluations (GRADE)
Assessment

RS, SN and AH conducted GRADE assessments to mr@ridverview of the
quality of evidence for each intervention subtypeal data were assessed according to the
five GRADE domains, including risk of bias, incostgincy, indirectness, imprecision and
publication bias (Guyatt et al., 2008). Becausséhgere behavioural and exercise
interventions the risk of bias domain was not doradgd due to either detection or

performance biases.

Results
Study Characteristics

The combined online searches yielded 2,659 abstedier removing duplicates, and
six additional studies were identified through @mtihg authors and forward citation/manual
searches (see figure 1). Thirty-four studies weeaiified as meeting inclusion criteria for
this review and are summarised in Table 1 includiagnographics of the samples (including
disability), fatigue screening and primary outcameasures, post-intervention follow-up
point, attrition at follow-up and long-term followp if present. All but one of the studies
were RCTs and 31 studies had sufficient data todladed in the meta-analysis including 34
active interventions.

Twelve studies evaluated exercise, 16 behavioana ,six combined exercise and
behavioural interventions, comprising a totahe®,434 pwMS. Eight (67%) of the 12
exercise studies had treatment group sizes othess20, 4 of the behavioural studies (25%)
and 2 of the combined studies (33%). All but onéhefstudies were RCTSs, and two
published articles provided separate one-yearvelip analyses (Mathiowetz, Matuska,

Finlayson, Luo, & Chen, 2007; P. W. Thomas et28114). Twenty-four studies included
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people with both RRMS and progressive MS (71%Mhcalgh the majority tended to be
RRMS. Three included people with RRMS only and sdeded to report type of MS.
Twenty-two studies provided Expanded Disabilityt&sa EDSS) scores (a measure of
severity of MS; Kurtzke, 1983) for their sample. &neEDSS scores ranged from 2.4 t0 5.5
suggesting on average patients had mild to moddisaility and most patients had some
level of mobility impairment. Six studies comprisaltifemale samples. Two studies included
only pwMS with limited standing balance. None of gtudies screened for anxiety, while 12
studies included depression as an exclusion aiteand five studies excluded patients with
substance abuse problems. Different definitionsevaitised to define presence of
depression or substance abuse problems acrossithess

Twenty-four studies (71%) had a screening cut-afffitigue before entry into the
study. Only six (18%) studies reported assessemgrrent fidelity, four of these were
behavioural studies and two mixed behavioural arilazse studies. Adherence was assessed
in 19 studies (56%) including 5 exercise studi€sbé&havioural and 4 combined (Tables B.1
and B.2, Appendix B). In the narrative synthesi®Wweloss to follow-up in the intervention
arm at end of treatment is taken as a proxy meadweceptability of the intervention, as the
methods to assess adherence were varied acrogsssind almost half did not assess
adherence.
Component Analysis and Grouping of Exercise Intervetions
Tables B.1 (Appendix B) and C.1 (Appendix C) prevalsummary of the exercise
intervention subgroups, physical fithess componetebvery details, and key BCTs.
Interventions were initially grouped according &ylkphysical fithess components i.e.
aerobic, muscle strengthening, balance and fletibdr combined exercise consisting of

more than one fithess component (see Table 2 &urightors of these components).
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333 INSERT TABLE 2 HERE

334 Six of the 15 exercise interventions focussed 6itmass component which fitted into
335 one of these discrete categories, two focusingatemnioe and four on aerobic exercise (one of
336 these was designed as the active control grounéobalance intervention). The aerobic
337 interventions included: twelve 15-minute treadre@ksions at an intensity of 11-12 RPE
338  (Gervasoni, Cattaneo, & Jonsdottir, 2014), growgreises involving walking at a

339 comfortable pace for 45 minutes three times a vieethree weeks (Dettmers, Sulzmann,
340 Ruchay-Plossl, Gutler, & Vieten, 2009), 30 minuteadic interval training at 40%, 60% and
341 80% of peak power on a cycle ergometer, three temesek, for 16 weeks (12/48 sessions
342  were supervised in an outpatient setting whilerémeaining 36 were home-based using

343 identical equipment) (Heine et al., 2017).

344 Both Heine et al. (2017) and Dettmers et al. (2@8Yyided a rationale for their

345 interventions but only Heine et al (2017) descripeagression of the exercise intensity. In
346 terms of loss to end of treatment follow-up in #ezobic groups, two studies reported zero
347  drop-out but follow-up was short: 2 weeks (Gervasbral., 2014) and 6 weeks (Hebert,
348 Corboy, Manago, & Schenkman, 2011), whilst Dettnegral. (2009) reported 44% drop-out
349  (follow-up 3 weeks) and Heine et al (2017) 21% \W&ks). Hebert et al. (2011) and Heine
350 etal. (2017) reported on adherence. Participaiy deries suggested significantly better
351 adherence to the vestibular home exercise groupr(ré@.5 days) compared to the aerobic
352  exercise group (mean 42.7 days; Hebert et al., 20d1ile 74% of patients completed all
353 sessions in Heine et al. (2017).

354 The balance studies used vestibular rehabilitatedivered by a physical therapist
355 twice a week for up to an hour over six weeks (Hiedieal., 2011; Hebert, Corboy, Vollmer,
356  Forster, & Schenkman, 2018). Only people with bedgaimpairments were included. The

357 authors postulated that balance exercises cowddialé fatigue through improvement in

Sensitivity: Internal



358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Meta-analysis of fatigue interventions in MS 16

upright postural control. Following the six-weelpswised training, participants in both
exercise groups completed daily home-based exsrlaseng 40 to 60 minutes over an 8- to
10-week period. There was 92% adherence to thengaeeé training and 88% adherence to
the home-based exercises (Hebert et al., 2018).

The remaining interventions reviewed were multieted targeting between three to
four of the key physical fithess components, buhaut explicit reference to a dominant
physical fithess component or established exepriseiples (i.e. specificity, overload,
progression, initial values, reversibility and dmshing returns (Ammann, Knols, Baschung,
de Bie R, & de Bruin, 2014). Eight interventionsrevéherefore grouped as ‘general exercise’
and further divided into two types: general aquatid general land-based (see Table B.1 for
the components included in each intervention). fieegeneral aquatic programmes were
delivered in a group format and included eight2oneeks of exercise, three times a week.
Although none of the interventions was guided lgpotly per se, buoyancy of water,
resistance against movement and the cooling effetie aquatic environment were
considered important. End of treatment drop-outliergeneral aquatic group ranged from 0
to 37%.

The three land-based general exercise interventised yoga and pilates. The two
yoga interventions were delivered in groups, lecdbyexperienced/certified instructor. In the
yoga interventions, sessions lasted 10-15 mintieése a week over 6 weeks (Karbandi,
Gorji, Mazloum, Norian, & Aghaei, 2015) and 60 mies, three times a week over 8 weeks
(Razazian, 2016), respectively. The Pilates intetioe sessions were 60 minutes, three times
a week over 12 weeks (Shanazari, Marandi, & Mings2813). None of the land-based
general exercises were guided by theory. End afrirent loss to follow-up for these exercise
groups ranged from 0 (Razazian, 2016) to 31% (Kadbet al., 2015). Of these three studies,

only Shanazari et al., (2015) reported the inclusiba progression in the level of exercise.
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Adherence for the general exercise interventions avey reported by Karabandi et al.
(2015) with an average of 10.6 out of 12 sessionspteted.

Only one study belonged to the category of comb@exicise (Escudero-Uribe,
Hochsprung, Heredia-Camacho, & Izquierdo-Ayuso,720&onsisting of a combination of
exercise components: aerobic, resistive, flexipikind balance, delivered by a neurologic
physical therapist twice weekly over 12 weeks fot® 100 minutes, with the duration of
sessions increasing by 5 minutes every week. Teecises were delivered either via a
Whole-Body Vibration (WBV) or Balance Trainer (Bfijechanical devices. In the treatment
groups, 16% and 22% of participants were lost lidvicup, respectively.

Component Analysis of the Behavioural Interventions

Table 3 provides descriptors and authors of thebedavioural intervention types.
Most of the studies could be divided into energyssovation (EC; n=8) and cognitive
behavioural therapy (CBT; n=5). One study combi@& and EC (labelled energy
effectiveness) and two were relaxation intervergidrables B.2 (Appendix B) and D.1
(Appendix D) provide a summary of the interventiomsler each subgroup, delivery detalils,

intervention components and summary of key BCTesacthe behavioural studies.

