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Abstract

Background: Fatigue is a common, debilitating symptom of multiple sclerosis (MS) without a current
standardised treatment.

Objective: The aim of this systematic review with network meta-analyses was to estimate the relative
effectiveness of both fatigue-targeted and non-targeted exercise, behavioural and combined (behavioural
and exercise) interventions.

Methods: Nine electronic databases up to August 2018 were searched, and 113 trials (n=6909) were
included: 34 were fatigue-targeted and 79 non-fatigue-targeted trials. Intervention characteristics were
extracted using the Template for Intervention Description and Replication guidelines. Certainty of evi-
dence was assessed using GRADE.

Results: Pairwise meta-analyses showed that exercise interventions demonstrated moderate to large effects
across subtypes regardless of treatment target, with the largest effect for balance exercise (SMD=0.84).
Cognitive behavioural therapies (CBTs) showed moderate to large effects (SMD=0.60), with fatigue-tar-
geted treatments showing larger effects than those targeting distress. Network meta-analysis showed that
balance exercise performed significantly better compared to other exercise and behavioural intervention
subtypes, except CBT. CBT was estimated to be superior to energy conservation and other behavioural
interventions. Combined exercise also had a moderate to large effect.

Conclusion: Treatment recommendations for balance and combined exercise are tentative as the certainty
of the evidence was moderate. The certainty of the evidence for CBT was high.

Keywords: Fatigue, multiple sclerosis, network meta-analysis, randomised controlled trials, quasi-
randomised controlled trials, behavioural interventions, exercise interventions, TIDieR
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Introduction

Fatigue affects around two-thirds of people with mul-
tiple sclerosis (pwMS).1> MS-related fatigue is a
complex and subjective symptom characterised by a
lack of energy or overwhelming sense of physical
and/or mental tiredness.3>-> Fatigue is associated with
poorer quality of life (QoL) even when controlling for
disease severity and is a major reason for stopping
work in pwMS.°

Treating fatigue has been identified as priority by
pwMS.” In routine clinical care, pharmacological
treatments tend to be the treatment of choice, with
behavioural and exercise interventions considered as

alternative or adjunctive treatment options.? In many
cases, patients are never offered these adjunctive
treatments. This is concerning as the current evidence
base suggests pharmacological interventions to date
are largely ineffective, while exercise and behavioural
interventions have larger effects.’

So, why are behavioural treatments for fatigue not
part of standard treatment? One reason may be there
are many randomised controlled trials (RCTs) of very
different behavioural interventions for fatigue in MS.
There is little standardisation of these interventions
across the studies, making it unclear which of these
should be part of the routine offer. Standard pairwise
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meta-analytic systematic reviews of exercise and/or
behavioural interventions have attempted to summa-
rise the findings across studies.®~!'” However, control
conditions of included trials within these reviews dif-
fer considerably, making it challenging to directly
compare effect sizes across intervention types. In con-
trast to pairwise meta-analysis which has been used in
all previous reviews, network meta-analysis (NMA)
allows for trial arm data to be compared across trials
(e.g. aerobic exercise to energy conservation (EC)
methods) even when these direct head-to-head com-
parisons do not exist.!'® This allows a ranking of the
most effective treatments against each other! and
provides greater clarity of which may be the best to
take forward.

In most previous systematic reviews, interventions
designed specifically for fatigue have not been dis-
tinguished from those where fatigue is one of the sec-
ondary outcomes.!%!-1216 Combining these in one
analysis may dilute the effect. The overarching aim
of the current meta-analysis was to elucidate which
non-pharmacological interventions are likely to be
the most effective for the management of fatigue in
MS by:

1. Thoroughly reviewing the interventions
included in the trials so that subgroups of exer-
cise, behavioural and combined interventions
could be clearly defined including whether
they are targeting fatigue as a primary or sec-
ondary outcome;

2. Directly comparing these defined intervention
groupings using NMA at the end of treatment
and at follow-up;

3. Exploring if fatigue-targeted interventions
(intervention exclusively designed with an aim
to reduce fatigue) have larger effects than non-
fatigue-targeted interventions, including some
predefined within category comparisons (1)
cognitive behavioural therapy (CBT) for
depression, where fatigue is measured as a sec-
ondary outcome, versus CBT for fatigue which
is a different protocol where fatigue is the pri-
mary target, and (2) whether systematic differ-
ences in treatment effects exist depending on
setting of general exercise delivery, that is,
aquatic versus land-based,

4. Defining the quality of the evidence using
GRADE criteria;

5. Exploring how treatment effects vary accord-
ing to type of MS, duration of health care
professional (HCP) contact and study quality
(i.e. risk-of-bias) in sensitivity/subgroup
analyses.

