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Abstract

Objectives: To determine the effects of exercise on fatigue and sleep quality in fibromyalgia (primary aim) and to identify which type of exercise
is the most effective in achieving these outcomes (secondary aim).

Data Sources: PubMed and Web of Science were searched from inception until October 18, 2018.

Study Selection: Eligible studies contained information on population (fibromyalgia), intervention (exercise), and outcomes (fatigue or sleep).
Randomized controlled trials (RCT) testing the effectiveness of exercise compared with usual care and randomized trials (RT) comparing the
effectiveness of 2 different exercise interventions were included for the primary and secondary aims of the present review, respectively. Two
independent researchers performed the search, screening, and final eligibility of the articles. Of 696 studies identified, 17 RCTs (n=1003) were
included for fatigue and 12 RCTs (n=731) for sleep. Furthermore, 21 RTs compared the effectiveness of different exercise interventions (n=1254).
Data Extraction: Two independent researchers extracted the key information from each eligible study.

Data Synthesis: Separate random-effect meta-analyses were performed to examine the effects from RCTs and from RTs (primary and secondary
aims). Standardized mean differences (SMD) effect sizes were calculated using Hedges’ adjusted g. Effect sizes of 0.2, 0.4, and 0.8 were considered
small, moderate, and large. Compared with usual care, exercise had moderate effects on fatigue and a small effect on sleep quality (SMD, —0.47; 95%
confidence interval [CI], —0.67 to —0.27; P<.001 and SMD, —0.17; 95% CI, —0.32 to —0.01; P=.04). RTs in which fatigue was the primary outcome
were the most beneficial for lowering fatigue. Additionally, meditative exercise programs were the most effective for improving sleep quality.
Conclusions: Exercise is moderately effective for lowering fatigue and has small effects on enhancing sleep quality in fibromyalgia. Meditative
exercise programs may be considered for improving sleep quality in fibromyalgia.

Archives of Physical Medicine and Rehabilitation 2021;102:752-61

© 2020 by the American Congress of Rehabilitation Medicine. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Supported by the Health and Social Care Public Health Agency, Northern Ireland (STL/5268/16 of the present study did not have any role in the study design, data collection and analyses, decision
to C.H. and J.G.M.). EE.-L. received funding from the European Union’s Horizon 2020 research and to publish, or preparation of the manuscript. EE.-L. is the guarantor of the review.
innovation program under the Marie Sktodowska-Curie grant (agreement no. 707404). The funders Disclosures: none.
0003-9993/20/© 2020 by the American Congress of Rehabilitation Medicine. Published by Elsevier Inc. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1016/j.apmr.2020.06.019


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apmr.2020.06.019&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.apmr.2020.06.019
http://www.archives-pmr.org
https://doi.org/10.1016/j.apmr.2020.06.019

Exercise, fatigue, and sleep in fibromyalgia

753

More than 80% of people with fibromyalgia experience severe
fatigue' or poor sleep quality,” both of which are identified by
people with fibromyalgia and health care providers as priority
targets for treatment. Increased fatigue and poor sleep quality are
therefore acknowledged as core symptoms in the updated fibro-
myalgia diagnostic criteria.’ Despite the importance of fatigue and
sleep quality, most of the research to date has traditionally focused
on pain-related outcomes. For instance, the European League
Against Rheumatism highlights that exercise is the only therapy
supported by “strong” evidence for the management of fibromy-
algia.* However, the recommendations were based on previous
reviews that provided evidence of the benefits of exercise for pain
but were unclear for other symptoms””

