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ABSTRACT

Few studies have directly compared the effects of different
exercise therapies on reducing fatigue in patients with multiple
sclerosis. Thus, we conducted a Frequentist network meta-
analysis to analyze and compare the effectiveness of different
types of exercise on reducing multiple sclerosis-related fatigue.
Relevant randomized controlled trials were searched in Pub-
Med, Web of Science and Cochrane Library databases from the
date of their inception up to April 1, 2021. In total, 27 articles
involving 1470 participants and 10 types of interventions met
theinclusion criteria. The results indicated that aquatic exercise
ranked as the most effective among these interventions, and
aerobic exercise had small-to-moderate effect sizes. Most of
the interventions were shown to be better than the control
group, except for climbing. Climbing was the only intervention
that ranked worse than the controls. All of these findings mer-
it further investigation in future clinical trials.

Introduction

Multiple sclerosis (MS) is often described as a chronic, inflamma-
tory disorder of the central nervous system that is characterized by
demyelination and axonal loss [1]. MS is one of the leading causes
of non-traumatic disability in young adults, and there are more
than 2.3 million people with MS worldwide [2]. The global median
prevalence of MSis 33 per 100 000 population, with significant dif-

#  Yuting Chen and Shanshan Xu contributed equally to this work and should
be considered as main contributors.

ferences between countries [3]. Common manifestations in MS in-
clude, but are not limited to, symptomatic fatigue, depression,
spasticity, mobility and balance problems, cognitive decline, and
muscle weakness [4-9]. Among them, fatigue is intrinsic to MS and
is the most frequently reported symptom [10]. Up to 75-90 % of
people with MS complain of fatigue, and 60 % regard it as the most
disabling complication that seriously reduces quality of life [11].
People with MS tend to engage in less physical activity than the
general population, which in turn increases fatigue and the risk of
developing secondary diseases such as obesity and diabetes
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[12,13]. The bi-directional connections between fatigue and phys-
ical inactivity accelerate the functional decline in patients with MS.

For years, people with MS were advised not to take partin exer-
cise because it was thought to cause worsening symptoms or fa-
tigue. However, in recent decades, a number of types of exercise
have been shown to reduce MS-related fatigue in extensive trials,
systematic reviews, and meta-analyses, such as aerobic exercise,
yoga, resistance training, and endurance training [14-16]. The
American Physical Therapy Association has built preferred practice
patterns for patients, including those with MS [17]. However, in-
formation about specific patterns of physical activity in MS patients
is still limited. Previous meta-analyses reported that exercise could
reduce fatigue in MS patients, but all of these studies were tradi-
tional pairwise meta-analyses that only considered direct compar-
isons and did not rank the interventions [18-20]. It remains unclear
which anti-fatigue intervention has the greatest effects on reliev-
ing fatigue. Therefore, it is a problem for MS patients to find the
most effective anti-fatigue interventions based on their interests
and needs.

To provide a comprehensive overview, we applied the network me-
ta-analysis (NMA) approach to analyze and compare the effectiveness
of different types of exercise on relieving MS-related fatigue.

Materials and Methods

The study was performed in line with the guidelines from the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
and the Cochrane Intervention Review that Compares Multiple In-
terventions, as well as the Ethical Standards in Sport and Exercise
Science Research and this journal [21, 22]. The protocol was previ-
ously written but was not registered.

In this NMA, aerobic exercise is defined as a unique form of ac-
tivity, which involves the integration of large muscle groups, such
as the rhythmic propulsion of body mass during the movements of
varying intensities (for example, walking, jogging, or running) or
activities with lower mechanical impact (for example, cycling) [23].
Resistance training is a type of progressive overload strength train-
ing in which the muscles exert force against an external load [24].
Endurance training is characterized by the repeated isotonic con-
traction of large skeletal muscle groups (for example, cross-coun-
try skiing or speed skating in winter sports) [25]. Aquatic exercise,
also known as pool therapy, hydrotherapy, or balneotherapy, main-
ly describes exercise that is done in the water.

Search strategy and selection criteria

PubMed, Web of Science, Cochrane Library of Systematic Reviews
and Cochrane Controlled Clinical Trials databases were searched
from the date of their inception up to April 1, 2021 to collect rele-
vant randomized controlled trials (RCTs). Keywords and search
strategy were as follows: (“multiple sclerosis” OR “MS”) AND (“fa-
tigue” OR “lassitude”) AND (random * ). Titles, abstracts, and key
words were scanned, and full-text articles were evaluated if they
met the inclusion criteria. The references of the included studies,
systematic reviews, and meta-analyses were also manually
searched to find additional topic-related literature. In the case of
insufficient data, we tried to email the corresponding author to ob-
tain the necessary information.