Methods

This review was conducted according to PRISMA
guidelines?%2! and a full description of methods used
can be found in the protocol. Our registered proto-
col?? had two additional aims which are not detailed
in this paper: (1) to conduct pairwise meta-analyses
for pooled treatment effects across intervention cate-
gories and estimate statistical heterogeneity and (2)
to explore fatigability as a secondary outcome.
Fatigability has been defined as ‘the magnitude or
rate of change in a performance criterion relative to a
reference value or given time of task performance or
measure of mechanical output’.23 We have conducted
the pairwise comparisons but as they overlap with
previous publications, we have focused this paper on
the novel NMA. We did not find any papers with
fatiguability as an outcome.?>?* The inclusion/exclu-
sion criteria are detailed in Table 1.

Studies were identified though a systematic online
search of nine databases shown in Figure 1 under-
taken in December 2015, and repeated in July 2017
and August 2018, using search terms presented in
Supplementary Material A. As part of the updated
searches, the same search strategy was used in the
nine databases as the original search, but restricted to
the date of the last search to capture any new hits
since. Studies were also identified through a search of
trial and grey literature databases, forward citation,
reference lists of included studies and previous
reviews, and contacting authors of published studies.
Initial screening of titles/abstracts and full-text arti-
cles was performed independently by co-authors
AM.H. and R.S. and disagreements resolved by team
consensus. The 2017 and 2018 updated searches and
screening were conducted by M.L.v.d.L. and Georgia
Andreopoulou (see Acknowledgements).

Data extraction and risk of bias assessment

A data extraction tool, including Cochrane Risk of
Bias (RoB) tool, was developed a priori based on the
Cochrane Handbook for Systematic Reviews? and
elements of the Template for Intervention Description
and Replication (TIDieR).26 Data extracted were sam-
ple sizes, pre-post change scores between groups,
means and standard deviations per arm at each post-
randomisation assessment and related information
(e.g. standard errors, confidence intervals and test sta-
tistics). Details of study participant characteristics
and key intervention components or techniques were
also extracted.

Data extraction and RoB assessments were performed
by R.S. and S.G. for exercise and by A.M.H. and L.S.
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Table 1. PICOS inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

Study design

Population
Intervention

Outcome

Language

Randomised controlled trials (RCTs) or quasi-RCTs
(feasibility, efficacy and naturalistic/pragmatic trials)

Adults with any type of MS

Behavioural and/or exercise interventions either
fatigue-targeted or non-targeted versus any comparator
(no intervention, usual care, medication, placebo
treatment or another active intervention)

Fatigue measured using validated patient-reported
outcome measures (PROMs) of fatigue severity and/or
impact as either a primary or secondary outcome
There were no language restrictions

Uncontrolled intervention studies, or
case series studies, or observational

studies

Children, adolescents (<18 years old)

Trials were excluded if they were
solely pharmacological and/or dietary

interventions

Identification Online search: 4024 records identified via AMED Identification | Articles identified through additional sources:
(80). EMBASE (958), LiLACS (165) Medline (316), Trial database searches (Cochrane Library,
PeDRo (229), Psychinfo (126), CINAHL (554) WHO ICTRP, NIHR, ClinicalTrials.gov,
SPORTDiscus (60), Web of Science (1536) Controlled-trials: 2
databases.
Grey Literature: Dissertation Abstracts
International World Cat, Greylit.org, and Open
Grey): 0
Forward citation search for primary and
secondary review included studies (Web of
Science) and screening reference lists of
previ i and included studies from
online primary and secondary review): 5
Authors contacted in primary and secondary
review: 2
1365 Duplicates removed
A4
Screening 2659 title/abstract screen was conducted 2344 irrelevant abstracts excluded
223 articles excluded with reasons:
A (Not RCT = 44; Not an intervention study = 13;
Eligibility 315 full-text articles d independently Revi paper = 11; Did not me: i
primary or y 28; =3; Not
q MS fatigue group = 2; C =50; y
data-analysis = 9; Trial protocol only = 12; Further Duplicate =
12; Could not be located: Request from authors but no response
/ no contact details / library services could not locate /
i trying to = 11; Online studies
from primary review= 28)
v
Included 135 studies included for narrative syntt <
) ) (Se?ondary: 101 synthesis (92 onllrle and 9 From primary review: 34 studies (16
In narrative identified via other sources) and (Primary: 34) hehavi N hined)
. ;10 5 had data
synthesis %
< extracted for meta-analysis
(CRD42016033763) added to pairwise meta-
analysis (26 online and 5 via other sources)
A4
Included in 82 studies were included in the pairwise meta-
MA / NMA analyses versus TAU
113 studies were included in the NMA
103 studies were retained in the NMA meeting
inconsistency assumptions