In their earliest works, Busch et al performed comprehensive
reviews including all types of exercise (eg, aerobic, resistance, and
flexibility training).”’ These reviews concluded that the effects of
exercise on fatigue or sleep were unknown owing to the paucity of
research at that time. A number of subsequent systematic reviews
focused on specific types of exercise have been published (ie,
ﬂexibility,m aerobic,’ resistance,8 and vibration’ training), which
have explored the effects of exercise on fatigue and sleep quality,
among other outcomes. Although the contribution of these reviews
to the evidence base is acknowledged, the decision to narrow the
scope of each review resulted in the inclusion of a restricted
number of studies. For instance, for fatigue, only 4 and 2 studies
were included in the reviews by Bidonde et al® and by Busch
et al,® respectively. Consequently, it is difficult to make robust
conclusions about the effects of exercise interventions on fatigue
and sleep in fibromyalgia. Compared with previous reviews, a
recent systematic review has focused on mixed exercise training
(ie, 2 or more types of exercise combined).'' This review included
a larger number of studies (ie, 11 studies conducted with a total
sample of 493 adults with fibromyalgia) and concluded that the
effect of mixed exercise resulted in improvements in fatigue, but
omitted study of sleep quality.'' To date, no review has summa-
rized all relevant literature on the effectiveness of exercise in-
terventions (of any type) on fatigue and sleep quality in
fibromyalgia. In doing so, the current review will include a large
sample size and accurately estimate, for the first time, the effects
of physical exercise on these 2 outcomes.

The aims of this systematic review were to determine the
effectiveness of exercise for reducing fatigue and improving sleep
quality in people with fibromyalgia (primary aim) and to identify
which type of exercise interventions might be the most effective in
achieving these outcomes (secondary aim).

Methods

A multidisciplinary international task force was established to
conduct this review. The PRISMA guidelines were used to guide
this systematic review and meta-analysis.'” The protocol of the
present review was specified in advance and registered in the
PROSPERO database (registration number: CRD42018118005).

List of abbreviations:

CI confidence interval

RCT randomized controlled trial
RT randomized trial

SMD standardized mean difference
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Data sources and searches

PubMed and Web of Science were searched from inception until
October 18, 2018. Search terms used in PubMed were "Fibro-
myalgia"[MeSH] AND ("Exercise"[MeSH]) OR “Training”[All
Fields]) OR "Yoga"[MeSH]) OR "Tai Ji"[MeSH]) OR "Qigong"
[MeSH]) OR “Hydrotherapy"[MeSH]) OR "body awareness"[Title/
Abstract]) OR danc * [Title/Abstract]). For Web of Science, the search
terms were TI=(fibromyalgia) AND TI=("exercise" OR "training"
OR "yoga" OR "tai chi" OR "tai ji" OR gigong OR hydrotherapy OR
"physical activity" OR "body awareness" OR danc*).

Study selection

Two independent researchers (F.E.-L. and C.M.-C.) performed the
search, screened the titles and abstracts of all retrieved articles,
and examined the final eligibility of the full-text articles. When a
study did not report data on fatigue or sleep quality but used
questionnaires including these outcomes, the authors were con-
tacted for further information. No restrictions were applied for
language. This review followed the PICOS framework.

Population

Adults with fibromyalgia who were diagnosed using 1 of the
recognized American College of Rheumatology criteria (1990,
2010, 2011, or 2016) were included in this study.

Intervention (exposure)

Intervention was based on exercise. Mixed interventions that
consisted of exercise combined with other interventions (ie,
cointerventions) were considered, as long as exercise comprised at
least 50% of the intervention.

Comparison

Studies should have either an intervention group with exercise and
a non-intervention control group (eg, treatment as usual) or 2
exercise groups. Therefore, the primary subset of studies included
randomized controlled trials (RCT) and the second subset of
studies included randomized trials (RT).

Outcome

Outcomes measured were fatigue and sleep quality. When a study
included more than 1 assessment per outcome, all the figures were
extracted but only the most common assessment among the
included studies was meta-analyzed.

Study design
RCTs and RTs were included for the primary and secondary aims,
respectively.

Data extraction and quality assessment

Two independent researchers (C.M.-C. and D.R.) extracted the
key information from each eligible study. When the information to
be extracted was unavailable, authors were contacted. Disagree-
ments were solved in a consensus meeting between the indepen-
dent reviewers with a third reviewer (C.M.H.).