A number of studies were retrieved, but only studies meeting
the following criteria were considered eligible: (1) an RCT protocol
was applied to evaluate the effect of at least one exercise arm; (2)
participants were adults who were clinically diagnosed with MS;
(3) a questionnaire was used at baseline and follow-up to evaluate
fatigue symptoms; (4) sufficient data should have been provided
to calculate the effect sizes of outcome variables; and (5) studies
were published in English.

Exclusion criteria

Our study focused on different types of exercise on alleviating fa-
tigue in MS patients. Therefore, trials comparing drugs, neurofeed-
back, acupuncture, electroacupuncture, acupressure, energy con-
servation management, light therapy, and other contactless reha-
bilitation (e. g., telephone-administered healing) were excluded.
In addition, studies with intervention periods <2 weeks were ex-
cluded. Quasi-RCTs, conference abstracts, editorials, letters, and
case reports were also excluded.

Data extraction

Two reviewers independently extracted data using a standardized
scheme. Extracted data were double-checked by the correspond-
ing author. Any discrepancies were resolved by discussion and care-
ful reexamination until an agreement was reached. The following
information was collected: first author’s name, publication year,
country, sample size, sex ratio, age, characteristics of participants,
type of intervention, duration of intervention, outcome measure-
ments, and other additional information.

Risk of bias and quality assessment

Risk of bias in the included studies was assessed by using Cochrane
Collaboration’s Tool for Assessing Risk of Bias [26]. We evaluated
the studies based on seven criteria (random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selec-
tive reporting, and other sources of bias). Each study was scored as
high, low, and unclear risk of bias. The process was completed by
two reviewers independently, and consensus was reached by con-
sulting another author.

Summary of outcomes

Our primary outcome variables included mean, standard deviations
(SD), and sample sizes (n) to calculate the mean change from base-
line to endpoint in fatigue symptoms. If more than one post-treat-
ment fatigue score was reported in a study, we used only the point-
in-time score that was assessed immediately after the end of the
intervention period. When data were presented as median, range
and/orinterquartile range, we transformed them to mean and SD
[27]. Fatigue was measured by different assessment scales, and the
standard mean difference (SMD) was used as the effect size index
to eliminate the influence of metrics. SMD values of 0.2, 0.5, and
0.8 indicate small, medium, and large effect sizes, respectively [28].

Data synthesis

An NMA combining direct and indirect evidence in a network of tri-
als was conducted, and a random effects model was adopted to
compare the relative effects of each intervention [29]. All data anal-
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ysis and graph generation were completed by using Stata 11.0 sta-
tistical software (StataCorp, College Station, TX, USA).

First, a network plot visually expressed the comparison between
differentinterventions. Moreover, a forest plot showed the SMD based
on sample sizes and their 95 % confidence interval (Cl), and heteroge-
neity evaluated by Higgins Pwas also given. Additionally, surface under
the cumulative ranking curve (SUCRA) probabilities were calculated
using the Markov chain Monte Carlo (MCMC) model to rank the inter-
ventions [30]. The SUCRA indicated the relative probability of each
studied intervention among the optimal options, and a larger SUCRA
value represents a higher ranking of an intervention [31]. A two-sided
p<0.05 was considered as statistically significant. The application of
the network meta-analysis method overcame the lack of direct com-
parisons and allowed for a comprehensive conclusion.

Assessment of inconsistency

The loop-specific model and Wald test were used to examine the
global consistency between direct and indirect comparisons
[32,33]. The 95% Cl of inconsistency factor (IF) excludes 0 or the
alphavalue <0.05 indicating statistically significant inconsistency.
The node-splitting model was adopted to further explore the local
inconsistency across each network.

Subgroup analysis and sensitive analysis

To examine the sources of heterogeneity, subgroup analysis was
performed according to median intervention duration and median
age. Because of the characteristics of exercise therapy, it is impos-
sible to blind both participants and personnel. The included stud-
ies tend to have a high blinding risk. Therefore, sensitive analysis

(" 4252 records identified through h
PubMed (n=958),
Web of Science (n=1346),

Cochrane CENTRAL (n=1948)

\ J

A 4

~

Records after duplicates removed
(n=2524)

L 2
Records screened

was performed by excluding studies that failed to achieve outcome
assessment blinding.