Figure 1. PRISMA flowchart diagram.
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Figure 2. Hierarchical categorisation of interventions included in the pairwise meta-analysis and network meta-analysis.

for behavioural or combined trials. Agreement for
RoB, based on 15 exercise and 15 behavioural or
mixed studies, ranged from Kappa=0.54—-0.86 across
each rater pairing indicating ‘good’ consistency.?” All
remaining studies, including the update searches,
were single-extracted by S.G., L.S., M.L.v.d.L., G.A,,
R.S. and A.M.H., and meta-analytic data and RoB
were cross-checked by M.L.v.d.L., R.S. and A.M.H.

Data analysis

Descriptive data and categorisation of studies. All
studies were tabulated, summarising demographics of
the samples, fatigue outcome measures, end-of-treat-
ment timepoint, attrition at follow-up, long-term fol-
low-up if available and detailed intervention
characteristics (see tables in Supplementary Material
B). For fatigue-targeted studies, this information is
available elsewhere.?®

The primary outcome was fatigue severity and/or
impact at<3months post-treatment (end-of-treat-
ment), while the secondary outcome was fatigue at
longer follow-up,>3 to 6 and >6months post-treat-
ment. A three-level categorisation of interventions was
used for the analysis (Figure 2; Table 2) based on a
component breakdown conducted as part of a previous
review.?® At the top-level interventions are coded as
exercise, behavioural, combined and control treatments
such as treatment as usual (TAU) and medication. The
second level includes subgroups, defined in Table 2, to
account for heterogeneity in intervention types and is
the main unit for analysis. There were six subgroups of
exercise, five for behavioural and two for combined. A
further level of categorisation reflects heterogeneity in
the nature of the intervention (e.g. intensity or environ-
ment). FACETS, consisting of CBT with some EC
techniques for improved patient acceptability,%37 was
classified as EC, similar to two other interventions.3839
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These interventions differ from what is considered a
typical exemplar of this type of category and sensitivity
analyses have been conducted to assess whether this
affects the outcome. At post-treatment relative to TAU,
EC with elements of CBT, SMD=-0.06, 95% CI =
(—0.38, 0.27), appeared marginally less effective than
EC alone, SMD= -0.23, 95% CI = (-0.41, —0.05).
Whether methodological heterogeneity appears to
result in statistical heterogeneity was explored in sensi-
tivity analysis. Discrepancies between category assign-
ment were resolved in discussion with M.L.d.v.L. and
R.M.M. until consensus was reached.

Statistical analysis

All analyses were conducted using Stata 15.1. First,
separate pairwise random-effects meta-analyses were
conducted (using admetan package) including only
studies comparing interventions against a TAU control
arm (Supplementary Material C). Second, using
restricted maximum likelihood by the mvmeta com-
mand and network packages, an NMA including all
studies in a single analysis combining direct and indi-
rect effect estimates was conducted. Effect sizes were
expressed as standardised mean differences (SMD)
between groups, calculated as Hedge’s g with a small
sample correction applied.? SMDs were calculated
using the between-group post-treatment mean change
from baseline scores where available and post-treat-
ment means otherwise. The consistency assumption,
which is an extension of the pairwise meta-analytic
assumption of statistical homogeneity,>® was tested
using loop-specific and node-splitting approaches. The
final model was estimated excluding studies that con-
tributed to violations of the consistency assumption.
Treatments were ranked according to estimates of the
surface under the cumulative ranking curve (SUCRA),
where this ranges between 0 and 1 and higher values
indicate a greater likelihood of treatment being more
effective relative to other treatments.