INSERT TABLE 3 ABOUT HERE

All eight EC interventions focused primarily on &sng and modifying activities to
reduce energy expenditures or to use energy mbeeeatly (S. Harrison, 2007). Other
methods are included in Table 3. No specific thewag provided but one study referred to
general self-efficacy theory (Mathiowetz, Finlaysbdfatuska, Chen, & Luo, 2005). In terms
of BCTs, most studies included a psychoeducatifmtais. Six of the EC interventions
included goals setting to change behaviour. Howexdy one specified monitoring and

reviewing of these goals (Daphne Kos et al., 2016).
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Six of the EC interventions were delivered facdaoe in a community group format,
by a range of HCPs (occupational therapist, dog®ychologist, physiotherapist) with
occupational therapist being the most common. Gzavgre held weekly and ranged from
three to 16 weeks’ duration (6 weeks being the roostmon) with sessions lasting from 45
to 180 minutes. The two remaining six-week eneimyservation interventions utilised
home-based web delivery with an online forum foMSv(Ghahari, Packer, & Passmore,
2010), and group-based teleconferencing (FinlayBeogissner, Cho, & Plow, 2011). Some,
but not all, energy conservation interventionsudeld weekly homework. Where reported,
loss to follow-up at end of EC treatment rangednfrtd% to 28% with one of the web-
delivered interventions having the highest rate (Bable 1).

The five CBT interventions were based on a theoaieind empirical model of MS
fatigue (see Table 3 for details). In terms of BCAIECBT interventions asked pwMS to set
and review specific, measurable, activity-relatedlistic, and time-specified or time-limited
goals. Goals focused on setting a baseline ofigcthvat can be achieved even on a bad day
or when tired, or increasing activity if under-aeti and once achieving consistency when
over or under active, increasing activity gradualsr time by pre-planned graded
increments if needed. Self-monitoring of goal pesgrwas a key component. CBT also used
therapy techniques not clearly identified in theTBgLich as identifying and managing
unhelpful thoughts in relation to fatigue and hpgrsonal expectations, and reattributing
symptoms to reduce somatic focus.

CBT interventions ranged from 8 to 16 weeks’ dwmtiwith individual weekly or
fortnightly sessions lasting up to 60 minutes pleekly homework. They differed with
respect to delivery methods. Two included weeklg-tmrone sessions with registered
psychologists (van den Akker et al., 2016; van Kkssal., 2008) with one also including a
participant manual (van Kessel et al., 2008). Lltodsllow-up at the end of CBT for these

two studies was 2% and 7%, respectively. The reimgithree CBT interventions were
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delivered through tailored interactive websited haMS worked through at home; one with
three hours of individual telephone support sesswith an assistant psychologist (Moss-
Morris et al., 2012), one with 10 minutes a weekmfil support from a clinical

psychologist (van Kessel, Wouldes, & Moss-Morri812) and one with no additional
support (Poéttgen et al., 2018). Loss to follow-wgsvhigher for the web-based than therapist-
delivered CBT ranging from 13% with telephone supdil% with email and 26% with no

support.

Only one intervention combined CBT with EC meth@8sThomas et al., 2013). The
aims of the treatment were to normalise the expee®f fatigue, support learning of
strategies to manage energy more effectively amckpiore different, more helpful ways of
thinking about fatigue. Whilst the programme dregyem EC principles the overall aim was
not to limit activity but rather to provide indiwiels with strategies to enable them to do
more of the things that matter to them. It includeé 2-hour session and five 105-minute
sessions over six weeks. The manualised programasealelivered by either occupational
therapists, physiotherapists or MS nurse. Lossltovi-up in the treatment group at the end
of treatment was 15%.

The relaxation interventions were not theory-basadited information was
provided about the intervention evaluated in NaZ&inahreza, Shaygannejad, and Valiani
(2015), it consisted of twice weekly relaxationssess of 40 minutes over 4 weeks. In
Sgoifo et al. (2017), participants received Jacolystaxation exercises biweekly over the
course of 8 weeks, with sessions lasting betweeandi®60 minutes delivered by one
psychotherapist. At the end of treatment, 4% aitritvas observed in the treatment group.
Component Analysis of the Combined Exercise/Behawioal Interventions

The components of the combined interventions atediin Appendix B; Tables B.1

(exercise components) and B.2 (behavioural compgeherhree tested EC and aerobic
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exercise (Hugos et al., 2019; Hugos et al., 201€xberg et al., 2014), one motivational
interviewing (MI) and physical activity promotiofirner et al., 2016), one aerobic exercise
and autogenic relaxation training (Zalisova & Hawd, 2001) and one a multidisciplinary
rehabilitation programme with an embedded aerokécaise programme (Nedeljkovic et al.,
2016).

Rietberg et al. (2014)’s EC and high intensity &er@xercise intervention combined
group- and individual-based sessions delivered plyyaical therapist, lasting for up to 45
minutes twice a week over 12 weeks. Participarttgesgeral goals related to lifestyle
changes to use energy more efficiently. Attritioonf the treatment group was at 9%. The
“Fatigue: Take Control” intervention included sealeadditional elements including
educating pwMS on how depression can impact negjgton sleep, and helping them to set
realistic and achievable goals (Hugos et al., 26lL8jos et al., 2010). There were six weekly
2-hour group sessions. The intervention also iredidw intensity exercise delivered in 20-
30 minutes 3 to 5 times a week for seven weeksitiatt from the treatment group was at
25% and 9%, respectively.

Turner et al. (2016) evaluated a six-week telepksupported treatment delivered by
a trained therapist, using Ml techniques, suchahises identification, to feed into personal
goals and choice related to participating in exseraf preference. Weekly sessions were
around 40 minutes. Homework consisted of workingbysical activity (not always
exercise) with goals guided by a DVD and bookletd Bf treatment loss to follow-up was
3%.

Zalisova and Havrdova (2001) combined group- addvidual-based sessions which
consisted of thirty-six hours of relaxation-basechiniques with thirty hours of aerobic,
resistive and balance exercises and educatiorachillities were instructed by two
physiotherapists, and intensity of aerobic exergias set at 60% VOmaximum load. There

was no attrition at the end of treatment.
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Finally, one study offered a 3-week multi-discilig rehabilitation programme,
delivered after a 5-day course of intravenous nipthgnisolone, which is a corticosteroid
medication used to suppress the immune systemexrdake inflammation (Nedeljkovic et
al., 2016). The rehabilitation programme was cotetlicn an outpatient clinic, and included
provision of mobility aids, bladder managementirungtion on basic physical exercises (not
specified) performed at home for 5 days. It alstuded two 30-minute sessions with a
rehabilitation physician who encouraged patientsréate their own fatigue management
strategy focused on organising their activitiegaify living.

Meta-Analysis of Exercise Interventions

Two exercise studies with active comparators didonovide sufficient data to be
included in the meta-analysis (Dettmers et al. 26@&rbandi et al., 2015). Figure 2a
presents the individual and pooled effect sizesHerremaining exercise interventions at the
end of treatment. The meta-analysis of the oveftdict of all exercise interventions on
fatigue included 13 exercise interventions fromgardies providing a pooled SMD of -0.84
(95% ClI -1.20 to -.47£73%). The substantial heterogeneity observed mieégrences are
potentially unreliable. Kargafard et al. (2012)ad®d the greatest contribution to
heterogeneity, which was liketjue to substantial worsening in self-reported fatigupat-
intervention in the control arm. When this studyswemoved the pooled SMD estimate
decreased to -.75 (95% CI: -1.09 to -.486P%). This suggests that the effect of exercise
interventions overall is moderate to large and gostatistically reliable the 95% confidence
interval indicates considerable uncertainty ingffect size.

Subgroup analyses using the five categories defroaa the narrative synthesis indicated
that general exercise in an aquatic environmerglumvg five studies had a pooled SMD of -
1.02 (95% CI: -1.72 to -.32°474%) with substantial heterogeneity. Excluding d@afard et.
al. (2012) decreased heterogeneity and lowereddbked estimate to -.74 (95% CI: -1.29 to

-.18; P=57%). The three aerobic studies had a pooled SM2® (95% CI: -.69 to .12;

Sensitivity: Internal



510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

Meta-analysis of fatigue interventions in MS 22
1?=26%) with low heterogeneity suggesting aerobiaege on its own in these three studies
only had a small and potentially non-significarfeet. There were too few studies to draw
inferences about the pooled effects for subgroalading to balance (2 studies), general land-
based exercise (2 studies), and combined exeltisidy). The effects of these subgroups
were generally large, but potentially non-signifita
Exploratory sensitivity and moderator analyses of xercise interventions

The RoB graph for the exercise studies is presantEdjure 2b. Five studies were
considered to have a low RoB. The pooled SMD of ReB studies was -1.01 (95% CI: -
1.45 to -.56;4=72%), while the pooled SMD of high RoB studies w&8 (95% CI: -1.23 to
-.02; P=72%). Planned moderator analyses were not posssbédl studies except two
(Escudero-Uribe et al., 2017; Kargarfard, EtemagdBaker, Mehrabi, & Hayatbakhsh, 2012)
included a mixture of MS types or failed to spe@fptype (Atri, Saeedi, Sorouri, &
Sokhangooy, 2012; Hebert et al., 2018; Shanazaiti,e2013). HCP contact time was always

more than 80 minutes, and only one of the contrmligs was considered an active

comparator.

[INSERT FIGURE 2 ABOUT HERE]

Meta-Analysis of Behavioural Interventions

Figure 3a shows the individual and pooled effentsifor each of the behavioural
interventions at end of treatment. These 16 intd@rgas from 16 studies provided a pooled
SMD of -.37 (95% ClI -.53 to -.22°342%), indicating small to moderate effects ongfad,
but with moderate and statistically significantdregeneity.

