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ARTICLE INFO ABSTRACT

Keywords: Background: Therapeutic exercise (TE) is the only intervention with strong recommendation for fibromyalgia.
Fib_romyalgia However, there is controversy as to which type of exercise is the most beneficial.

Pain Objective: To determine which TE approach is the most effective in reducing pain intensity in women with
Physical therapy fibromyalgia

Rehabilitation :

Methods: A systematic review was performed with a network meta-analysis (NMA). Six databases were searched
from inception until January 2024. Randomized controlled trials (RCTs) evaluating the effects of TE on pain
intensity were included in women with fibromyalgia. Methodological quality was assessed using the Physio-
therapy Evidence Database scale. The size of the effect and the clinically important difference were determined in
the short-term (<3 months) and long-term (>3 months).

Resuits: Sixty-one studies were identified, of which 51 were included in the quantitative synthesis (n = 2873).
Fifteen TE interventions and eight comparison interventions (comparators) were identified. Aquatic exercise (p-
score: 0.8713) was found to provide best benefits in the short-term and resistance training in the long-term (p-
score: 0.9749). Statistically significant differences were found in favor of aquatic exercise, Pilates, gigong,
resistance training, virtual reality, mixed exercise, and aerobic exercise (in the short-term) and in favor of
resistance training, dance, functional training, aquatic exercise, virtual reality, and aerobic exercise (in the long-
term) compared to usual care.

Conclusion: With a moderate level of evidence, our NMA shows that, in the short-term, aquatic exercise is the
most effective TE intervention to reduce pain intensity in women with fibromyalgia, while resistance training is
the most effective in the long-term. More RCTs are needed to strengthen these findings.

Therapeutic exercise

Introduction

Fibromyalgia is a chronic syndrome characterized by widespread
musculoskeletal pain, chronic fatigue, sleep disturbances, and physical
disability.' ™ It is prevalent in 2 to 4 % of the world’s population,”®
affecting mainly women.””>® Although it is hypothesized that fibromy-
algia is due to a central sensitization process, the etiopathological
mechanisms are still unclear.>* ' Studies have identified several mus-
cle abnormalities, such as a reduction in type II fibers and alterations in
muscle contraction and metabolism, which can contribute to fatigue and
pain in patients with fibromyalgia.'>'* These findings may explain the

* Registration number: CRD42021293015.

benefits of physical exercise for these patients.

Physical exercise is the only treatment with a strong recommenda-
tion for fibromyalgia.>* Several reviews have evaluated the effects of
different therapeutic exercise (TE) approaches in patients with fibro-
myalgia, with benefits observed in almost all of them.'>?? However,
there is controversy as to which approach is the most beneficial. The
Cochrane review”® of 2007 classified aerobic exercise as the "gold
standard" for the treatment of fibromyalgia, although in their 2017 re-
view,'® they concluded that this exercise approach may have little or no
long-term effect on pain.

To date, we have not found any publications that compares all TE
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approaches with each other for the treatment of pain in fibromyalgia.
Because the disease affects mainly women and the response to treatment
is influenced by a multitude of factors, including gender, the objective of
this study was to analyze the efficacy of different TE approaches in pain
intensity in women with fibromyalgia and to identify which exercise
approach is the most effective through a network meta-analysis (NMA)
of randomized clinical trials (RCTs).

Methods

A systematic review with an NMA following the PRISMA-NMA
guidelines.’* The protocol was registered in the PROSPERO database.

Our search was conducted from database inception until January 14,
2024. The databases selected were MEDLINE, CENTRAL, Embase, Web
of Science (WoS), Cumulative Index to Nursing and Allied Health
Literature (CINAHL), and Scopus. The search strategy and keywords
used are given in Supplementary material (Table S.1)

To minimize publication bias, a search was performed on Clin-
icalTrials.gov. Additional records were searched by hand from relevant
literature reviews to supplement the findings of the database.

Eligibility criteria

The inclusion criteria followed the PICOS (participants, in-
terventions, comparators, outcomes, study design) strategy:

1. Type of study: RCTs.

2. Participants: adult women diagnosed with fibromyalgia according to
the criteria of the American College of Rheumatology for fibromy-
algia (ACR 1990,/2010/2016).