The Grading of Recommendations Assessment, Development
and Evaluation framework was used to assess the quality of the
evidence across studies for fatigue and sleep quality separately.
Risk of bias of individual studies was assessed using the Cochrane
Risk of Bias tool. Studies with a score of at least 5 points were
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considered as having high risk of bias. Inconsistency across
studies was considered serious when heterogeneity was high (I*
>50%). Indirectness was considered serious when interventions
included both exercise and additional components (ie, coin-
terventions). Imprecision was considered serious when the 95%
confidence interval (CI) was wide and crossed the line of no effect,
and as such the interpretation of the data would be different if the
true effect were at 1 end of the CI or the other. Finally, publication
bias was assessed via funnel plots.

Two researchers independently assessed risk of bias (I.C.A.-G.
and M.R.-A.) and the inconsistency, indirectness, imprecision, and
publication bias (F.E.-L. and J.G.M.) of each eligible study. Dis-
agreements on these assessments were solved in a consensus
meeting between the independent reviewers with a third
reviewer (C.M.H.).

Data synthesis and analysis

For the primary aim, quantitative synthesis of RCTs (ie, meta-
analyses) were performed using Review Manager version 5.3." Sta-
tistical significance was set at a P value less than .05. Standardized
mean differences (SMD) between the exercise and control groups
were computed for both outcomes separately. When a control group
was used as a comparator twice in the same study, we halved the
sample size of the control group. Weighted mean differences were
calculated using a random effects model. Heterogeneity was
measured using the I? statistic (the percentage of total variability
attributed to between-study heterogeneity). When heterogeneity was
high (I* >50%), further explorations based on subgroups analyses
were computed. SMD effect sizes were calculated using Hedges’
adjusted g (similar to Cohen’s d). Effect sizes of 0.2, 0.4, and 0.8 were
considered small, moderate, and large, respectively.

For the secondary aim, a narrative synthesis structured around
each outcome was conducted. When at least 3 of the included
studies presented similar comparisons, we performed meta-
analyses using the same methods that have been described for
the primary aim.

Results

Study selection and characteristics

Thirty-seven unique studies were included in this review.'*** Of
them, 4 studies included 3 arms (ie, control group and 2 exercise
intervention groups, each with a different exercise training such as
aerobic in 1 group and flexibility in another group) and therefore
they were included for addressing both aims of the present re-
view. ' Thus, a total 20 RCTs!??2%23364049  anq 21
RTs?! 226353743 wwere included in the review. Figure 1 shows a
PRISMA diagram.

Of the 20 RCTs that compared the effectiveness of exercise versus
usual care, 9 included both outcomes of interest,' *!-17-19-20:41:43.44.46
8 included only fatigue,'!-!%:23-36:4042:30 414 3 included only sleep
quality.>*”*° Of the 21 RTs that compared the effectiveness of
different exercise interventions, 12 included both outcomes of
interest’Z1—23,27,28,3(),3],33,37,3‘),41,43 7 included Ol’lly
fatigue,”*?*>*3354042 and 2 included only sleep quality.”**® A
summary of the characteristics of the RCTs and RTs included in the
present review is presented in supplemental tables S1 and S2
(available online only at http://www.archives-pmr.org/), respectively.

A moderate risk of bias was present in most of the included
RCTs and RTs (see supplemental figs S1 and S2 for overall
summaries and supplemental figs S3 and S4 [available online only
at http://www.archives-pmr.org/] for specific information on each
individual included work per study design). No study reported
having conflicts of interest.

Synthesis of the data

Figure 2 presents a meta-analysis conducted in 1003 people with
fibromyalgia (61% randomly allocated into exercise in-
terventions). In comparison with usual care, exercise interventions
were effective for reducing fatigue in fibromyalgia (pooled SMD,
—0.47; 95% CI, —0.67 to —0.27). This finding was robust across 2
sensitivity analyses, as shown in supplemental figures S5 and S6
(available online only at http://www.archives-pmr.org/): (1)
when a study with high risk of bias*’ was not included in the meta-
analysis (pooled SMD, —0.49; 95% CI, —0.71 to —0.27) and (2)
when fixed effects models were computed (pooled SMD, —0.40;
95% CI, —0.53 to —0.26). Supplemental figure S7 (available on-
line only at http://www.archives-pmr.org/) demonstrates the funnel
plot, which did not indicate publication bias.