Subgroup analysis of the narrative review categmsi®mwed an SMD of -.20 (95% ClI
-.36 to -.03; 3=0%) for the eight EC studies with low heterogenéfhis suggests that the
effect on fatigue is small but statistically rel@bvith the 95% confidence interval indicating

large effects are unlikely. The pooled SMD for tive CBT studies was -.66 (95% CI: -.94
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535  to -.38; f=47%), however, heterogeneity was high and thehaddithe 95% confidence

536 interval wide indicating considerable uncertaintythe effect size. Other subgroups included
537 too few studies to allow for meta-analyses. TheadiCBT+EC study had a non-significant
538 end of treatment effect and the two relaxationistid medium to large effect.

539  Exploratory sensitivity and moderator analyses of Bhavioural studies

540 Figure 3b shows that ten out of the 16 behavicitadies had a low risk of bias.

541  When including only studies with low risk of bidsetpooled effect size reduced to -.33 (-.48
542 to -.18; F=30%), but did not make any substantive differetocie interpretation of the

543 treatment effect. Considering only low risk of bssdies in subgroup analysis was only

544  possible for EC interventions. Including the foowlrisk of bias EC interventions the effect
545  size remained stable at -.23 (95%CI: -.41 to -1880%), indicating a small treatment effect

546  with low heterogeneity.

547 [INSERT FIGURE 3 ABOUT HERE]

548 Moderator analysis by MS type was not possibldldsehavioural studies included
549 mixed samples. Because most of the heterogeneigynms of Cls and delivery types was in
550 the CBT category, we conducted moderator analyslis®P contact dose for this category
551 only.

552 The two studies with <80mins contact had a pooftatesize of -.57 (95% CI: -1.14
553  to .00) whereas the three with >= 80 mins coniawt had a pooled effect of -.76 (95% CI: -
554 1.05to0 -.47). The CBT effect is lower with lessitact time, but the confidence intervals
555  overlap considerably so no real inference can bevmlr

556 Moderator analysis by control group type for thatbehavioural intervention

557  category provided no robust indication that thestgp control used impacted on treatment

558 efficacy. Studies with a treatment as usual orlsaitontrol arm (n=14) had a pooled SMD
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of -.34 (95% CI: -.51 to -.18,2:1:43%) whereas studies with an active control grois2),
specifically relaxation, had a pooled SMD of -.86% Cl: -1.08 to -.25°£0%).
Treatment effects at longer-term follow-up for thebehavioural studies

In addition to the primary post-randomisation assemts, seven behavioural
interventions provided data at longer-term assessmaaging between 3 and 6 months post-
randomisation (see Figure 4 for list of studies enliividual follow-up treatment effects).
The overall pooled effect for behavioural intervens at this time was reduced to -.35 (95%
Cl: -.53 to -.16; 3=0%). In terms of subgroups, four studies invesitigeEC provided a
pooled SMD of -.24 (95% ClI: -.55 to .06=0%), which was equivalent to the effect post-
treatment. There were too few studies to allowtlierexamination of the other subgroups at
3 to 6 months follow-up. However, the individual B¥lsuggested that the combined
CBT+EC study and the CBT studies had similar medsiza effects at follow-up (see Table
4).

Data from three behavioural studies was availatn@fpoint greater than 6 months
post-randomisation (Blikman et al., 2017; Thomaale2014, van den Akker et al., 2017).
The pooled effect for these three behavioural studias SMD=-.23; 95%CI -.47 to .01;

1°=0%.

[INSERT FIGURE 4 ABOUT HERE]

Combined Exercise and Behavioural Interventions

Figure 5a shows the individual and pooled ende#dtment effect sizes for the
combined interventions. The pairwise meta-analgssessing the efficacy of mixed
interventions comprising aerobic exercise, physacalvity and behavioural components
included five studies (Hugos et al., 2019; Hugoal 2010; Nedeljkovic et al., 2016;

Rietberg et al., 2014; Turner et al., 2016). Thelgd effect was SMD=-.16 (95% CI: -.36 to
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.04; P=0%). Statistical heterogeneity was unlikely toim@ortant, but the estimate may not
be reliable due to the small number of studiesrBbthe studies had low risk of bias (see
Figure 5b). Subgroup and moderator analyses werpassible due to the small number of

studies.

Four combined intervention studies provided 3 todhths follow-up data, with a
pooled SMD of -.09 (95% ClI: -.30 to .12=0%). Only two studies (Heine et al., 2017;
Hugos et al., 2018) reported follow-up data fooapgreater than 6 months post-

randomisation.

[INSERT FIGURE 5 ABOUT HERE

GRADE Assessment

The GRADE assessment for exercise, behaviour amthio@d interventions is
summarised in Table 4. As with RoB, due to the matd the interventions, the quality of
evidence was not downgraded based on lack of bignehi minimise performance and
detection biases in the included studies. The tualievidence was ‘very low’ for overall
exercise and land-based general exercise, becastanformation is from studies with
inadequate allocation concealment or incompletewting for outcome data (limitation),
large differences between studies in the magnitdg®int estimates and minimal overlap of
corresponding Cls (inconsistency) and small tdatgle size and relatively wide CI
(imprecision). Quality of evidence was rated asv'ltor general exercise in aquatic
environment due to ‘limitation’ and ‘imprecisiorKargarfard et al. (2012) was excluded
from GRADE assessment so as not to downgrade thléygaf general aquatic exercise
further for the ‘inconsistency’ domain. The GRADdIng for aerobic exercise and balance

exercise was moderate, downgraded from high beaHus®grecision.
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The overall GRADE rating for the broader behavibgraup was moderate,
downgraded for inconsistency. In terms of subgro@&T evidence was downgraded to
moderate due to ‘imprecision’, while relaxation waged as ‘low’ quality due to ‘limitation’
and ‘imprecision’. EC was the only subgroup ratedhégh’ quality evidence. Evidence was

rated as ‘moderate’ quality for combined exercisbdviour, due to imprecision.

INSERT TABLE 4 ABOUT HERE

Discussion

Thirty-four studies (33 RCTS and one CCT) of eisr@nd behavioural
interventions specifically targeting MS fatigue weéncluded in this review. In terms of
exercise, the meta-analysis of the 13 exercisevietdions suggested that at the end of
treatment, exercise on average has a large effefetigue. However, heterogeneity within
the broader exercise category was high and theabbeprality of the evidence was very low
S0 we have no certainty in this estimate. The divefi@ct size was larger here than the
estimate reported in a previous meta-analysis efaese studies for fatigue in MS (SMD
=.53, 95%; CI: .73 to -.33), but with similar heigeneity (Heine et al., 2015). This disparity
is likely due to Heine et al. (2015) including @kercise studies which measured fatigue as an
outcome, whereas the current review only includeéerventions with a primary focus on
fatigue reduction.

In terms of exercise subcategories, based on tke #tudies included in the meta-
analysis, we have moderate quality evidence tleaétfect size for aerobic exercise on its
own is small, not retained at follow-up (Heine ket 2017) and accompanied by high drop-
out, suggesting poor acceptability of this approdtterefore, this tentatively suggests
aerobic exercise on its own may not be the best fufrexercise for MS fatigue, although this

may depend on programme content and delivery dsawastudy quality.
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The effect size for general exercise (a mixed coatimn of aerobic, flexibility,
strength and balance) was large, but quality oethdence was poor and the exercise
principles were generally inadequately specifiad;antrast to aerobic exercise.

There was some preliminary evidence in favour bélance intervention (vestibular
rehabilitation) when compared to a waitlist contvaked on two trials (Hebert et al., 2011;
Hebert et al., 2018), but not against an aerobécase group (Hebert et al., 2011). Drop-out
from the balance intervention was low (Hebert et2011; Hebert et al., 2018), and better
adherence to home practice than the aerobic eregoisip was observed (Hebert et al.,
2011). Hebert et al., (2011) postulated that baadraining in vestibular rehabilitation may
condition central sensory processing for efficigptight postural control. It is noteworthy
that all but one of the aquatic general exerciserwentions in this review included balance
exercises as part of the interventions (Kargaréral., 2012; Kooshiar et al., 2015; Razazian,
2016; Shanazari et al., 2013) and all three larsktb@eneral exercise programmes were
either yoga or Pilates interventions that targenieaance of upright postures (Karbandi et
al., 2015; Razazian, 2016; Shanazari et al., 20M8jy patients with MS, even those
minimally affected with MS have balance impairmeisrtin et al., 2006) and over 50%
are at risk of fallingFinlayson, Peterson, & Cho, 2016). Poor balandi&ety to make
navigating the environment more effortful, and thusechanistic argument can be
developed for improvement in balance leading tacédns in fatigue (Cameron & Lord,
2010). Whilst it is not possible to make recommeintia based on the quantity and quality
of evidence currently available, this suggests vieatibular rehabilitation and other balance
interventions warrant further investigation.