3. Interventions: studies that included any form of TE as the only
intervention or a combination of exercises in any of the groups were
selected.

4. Comparators: any treatment

5. Outcomes: pain intensity, evaluated with visual analog scale (VAS
0-10, 0-100)

Trials published in languages other than English, Spanish, French,
Italian, or Portuguese were excluded, as were trials that combined ET
with other treatments and trials that included men.

Data collection process

Two review authors (AR-D, JJ-R) independently performed study
selection and data extraction. A third author (MR-S) was consulted in
case of disagreement. Studies that did not report the data required for
the meta-analysis were excluded from the quantitative synthesis. In
general, the data collected were the mean and standard deviation for
each treatment and period studied. Given the existence of studies that
provided other types of measurements (such as median or quartiles Q1
and Q3), prior estimates were made to obtain an approximation of the
mean and standard deviation from the data.?>?°

A standardized form was used for data extraction, addressing par-
ticipants, diagnostic criteria, type of intervention, follow-up time, and
results obtained (Supplementary material -Table S.2).

Risk of bias

The methodological quality was evaluated using the PEDro scale.””
The quality of the studies was reviewed by two independent evaluators
(IV-P, RC-M), and a third evaluator (AR-T) was consulted when dis-
crepancies appeared. The included studies were classified according to
scores of 9 or 10, 6 to 8, and < 5 on the PEDro scale and were interpreted
as excellent, good, and fair quality, respectively.”®
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Certainty of the evidence

The CINeMA web application was used to assess confidence in
findings from primary NMA. The CINeMA framework considers six do-
mains that affect the level of confidence in the NMA results: (a) within-
study bias, (b) reporting bias, (c) indirectness, (d) imprecision, (e) het-
erogeneity, and (f) incoherence. The reviewers assessed the level of
concern for each relative treatment effect of NMA as giving rise to "no
concerns", "some concerns", or "major concerns" in each of the six do-
mains. Then, judgments across the domains are summarized into a single

confidence rating ("high", "moderate", "low", or "very low").%’ (Supple-
mentary material -Table S.3)

Clinically important differences (CID)
According to Cochrane,'® the Initiative on Methods, Measurement
and Pain Assessment in Clinical Trials (IMMPACT) recommended the
following benchmarks for interpreting changes in pain intensity on a
numerical rating scale 0 to 10 in chronic pain clinical trials: a) a 10 to 20
% decrease is minimally important, b) a decrease greater than 30 % is
moderately important, and c) a decrease greater than 50 % is substan-
tial.>>>! Therefore, the minimum CID in outcome was interpreted as a
pain difference of 15 points out of 100 (VAS 0-100)- The CID was
determined from the difference obtained for each intervention
compared to usual care.

Summary measures

The analysis included a qualitative synthesis (Supplementary mate-
rial -Table S.2) and a quantitative synthesis (pairwise meta-analysis and
NMA). VAS is reported as a continuous measure from O to 10 and from
0 to 100. The outcome data was standardized from 0-100, using the
mean difference (MD) to perform the primary analyzes. A temporal di-
vision was established into two periods: short-term (< 3 months) and
long-term (> 3 months). For the short term, only follow-up results closer
to 3 months after the end of the intervention were selected. For the long
term, only follow-up results closer to six months after the end of the
intervention were selected.

In those meta-analyses, a random-effects model was used where
heterogeneity between studies was observed, while a fixed-effects model
was used for those where homogeneity was observed. As indicative of
homogeneity, 12 coefficient values <50 % and/or Chi® test values of
homogeneity with p > 0.05 were taken. In all cases, the corresponding
forest plot is presented (Supplementary material -Figs. 2-14). A pairwise
meta-analysis was performed using Review Manager software version
5.4.