Owing to the high heterogeneity (ie, I>=51%) observed across
RCTs testing the effects of exercise on fatigue, we explored
several post hoc analyses. Most of them were not significant, as
the effects on fatigue were similar between levels of adherence:
(1) studies in which participants had to attend to at least 80% of
the training sessions (ie, adherence) to be included in the analyses
and those studies with a lower or no adherence criterion, (2) sex of
participants: studies in which only women participated versus
those in which both sexes were included, (3) type of intervention:
only exercise versus cointerventions, (4) type of exercise: medi-
tative exercise programs (ie, tai chi, yoga, qigong) versus others
(ie, aerobic, muscular resistance, flexibility), (5) sample size:
those with at least 20 participants in each group versus others,
(6) type of setting in which exercise was performed: land-based
versus water-based, and (7) training intensity: low-to-moderate
versus moderate-to-high. Supplemental figures S8 to S14 (avail-
able online only at http://www.archives-pmr.org/) show these non-
significant findings. Interestingly, those studies in which fatigue
was the primary outcome (fig 3) and used a shorter (<24wk) non-
aerobic exercise intervention resulted in greater effect on fatigue
(greater effect sizes) than comparative studies (supplemental figs
S15 and S16; available online only at http://www.archives-pmr.
org/).

Figure 4 depicts a meta-analysis conducted in 731 people with
fibromyalgia (59% randomly allocated into exercise in-
terventions). In comparison with usual care, exercise interventions
had a small effect on enhancing sleep quality in fibromyalgia
(pooled SMD, —0.17; 95% CI, —0.32 to —0.01). This finding was
robust across 2 sensitivity analyses, as shown in supplemental
figures S17 and S18 (available online only at http://www.
archives-pmr.org/): (1) when a study with high risk of bias*
was not included in the meta-analysis (pooled SMD, —0.19;
95% CI, —0.35 to —0.02), and (2) when fixed effects model were
computed (pooled SMD, —0.17; 95% CI, —0.32 to —0.02). Owing
to the small heterogeneity (ie, I>=5%), post hoc analyses were not
needed. Supplemental figure S19 (available online only at http://
www.archives-pmr.org/) depicts the funnel plot, which did not
indicate publication bias.

Table 1 shows that when comparing exercise versus usual care,
there was low to moderate quality evidence for the beneficial

www.archives-pmr.org
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Fig 1  Flow chart showing the results of the selection process. “Four studies included a usual care (control) group and 2 different exercise
interventions. Thus, they were included in the analyses related to the primary and second aims of the present review.

effects of exercise on fatigue, whereas the evidence was moderate
for benefits on sleep quality.

In the 21 RTs included in the present review, a wide range of
exercise interventions were implemented and compared in a total
of 1254 individuals with fibromyalgia who were randomly allo-
cated into different interventions. Thus, it was difficult to perform
robust comparisons. However, we were able to quantify 1 com-
parison for sleep quality and 3 for fatigue. First, when comparing
different types of exercise, meditative exercise programs were
more effective for improving sleep quality but not for lowering
fatigue (fig 5; [pooled SMD, —0.80; 95% CI, —1.57 to —0.02] and
supplemental fig S20, available online only at http://www.
archives-pmr.org/ [pooled SMD, —0.39; 95% CI, —0.88 to
0.11]). Second, the effectiveness of resistance versus flexibility
training was similar for fatigue (supplemental fig S21, available
online only at http://www.archives-pmr.org/ [pooled SMD, —1.64;
95% CI, —4.31 to 1.02]). Third, the effectiveness of water- versus

www.archives-pmr.org

land-based exercise was also similar for fatigue (supplemental
figure S22, available online only at http://www.archives-pmr.org/
[pooled SMD, 0.00; 95% CI, —0.42 to 0.43]).