Interventions in two-arm studies categorised within the
same subgroup (e.g. two aerobic exercise arms) could
not be included in the same analysis. If a study included
an additional arm/s not in the intervention subgroup
(e.g. a common TAU control arm), the treatment arms
within the same subgroup were combined by calculat-
ing the weighted mean and pooled standard deviation.?!
Combining arms in this way does not impact on the
treatment effect for that subgroup but ensures that the
standard error is calculated correctly.’? If all arms were
in the same subgroup, the control arm was re-catego-
rised to allow study inclusion where possible or
excluded from the analyses (the control arms for
Mackay et al*0 and van Kessel et al.*! were both

General exercise . "
Combined exercise

Flexibility exercise,
Resistive exercise

Energy conservation g

CBT§

Relaxation & biofeedback

Balance exercise

Aerobic exercise

Physical rehab
Emotional expression

fi . havioural pl rei
Education or information Eshiavioural pis exerciss

Figure 3. Network of intervention comparisons based on
model meeting inconsistency assumptions. Node (circle)
sizes indicate the number of studies and edge (line) widths
the number of direct comparisons.

categorised as education arms, whereas originally the
control arms mimicked the intervention arms but with-
out biofeedback or without email support, respectively.
In Straudi et al.,*> both arms were categorised as general
exercise, and consequently, the control arm consisting
of walking therapy was categorised as aerobic exercise
for the purpose of analysis).

Results

Description of the included studies

Overall, 135 studies (292 arms) were identified from
the literature search (Figure 1). These studies included
119 two-arm, 12 three-arm and 4 four-arm trials.
Twenty-two studies did not provide sufficient data for
inclusion in the pairwise or NMAs. After combining/
removing arms that were in the same intervention sub-
category, data from 6909 participants across 235 arms
from 113 studies were included in the analyses (studies
with multiple arms in the same category combined were
Briken et al.,** Garrett et al.,** Hogan et al.,*> Seebacher
et al.,*6 Seebacher et al.” and Shanazari et al.*® Both
arms from Samaei et al.*® were aerobic exercise and
could not be included in the analysis). There were 78
arms (51 studies) involving entirely or mainly exercise
interventions, 56 arms (43 studies) involving entirely or
mainly behaviour interventions, and 19 arms (19 stud-
ies) involving combined exercise and behavioural inter-
ventions. Table 2 shows the number of studies in each
type of the intervention subtypes based on the total
number of studies identified (N=135). Few studies
directly compared an intervention involving an entirely
or mainly exercise intervention with an entirely or
mainly behavioural intervention. No trials compared
either CBT or EC to an exercise intervention. Figure 3
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Balance exercise SMD =-0.84 (-1.13,-0.55); SUCRA = 1.0
SMD =-0.60 (-0.76,-0.44); SUCRA = 0.9
SMD =-0.52 (-0.69,-0.34); SUCRA = 0.8
SMD =-0.42 (-0.75,-0.10); SUCRA = 0.7
SMD = -0.39 (-0.54,-0.23); SUCRA = 0.6
SMD =-0.38 (-0.55,-0.21); SUCRA = 0.6
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Figure 4. Treatment effects relative to TAU at the end of
treatment.

summarises the subcategory comparisons included in
the network. The results focus on the NMA, but the
results of the pairwise meta-analysis are available in
Supplementary Material C.

NMA of post-treatment effects

The final NMA based on the model meeting the con-
sistency assumption (inconsistency %2(26)=34.93;
p=0.113) involved data from 6430 participants across
213 arms from 103 studies (Figure 4). The median
sample size was 20 per arm with an interquartile range
from 14 to 37 (range = 4-204).

Ten of the 113 studies identified were excluded from the
final model due to issues with assumption of consistency
between direct and indirect treatment effect estimates in
preliminary analysis (¢2(29)=43.5; p=0.041). The
exclusion of six studies with treatment effect estimates
that were clear outliers (outside 99% limits on funnel
plot) reduced the overall test for inconsistency to non-
significant.33-3%50-52 However, issues with loop-specific
inconsistency remained for physical rehabilitation,
relaxation/biofeedback and education/information until
a further four studies were removed.3-5¢ The excluded
studies involved general exercise, combined exercise,
physical rehabilitation and relaxation/biofeedback as
active control arms, where most other studies involved
these treatments as the experimental arm. Estimates
from the preliminary NMA model involving all 113
studies are presented in Supplementary Material D.

Treatment effect estimates relative to TAU from the
final NMA model are presented in Figure 4. The
ordering of the interventions in the graph is based on
the SUCRA. The largest effect is observed for balance
exercise (SMD = —0.84, 5 studies, 124 participants).