Regarding NMA, the means provided by each study were taken for
each of the treatments performed, as well as the standard deviation of
each one, which allowed the calculation of the MD, as well as its stan-
dard error.? The NMA allows us to know the effect size between any
pair of treatments, whether they have been compared directly or not. To
establish a ranking between all treatments, it is possible to assign a
p-score to each treatment. This score is based on the probability that a
treatment is better than any other treatment included in the NMA.**3°

Planned methods of analysis

The NMA developed in this study is framed within the framework of
frequentist statistics.’>>” NMA is performed in RStudio using the ‘net-
meta’ library.*®

Coherence is the statistical tool to test the transitivity between
treatment effects.>> The objective is to study whether there are statis-
tically significant differences between direct and indirect comparisons of
any two treatments. For this purpose, the SIDE (Separating Indirect from
Direct Evidence) method is used to study local coherence and the 2
statistic is used in the case of global coherence.’>*%" This statistic is
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calculated from Cochran’s Q.

The NMA is developed according to a random-effects model that
considers the heterogeneity of the estimates. Furthermore, the random-
effects model facilitates extrapolation of the results obtained to a larger
population.®>*!

Results
Fig. 1 describes the study selection process. Sixty articles were

included in the qualitative synthesis*? '°! and 51 were included in the
quantitative synthesis (Supplementary material -Table S.2).
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Characteristics of the study and results of individual studies

All studies were published between 1992 and 2021. Three stud-
ies'%?71%* had two treatment arms with the same exercise approach but
different doses, so they were counted as six studies in quantitative
synthesis.

The sample size in each article was between 15 and 207, with an
average of 59 participants. The total number of participants was 3581, of
which 2873 were included in the quantitative synthesis (708 not
included). The mean age was approximately 48.9 + 6.1 years (range =
32-59 years). Of the 60 studies included, 48 used the ACR1990 criteria,
13 the ACR2010 criteria, and 2 the ACR2016 criteria. The total number
of studies and participants per exercise modality, the total number of

[ Identification of studies via databases and registers
Records identified from: Records removed before
() MEDLINE (n = 10,885), screening (n = 14,284)
Cochrane (n = 739); .
c Embase (n = 1,782): Duplicate records removed
8 WoS (n = 865); (n=784) o
S CINAHL (n = 253); _ Records marked as ineligible
= Scopus (n = 1 013’). > by automation tools (n = 84)
§| | Cimeamesin=) e oo s
= additional records (n =0
" (n=0) (n = 13.416)
Registers (n = 15,803)
)
Records screened | Records excluded
(n=1,519) (n =1,346)
\ 4
Reports sought for retrieval Reports not retrieved
=] (n=173) (n=0)
=
']
5
) \4
2'\;ef$r7‘t§)assessed for eligibility Reports excluded (n = 112):
Combined treatment (n = 28)
Not evaluated study variables
(n=14)
Included men (n = 16)
Not randomized (n = 8)
Duplicate results (n=8)
v Not used VAS (n=5)
Combination of several
exclusion criteria (n = 33)
Studies included in review
(n=60)
o
[
o
=]
© \ 4
£
Studies included in meta-
analysis
(n=51)
—

Fig. 1. Flow chart of the selection of studies.
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participants per nationality and intervention method, and the diagnostic

criteria used are detailed in Table S.4 (Supplementary material).

Intervention group (Therapeutic exercise)

The interventions were classified according to the definitions given
in Table S.5 (Supplementary material) and described according to the
exercise approach used, the program design, and the dosage (intensity,
frequency, and duration) (Supplementary material -Table S.2). - One of
the identified categories (vibration exercise) was only investigated in

Yoga

Usual
Care

Tai Chi ./

Acupuncture Exercise
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one study.'”> However, it did not provide the necessary data to be
included in the meta-analysis, so it was only included in the qualitative
synthesis: Thus, of the 15 TE categories identified, 14 were included in
the NMA.

Comparison group (comparator intervention)

Eight intervention categories were identified as comparison groups
in the included studies (Supplementary material -Table S.5). Studies that
combined exercise therapy with another treatment approach were

Aerobic

Aquatic
Exercise

Balance
Exercise

Relaxation

Manual

N Therapy
Qigong
Pilates Drugs Mixed
Therapy  Exercise
. Aerobic
Kll'tll;al Acupuncture  Exercise
Usual e v
Exercise

Care

Combined

Education

Flexibility
Functional

Training
Exercise

Fig. 2. Network plot presenting the trial data contributing evidence comparing exercise treatment types. A: Short-term (<3 months): 37 trials, 171 comparisons,
1922 participants. B: Long-term (>3 months): 24 trials, 136 comparisons, 1530 participants. The size of the nodes represents how many times the exercise appears in
any comparison about that treatment and the width of the edges represents the total sample size in the comparisons it connects.
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classified as "Combined Therapy" and therefore qualified as a compari-
son group. Studies that included a placebo treatment were classified as

“sham” and those in which no intervention or usual care was performed
as "usual care".