In terms of behavioural interventions, 16 intervems were included in the meta-
analysis most of which were either EC or CBT. Thierall end of treatment estimate for the
behavioural category was small, but heterogenedty lgh, so we cannot be confident in

this estimate. Effect sizes differed across theitw@rvention types. There was good quality
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evidence that EC has a small non-significant pasigiffect on fatigue at the end of treatment
and at follow-up. Therefore, at this stage, wedwaino further evidence is needed for EC.
Although a small effect may be better than no ¢ffe€ requires a reasonable time
commitment from patients and has moderate dropromiany studies, ranging from 14 to
28% (possibly because most of the EC interventioer® group-based). Future trials could
use EC as a better and more matched control condfian wait-list or treatment as usual
groups for either exercise or CBT (Moss-Morris &ridm, 2017).

CBT for fatigue showed a moderate to large effdoivever, heterogeneity was high
and quality of the evidence only moderate, with lstoanoderate effects maintained up to 6
months follow-up, but not at 12 months follow-upidentified by one study (van den Akker
et al., 2016). There was only some attenuatioh@kffect in the web-delivered CBT
subgroup, but the confidence intervals were Igpgssibly because one web-based trial had
no guided support (Pottgen et al., 2018), whileeat offered minimal support by telephone
or email (Moss-Moirris et al., 2012; van Kessellgt215). Although one-to-one CBT
delivered by a psychologist appears to have higk@ability with little drop-out (van den
Akker et al., 2016; van Kessel et al., 2008), uindikely to be an approach that can be rolled
out to all patients with MS fatigue. Web-based GEih some guided support from a HCP
shows some promise with the suggestion this magy dmst-effective option, but the evidence
is preliminary and no follow-up data are availaf¥oss-Morris et al., 2012; van Kessel et
al., 2015). Further high-quality studies on webdah€BT are warranted which focus on
optimal levels of clinical and cost-effective HClpport.

To date, none of the EC trials have published ntiexiaanalyses of the potential
mechanisms of the treatment effect. According @ilalle mediation analyses of CBT,
changes in negative perceptions of fatigue werenkegiators of the reduction in fatigue
severity, rather than changes in anxiety and defme¢Knoop, Van Kessel, & Moss-Morris,

2012; van den Akker et al., 2018). Although thesedupport the need for CBT protocols to
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focus on symptom perceptions rather than changimgdthese were small RCTs and larger
powered mechanistic studies are needed to tesbtretive-behavioural theory of fatigue
and to accordingly refine CBT.

A limited number of combined interventions was itifieed, which mainly consisted
of EC and aerobic exercises, with a small effexs.sbtatistical heterogeneity was low, but
the estimate may not be reliable due to the smeiber of studies and moderate quality of
evidence. These preliminary data suggest that acuntexercise and behavioural
interventions does not have any added benefit. dibgely resonates with the findings of a
recent meta-analysis of exercise and CBT intereestfor depression, anxiety, fatigue, and
pain in adults with chronic illness, where no aéitbenefit of combined CBT and exercise
interventions was identified on any of the outcorfissrnard et al., 2018). However, none of
the studies here combined CBT and exercise so dgafivm conclusions in relation to
combined interventions is premature. Thereforeoitild be valuable to explore the additive
benefits of combined interventions, such as CBT exwatcise, taking into account that their
benefits may extend beyond treatment effects agu@t but also lead to improved adherence
and maintenance of benefits over time; and idemtibglerators of treatment effect, such as
disease course.

A number of common issues are evident across iatg¢ion subgroups. Other than in
the CBT for fatigue and balance studies, the ugaegritheory or mechanisms of the
interventions are seldom considered, particularlgxercise interventions. Yet, this is
essential to maximise the efficacy of interventibgsactivating the desired chain of events.
A recent scoping review describes more than 30npi@lgpathophysiological mechanisms
contributing to primary and secondary fatigue in fll8ngeskov-Christensen et al., 2017).
Future studies, particularly evaluating exercigerirentions, should aim not only to reduce

fatigue, but to design programmes that target pgeganechanisms. Nested process analysis
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of potential mediators of change are needed talaurhore evidence-based theoretical model
of the pathophysiology of MS fatigue which will pe@mprove treatments downstream.

Exercise and behavioural studies need to focusnpnaving adherence to the
interventions and sustaining behavioural chandkarface of unpredictable and increasing
symptoms, and disability progression. Longer-tamatiments or booster treatment sessions
may be necessary. If exercise is to reduce faiigtiee longer-term, it needs to be presented
as a way of developing a lifestyle habit rathenthdareatment for a short-defined period of
time. To do this, exercise needs to consider patgmeference (enjoyment) of type of
exercise, tailoring of exercise during times of gyom fluctuation or more serious relapse,
and ways of adapting exercise as the disease gs®geTherefore, programmes which
provide equipment only for the duration of the stuahd only a single exercise regardless of
patient preference are unlikely to succeed in dingér-term (Moss-Morris & Norton, 2017).
Similarly, the benefits of pool-based exercise paagmes can only be sustained if patients
have ongoing access to these facilities. This neelle considered alongside implementation
and cost-effectiveness and may mean matching tygpéeael of intensity of intervention to
the complexity and severity of fatigue and othergra needs and circumstances.

Overall, to address these issues, clearly definegkaing to not only ensure that
participants meet diagnostic fatigue thresholds atao to assess co-morbidities, such as the
presence of depression, anxiety, and substance ghboislems; is necessary as these may
influence engagement with and adherence to tredatmgnvell as the mechanisms of change
underlying improvement. Some researchers have wéhlthis by excluding based on co-
morbidities. The disadvantage of this approachas the results are not generalisable across
people with MS as rates of depression and anxretyigh, and may also be a consequence
of the fatigue. A better approach would be to meagese factors and then to explore
whether they moderate or predict treatment effétctsey do — then treatment may need to

be specially tailored for these groups.
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Additionally, in the context of complex intervems assessment and monitoring of
treatment fidelity is fundamental to the interptietia of treatment effects in relation to the
delivered intervention. However, treatment fidelgyoften under-reported in studies
(O’Shea, McCormick, Bradley, & O’'Neill, 2016), als@ evident here with only six studies
assessing treatment fidelity. Comprehensive assdsand monitoring of treatment fidelity
in future trials will enhance the quality of evidenand optimise the translation of
interventions into clinical practice (Bellg et &0Q04).

Limitations of this review need to be noted. Fiedthough substantial effort was
made to categorise the interventions through oistgitneatment manuals, few manuals were
available, particularly in the exercise categopnsequently some of the interventions were
categorised based on limited descriptors providdtie papers. To offset this limitation,
authors were contacted with queries to obtain rdetail where possible and the majority of
authors replied. Second, the registered protoadhis review (Moss-Morris et al., 2016)
specified a handful ad-priori subgroup analysis and exploratory sensitivity audierator
analysis which could not be conducted due to thallsmmber of studies in many of the

subgroups and substantial design and statistitatdgeneity.

This is the first systematic review to combine bathery detailed narrative synthesis
and meta-analysis of all the behavioural and egersiudies conducted to date with a
primary focus on treating fatigue in MS. The reviguggests that web-based CBT and mixed
or balance-based exercise interventions may bet® promising areas to pursue in future
research although conclusions are very tentatieetdthe moderate to poor quality of
sporadic evidence. There is a clear need for adelgyaowered trials of these treatments
with a focus on ensuring the interventions aregiexi in a way that they are easily
implementable in the future. This requires pragmtial designs and evaluation of cost-

effectiveness. EC could be used as an active catgrdo control for HCP time and
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attention as there is good evidence of small ngnHstant effects for EC. Trials need to
include longer-term follow-up and methods to mamtgains obtained at end of treatment.
Clear mechanisms of action to reduce fatigue nede tspecified in interventions. Studies
need to be large enough to embed mediation and nattwie analysis of treatment effect to
address how interventions lead to fatigue redudiwh how to personalise treatments. These
data can then be used to improve and tailor traasfarther. The findings of this review
provide a valuable foundation for future researctdfine a sorely needed routine fatigue
management pathway in MS. There is moderate qualifence that both CBT for fatigue
and balance interventions are most promising amd-goality evidence that mixed exercise
interventions have large effects in the short-tamd may be worthy of further study. RCTs
comparing these treatments would aid in the devedoyt of a treatment pathway which

provides informed choice for patients to managigtiet
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Table 1: Studies included in the systematic revie\istudies in bold were significantly effective at psi-treatment in the meta-analysis)