Along with CBT (SMD = —0.60, 15 studies, 594 par-
ticipants) (separating CBT into high vs low intensity
indicated no difference in the treatment effect esti-
mates: high intensity SMD=-0.62, 95% CI = (—0.82,
—0.41), low intensity SMD=-0.51, 95% CI = (-0.89,
—0.13)), general exercise (SMD = —0.52, 16 studies,
373 participants) (separating general exercise into
exercise undertaken in a non-aquatic vs aquatic envi-
ronment indicated no difference in the treatment
effect estimates: non-aquatic SMD= —0.50, 95% CI
= (—0.80, —0.21), aquatic SMD= —0.39, 95% CI =
(—0.80, 0.03). The setting of delivery for general exer-
cise may therefore not be an important factor); resis-
tive exercise (SMD = —042, 5 studies, 90
participants); combined exercise (SMD = —0.39, 15
studies, 531 participants); aerobic exercise (SMD =
—0.38, 22 studies, 352 participants); relaxation/bio-
feedback (SMD = —0.32, 8 studies, 182 participants);
behavioural plus exercise (SMD = —0.29, 12 studies,
633 participants); and EC (SMD = —0.19, 10 studies,
436 participants) were all estimated to have statisti-
cally significant moderate effects on fatigue.

Table 3 provides an integrated overview of treatment
effects based on the pairwise and NMAs and GRADE
rating of the certainty of the evidence. In most catego-
ries, certainty of the evidence was moderate and the
effects for the pairwise and network analyses were very
similar. The certainty of the evidence presented for
CBT, behavioural plus exercise and EC was high and
for combined exercise and rehabilitation, it was low.

Table 4 details the significant comparative efficacy
between interventions from the NMA. Balance exercise
performed significantly better compared to aerobic
exercise, combined exercise, EC, neurocognitive reha-
bilitation, relaxation/biofeedback, emotional expression
therapy, education/information, behavioural interven-
tions including exercise or physical activity, and physi-
cal rehabilitation. CBT was estimated to perform
significantly better than EC, education/information,
behavioural interventions including exercise or physical
activity, and physical rehabilitation.

NMA of follow-up data

Data from 33 studies (35 arms) were available at mid-
term follow-up (3—6 months) allowing for assessment
of treatment effects for 9 treatment types. The effects
were generally comparable to end-of-treatment, with
some attenuation evident for most interventions
(Figure 5). However, these estimates need to be inter-
preted with caution as the number of studies per inter-
vention type is typically low and the effect estimates
generally provide considerable uncertainty as to the
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Figure 5. Treatment effects relative to TAU at mid-term
follow-up (3—6 months).

Estimates of the effect at longer-term follow-up versus TAU
where only one study was available are not presented (balance
exercise, combined exercise and emotional expression therapy).

true effect sizes. Data at longer-term follow-up (7—
12months) were available in 9 studies, which was
insufficient for analysis.

Moderator and sensitivity analyses

Planned analyses were conducted to assess whether
effect sizes vary according to the following pre-spec-
ified characteristics.

Bpe of MS and total contact hours with HCP. Most
studies included mixed MS samples or did not specify
MS type. Samples of 19 studies consisted only of partici-
pants with RRMS. Of these, data were too sparse for
NMA, with a maximum of five studies evaluating com-
bined exercise interventions and only one CBT interven-
tion. Similarly, there were only six studies with samples
consisting exclusively of participants with PPMS, and
therefore insufficient for NMA. The number of studies
evaluating subcategories of interventions by MS subtype
is detailed in Supplementary Material E.

Predominantly, interventions included over 80 min-
utes of HCP contact (except for 11 arms) and conse-
quently, this precluded us from examining treatment
effects by intensity of HCP contact.

Fatigue-targeted versus non-fatigue-targeted inter-
ventions. A common effect of fatigue-targeted versus
non-fatigue-targeted interventions was estimated
across all interventions, rather than on an interven-
tion-by-intervention basis, due to some intervention
categories having small numbers of either targeted or
non-targeted interventions. The magnitude of the dif-
ference in the SMD for fatigue-targeted versus non-
target interventions was negligible and non-significant
(g=-0.01, p=0.940, 95% CI = (-0.23, 0.21)).

Since some CBT interventions specifically targeted
fatigue, the NMA was re-estimated splitting CBT into
a targeted and non-targeted groups. For the targeted
CBT interventions, the effect was larger (targeted
-0.78, p<0.001, 95% CI = (—1.04, —0.53); non-tar-
geted —0.47, p<0.001, 95% CI = (-0.68, —0.26));
however, the difference was not statistically reliable
(difference g=0.31, p=0.062, 95% CI = (-0.02,
0.64)).