Outcomes

The main analyzes of this study evaluated the effect of the different
identified TE approaches on pain intensity in women with fibromyalgia,
assessed with VAS. All available results were collected for the available

follow-up time points, with two-time cut-off points for the primary meta-
analyzes: short-term (<3 months) and long-term (>3 months).

Synthesis of results

The network formed by the treatments and their comparisons is
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constructed from a graph where each node represents a treatment and
each edge a direct comparison.'’° The size of the nodes is proportional
to the sample collected for each treatment. However, the thickness of
each edge is proportional to the number of comparisons collected be-
tween the two treatments at its ends.

Pain results

For the short-term (Fig. 2A), a total of 19 interventions were
analyzed by 37 different studies (35 studies plus two studies that had
two treatment arms of the same intervention). Among them, there were
32 pairwise comparisons and five comparisons between the three
intervention groups at the same time. Usual care had the largest sample
size (n = 307), followed by mixed exercise (n = 290), aquatic exercise (n
= 236), flexibility (n = 234), and aerobic exercise (n = 233). The
thickness of the edges determines that there are a greater number of

Mixed
Training Reality Exercise

Tai Chi  Aerobic
Exercise

Yoga Flexibility Core Balance

Stability Exercise

Mixed
Exercise

Core
Stability

Aerobic
Exercise

Pilates Flexibility

Fig. 3. Treatment rankings and surface under the cumulative ranking curve (SUCRA) for pain intensity. A: Short-term (<3 months); B: Long-term (>3 months).
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comparisons between aquatic exercise and mixed exercise (4 compari-
sons) and between flexibility and resistance training (3 comparisons).

Regarding transitivity, the SIDE method did not show statistically
significant differences between direct and indirect comparisons of
treatments (Supplementary material -Table S.6A). Furthermore, the I?
statistic had a value of 84.7 % (78.5 %, 89.1 %).

Fig. 3 shows the ranking between all treatments. The p-score repre-
sented for each TE intervention in Fig. 3A places the aquatic exercise
group in the first position (with a value of 0.8713), followed by Pilates
(0.775).

Fig. 4 shows the relative effects between all pairs of comparisons and
their respective confidence intervals at the 95 % level. A negative value
of the effect size indicates the superiority of the column treatment, while
a positive value indicates the superiority of the row treatment. The order
of the columns in Fig. 4A was constructed following the ranking estab-
lished in Fig. 3A.

Statistically significant differences were found in favor of aquatic
exercise, Pilates, qigong, resistance training, virtual reality, mixed ex-
ercise, and aerobic exercise compared to usual care and sham. Aquatic
exercise also obtained statistically significant differences in comparisons
with mixed exercise, aerobic exercise, flexibility, and core stability.
Taking the usual care as a reference, it is possible to observe the effect
size with respect to the other interventions in Fig. 5A.

Finally, 12 short-term pairwise meta-analyses were also performed
(Supplementary material -Figs. S1-S6 and S.9-S14), of which five TE
approaches showed statistically significant results in favor of aquatic
exercise (p < 0.0001), Tai Chi (p < 0.00001), virtual reality (p = 0.001),
resistance training (p = 0.02), and qigong (p = 0.02). On the other hand,
an intervention (flexibility) had statistically significant differences in
favor of the comparison group, with a p-value <0.005 (p = 0.002). All
results are summarized in Table S. 7 (Supplementary material).