Meta-regression analysis and publication bias

Meta-regression analysis was performed by publication year, sex
ratio, sample size and intention to treat. Additionally, a funnel plot
was used to detect potential publication bias and small-study ef-
fects.

Results

Study identification and selection

Atotal of 4252 records were identified in the online databases list-
ed above, 958 from PubMed, 1,346 from Web of Science, and 1,948
from Cochrane Library, respectively. After removal of the dupli-
cates, titles and abstracts of 2524 records were browsed to find po-
tential relevance. A total of 182 articles was included in the full-text
assessment. Finally, 27 articles satisfied the inclusion criteria and
were considered as eligible for further analyses. The flowchart of
the whole literature retrieval process is shown in > Fig. 1.

Characteristics of the studies

The baseline characteristics of the studies included in this NMA are
detailed in > Table 1. All 27 articles were published in English be-
tween 1996 and 2019. Sample sizes ranged from 11 to 314 pa-
tients; 6 came from Iran [34-39], 4 from America [40-43]; 3 each
from Britain [44-46] and Germany [47-49]; two each from Italy
[50,51], Denmark [52, 53], and Australia [54, 55]; and 1 each from

{ N\
Records excluded based on the review of
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titles and abstracts (n=2342)
J

Excluded with reasons (n=155):
-no interventions met the inclusion
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A 4

Studies included in quantitative
synthesis (n=27)

> Fig. 1 Flow chart of the study selection process.

1252

\ 4

-no fatigue as outcome (n=4)

-not randomized (n=9)

-no eligible control (n=4)

-no sufficient data (n=12)

-no full-text article (n=2)

-protocol (n=20)

-interventions not distinct enough to

Qistinguish (n=25)

J

Chen Y et al. Effect of Exercise on... Int | Sports Med 2021; 42: 1250-1259 | © 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



‘pangiyoud ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad 10} PAPEROJUMOP SBM JUBWNIOP SIY |