39

Study reference  Country Study Participants Type Demographic and Disease Factors Screened fo Fatigue End of Lostto post- Final
Design (RRMS (%); Age years M (SD); Fatigue  Outcome intervention treatment follow-up
Female (%); Level of disability M (SD) / Mdn (Q1-@31in to (cut-off score/ (primary or time-point  follow-up  time-point
Max); Time since diagnosis months/years M (SD) hM@1-  measure) secondary) (wks) (%) (wks post en
Q3). intervention)
Exp n. Ctrln. Exp. Ctrl. Exp. Ctrl. Exp. Ctrl.
Exercise studies
1. Atrietal. 2012 IR RCT 14 12 General NR NR; 36.3 (7.81); NR; 31.50 (7.96); No FSS (NR) 8 NR NR NR
(Aquatic) (TAU)  100%, EDSS: 2.4 (1.1); NROO0%; EDSS: 2.8 (1.5); NR.
2. Dettmers et al. DE RCT 15 15 Aerobic General 86.86 %; 45.8 (7.9); 66.66 %; 39.7 (9.1); Yes (NR) MFIS (S) 3 44% 33% NR
2009* exercise  66.66 %; EDSS: 2.6 (1.2);73.33%; EDSS: 2.8 (0.7);
(Active 8.0 (5.9) yrs. 6.1 (4.3) yrs.
control)
3. Escudero-Uribe et ES RCT 19 18 Whole body Waitlist 100%; 43.1 (10.2); 62.5%;  100%; 43.0 (9.3); 77.7%; Yes FSS 12 16% 0 NA
al. 2017 (1)» vibration (TAU) EDSS: 3.0 (1.0); 10.5 (8.8) yr&£DSS: 3.2 (1.1); 8.0 (5.4) yrs(FSS>4) & P
(combined) clinical MFIS
history of ()
impairment
in daily
living due to
fatigue
4. Escudero-Uribe et ES RCT 18 18 Balance trainer ~ Waitlist 100%; 40.3 (8.9); 64.2%; 100%; 43.0 (9.3); 77.7%; Yes FSS 12 22% 0 NA
al. 2017 (2)» (combined) (TAU) EDSS: 3.2 (1.1); 7.4 (5.0) yrsEDSS: 3.2 (1.1); 8-0 (5.4) YIS(FSS>4) & P)
clinical MFIS
history of ®)
impairment
in daily
living dueto
fatigue
5. Gervasoni et al. IT RCT 15 15 Aerobic  Conventional 37.5%; 49.6 (9.4); 40%, 54.6%; 45.7 (8.6); 40%, No FSS (S) 2 0 0 NR
2014 (Treadmill training EDSS: 5.0 (3 t0 6.5); EDSS: 5.5 (3.5 to 6);
training) 14.5 (9.7) yrs. 15.5 (10.3) yrs.
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8. Hebert et al.
2018~

9. Heine et al.
20177

10.Karbandi et al.
2015

11.Kargarfard et al.

2012~

12.Kooshiar et al.
20157

13.Razazian et al.
2016 (1) "4

14.Razazian et al.
2016 (2) "4

15.Shanazari et al.
2013 (1}

16.Shanazari et al.
2013 (2)

us

us

us

NL

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

12

13

44

43

41

16

20

18

18

19

19

13 Balance
(Vestibular
rehabilitation)

Waitlist

13 Aerobic and Waitlist
stretching

44  Balance and Eye- Waitlist
Movement
Exercises for
People with
Multiple Sclerosi
(Balance)
46 Aerobic interve MS nurse
training
44 General Individualisec
(Group Yoga) Yoga
16 General TAU
(Aquatic)
20 General No
(Aquatic) intervention
18 General TAU
(Aquatic)
18 General TAU
(Group Hatha
Yoga)
19 General TAU
(Aquatic)
19 General TAU
(Pilates)

92%:; 46.8 (0.5);

75%; 85%;
6MWT (ft): 1,335.6 (320.36MWT (ft): 1,049.2 (328.9
6.5 (5.6) yrs. 9.1 (7.3) yrs.
85%; 42.6 (10.2); 92%; 50.2 (9.2);
85%; 85%;
6MWT (ft): 1,066.1 (335.96MWT (ft): 1,049.2 (328.9
5.1(3.2) yrs. 9.1 (7.3) yrs.
NR; 46-5 (8-8); NR; 43-0 (10-8);

84%;

EDSS: 3.50 (1.1); 8.34 (5.7) EDSS: 3.34 (1.1); 8.54 (7.6)

yrs.

72.1%; 43.1 (9.8);

92%; 50.2 (9.2);

86%;

yrs.

(2.0-19.0) yrs.

Yes

(MFIS > 45)

Yes

(MFIS > 45)

Yes

(MFIS > 22)

NR NR No
100%; 33.7 (8.6); 100%; 31.6 (7.7); No
100%; EDSS: 2.9 (0.9); 100%; EDSS: 3.0 (0.7);
4.9 (2.3) yrs. 4.6 (1.9) yrs.
75.7%; 29.2 (8.0); 100%; EDSS: 2.5 (1.1); NR.
61.1%; 35.39 (6.89); 66.6%; 33.11 (6.60); No
100%; EDSS: 3.44 (0.95);100%; EDSS: 3.25 (1.24);
7.11 (0.90) yrs. 6.78 (0.65) yrs.
72.2%; 33.33 (7.40); 66.6%; 33.11 (6.60); No
100%; EDSS: 3.89 (1.02);100%; EDSS: 3.25 (1.24);
6.90 (0.90) yrs. 6.78 (0.65) yrs.
NR; NR; NR; NR; No
100%; 100%;
EDSS <4.5; NR. EDSS <4.5; NR.
NR; NR; NR; NR; No
100%; 100%;
EDSS <4.5; NR. EDSS <4.5; NR.

No

MFIS (P)

MFIS (P)

MFIS
©)

73.9%,; 48.2 (9.2); 71.7%;Yes (CIS20r CIS20r
consultations74.4%; EDSS: 2.5 (2.8:5); EDSS: 3.0 (2.0-4.0); 12.0fatigue>35)
7.0 (2.0-10.0) yrs.

fatigue
subscale (P)

MFIS (NR)

MFIS (NR)

SRSR)
MFIS (NR)
FSS (NR)
FSS (NR)

MFIS (P)

MFIS (P)

14

16

12

12

0

0

14%

21%

31%

37%

10%

16%

16%

7%

8%

14%

15%

34%

31%

5%

16%

16%

40

10

10

NR

36

NA

NA

NA

NA

NA

NA

NA

Behavioural studies




1. Blikman et al. NL RCT 36 40 EC MS nurse 76.2%; 47.7 (11.0); 72.7%; 46.6 (11.5); Yes CIS20r 16 14% 9%

2017+ consultations 81%; EDSS: 2.5 (2-4); 6.58.1%; EDSS: 1.8 (#); 7.5(CIS20r>35) Fatigue
(3.7-17.3) yrs. (3-14) yrs. subscale (P)
2. Finlayson et al. us RCT 94 96 EC Waitlist 52%; 56 (9); 79%; NR; 15 (9) yrs. Yes FSS (P) 7 28% 27%
2011 (FSS>4)
3. Ghaharietal. 2010 A RCT 25/ 23/ EC No 65%; NR; 57.1%; NR; Yes FIS (P) 7 NR NR
(> 24 20 intervention 96%; NR; 72%; NR; 92.59 (69.466) (FSS>4)
102.22 (83.38) mo. mo.
4. Ghaharietal. 2010 A RCT 19/ 26/ EC No 77.8%; NR; 57.1%; NR; Yes FIS (P) 7 NR NR
(2 23 20 intervention 82%:; NR; 72%; NR; (FSS>4)
116.00 (85.56) mo. 92.59 (69.466) mo.
5. Garcia-Burguillo E CCT 9 5 EC NR 66.7%; 44.7 (NR); 88.9%; 60%); 44.4 (NR); 80%; Yes FIS 10 NR NR
Aguila-Maturana EDSS: 2,5 (1.2); EDSS: 2.6 (1.3); (FSS>3.5) Physical
2009 9.5 (NR) yrs. 8 (NR) yrs. (NR)
6. Garcia Jalon et al. IE RCT 13 10 EC Peer support  15%; 45.85 (9.93); 30%; 52 (7.01); Yes FIS (S) 6 23% 0%
2012 (Active 76%; RMI: 12.77 (2.12); 60%; RMI: 13.1 (1.44); (FSS>4) FSS(S)
control) 11 (7.01) yrs. 14.22 (11.94) yrs.
7. Kos et al. 2007 BE RCT 28 23 EC Education 72%; 42.9 (9.1); 61%; 44.5 (9.9); Yes MFIS (P) 7 14% 31%
8%; MSFC: 0.13 (0.6);  8%; MSFC: 0.16 (0.7); (> 3 fatigue FSS (S)
6.1 (4.9) yrs. 8.2 (9.0) yrs. subscale
GNDS)
8. Kos et al. 2016 BE RCT 17 14  EC + goals for Relaxation NR; 37 (8.2); NR; 44 (8.9); Yes MFIS (NR) 3 18% 21%
physical therapy NR; EDSS: 3 (2.5-3.25); NR; EDSS: 3.5 (3.5-4); (VAS>60)
activity NR. NR.
9. Mathiowetz et al. us RCT 78 91 EC Waitlist  61.5%; 48.3 (8.4); 83%; 33% unable to work; 9.8)7. Yes FIS (P) 7 21% 25%
2005 / 2007 yrs. (FSS>4)
10.MossMorris et al. GB RCT 23 22 CBT TAU 43.5%; 40.14 (17.76); 70.6%; 41.81 (11.43); Yes CFS (P) 10 13% 27%
2012» 69.6%); 94.1%; (CFS >4) MFIS (P)