For the long-term (Fig. 2B), there were 17 interventions evaluated by
24 studies (22 studies, and two more with one pair of treatment arms
each). Of the 24 studies, 20 made pairwise comparisons and four pre-
sented comparisons between three treatments at the same time. Node
thickness again indicates that the usual care group has the largest
sample size (n = 312), followed by the aerobic exercise (n = 177), mixed
exercise (n = 164), and aquatic exercise (n = 156) groups. Furthermore,
the number of comparisons between the usual care and aerobic exercise
groups was the highest, with a total of four between all studies, which
resulted in a higher thickness on the corresponding edge in Fig. 2B.

Regarding transitivity, the net splitting method also did not show
statistically significant differences between direct and indirect com-
parisons of treatments (Supplementary material -Table S.6B). Further-
more, the 12 statistic had a value of 0 % (0 %, 56.6 %).

The p-score represented for each TE intervention in Fig. 3B places
resistance training first (0.9749), followed by dance (0.905) and func-
tional training (0.8502).

The order of the columns in Fig. 4B was also constructed following
the ranking established in Fig. 3B.Fig. 4B shows that a greater number of
statistically significant comparisons were obtained in the long term than
in the short term. Thus, we can highlight that statistically significant
differences were found in favor of resistance training, dance, functional
training, aquatic exercise, virtual reality, and aerobic exercise compared
to usual care, and statistically significant differences were found in favor
of resistance training, dance, functional training, aquatic exercise, aer-
obic exercise, and mixed exercise compared to education. Furthermore,
resistance training showed statistically significant differences in all
comparisons, except compared to dance and functional training. Fig. 5B
shows the effect size using usual care as a reference group.

Finally, 10 pairwise meta-analyses were performed in the long-term
(Supplementary material -Figs. S.1-S.9 and S.13), of which six TE ap-
proaches showed statistically significant results in their favor: resistance
training (p < 0.0001), aquatic exercise (p = 0.0002), dance (p = 0.003),
functional training (p = 0.004), aerobic exercise (p = 0.008), and virtual
reality (p = 0.04). As in the short-term, flexibility had statistically
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significant differences in favor of the comparison group, with a p-value
<0.005 (p = 0.003). All results are summarized in Table S.7 (Supple-
mentary material).

Clinically important differences (CID)

Fig. 5 shows the CID of the interventions analyzed compared to usual
care. In the short-term (Fig. 4A), CIDs were obtained for many TE ap-
proaches (aquatic exercise, Pilates, qigong, resistance training, virtual
reality, mixed exercise, Tai Chi, and aerobic exercise). However, in the
long term (Fig. 4B), only three interventions achieved a CID: resistance
training, dance, and functional training. Furthermore, only resistance
training showed a moderately important clinical difference (>30 points
out of 100). Finally, in Fig. 4A and 4B, some comparisons between TE
approaches and the comparators presented CID in favor of the
comparators.

Risk of bias

Most studies (48 out of 60) were rated as "good quality" on the PEDro
scale. Seven studies were rated as "excellent quality" and five studies
were rated as "fair quality" (Supplementary material -Table S.8).

Publication bias risk assessment

The Begg and Egger tests did not reveal statistical evidence of pub-
lication bias (p > 0.05). These findings are shown in the funnel plots
(Supplementary material -Fig. S.15-S.28). The sensitivity analysis indi-
cated that the general results were not substantially modified by elimi-
nating any result.

Certainty of the evidence

In the short-term, 171 comparisons (47 studies) were performed, of
which 22 were rated as “moderate quality”. The remaining 149 com-
parisons were rated as "low quality". Long-term, 137 comparisons (32
studies) were performed, of which only one was rated as "high quality"
(aerobic exercise versus usual care). Of the remaining 136 comparisons,
110 were rated as "moderate quality" and 26 as "low quality". (Supple-
mentary material -Table S.98).

Discussion

To our knowledge, this is the first NMA to compare different TE
approaches used in women with fibromyalgia to reduce pain intensity.
Our NMA established a ranking (Fig. 3) of TE approaches that we used to
order the columns in Fig. 4 showing the relative effects between all pairs
of comparisons. Therefore, Fig. 4 can be used as a valuable decision-
making tool when choosing the most appropriate type of TE to reduce
pain intensity in women with fibromyalgia.