oN 1o ‘buiuien 9'6%1°0S
SHIN z6 SIFIM Q| dueIsIsay 11D SOA 9slLL ‘OLFL LY 6L°2S | LE€=D6£=19/=N SOA/SA elennsny | (LL0Z) ‘|8 33 ppoa
oN oD
‘9S1D19Xa dUe)SIsal LLF8'8Y
pue JiqoJae paulquio) ‘0LFE0S LL=D
€D ‘eboA 17D ‘OLF96b 98=¢€l/L=Tl (z102)
SHIN €L D ECIN ‘3SI213X3 J1qOI3Y 11D d/N vLelzre ‘OLFLLS 09 ‘Z81 08=LIvlE=N SOA[SAA ulelg ‘|e 19 139.118D
on:zo 6'8FL'Sh (€102)
SS4 d/N RELIY4 ‘3SI213X3 21qOI3Y 11D d/N og/og ‘v'659°6h 8L‘ZL | SL=DSL=10E=N ON/S9A Aley ‘|e 39 JUOSeAIRD
on:zo ¥'8¥0°9%
SHIN L8 Sypam 7| ‘9SI219X3 21QOIAY 11D SSA ozt/LoL ‘L'6FLSH ¥€°98 | 09=209=10ZL=N SOA[SAA ulelg | (£102) ‘(e 32 191D
ZE6F0L9€
DM €D ‘BBoA 1ZD ‘89'8FLT°TE oL=D1ll=al (€102)
SS4 AN S329M 8 ‘3SI213X3 J1QOIRY 11D d/N LefLe ‘L1'6F08°9€ 0°l€ OL=LI1E=N SOA[SBA uey| ‘|e 33 Ipewyy
on :zo ‘buuen T8¥T'SS (¥102)
JINSA 96 S)IIM adueInpul:Ln d/N LL/oL ‘6'S¥0°29 €8 G=D9=|1L=N ONJS?A | >lewusg |e 33 y9eqIaDS
Bujujeny sdueinpuy
1z ‘buiuiesy dueisisal
pue axueinpua VLLFISY
SHIN 06< SIM Z L pauiqwod :1D SOA 09/L€ ‘06FETY 9L vy | 0£=D0£=109=N SA/sBA | Auewusn | (G107) *|e 39 Buissy
oNn:izo (sL02)
SIHIN d/N S)99M 8 ‘9s1219x3 dp3enby 1 1n d/N ov/LE d/N 0‘0F | 0Z=D0Z=10v=N SOA[SIA uey| ‘|e 33 Je1ysooy|
IN 2O v'LFT9E (£102)
SI4N AN SEENE ‘ds1219x3 dp3enby 11D SOA ovlze ‘0°6¥5°9¢ 0°C€ | 0Z=20Z=10v=N ON/S9A uey| ‘|e 39 plejtebiey)
oNn:zo T6FT8Y spue|
SHIN YL SyPam gl ‘3SI219X3 J1QOIRY 11D SOA 68/€L ‘867 LEY vZ‘s9 | 9r=D€r=168=N SOA[SAA -13YPN | (£107) ‘|e 39 3uRH
DM ZD S8FV Y
JINSA 6 S)PIM | ‘3SI219X3 21QOIRY 11D SOA 44133 ‘6'8¥9°9¢ ¥°8€ | 1Z=D1TZ=1ZP=N SOA[SIA wnibjag (£107) |e 32 sha4
IN:ZD 0ZL¥9°0€ (8L02)
SS4 v'26 SIIOM @ | ‘ISIDIAX3 DIGOIAY 11D AN 99/19 ‘0LFLLE LZ0F | 0£=D9€=199=N SOA[SAA ued| |e 32 ysalebaN
€E0LT6L LY
eg w.o4 LL9 DM €D ‘G6'6 FGE8Y 87=297=1I
110ys-anbpeq ‘L€S sPam gL | ‘eboj 1D ‘adueq:Lo dIN 18/18 ‘06 FL9°6Y G199 [T=1118=N SOA[SAA eduRwy | (8107) ‘e 39 bunog
IN 17D ‘IsPIRX? 16'6F06°LE (6102)
SS4 d/N syoam g adueInpul:Ln d/N 291y ‘69'8%¥96°L€ 079 | LE=D1E=129=N SOA[SIA uey| ‘|e 32 luewyeq
oN gD ‘buiuten
adUejSIsal pue 9Z'0LF0V'6€ (6L02)
SS4 00l S$)99M Z| | 21qOIae paulquIo]) i) d/N 0z/oz ‘60°CLF L6'SY GGL | 0L=D0L=10Z=N ON/S9A Aley ‘|e 39 1j01ZRID
1K ‘asFuespy (2) j013u0) eLaD
saunsea\ (%) ‘|o13uo0) pue (1) uonnuansau| uoisn|dx3
awodInQ ER]IE] uoneinq jeal3-0l N/u UOIUBAIIU| (N) sjuaned |ejoy Juoisnpuyj
anbie4 -13ypy uoIUAAIRIU| sdnoin -uonuaju| uopna|dwo) joaby | (N/4) x3s (u) azis ajdwes payioday A13uno) (1eaA) Joyany

*sa1pn3s 3|qIb1a [|e 40 SO1IsLIIdRIBYD LR | d|qeL <

1253

Int | Sports Med 2021; 42: 1250-1259 | © 2021. Thieme. All rights reserved.

Chen Y et al. Effect of Exercise on...



& Thieme

‘pangiyoud ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad 10} PAPEROJUMOP SBM JUBWNIOP SIY |

13K “IA {jo1uod }

1BM ‘DA 31BD |BNSN DM ‘UOIBIAIP PJepuels ‘gs ‘pajtodal jou “Y/N ‘buispiaxa-uou

‘IN “daquunu ‘N (3jeds 3oedw| anbiieq payipo ‘SI4IN ‘A1ojuaaul anbijey jeuoisuswipinuw ‘4 3ew ‘W dnoib ‘0 fuonouny aaiubod pue Jojouw 10j 3jeds anbiyey ‘DNSS 91eds AJanas anbijey ‘sS4 fjeway