S-EDSS: 39.1% = 4; S-EDSS: 58.8% = 4;
21 (9.05) yrs. 16 (7.88) yrs.
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11.Nazari et al. IE RCT 25 25 Relaxation No NR any subtype defined ifNR any subtype defined in  Yes FSS (NR) 4 0 0 8
2015w intervention the inclusion criteria; 33.9@he inclusion criteria; 34.40 (FSS> 4)
(5.60); (7.70);
100%; NR; 100%; NR;
5.18 (4.69) yrs. 4.78 (3.36) yrs.
12.Péttgen et al. DE RCT 139 136 CBT No 70.5 %; 40.80 (11.12); 75%; 41.90 (9.36); Yes CFS (P) 12 26% 11% 24
2018" intervention 82%; DS: 54% moderate;79%; DS: 53% moderate;(FSMC>42) (not yet
8.91 (7.47) yrs. 9.19 (7.43) ys. available)
13.Sgoifo et al | RCT 24 24 Integrated Waitlist 83%; NR; NR; 91%; NR; NR; No MFIS (P) 8 4% 0% NA
(2017)r Imaginative (TAU) EDSS: 3-15 (1-97); EDSS: 3-44 (2:01);
Distention 8:2 (7-3) yrs. 10-5 (8-5) yrs.
Therapy
(bio/neurofeedbac
k training)
14.Thomas et al. GB RCT 84 80 CBT & EC  Current local 43%; 48.0 (10.2); 73%; 51%; 50.1 (9.1); 73%; Yes GFS (P) 10 15% 6% 52
2013 /2014™ practice /| TAU  APDDS: 78%> 4; APDDS: 81%> 4; (FSS >4)
40% 1to 5 yrs. 27% 1to 5 yrs.
15.Van den Akker et NL RCT 44 47 CBT MS nurse 72.7%; 50.6 (8.3); 74.5%; 46.4 (11.6); Yes CIS20r 16 7% 17% 36
al. 2017~* consultations 70.5%; EDSS: 3.0 (2.8; 83%; EDSS: 2.5 (2.3; 3.0); (CIS20r fatigue (P)
3.6); 8.2 (2.9-14.2) yrs. 5.2 (2.1-1.5) yrs. fatigue>35)
16.van Kessel et al. NZ RCT 35 37 CBT Relaxation 66%; 42.89 (9.92); 49%; 47.03 (9.45); Yes CFSs (P) 8 2% 5% 24
2008" (placebo  80%;EDSS: 3.04 (1.78); 70%; (CFS>4) WSAS (S)
intervention) 5.54 (4.80) yrs. EDSS:3.86 (1.53);
6.65 (5.91) yrs.
17.van Kessel et al. NZ RCT 19 20 CBT CBT without ~ 79%; 42.95 (8.16); 55%; 45.70 (8.39); Yes CFS (P) 10 21% 55% NA
2015" email support 58%; 90%; (CFS=4) MFIS (P)
EDSS: 42% 4.5; EDSS: 50% 4.5;
4,78 (4.36) yrs. 5.12 (4.29) yrs.
Combined studies
1. Hugos et al. us RCT 21 20 Fatigue: Take  Waitlist NR; 55.41 (9.10); NR; 55.41 (9.10); No MFIS (P) 8 25% 25% 13
20107 Control 87%; EDSS: 4.9 (1.2); 73%; FSS (S)
(EC & exercise) 14.24 (7.04) yrs. EDSS: 5.5 (0.8); 15.54
(6.52) yrs.
2. Hugosetal. 2018/ US RCT 109 109  Fatigue: Take  MS: Take 61%; 53-9 (9-8); 55%; 53-6 (10-5); Yes MFIS (P) 6-10 9% 9.5% 24
2019/= Control Control EDSS: 5.1 (1.1); EDSS: 5.3 (1.1); (MFIS > 25)

(EC & exercise) (education)

12-3 (7:6) yrs.

12-7 (9-3) yrs.



. Nedelikovic et al.

201604

. Rietberg et al.
2014 4

. Turner et al.

201604

. Zalisova et al. 2011

RS RCT 19 20  Methylpred. &lethylpred. &

Aerobic
exercise &
MDR
NL RCT 23 25 Aerobic

exercise & EC consultation /

us RCT 31 33  General (landexercise DVL

based) exercis
& Ml

Ccz RCT 9 9 Aerobic
exercise &
Relaxation

100%; 41.7 (9.5);
63.2%:; EDSS: 4.4 (1.3);

70%; 45 (9.9);
61%; EDSS: 3 (3);

70%; 53.6 (13.1);
42%; Mobility PF:2.73

11.85 (10.41) yrs.

NR; 36.6 (6.64);
6%:; Al: 3.27 (1.71);
6.8 (6.19) yrs.

100%; 39.7 (10.5); No FSS (NR)
70%:; EDSS: 4.2 (0.7);
5 (2-10.8) yrs.
48%; 47 (8.6); Yes CIS-20R

68%;EDSS: 4 (2); (accordingtt  (P)

8 (6.1) yrs. MSCCPG FSS (S)
definition) MFIS (S)
65%; 52.7 (11.6); Yes MFIS (P)
29%; Mobility PF: 2.35 (MFIS > 20)
(1.50)
11.33 (9.00) yrs.
NR; 38.87 (6.98); Yes MFIS (NR)

0%; Al: 3.5 (1.65); (self-report)
17.1 (3.8) yrs.

12

13.6%17%

9%

3%

8%

43

12

24

18

NA

*Participants were excluded if they had major depi@n, or were under psychiatric treatment for eegion, or had high levels of depressive symptoliogyo
°Participants with limited standing balance werdtided
A4 Participants with addiction problems were excluded
Y Participants who had experienced severe stressgifair weeks prior to recruitment were excluded8Mubsample data provided by author.
“Long-term follow-up (12 months) data provided forecsite

Alncluded in the pairwise meta-analyses

*Median (range)

Abbreviations: Al (Ambulation Index); APDDS (Adapt®atient Determined Disease Steps); CCT (Contt@lénical Trial); CIS-20R (Checklist Individual i@hgth Fatigue total score); Ctrl (Control groupy (Disease Steps); EC (Energy

Conservation); EE (Energy Effectiveness); EDSS éxied Disability Status Scale); Exp (Experimentalig); GNDS (Guy's Neurological Disability Scal&)PR (multidisciplinary rehabilitation); Mobility PEMobility item of the Performance
Scales); MSCCPG (The Multiple Sclerosis Council@inical Practice Guidelines); MSFC (MS-Functio@dmposite score); NR (Not reported); NA (not apgllile to the study hypotheses); RCT (Randomisedr@ld Trial); RMI (Rivermead
Mobility Index); RR (Relapse-Remitting MS); S-ED$&Self-report Expanded Disability Status Scale); T@Weatment as usual/standard care); WSAS (WorkSowial Adjustment Scale).

Self-report Fatigue Scales:

1.

Nogoh,wn

CFS: Chronic Fatigue Scale
FIS: Fatigue Impact Scale

GFS: Global Fatigue Severity subscale of the Fatigssessment Inventory

FSMC: Fatigue Scale of Motor and Cognition
FSS: Fatigue Severity Scale

MFIS: Modified Fatigue Impact Scale
WSAS: Work and Social Adjustment Scale
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Table 2. Descriptors of key physical fithess compamts for the exercise intervention
subgroups

*Aerobic fitness. Main fitness component in exercise in which thdyb® large muscles move in a rhythmic
manner for a sustained period of time. Aerobicvagtialso called endurance activity, improves

cardiorespiratory fitness. Examples include walkingining, cycling and swimming

*Muscle strength/power. Main physical fithess component in exercise ain@hicreasing skeletal muscle
strength, power, endurance, and mass (e.g. progeassistance training (PRT) — fixed weights; Pirde
weights; resistance training; body-weight-resista@xercise)

*Flexibility. Main fitness component in exercises aimed ae@ging the range of motion possible at a
joint. Flexibility is specific to each joint and gends on specific variables, including but notiadito the

tightness of specific ligaments and tendons.

*Balance: Main fithess component in static and dynamic d@sescthat are designed to improve individuals’
ability to withstand challenges from postural swaylestabilizing stimuli caused by self-motion, the
environment, or other objects.

General Exercise (aquatic and land-based)Exercise involving combination of two or moretbé above
components, no dominant fitness component focugged.

Combined Exercise Exercise explicitly aimed at more than one ofdkercise components listed above,
often using a progressive overload principle.

*Adapted from: United States. Dept. of Health aHdman Services (2008) Physical activity
guidelines for Americans: be active, healthy, arpdy! US Government Printing Office pp61
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Table 3.Descriptors of the key behavioural intervention tygs/ subgroups.