RoB. A summary of RoB assessment as percentage
across all included studies and for each included study
is presented in Supplementary Material F. Behavioural
studies had the lowest RoB relative to exercise studies,
followed by combined intervention studies. Exercise
studies had the highest RoB relative to behavioural and
combined intervention studies. In assessing RoB, per-
formance bias was not considered for the overall quality
judgement as lack of blinding of participants and health-
care professional is an inherent limitation in studies of
behavioural and exercise interventions. For the other
five RoB domains, behavioural studies and combined
behavioural and exercise studies had low RoB com-
pared to exercise studies. In exercise studies (both
fatigue-targeted and non-targeted interventions), the
method for random allocation to arms was either unclear
or inappropriate in 9.2% of studies (n=7). Furthermore,
53.9% of studies (n=41) did not provide sufficient
information on allocation concealment, and 40.8% of
studies (n=31) had incomplete outcome data, whereas
in behavioural studies and combined behavioural and
exercise intervention studies, these ratings were 6.8%
(n=3),29.5% (n=13), 25.0% (n=11) and 5.9% (n=1),
29.4% (n=5), 17.65% (n=3), respectively. Reporting
bias was identified in 10.5% of exercise (n=8) studies
compared to 13.6% of behavioural studies (n=6) and
23.5% of combined intervention studies (n=4). Planned
sensitivity analysis was not possible to examine RoB on
an intervention-by-intervention basis, so a common
effect was estimated pooling across all studies. Studies
with low RoB were estimated to have SMDs relative to
TAU that were less favourable of the intervention com-
pared to those that were not considered low RoB,
though the difference was non-significant (0.15,
p=0.257,95% CI = (-0.11, 0.41)).

Discussion

Summary of evidence

The overarching aim of the current meta-analysis was
to elucidate which subtypes of exercise, behavioural
and combined interventions are likely to be the most
effective for the management of fatigue in MS using
NMA. NMA reflects a novel and powerful quantitative
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synthesis tool that allows for both direct and indirect
comparisons of multiple interventions that have not
been directly compared within the same trial. By using
the NMA approach, we were able to (1) generate rank-
ings that account for uncertainty in the treatment effect
estimates and (2) provide comparative evidence
between interventions based on direct and indirect evi-
dence.’” This approach to evidence synthesis has also
provided a clear overview of the existing evidence for
different interventions and direct comparisons that
have been drawn between interventions to date. The
large number of trials (many of them small) evaluating
a myriad of interventions with few head-to-head
(direct) comparisons between them represents a key
barrier to improving standard fatigue care in MS. The
NMA approach provides a more robust method of
comparing and ranking the efficacy of the wide range
of treatments when compared to pairwise meta-analy-
sis. The geometry of the graphic display of the network
also provides a clear visual summary of how much evi-
dence (based on number and size of trials) exists for
each treatment.’

A total of 135 studies were identified from the litera-
ture search; 113 studies (including 235 arms) had suf-
ficient data to be included in the NMA, but only 103
studies were retained based on the model meeting
inconsistency assumptions. The largest intervention
category was TAU (82 studies), followed by entirely
or mainly exercise interventions (51 studies), entirely
or mainly behavioural interventions (43 studies) and
finally, combined exercise and behavioural interven-
tions (19 studies). Studies evaluating behavioural and
combined intervention were of better quality accord-
ing to Cochrane’s RoB tool, compared to exercise
studies. A sensitivity analysis across all interventions
showed that studies which included fatigue as a pri-
mary outcome had similar effects to those where
fatigue was a secondary outcome. Overall, sensitivity
analysis indicated that high RoB studies resulted in
larger estimates of the common effect across all stud-
ies; however, this was not statistically significant and
the magnitude of the difference was small (difference
2=0.15,p=0.257,95% CI = (-0.11, 0.41)). Notably,
many exercise studies had inadequate allocation con-
cealment (53.9%) or incomplete outcome data
(40.8%), which, with respect to quality of evidence,
lowered our confidence in the overall estimate of
treatment effect of exercise interventions, and in par-
ticular, of aerobic, general and combined exercise
interventions.