AN 2O 05°8%0°6€ (9661)
SS4 L6 sypam 7L ‘9SI219X3 21qOIdY 11D AN 9/9t LUGFL LY GLLE | SZ=D1Z=19%=N ON/S2A edLaWy "|e 39 uelezad
w04 J0ys
~S93e35 POOIN IN 2D GO'SFSYSY (Lo0?)
J0 3|youd 3yl d/N SEENNTE ‘3SI219X3 J1QOIRY 11D AN zelee ‘SLYFSLLY 0Lzl | LL=D1lLl=IZZ=N ON/S9A eljesysny ‘|e 32 puepayIns
IN:ZD 06'€L¥Z6'EY pue| (Loo2)
SS4 d/N SYPIM ¢ ‘9SI219X3 21qOIRY 11D d/N 9z/9z ‘99'8 ¥ £T°SP SlZ | €1=D€L=19Z=N ON/S9A -13ZUMS "|e 19 119350
DM 7D
SHIN AN SIPIM G | ‘ISIDIAX3 DIV 1D AN 87/8¢ LLFOV ‘676€ 6‘6L | €L=DGL=18Z=N SOA[SBA | AuewsaD | (£007) '|B 38 ZINYdS
86FH'8Y
DM €D ‘3s1219X3 ‘v'OLFS 8P zz=olz=1
14N d/N SYM 7 | 219013y 1gD ‘BBOA 11D d/N 69/L5 ‘v'LE86Y ¥ €S 9Z=1169=N SOA/SA expRwy | (£007) B I8 U0
IN 17D IsPIRX? L'6FL'6€ (6002)
SHN AN S)IIM € adoueInpuy Lo AN Lejog ‘6'LF8SH 61 | SL=D9Ll=Il€=N SOA[SSA | Auewusn |e 39 s1aw3RQ
DM ZD 7€670L9¢ (01L02)
SS4 AN SIIM G | ‘ISIDIAX3 DIGOIAY 11D AN oz/oz ‘L1'6F08°9€ 0°0¢ | 0L=D0L=10Z=N SOA[SA ueyj ‘|e 33 IpeWIYY
eboj (0L02)
SHIN AN S EEIY] 1zD ‘buiquuip 1o AN oz/oz 9FG'6E ‘9F0F 3N | 0L=D0L=10Z=N SOA[SA BIUBAOIS "|e 39 eluoyjijaA
on :zo ‘buuen v'8F L6
SS4 AN SNdM L dURISISY 11D AN 8¢/Le ‘VOLFL LY LL0Z | 6L=D6L=18E=N SOA[saA | dpewusq | (0L0Z) ‘|e 32 sebjeq
IN gD ‘buiuieny 6°0LFS°GE
SS4 €6 Syeam g URISISAY 11D AN og/ez ‘COLFP9E 8°GL | SL=DGL=10€=N SOA[SAA Axang (01L02) "le 19 BYeD
DN 17D 3SIDIXD 0'8F8°LS (L102)
SS4 AN SHPIM Z| 2dUeISISAY 11D SOA zelse ‘90°8F 'S 6°€C | TL=20Z=12¢=N SOA[SBA uleg |B 19 yjuowiiea
DN 17D ‘s3sIIAXD 767208
SHIN d/N S39am 9 DdUBINpUT :LD SIA 9zlst ‘YOLFOTY v'zz | €L=D€L=19Z=N SOA[SAA eauawy | (110Z) '|e 32 113gaH
A ‘gsFuespy () [013u0> eLRD)
saInsean (%) ‘|o13uo0) pue (1) uonnuandlu| uoisn|dxy
awodInQ EB]IE] uoneing jeal3-ol N/u UOIUBAAIIU| (N) sjuaned |ejoy Juoisnpuj
anbiye4 -13ypy uoIUAAIRU| sdnoin -uonuaju| uona|dwod joaby | (N/d) x3s (u) azis ajdwes payioday A1juno) (1e3A) Joyany

panuRuod | 3qeL «

Int ] Sports Med 2021; 42: 1250-1259 | © 2021. Thieme. All rights reserved.

Chen Y et al. Effect of Exercise on...

1254



Aerobic

Combined resistance and endurance
Dance

Endurance @ Control

Aquatic
Climbing

Resistance . . .
Combined aerobic and resistance

> Fig. 2 Network of intervention comparisons from trials included
in the network meta-analysis. The size of the nodes corresponds to
the total number of patients randomized to each intervention group.
The width of the lines represents the number of direct comparisons
that were performed in head-to-head trials.

Switzerland [56], Turkey [57], the Netherlands [58], Belgium [59]
or Slovenia [60]. Four of them were multi-arm RCTs and the rest
were two-arm parallel group trials. The average age of the partici-
pants ranged from 31 to 62, and the duration of the interventions
ranged from 2 to 24 weeks. The studies included different types of
exercise, such as aquatic exercise, aerobic exercise, resistance train-
ing, endurance training, dance, yoga, climbing, etc.