Energy Conservation:

Energy effectiveness strategies or Energy Congernv@tC) education is defined as the “the iderdificn and
development of activity modifications to reducedaé through a systematic analysis of daily worknk and
leisure activities in all relevant environments3@2, (Mathiowetz et al., 2005). Energy conservasimategies
include analyzing and modifying activities to redwmergy expenditures; taking frequent rests; ifidgiomg
activities; planning; delegating some activitiesing the body efficiently, organising tools, maaésiand work
area, using assistive technologies to conserveygnadopting good posture; leading a healthy Mesfregular

exercise, healthy diet and stress management, exanand modifying standards and priorities).

Cognitive Behaviour Therapy (CBT) for MS fatigue:

CBT is founded on the premise that physiologicagjritive (thinking), emotional, and behaviouralpesses
influence one another in a reciprocal way withie tiontext of the social environment, where changmi one of
these responses may produce changes in dBeck, 1991). The cognitive behavioral model ofgfa¢ in MS
proposes that primary disease factors triggerrttiali symptom of fatigue in MS, but fatigue is petuated or
worsened by environmental factors such as strebs@n people react cognitively, emotionally, and
physiologically to their fatigue (van Kessel et 2008). CBT for fatigue is based on guided discpvehere
individuals identify which perpetuating factors niag/ relevant to them and are provided techniqueti¢o or
manage these behavioral, cognitive, emotional ateteal factors (van Kessel et al., 2008). Prot®ealy but
tend to include creating consistent activity roesirfincluding sleep wake cycles), identifying arghaging
unhelpful thoughts in relation to fatigue and hpgrsonal expectations, reattributing non-MS sympgtemreduce

somatic focus, managing stress, accessing so@pbstjand relapse prevention.

Motivational Interviewing (MI) (only included in mi xed exercise and behavioural interventions:

MI comprises “several technigues used by practtisio evoke motivation and behaviour change antdi. A key
feature of Ml is that it comprises techniques tfiiffer in function. Some Ml techniques focus ammtent of the
intervention, which reflect the information and kriledge provided to intervention recipients to proenoehaviour
change (e.g., exploration of pros and cons). M) atsmprisesrfelational] technigues that reflect the interpersonal
style of delivery in which the content-based teghes are presented by the practitioner to incrimeese
effectiveness (Miller & Rollnick, 2013).” (p. 3) @fdcastle et al., 2017).

Relaxation:

Relaxation techniques include “a number of prastggch as progressive relaxation, guided imagésfeddback,
self-hypnosis, and deep breathing exercises. Takigisimilar in all: to produce the body’s naturabxation
response, characterized by slower breathing, Itwheerd pressure, and a feeling of increased wehldfeiNCCIH,
accessed 2017)




46

Table 4. Grading of Recommendations, Assessment, \iBdopment and Evaluations
(GRADE) Assessment.

lllustrative comparative risks* (95% CI)
Assumed risk Corresponding risk

Control Intervention

Fatigue (Overall Exercise vs No risk The mean fatigue (overall exercise) in 445 [CISISIS) Limitation (-1)
Control) assumed the intervention groups was (9 studies’)  very low>3*® Inconsistency (-1)
FSS, MFIS and CIS-20R 0.75 standard deviations lower Imprecision (-1)
Follow-up: 2-16 weeks (1.09 to 0.40 lower)
Fatigue (General, aquatic vs No risk The mean fatigue (general, aquatic) in 113 (CICICIS) Limitation (-1)
Control) assumed the intervention groups was (4 studies)  low?*® Imprecision (-1)
FSS and MFIS 0.74 standard deviations lower
Follow-up: 8-12 weeks (2.29 to 0.18 lower)
Fatigue (General, land- No risk The mean fatigue (General, land-based) 50 CISISIS) Limitation (-1)
based vs Control) assumed in the intervention groups was (2 studies)  very low?*>° Inconsistency (-1)
FSS and MFIS 1.22 standard deviations lower Imprecision (-1)
Follow-up: 8-12 weeks (2.94 lower to 0.50 higher)
Fatigue (Aerobic vs Control) No risk The mean fatigue (aerobic) in the 139 (GISIGIS) Imprecision (-1)
MFIS, FSS and CIS-20R assumed intervention groups was (3 studies)  moderate®
Follow-up: 2 - 16 weeks 0.29 standard deviations lower

(0.69 lower to 0.12 higher)
Fatigue (Balance vs Control) No risk The mean fatigue (balance) in the 95 (CIGICIS) Imprecision (-1)
MFIS assumed intervention groups was (2 studies)  moderate®
Follow-up: 6-14 weeks 1.26 standard deviations lower

(1.69 to 0.84 lower)
Fatigue (Overall Behaviour No risk The mean fatigue (overall behaviour) in 1334 [CIGICIS) Inconsistency (-1)
vs Control) assumed the intervention groups was (16 studies) moderate’
MFIS, FSS, CFS, FIS, CIS- 0.37 standard deviations lower
20R (0.53 to 0.22 lower)
Follow-up: 4-16 weeks
Fatigue (CBT vs Control) No risk The mean fatigue (CBT) in the 512 [SleleIS) Imprecision (-1)
CFS, CIS-20R assumed intervention groups was (5 studies)  moderate®®
Follow-up: 8 - 16 weeks 0.66 standard deviations lower

(0.94 to 0.38 lower)
Fatigue (EC vs Control) No risk The mean fatigue (EC) in the 578 PPDD
FSS, FIS, CIS-20R and MFIS assumed intervention groups was (8 studies)  high
Follow-up: 6 - 16 weeks 0.20 standard deviations lower

(0.36 to 0.03 lower)
Fatigue (Relaxation vs No risk The mean fatigue (Relaxation) in the 98 [CleISIS) Limitation (-1)
Control) assumed intervention groups was (2 studies)  low?® Imprecision (-1)
FSS and MFIS 0.68 standard deviations lower
Follow-up: 4 - 8 weeks (2.09 to 0.27 lower)
Fatigue (Overall combined No risk The mean fatigue (overall combined 380 DDPO Imprecision (-1)
Behaviour & Exercise vs assumed behaviour and exercise) in the (5 studies)  moderate®
Control) intervention groups was
MFIs, FSS and CIS-20R 0.16 standard deviations lower
Follow-up: 6 - 12 weeks (0.36 to 0.04 higher)
Fatigue (Combined EC & No risk The mean fatigue (EC and Aerobic) in 278 [SleleIS) Imprecision (-1)
Aerobic vs Control) assumed the intervention groups was (3 studies)  moderate®

MFIs and CIS-20R
Follow-up: 6 - 12 weeks

0.15 standard deviations lower
(0.38 lower to 0.09 higher)

*The argumentation for downgrading the grades of evidence is provided in the footnotes.

CBT: Cognitive Behaviour Therapy
Cl: Confidence interval;
EC: Energy Conservation

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

' Twelve exercise interventions from nine studies

2 Most information is from studies with inadequate allocation concealment or incomplete accounting for outcome data.

3 Kargarfard (2010) was excluded from summary of finding and GRADE tables due to possible overestimation of the effect size..
“ There is difference in magnitude of point estimates and Cls show minimal overlap.

® Total sample size is small.

© Total effect size has wide Cls.




47

Identification

Online search: 2970 + 1054 records identified via
AMED (80 + 0). EMBASE (873 + 85), LILACS (165

+0) Medline (236 + 80), PeDRo (93 + 136),
Psychinfo (126 + 0), CINAHL (432 + 122)

SPORTDiscus (45 + 15), Web of Science (920 +

616) databases.

Identification

Articles identified through additional sources:
Manual searches (independent screening of
reference lists from previous reviews and
included studies from online): 0 + 3
Trial database searches (Cochrane Library,
WHO ICTRP, NIHR, ClinicalTrials.gov,
Controlled-trials: 0 + 0
Grey Literature: Dissertation Abstracts
International World Cat, Greylit.org, and Open
Grey):0+0
Forward citation search for included studies
(Web of Science): 2+ 0
Authors contacted: 1+ 0

v

1090 + 275 Duplicates removed

Screening 1880 + 779 title/abstract screen was conducted 1631 + 713 irrelevant abstracts
excluded
Eligibility 249 + 66 full- assessed independently 228 +59 articles excluded with reasons:
- (Not RCT = 34 + 10; Not an intervention study = 7 +6;
Review/Commentary paper = 8 + 3; Intervention not designed to
specifically to target fatigue = 69 + 25; Did not measure fatigue
as primary or secondary outcome = 20 + 8; Qualitative study = 1
+ 2; Not MS fatigue group = 1 + 1; Conference abstract only = 50;
Secondary data-analysis = 9; Trial protocol only =9 + 3; Further
A Duplicate= 11 + 1; Could not be located: Request from authors
Included in 24 + 10 studies including 2 +3o0ne year follow- but no response / no contact details / library services could not
. - . L L . locate / unobtainable after trying to contact author = 11)
narrative up (21 + 7 online and 3 + 3 identified via other
synthesis sources) P
-
Included in 21 + 10 studies (12 + 4 behavioural; 6 + 4 figures are tipdated August 2017 and 2018
meta- exercise; 3+ 2 combined)
analysis (19 + 7 online and 2 + 3 via other sources)