Discussion

This systematic review aimed to determine the effectiveness of
exercise on fatigue and sleep quality in those with fibromyalgia
and to identify which type of exercise interventions might be
the most effective in achieving these outcomes. In the current
review, we found that, compared with usual care, exercise has
moderate effects for lowering fatigue and small effects for
improving sleep quality. We also observed that, compared with
other types of exercise, meditative exercise programs were
more effective for improving sleep quality but not for lowering
fatigue. In interpreting the findings of this review, several
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Exercise (Experimental) Usual care (Control) Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Wong et al., 2018 (M-TC; L-B) 2.4 0.74 17 0.02 1.43 14 3.3% -2.13 [-3.04, -1.23] ¢
Alentorn-Celi et al, 2008 (A& F; L-B) 43 13.3 12 76 18.9 10 2.7% -1.98[-3.03, -0.92] +
Etnier et al, 2009 (F & R; L-B) 59.6 17.1 g 87.6 17.1 g 2.3% -1.55[-2.71, -0.39) &¥———
DaSilva et al, 2017 (A & F; L-B; Co-photo) -1.2 1.12 20 -0.1 148 10 4.0% -0.86[-165, -0.07] ——
wigers et al, 1996 (4 L-B) -27 32248 16 2 3935 17 45% -081[-152, -0.10] 4———
Yalkeinen et al., 2008 (A & R; L-B) -19.08 35.08 13 8.27 32.03 11 3.7% -0.78[-162,0.06) &¥——
Hakkinen et al., 2001 {R; L-B) -19 35.02 11 1 4.35 10 3.4% -0.75[-1.64, 0.14] ¢
Carson et al, 2010 (M-Y; L-B) -1.6 3.3 22 0.32 2.73 26 5.5% -0.63[-1.21, -0.05) ¥————
Tormas-Carus et al,, 2007 (& W-B) -15 3.12 17 0.3 3.08 17 4.7% -0.57[-1.25, 0.12] ¢
McBeth et al, 2012 (A L-B) -3.6 6.24 92 -0.9 7.88 44 7.7% -0.39[-0.76, -0.03]
Collado-Mateo et al, 2016 (A & R; L-B) -0.64 2.99 41 0.22 2.66 35 6.7% -0.30[-0.75, 0.15] —
Assumpcdo et al, 2018 (R L-B) -1.93 4.2 16 -0.27 7.5 7 3.4% -0.30[-1.19, 0.59] ¢
DaSilva et al,, 2017 (A& F; L-B) -0.5 1.46 20 -0.1 1.46 10 4.2%  -0.27 [-1.02, 0.50] ¢
Mannerkorpi et al, 2000 (A & F; W-B; Co-edu) -0.9 2.35 20 -0.1  3.41 20 5.6% -0.26[-0.83, 0.31)
Assurnpcdo et al, 2018 (F; L-B) -1.58 2.91 14 -0.27 &5 rd 3.3%  -0.26[-1.17, 0.65] ¢
McBeth et al, 2012 (& L-B; Co-CET) -2.7 75 94 -0.9 7.88 44 7.7% -0.23 [-0.59, 0.12] =
Gianotti et al, 2014 (A F & R; L-B; Co-gdw) -48 1639 20 -1.42 10.43 12 45% -0.23[-0.95, 0.49]
Van Santen et al, 2002 (4 B, F & R; L-B) -5.1  16.14 37 -19 15.39 28 6.4% -0.20[-0.69, 0.29] —
Schachter et al, 2003 (4, longer houts; L-B) -05 2.41 51  -05 3.45 18 5.9%  0.00[-0.54, 0.54]
Schachter et al, 2003 (A shorter bouts; L-B) -0.3 2.79 56 -0.5 3.45 18 6.0% 0.07 [-0.46, 0.60]
Tomas Carus et al,, 2008 (A& W-B) -0.6 3.07 15 -1.2 2.98 15 4.5% 0.19 [-0.52, 0.91]
Total (95% CI) 612 391 100.0% -0.47[-0.67,-0.27] IR
Heterogeneity. Tau? = 0.10; Chi® = 41.16, df = 20 (P = 0.004); I = 51% 471 70: 5 0:S l:

Test for overall effect: 2 = 4.55 (P < 0.00001)

Fig 2

Favours (Exercise) Favours (Usual care)

Pooled effects of randomized controlled trials analyzing the effectiveness of exercise in reducing fatigue in people with fibromyalgia.

Analyses were conducted using a random effects model. A, aerobic exercise; CI, confidence interval; Co-edu, cointervention-education; Co-photo,
cointervention-phototherapy; df, degrees of freedom; F, flexibility exercise; IV, inverse variance; L-B, land-based exercise; M, meditative exercise;
R, resistance exercise; Std, standardized; TC, tai chi; W-B, water-based exercise; Y, yoga.

factors must be noted. First, most of the studies were based on
aerobic exercise. Thus, the effect sizes of the present meta-
analyses may more accurately reflect the effectiveness of aer-
obic training on fatigue and sleep quality than the effects of
other types of exercise. Indeed, we observed that those exercise
interventions that did not include aerobic exercise appeared to
be more effective at reducing fatigue. Second, the effects of
exercise on fatigue were highly variable across studies

Exercise (Experimental)

Usual care (Control)

(I’=51%) and remarkably higher when fatigue was the main
outcome. Third, there was a lack of high-quality studies in the
field and, consequently, the quality of evidence provided in the
present review is low to moderate for the effectiveness of ex-
ercise in reducing fatigue (the evidence is in favor of exercise
but the effect size is unclear and likely to be moderate) and
moderate for small effects of exercise (of any type) on
enhancing sleep quality.

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% CI
1.1.1 The primary outcome was fatigue

Alentorn-Geli et al.,, 2008 (A& F; L-B) 43 13.2 12 76 18.9 10 2.7% -1.98[-3.03, -0.92] ———

Etnier et al, 2009 (F & R; L-B) 59.6 17.1 & a&r6 171 8 2.3% -155[-2.71, -0.39] &¥—

Subtotal (95% CI) 20 18 5.0% -1.78 [-2.56, -1.00] —=ouiim—

Heterogeneity, Tau® = 0.00; Chi® = 0.29, df = 1 (P = 0.59); I = 0%

Test for overall effect: Z = 4.47 (P < 0.00001)

1.1.2 The primary outcome was not fatigue

Wong et al., 2018 (M-TC; L-B) -2.4 0.74 17 002 143 14 3.3% -2.13 [-3.04, -1.23] &———

DaSilva et al, 2017 (A & F; L-B; Co-photo) -1.2 113 20 -0.1 1.4¢ 10 4.0% -0.86 [-1.65, -0.07]

Viigers et al, 1996 (& L-B) -27 32.48 16 3 3935 17 4.5% -0.81[-1.52, -0.10]

Yalkeinen et al., 2008 (4 & R; L-B) -19.08 35.08 13 8.27 32.03 1 3.7% -0.78[-1.62, 0.06]