Risk of bias and quality assessment

The risk of bias within the studies was generally low (or probably
low). Among all comparisons, random sequence generation was
adequate in 21 trials (77.8 %), and allocation concealment was ad-
equate in 17 trials (63.0 %). Blinding of outcome assessment (de-
tection bias) was not conducted in five trials (18.5 %) [38, 48-
50, 55], and incomplete outcome data (attrition bias) was identi-
fied in four RCTs (17.4%) [34,36,52,57]. Eight trials reported an
intention-to-treat analysis (36.4 %). High ‘other sources of bias’ was
mainly due to low adherence (<80 %) [40, 46, 58]. Notably, the lim-
itations of the study design made it difficult for both participants
and personnel to be blinded to exercise interventions, leading to a
high risk of performance bias in all studies. The details of assessing
the risk of bias can be found in Supplementary Figure S1.

Network meta-analysis for exercise and
nonpharmaceutical interventions

Twenty-seven trials (59 arms, 1,470 participants) were included in
the analysis of fatigue. The network consisted of 23 studies with
two arms, 3 studies with three arms, and 1 study with four arms re-
porting on 10 different kinds of interventions (13 arms on aerobic,
5yoga, 4 resistance training, 5 endurance training, 2 aquatic exer-
cise, 2 combined aerobic and resistance training, 1 combined re-
sistance and endurance training, 1 dance, 1 climbing; 25 arms on
control groups). The network plot of pairwise comparisons across
these trials is shown in » Fig. 2.

The results of the loop-specific model (95 % Cls of all loops were
truncated at zero) and Wald test (y? (5df) =6.09, p=0.298) showed
no evidence of significant inconsistency (Supplementary Figure
S2 and S3). In the node-splitting model, all p-values of direct and
indirect comparisons were more than 0.05. Therefore, a consist-
ency model was used for the subsequent analysis.

The results of the network meta-analysis were detailed in
> Table 2. » Fig. 3a shows the outcomes presented as SMD and
95 %Cl for different types of exercise compared to control group.

Among these interventions, aquatic exercise ranked as the best
intervention on reducing fatigue with an SMD of -1.73 (95 %Cl =
-2.64t0-0.82). Small-to-moderate effect sizes were observed for
aerobic exercise (SMD=-0.49, 95 %Cl=-0.79 to -0.20), compared
with the control group. Despite large or moderate effect sizes, com-
parisons between some interventions were not statistically signif-
icant owing to sample size constraints.

Rank probability analysis indicated that aquatic exercise had the
highest probability of being ranked as the most effective interven-
tion (SUCRA=99.1 %), followed by aerobic exercise (SUCRA =
68.9%), dance (SUCRA=65.0%) and resistance training (SUCRA =
54.5%). Climbing ranked as the least effective intervention
(SUCRA=11.4%), followed by the control group (SUCRA=22.3 %)
and combined aerobic and resistance training (SUCRA=36.3 %).
The ranking probability of all included interventions is shown in
> Figs. 3a and 4.

Subgroup analysis and sensitivity analysis

The subgroup analysis indicated that dance ranked as the most ef-
fective fatigue reduction intervention in the subgroups of inter-
vention duration =10 weeks and age 245, followed by aerobic ex-
ercise and resistance training (Supplementary Figure S4). In the
sensitivity analysis to test the impact of blinding risk, the effect
sizes for the 10 kinds of interventions remained almost unchanged,
suggesting that the overall results were robust. Moreover, small
rises were observed in the ranking probabilities of aerobic exercise,
resistance training, endurance training, combined resistance and
endurance training as well as combined aerobic and resistance
training (> Fig. 3b).

Meta-regression analysis and publication bias

To further search for the sources of heterogeneity, meta-regression
analysis was conducted by publication year, sex ratio, sample size
and intention to treat. The results suggested that none of these
factors had significant modification effects. The shape of the fun-
nel plot was judged and no obvious asymmetry was found, imply-
ing that there was no publication bias from small-study effects
(Supplementary Figure S5).

Discussion

The current NMA is the first analysis to provide comparable evalu-
ation of the effects of different types of exercise on reducing MS-
related fatigue. We considered 27 RCTs and compared 10 kinds of
interventions, involving 1,470 patients and combining direct and
indirect evidence. Several valuable findings were generated in our
study.
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> Table 2 Matrix of the treatment effect estimates of all comparisons according to indirect comparison meta-analysis.