In the short-term (Fig. 4A), we had seven TE approaches that
generated statistically significant differences compared to usual care
and sham; also, these improvements were clinically important. If we
analyze the comparisons between these seven approaches, our results
appear to indicate that, in the short term, the five most effective type of
TE to improve pain intensity in women with fibromyalgia were aquatic
exercise, Pilates, qigong, resistance training, and virtual reality.
Furthermore, the strength of evidence, in all these comparisons with
usual care was moderate, except for Pilates, which was low.

In the long-term (Fig. 4B), we had six TE approaches that generated
statistically significant differences compared to usual care and educa-
tion. Compared to sham, five types of TE generated statistically signif-
icant differences. If we analyze the comparisons between these exercise
approaches, our results appear to indicate that, in the long-term, the
three most effective type of TE, compared to usual care, education, and
sham, to improve pain intensity in women with fibromyalgia, were
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Fig. 5. Summary network meta-analysis results for each exercise type compared with Usual Care. A: short-term (<3 months); B: long term (>3 months). The hashed

line indicates clinically important difference.

resistance training, dance, and functional training. Furthermore, resis-
tance training and dance were the most effective TE compared to drug
therapy, acupuncture, and combination therapy; and only resistance
training was the most effective TE compared to relaxation. All of these
improvements were clinically important. The strength of evidence, of all
these comparisons was moderate.

Importantly, resistance training was the only intervention that
showed statistically significant and clinically relevant differences
compared to usual care and sham in both the short and long term. It was
also the only intervention that showed a moderately important clinical
difference (>30 points out of 100), so, overall, resistance training may
be the most effective type of TE to reduce pain intensity in women with
fibromyalgia.

Our findings have significant clinical implications for several rea-
sons. Most importantly, Fig. 4 can serve as a valuable guide for selecting
the most appropriate TE approaches to reduce pain intensity in women
with fibromyalgia. This decision should also be made based on the pa-
tient’s characteristics and preferences, as this is a key factor in
improving adherence to treatment.'”” '%° These findings could also
contribute to a change in the current paradigm regarding TE prescrip-
tion in fibromyalgia, because the "gold standard" recommendation of
aerobic exercise should be replaced by other more effective approaches.
Specifically, aquatic exercise was more effective than aerobic exercise in
the short-term and resistance training and dance were more effective in
the long-term.

This review has several limitations. First, studies are at risk of bias
due to the impossibility of blinding when active interventions are used.
Second, this review is limited to the effects of exercise in women with
fibromyalgia. It seems more appropriate to limit the sample to this sex,
as fibromyalgia affects mainly women and including men in the review
would increase the risk of bias. Therefore, these results cannot be
extrapolated to men with fibromyalgia. Third, there are concerns about
the patient selection criteria used in RCTs. A total of 80 % of the trials
used the ACR 1990 criteria, the validity of which was refuted by the
authors themselves in 2010. Despite this, studies published in 2021 still
continue to use these criteria.''®'*? This could lead to serious selection
bias in patients, which could affect the extrapolation of the results to the
clinical setting. Finally, our study has evaluated the efficacy of different
TE approaches in reducing pain intensity. However, it should be noted
that intensity is only one dimension of pain experience, and therefore an

improvement in pain intensity does not necessarily imply an improve-
ment in the overall impact of the disease.'®

Future studies should focus on whether different parameters of the
FITT model (frequency, intensity, time, and type), could optimize out-
comes in reducing pain intensity in women with fibromyalgia. Finally, it
is imperative to unify diagnostic criteria in fibromyalgia so that these
patients are classified more accurately and homogeneously- The criteria
currently used for the diagnosis of fibromyalgia are still based on a
biomedical model, ignoring the recommendations of the World Health
Organisation (WHO). Psychosocial variables are known to have a sig-
nificant impact on disease development, so it is necessary to establish
diagnostic criteria based on a biopsychosocial model.'

Conclusions

The NMA showed, with a moderate level of evidence, that the most
effective TE approach to reduce pain intensity in women with fibro-
myalgia was, in the short-term, aquatic exercise and, in the long-term,
resistance training. Furthermore, resistance training was the only
intervention that showed short- and long-term improvements, with a
moderately important clinical difference. More RCTs are needed to
strengthen these findings.
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