%

Study Control SMD (95% Cl) Weight
Balance .
Hebert et al. (2011) TAU —_— -1.32(-2.17,-0.47) 6.92
Hebert et al. (2018) TAU — -1.24(-1.74, -0.75) 9.19
Subtotal (I-squared = 0.0%, p = 0.881) = -1.26 (-1.69, -0.84) 16.10
. |
Aerobic |
Hebert et al. (2011) TAU — -0.22 (-0.99, 0.55) 7.40
Gervasoni et al. (2014) TAU | —— 0.15 (-0.56, 0.87) 7.74
Heine et al. (2017) Education T -0.53(-0.95, -0.11) 9.62
Subtotal (I-squared = 26.2%, p = 0.258) <> -0.29 (-0.69, 0.12) 2476
Ceneral exercise (aquatic) |
Kargarfard et al. (2012) TAU _— -2.65 (-3.90, -1.40) 4.80
Atri etal. (2012) TAU —_— -1.00 (-1.82,-0.17) 7.04
Shanazari et al. (2013) TAU —— -0.04 (-0.75, 0.68) 7.75
Kooshiar et al. (2015) TAU —— -0.61 (-1.27, 0.06) 8.10
Razazian et al. (2016) TAU —_— -1.34 (-2.05, -0.63) 7.81
Subtotal (I-squared = 74.0%, p = 0.004) - -1.02 (-1.72, -0.32) 35.51

|
General exercise E
Shanazari et al. (2013) TAU - -0.35(-1.07, 0.37) 7.72
Razazian et al. (2016) TAU —_— -2.10(-2.88, -1.32) 7.36
Subtotal (I-squared = 90.5%, p = 0.001) <:>>— -1.22 (-2.94, 0.50) 15.08
. |
Combined exercise .
Escudero-Uribe et al. (2017) TAU ——— -0.49 (-1.09, 0.10) 8.55
Subtotal (I-squared =.%, p =) o- -0.49 (-1.09, 0.10) 8.55
) |
Overall (I-squared = 72.7%, p = 0.000) <:> -0.84 (-1.20, -0.47) 100.00

T T ! T
-4 -2 0 2
Favours intervention Favours control

Figure 2a. End of treatment effects on self-reported fatifprehe exercisenterventions,
grouped by type.

Sensitivity: Internal



Figure 2b. Risk of Bias (RoB) for each of the exercise inggtion studies.

Sensitivity: Internal
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%

Study Control SMD (95% CI) Weight

'
Energy conservation !
Mathiowetz et al. (2005) TAU —_— -0.41(-0.71, -0.10) 1021
Kos et al. (2007) Education —_— 0.08 (-0.47,0.64) 5.39
Garcia-Burguillo et al. (2009) TAU }‘ -0.32(-1.42,0.79) 1.77
Ghabhari et al. (2010) TAU —_— 0.06 (-0.49,0.61) 5.42
Finlayson et al. (2011) TAU - 0.18(-0.48, 0.11) 1057
Garcia Jalon et al. (2012) Education ; * 0.06 (-0.76,0.89) 2.93
Kos et al. (2016) Relaxation _0‘—— -0.43(-1.23, 0.37) 3.07
Blikman et al. (2017) Education —_—— -0.11 (-0.56, 0.34) 6.97
Subtotal (I-squared =0.0%, p=0.714) 0 -0.20(-0.36, -0.03) 4634
. |
CBT }
van Kessel et al. (2008) Relaxation —O_f— -0.75(-1.23, -0.27) 6.48
Moss-Morris et al. (2012) TAU —_— -1.14(-1.85, -0.42) 3.69
van Kessel et al. (2015) CBT —O—F -0.95(-1.62, -0.29) 4.1
van den Akker et al. (2017) Education —_— -0.64(-1.06, -0.21) 7.47
Péttgen et al. (2018) TAU —_ -0.35(-0.59, -0.11) 12.09
Subtotal (I-squared = 47.2%, p = 0.109) L] 0.66(-0.94, -0.38) 3384

I
N I
CBT & Energy conservation |
Thomas et al. (2013) TAU —— 0.07(-0.39, 0.26) 9.72
Subtotal (I-squared =.%, p=".) ‘(<> -0.07(-0.39, 0.26) 9.72
. I
Relaxation 1
Nazari et al (2015) TAU —_— 0.70(-1.28, -0.13) 5.11
Sgoifo etal. (2017) TAU D < —— 0.66 (-1.24, -0.08) 5.00

]
Subtotal (I-squared = 0.0%, p = 0.918) - 0.68(-1.09, -0.27) 1011
) |
Overall (I-squared =41.9%, p = 0.040) 10 -0.37(-0.53, -0.22) 100.00

|

T T T

Favours intervention

Favours control

1

Figure 3a. End of treatment effects on self-reported fatitprehe behavioural interventions,
grouped by type.

Sensitivity: Internal



Eilkman et al. 2017

Finlayson et al. 2010

w . . Selective reporting (reporting bias)

« | @ | @ | other bias

Garcia-Burguillo et al. 2009

Garcia Jaldn et al. 2013

=@

Ghahari et al. 2010

~ @ @ |@|®|® | ~iocation concealment (selection bias)

O 0 0 00O O 0O O O O 0 O 0O O O O):-cidngofpaticipants and personnel (performance hias)

kos et al. 2007

~|® @ @ @ ®| @ |randomseguence generation (selection bias)

Kos etal. 2016

-

-

Mathiowetz et al. 2005

O 00 ® 0 O 0 6 ® | nompletoutcomes data (atrition bias)

Moss-Morris et al. 2012

Mazari etal. 2014

-~

Poettyen et al. 2016

Sgoifoetal 2017

Thomas etal. 2013

van der Akher etal. 2017

van Kessel etal. 2008

O 0 00O O OO O OO O O O ® ® O -cidngofoutomeassessment (detection hias)

0 e e e e -

vah Kessel etal. 2014

Figure 3b. Risk of Bias (RoB) for each of the behaviouraémention studies.

Sensitivity: Internal
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%

Study Control SMD (95% ClI) Weight
Energy conservation I
Ghabhari et al. (2010) TAU —-—+— -0.12 (-0.67, 0.43) 11.24
Garcia Jalon et al. (2012) Education ——T1%—> 0.23 (-0.60, 1.06) 4.95
Kos et al. (2016) Relaxation - : -0.71 (-1.52, 0.11) 5.07
Blikman et al. (2017) Education —_— -0.34 (-0.80, 0.13) 15.43
Subtotal (I-squared = 0.0%, p = 0.416) <>’ -0.24 (-0.55, 0.06) 36.70
CBT |
van Kessel et al. (2008) Relaxation —*-:— -0.42 (-0.89, 0.04) 15.52
van den Akker et al. (2017) Education —_— -0.39 (-0.84, 0.07) 16.22
Subtotal (l-squared = 0.0%, p = 0.908) <> -0.40 (-0.73, -0.08) 31.75
CBT & Energy conservation .
Thomas et al. (2013) TAU —_— -0.41 (-0.73, -0.08) 31.56
Subtotal (I-squared = %, p = .) <> -0.41(-0.73,-0.08)  31.56
Overall (I-squared = 0.0%, p = 0.737) <> -0.35 (-0.53,-0.16)  100.00
T T ; T

-2 -1 0 1
Favours intervention Favours control

Figure 4. Longer term (3-6 months) treatment effects of be&haal interventions on self-
reported fatigue, grouped by type.

Sensitivity: Internal



%
Study Control SMD (95% ClI) Weight

Energy conservation & Aerobic i
Hugos et al. (2010) TAU —_ -0.35 (-1.07, 0.38) 7.81
Rietberg et al. (2014) Education —’—%—— -0.32 (-0.91, 0.28) 11.47
Hugos et al. (2019) Education —_ -0.08 (-0.36, 0.19) 53.95
Subtotal (I-squared = 0.0%, p = 0.669) <;> -0.15 (-0.38, 0.09) 73.22
. 1
Motivational interviewing & general exercise 3
Tumer et al. (2016) Education + : -0.29 (-0.79, 0.21) 16.46
Subtotal (I-squared= %, p =) <:;> -0.29 (-0.79, 0.21) 16.46
|
. |
MDT rehab & Aerobic i
Nedelikovic et al. (2016) TAU —H— -0.03 (-0.66, 0.60) 10.32
Subtotal (I-squared = %, p =) <[ -0.03(-0.66,0.60) 10.32
: :
Overall (I-squared = 0.0%, p =0.872) ¢> -0.16 (-0.36, 0.04) 100.00
|
T T T

-2 -1 0 1
Favours intervention Favours control

Figure 5a. End oftreatment effects on self-reported fatigue of comabiexercise and
behavioural interventions, grouped by type.
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Figure 5b. Risk of Bias (RoB) for each of the combined intartion studies.

Sensitivity: Internal



Meta-analysis of fatigue interventionsin MS

Highlights

Exercise and behavioural interventions had moderate to large effects on M S fatigue
The quality of evidence was moderate for behavioural but poor for exercise studies
There was good quality evidence of non-significant effects of energy conservation
Web-based CBT and balance interventions showed promise but require large trials
Based on limited evidence, combined interventions did not show added benefits