Aquatic Aerobic Dance Resistance Yoga Endurance RE AR Control Climbing
Aquatic Aquatic 1.23 1.19 1.38 1.40 1.50 1.52 1.60 1.73 2.27
(0.31, (-0.08, | (0.33, (0.40, (0.42, (0.09, (0.48, (0.82, (0.69,
2.16) 2.45) 2.42) 2.39) 2.58) 2.95) 2.72) 2.64) 3.84)
Aerobic -1.23 Aerobic -0.05 0.14 0.16 0.27 0.28 0.37 0.49 1.04
(-2.16, (-0.97, | (-0.46, (-0.31, (-0.37, (-0.85, (-0.28, (0.20, (-0.27,
-0.31) 0.88) 0.74) 0.64) 0.91) 1.42) 1.02) 0.79) 2.34)
Dance -1.19 0.05 Dance 0.19 0.21 0.31 0.33 0.41 0.54 1.08
(-2.45, (-0.88, (-0.85, (-0.68, (-0.74, (-1.08, (-0.65, (-0.35, (-0.43,
0.08) 0.97) 1.23) 1.10) 1.37) 1.74) 1.48) 1.43) 2.59)
Resistance -1.38 -0.14 -0.19 Resistance 0.02 0.12 0.14 0.23 0.35 0.89
(-2.42, (-0.74, (-1.23, (-0.68, (-0.64, (-1.07, (-0.59, (-0.17, (-0.51,
-0.33) 0.46) 0.85) 0.72) 0.89) 1.35) 1.04) 0.87) 2.29)
Yoga -1.40 -0.16 -0.21 -0.02 Yoga 0.10 0.12 0.21 0.33 0.87
(-2.39, (-0.64, | (-1.10, | (-0.72, (-0.63, (-1.07, (-0.49, (-0.13, (-0.35,
-0.40) 0.31) 0.68) 0.68) 0.83) 1.31) 0.90) 0.79) 2.09)
Endurance -1.50 -0.27 -0.31 -0.12 -0.10 Endurance 0.02 0.10 0.23 0.77
(-2.58, (-0.91, | (-1.37,| (-0.89, (-0.83, (-0.92, (-0.73, (-0.33, (-0.65,
-0.42) 0.37) 0.74) 0.64) 0.63) 0.95) 0.94) 0.79) 2.19)
RE -1.52 -0.28 -0.33 -0.14 -0.12 -0.02 RE 0.08 0.21 0.75
(-2.95, | (-1.42, | (-1.74,| (-1.35, (-1.31, | (-0.95,0.92) (-1.17, (-0.88, (-0.95,
-0.09) 0.85) 1.08) 1.07) 1.07) 1.34) 1.30) 2.45)
AR -1.60 -0.37 -0.41 -0.23 -0.21 -0.10 -0.08 AR 0.13 0.67
(-2.72, | (-1.02, (-1.48, | (-1.04, (-0.90, (-0.94, (-1.34, (-0.50, (-0.74,
-0.48) 0.28) 0.65) 0.59) 0.49) 0.73) 1.17) 0.75) 2.07)
Control -1.73 -0.49 -0.54 -0.35 -0.33 -0.23 -0.21 -0.13 Control 0.54
(-2.64, (-0.79, (-1.43,| (-0.87, (-0.79, -0.79, (-1.30, (-0.75, (-0.76,
-0.82) -0.20) 0.35) 0.17) 0.13) 0.33) 0.88) 0.50) 1.84)
Climbing -2.27 -1.04 -1.08 -0.89 -0.87 -0.77 -0.75 -0.67 -0.54 Climbing
(-3.84, | (=234, | (=259, | (-2.29, (-2.09, (-2.19, (-2.45, (-2.07, (-1.84,
-0.69) 0.27) 0.43) 0.51) 0.35) 0.65) 0.95) 0.74) 0.76)

AR, aerobic and resistance; CBT, cognitive behavior therapy; ER, endurance and resistance; Reference: the i ntervention listed in the row; Data are
presented as SMD and their 95 % Cl, and a negative value indicates a better effect for the treatment written above.