Hakkinen et al., 2001 (R; L-B) -19  35.02 11 1 435 10 3.4% -0.75 [-1.64, 0.14] B
Carson et al,, 2010 (M-Y; L-B) -1.6 3.3 22 032 273 26 5.5% -0.63[-1.21, -0.05] —_—
Tomas-Carus et al,, 2007 (& W-B) -15 3.12 17 0.3 3.09 17 4.7% -0.57[-1.25, 0.12] —— =
MicBeth et al, 2012 (A L-B) -3.6 6.24 92 -0.9 7.88 44 7.7% -0.39[-0.7¢, -0.03] ——
Collado-Mateo et al, 2016 (A & R; L-B) -0.64 2.99 41 0.22 2.66 35 6.7% -0.30[-0.75, 0.15] ——
Assurpcdo et al, 2018 (R; L-B) -1.93 4.2 16 -0.27 7.5 7 3.4% -0.30[-1.19, 0.59] —
DaSilva et al, 2017 (A& F; L-B) -0.5 1.46 20 -0.1 146 10 4.2% -0.27 [-1.03, 0.50] —
Mannerkorpi et al., 2000 (A & F, W-B; Co-edu) -0.9 2:35 20 ~0.1 3.41 30 5.6% -0.26[-0.83, 0.31] —rr
Assurnpcdo et al, 2018 (F; L-B) -1.58 2.91 14 -0.27 &5 7 3.3% -0.26[-1.17, 0.65] —_—
McBeth et al, 2012 (4 L-B; Co-CET) -2.7 7.5 94 -0.9 7.88 44 7.7% -0.23[-0.58, 0.12] e
Cianotti et al,, 2014 {4 F & R; L-B; Co-edu) -4.8 16.39 20 -1.42 1043 12 4.5% -0.23 [-0.95, 0.49] e e
Van Santen et al, 2002 (4 B, F & R; L-B) -5.1  16.14 37 -19 1539 28 6.4%  -0.20[-0.69, 0.29] ——
Schachter et al, 2003 (A longer bouts; L-B) -0.5 241 51 -0.5 3145 18 5.9% 0.00 [-0.54, 0.54]  e—
Schachter et al, 2003 (A sharter bouts; L-B) -0.3 2.79 56 -0.5 3.45 18 6.0% 0.07 [-0.46, 0.60] — e
Tomas Carus et al,, 2008 (4 W-B) -0.6 3.07 15 -1.2 2.98 15 4.5% 0.19 [-0.52, 0.91] —
Subtotal (95% CI) 592 373 95.0% -0.39[-0.56, -0.21] <
Heterogeneity, Tau? = 0.05; Chi® = 28.42, df = 18 (P = 0.06); I* = 37%

Test for overall effect: 2 = 4.24 (P < 0.0001)

Total (95% CI) 612 391 100.0% -0.47[-0.67,-0.27] <&
Heterogeneity: Tau® = 0.10; Chi’ = 41.16, df = 20 (F = 0.004); I* = 51% —l2 _#1 t 5

Test for overall effect: Z = 4.55 (P < 0.00001)
Test for subgroup differences: Chi = 11.66, df = 1 (P = 0.0008), I* = 91.4%

Fig 3

Favours (Exercise) Favours (Usual care)

Post hoc analysis showing the pooled effects of randomized trials analyzing the effectiveness of studies in which fatigue was the primary

outcome versus the remaining studies for lowering fatigue in people with fibromyalgia. Analyses were conducted using a random effects model.
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Exercise (Experimental)

Usual care (Control)

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dasilva et al., 2017 (4 & F, L-B; Co-photo) ~1.2 1.12 20 -0.1 146 10 3.8% -0.86[-1.65, -0.07] &¥——m———————

Lynch et al, 2012 (M-QG; L-B) -3.04 3.75 44 -0.62 3.02 45 12.2% -0.71[-1 -0.28) &¥———

DasSivaetal, 2017 (A& F, L-B) -0.6 1.46 20 Q 2.46 10 4.1%  -0.32 [-1.08, 0.45] ¢

Carson et al,, 2010 (M-Y; L-B) -1.44  2.89 22 028 7.08 26 7% -0.29[-0.86, 0.28]

Hakkinen et al,, 2001 (R; L-B) -10  28.66 11 -3 3%.02 10 3.2% -0.20[-1.06, 0.66] ¢

McBeth et al, 2012 (& L-B; Co-CET) -1.3 794 94 0.3 9.4 44 16.8% -0.19[-0.55, 0.17] _— =0
Valkeinen et al,, 2008 (A & R; L-B) -4.23 22.25 13 -1.18 22.25 It 3.7% -0.13 [-0.94, 0.67]

iong et al,, 2018 (M-TC; L-B) -0.2 2 17 -0.2 2.1 14 4.7% 0.00[-0.71, 0.71]