The findings of the current review that synthesised evi-
dence on both fatigue-targeted and non-fatigue-tar-
geted interventions using the NMA approach are

similar to the findings of our previous review that
focused exclusively on interventions aimed at fatigue
using pairwise meta-analysis.2® However, the NMA
approach allowed us to gain precision and additional
insights into less studied interventions, such as balance
exercise (n=2,28 current review n=>5) and aerobic exer-
cise (n=3,28 current review n=22).

In terms of end-of-treatment effects, balance exercise
had the largest effect on fatigue when compared to
TAU in the NMA (SMD = —0.84). This effect was
significantly larger than all other types of exercise and
behavioural interventions except CBT. CBT had the
next largest effect (SMD = —0.60) and was signifi-
cantly superior to all other behavioural treatments.
The GRADE rating for certainty of the CBT effect
was high. The rating for balance exercise was moder-
ate so needs to be treated with some caution as it is
based on small studies (N range = 12-88) and differ-
ences in the nature of the interventions. Balance exer-
cise interventions included hippotherapy,>® vestibular
rehabilitation,*® and balance and eye movement exer-
cises.”* As there are only end-of-treatment effects in
this category, we do not know if these effects will sus-
tain. Follow-up data on CBT showed that this ranked
the highest of intervention types where follow-up (3—
6 months) was available and the effect was still sig-
nificant although somewhat attenuated (SMD=0.39).
It also needs to be noted that heterogeneity was also
identified in the CBT category, in terms of type and
target of CBT (fatigue versus depression or stress),
the mode of delivery (web, telephone and face-to-face
delivery), amount of therapist contact and type of
therapists. Pre-planned subgroup analysis suggests
that CBT which specifically targets fatigue may have
larger effects that CBT where fatigue is a secondary
target.

General exercise (defined as including two or more of
the key exercise types — balance, aerobic, strength
and/or flexibility) also had a moderate to large effect.
Other interventions which had significant moderate
effects on fatigue at the end of treatment were resis-
tive exercise, combined exercise, aerobic exercise,
relaxation/biofeedback interventions and behavioural
interventions which included an exercise or physical
activity component. The certainty of the evidence in
these categories was low or moderate except for
behavioural plus exercise where the GRADE rating
was high.

EC which was specifically developed to treat fatigue
in MS had a marginally significant effect on fatigue at
end-of-treatment and was ranked one of the least
effective treatments, followed by flexibility exercise
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and education. The certainty of the small to negligible
effect for EC is high. It is worth noting that EC had a
significant small effect at longer-term follow-up. The
study that contributed most to the follow-up effect
combined EC with elements of CBT?3® which may
have enhanced the effect. Alternately, small positive
effects for EC maybe be experienced later on.
Behavioural interventions which included an exercise
or physical activity component appeared to retain sig-
nificant effects at longer-term follow-up, but aerobic
and resistive exercise did not. No data were available
on longer-term follow-up of combined exercise.

Evidence in favour of end-of-treatment effects of dif-
ferent subtypes of exercise interventions (except flexi-
bility on its own) suggests there is no single optimal
exercise modality for MS fatigue, but rather a choice of
exercise subtype may depend on MS symptoms, level
of disability, and the needs and preferences of pwMS.
The mechanisms through which exercise improves
fatigue will therefore differ by subtypes of exercise
interventions.®-62 For example, impaired balance is
common in MS, affecting 85% of pwMS, and has been
linked to fatigue.®® Impaired postural control and
increased likelihood of falls can lead to reduced ability
to perform physical activity and further decondition-
ing. In addition, extreme and continuous efforts to
maintain postural control may not only lead to further
muscle strain and subsequently pain, spasticity and
inefficient movement patterns, but also demand con-
stant attention—all resulting in increased fatigue.

Further work should focus on tailoring exercise inter-
ventions to the needs and preferences of pwMS. Needs-
based assessment should include an understanding of
possible mechanisms of fatigue which may include the
balance ones discussed above or physiological decon-
ditioning due to fatigue related to activity. For this rea-
son, it is of paramount importance for studies to specify
MS subtypes within their samples and for future
research to explore the treatment needs and systematic
patterns in treatment effects by MS subtype. A focus is
needed on maintaining effects at long-term follow-up.
As interventions which combined exercise and behav-
ioural treatments show sustained significant effects,
combining approaches may be beneficial. Combining
the two types of interventions may improve adherence
to exercise and maintenance of benefits over time.
Behavioural treatments may also tackle fatigue mecha-
nisms not addressed by exercise such as poor sleep or
disrupted circadian rhythms. To date, no studies have
combined CBT with exercise. As CBT ranked highest
in the behavioural category, has an empirically vali-
dated theoretical underpinning® — a combined CBT

and exercise intervention may be one way to enhance
existing treatment effects.