a Reference treatment: Control; with all studies Reference treatment: Control; without studies with detection bias
Treatment ~ SMD & 95% Cl SMD (95% Cl)  SUCRA(%) 1%% Treatment  SMD & 95% Cl SMD (95%Cl)  SUCRA(%) I°%
Aquatic —_— -1.73(-2.64,-0.82) 99.1  18.7 Aquatic =~ ———— -1.70(-2.63,-0.76)  99.0  18.7
Dance e -0.54(-1.43,035)  65.0 - Dance e -0.49(-1.35,0.37) 642
Aerobic —— -0.49(-0.79,-0.20)  68.9 62.2 Aerobic —— -0.48(-0.80,-0.15)  69.4 53.6
Resistance — -0.35(-0.87,0.17) 545 0.0 Resistance —r -0.35(-0.85,0.15) 569 0.0
Yoga — -0.33(-0.79,0.13) 53.5 586 Yoga = -0.24(-0.72,0.25)  47.5  20.0
Endurance —— -0.23(-0.79,033) 449 0.0 Endurance —a— -0.22(-0.86,0.42) 470 0.0
Resistance and endurance ~——e-+—— -0.21(-1.30,0.88)  44.1 - Resistance and endurance ———&—— -0.20(-1.30,0.89)  45.4
Aerobic and resistance  —&— -0.13(-0.75,0.50) 363 0.0 Aerobic and resistance  —#— -0.10(-0.71,0.50) 368 0.0
Climbing ———®——— 0.54(-0.76,1.84) 114 - Climbing ————— 0.64(-0.64,191) 9.2
T T T T T T T T

-26 -15 0 07 18

-26 -15 0 08 19
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» Fig. 3 Forest plots for the comparisons between the active interventions and the control intervention (a: with all studies; b: without studies with
detection bias).
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> Fig. 4 Cumulative ranking probability plot for the assessment of fatigue relief in patients with MS.

According to the cumulative ranking, aquatic exercise is the
most effective intervention (ranking 99.1 %) which is followed by
aerobic exercise, dance, resistance training, yoga, endurance train-
ing, combined resistance and endurance training, combined aero-
bic and resistance training, control and climbing. These results were
generally consistent with previously published traditional meta-
analyses [61].

The findings emphasized the usefulness of several kinds of ex-
ercise as a valid adjunct therapy against fatigue symptoms in MS
patients. Helpful and hitherto unavailable information about the
comparisons between these interventions were provided. The lack
of global and local inconsistency as well as the lack of small-study
effects strengthened the outcomes, and the results of meta-re-
gression and sensitivity analysis further indicated the robustness.
Our ranked interventions can provide reference for future clinical
trials.

The fact that aquatic exercise was more effective than otherin-
terventions may be due to the following possibilities: (a) The buoy-
ancy, viscosity, turbulence and hydrostatical pressure of water are
favorable for people with physical weakness to carry out physical
activities [62]; (b) people with MS are highly sensitive to heat
events, and exercise in water can reduce the temperature of body
via the water temperature and prolonged training sessions [63];
and (c) waterimmersion can influence the activity of endogenous
systems related to sodium homeostasis, including the sympathet-

ic nervous system, atrial natriuretic peptide system, and renal do-
pa-dopamine system [64]. Aerobic exercise was observed to have
small-to-moderate effect sizes in relieving fatigue in our study. Re-
search has demonstrated the benefits of improving aerobic fitness,
including reducing the risk of heart attack, lowering blood pres-
sure, improving mental health, and improving bone mineralization
[65-67]. Despite a lack of statistical differences between some
comparisons, most of the interventions were shown to be better
than the control group, except for climbing. Climbing was the only
intervention that ranked worse than the control group, which may
be correlated with the increased altitude and body temperature
during climbing [68]. Our data did not support further analyses to
explore these or other assumptions, and more RCTs on these top-
ics are required in the future.

The study has several advantages. First, to our knowledge, this
is the first systematic review that uses the NMA method to deter-
mine the effects and grades of a comprehensive range of exercise.
Moreover, we evaluated and ranked the interventions, which can
help practitioners and MS patients prioritize evidence-based inter-
ventions and then make more informed decisions.

Study limitations

Potential limitations in our NMA also merit further consideration.
First, the small number of the studies for some interventions (for
example, dance, climbing and aquatic exercise), limits the power
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of the results because the findings could be coincidental. Second,
the interventions of the included studies were difficult to classify
due to the different kinds of intervention combinations. Third, fol-
low-up data were collected over a wide range of time intervals,
from 2 to 24 weeks. The long-term effects of these interventions
have not been fully elucidated and might become a focus for future
research. Collectively, given the reasons above, the results must be
interpreted with caution, and any association observed in the cur-
rent NMA should be tested in original RCTs.

Conclusion

Although exercise has shown promising effects in relieving fatigue
in MS patients, comparisons between different types of exercise
are still lacking. The current indirect-comparison NMA shows the
beneficial effects of aquatic exercise and aerobic training on reduc-
ing MS-related fatigue. These findings enable people with MS to
choose their preferred exercise as adjunct therapy to achieve opti-
mal management of fatigue symptoms.
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