Based on the common effect across all intervention
types, there was no significant difference between
fatigue-targeted versus non-fatigue-targeted interven-
tions; however, the limited number of fatigue-targeted
interventions in some intervention categories pre-
cluded us from exploring the effect of treatment target
on an intervention-by-intervention basis so this find-
ing should be treated with caution. In terms of CBT,
pre-planned moderator analysis suggested that CBT
designed to treat fatigue had greater effects than CBT
for depression or stress. This may be in part because
CBT for fatigue includes a focus on grading or
increasing activity levels, whereas CBT for depres-
sion focuses on activities which improve mood, sug-
gesting that treatment recommendations should
specify type of CBT. This has also been previously
highlighted in a meta-analytic systematic review of
non-pharmacological interventions for cancer
fatigue.®®

Limitations

To our knowledge, this is the first systematic review
of non-pharmacological interventions for MS fatigue
that adopted a detailed approach to intervention cod-
ing and utilised NMA. Nonetheless, limitations of
this review need to be noted. First, for the analyses,
categorisation of interventions was necessary given
the limited number of some subtypes of exercise,
behavioural and combined interventions, for exam-
ple, mindfulness interventions were grouped
together with CBT and FACETS which combined
CBT and EC3%37 was grouped under EC. Important
nuances may have therefore been obscured because
of data reduction. This may explain some of the het-
erogeneity in these subcategories. Any inferences
about the effect size relate to the broad category and
not necessarily to any specific type of intervention
within that category. It is important to also note the
heterogeneity related to the measurement of fatigue
across studies with 13 different fatigue measures
used, an inherent weakness of the fatigue litera-
ture.®0:67 However, evidence in support of the con-
vergent validity between the different self-report
measures of fatigue, particularly the Modified
Fatigue Impact Scale (MFIS) and Fatigue Severity
Scale (FSS) (the most commonly used measures in
the studies here, n=49 and n=43, respectively),00-68
and the use of standardised mean differences cir-
cumvents the uncertainty related to measurement
heterogeneity.
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Second, this review included feasibility, efficacy and
naturalistic/pragmatic trials. The aims and scope are
likely to differ between these types of trials, which
may have important implications on treatment effects.
Finally, statistical heterogeneity was high for most of
the pairwise meta-analyses (Supplementary Material
C), which relates to the NMA assumption of consist-
ency. The final NMA model met consistency assump-
tions after the exclusion of 10 studies and, therefore,
most treatment effect estimates can be interpreted
without too much concern regarding the level of sta-
tistical heterogeneity initially observed. However,
there was some indication of inconsistency in the esti-
mates for the relaxation/biofeedback and education/
information intervention treatment effect estimates.
These estimates must be interpreted more cautiously.

Conclusion

The findings of this review provide insights and spe-
cific recommendations for treatment guidelines for
fatigue in MS. These need to be more prescriptive in
terms of type of behavioural intervention. Balance
exercise and CBT interventions appear to be the most
promising interventions for fatigue based on direct
and indirect comparisons. CBT that is fatigue-focused
should maximise effects. Other exercise modalities
also appear effective, including aerobic and strength/
resistive exercise and combined exercise (balance,
aerobic, strength and flexibility) in the short-term, but
more work is needed to sustain these effects. This
may include allowing patient preference in terms of
choice of exercise and behavioural methods to
enhance regular exercise habits. More support to
maintain exercise is needed over the trajectory of ill-
ness, particularly around how to adapt exercise for
relapse and progression. EC, which is still offered as
a treatment to pwMS, has minimal effects as does
flexibility exercise on their own. Just educating peo-
ple on fatigue is also not an effective intervention. To
date, a combined exercise and CBT approach for MS
fatigue has not been evaluated, but this warrants fur-
ther exploration. Although there is a clear need for
adequately powered trials with evaluation of treat-
ment mechanisms, and a focus on maintaining treat-
ment effects, there is sufficient pooled evidence of
more than 100 trials to suggest that the methods men-
tioned above should become part of standard treat-
ment for fatigue in MS. Future work should focus on
how to effectively implement these treatments into
routine care including the most cost-effective ways of
delivering treatment.

Note: Studies that were included in the review but not
mentioned in the main text are the following.70-'84
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