McBeth et al, 2012 (& L-B) 0.4 6.07 92 0.2 775 44 16.7% 0.01[-0.24, 0.37] L
Tomas-Carus et al., 2007 (A& W-B) 0.43 1.57 17 0.34 157 17 0.06 [-0.62, 0.73]

Haak et al, 2007 (M-QG; L-B) 0.43 1.18 29 0.34 1.54 28 0.06 [-0.45, 0.58]

Gianotti et al., 2014 (A F & R; L-B; Co-edu) -0.5 4.07 20 -0.84 4.6 12 0.08 [-0.64, 0.79]

Safiudo et al., 2015 (& L-B) 0.2 3.24 16 -0.3 4.21 12 0.13 [-0.62, 0.88)

Wigers et al,, 1996 (& L-B) 10 4437 16 2 50 17 0.16 [-0.52, 0.85]

Total (95% CI) 431 300 100.0% -0.17 [-0.32, -0.01] iR

Heterageneity. Tau? = 0.00; Chi® = 13.68, df = 13 (P = 0.40); I> = 5%
Test for owverall effect: 2 = 2.09 (P = 0.04)

Fig 4
myalgia. Analyses were conducted using a random effects model.

Effectiveness of exercise for reducing fatigue in
fibromyalgia

Owing to the limited number of studies included in previous meta-
analyses, their findings were inconclusive and inconsistent. For
example, Busch et al meta-analyzed 2 resistance training studies
(n=81) showing significant pooled reductions on fatigue
(P<.001).® However, Bidonde et al recently meta-analyzed 4 aer-
obic exercise studies (n=286)° in which the P value of the pooled
effects for the exercise group was 0.06. Recently, Bidonde et al
meta-analyzed a sample size of 493 adults with fibromyalgia,
estimating that the effects of mixed exercise training (ie, 2 or more
types of exercise combined) on fatigue were significant
(P<.001)."" Using similar statistical methods to previous meta-
analyses but in a larger sample size (n=1003), our pooled esti-
mation showed that exercise produces significant and probably
meaningful (moderate effect size) reduction in fatigue in fibro-
myalgia. Thus, the comprehensive approach followed in the pre-
sent meta-analysis allowed us to robustly determine, for the first
time, the overall effects of exercise on fatigue in large sample of
individuals with fibromyalgia.

Effectiveness of exercise for improving sleep
quality in fibromyalgia

Previous meta-analyses were unable to determine the effectiveness
of exercise on sleep quality in fibromyalgia owing to the paucity
of research. Indeed, most failed to find RCTs on this topic. Given
the extent of sleep dysfunction in individuals with fibromyalgia, it
is important to determine the effectiveness of exercise for
improving sleep quality in this population. The most compre-
hensive review to date included only 2 studies examining sleep
and reported moderate effects of exercise for enhancing sleep
quality (n=104).>' The number of included studies in the present
work was considerably higher (13 RCTs, n=_806), allowing us to
better estimate the effectiveness of exercise for improving sleep
quality in fibromyalgia. The effectiveness of exercise (of any type)
in enhancing sleep quality in fibromyalgia was limited (small
effect). However, meditative exercise programs (ie, tai chi, yoga,
gigong) may offer a promising approach. Although there are po-
tential mechanisms that can provide a rationale to support the
effectiveness of meditative exercise on improving sleep quality,
our finding is based on an imprecise estimation (SMD, —0.80;
95% CI, —1.57 to —0.02) from a relatively small sample size (141
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Pooled effects of randomized controlled trials analyzing the effectiveness of exercise in enhancing sleep quality in people with fibro-

participants in meditative exercise vs 177 participants in other
types of exercise). Thus, further high-quality experimental
research is required to confirm or refute our findings.

Exercise mechanisms for fatigue and sleep quality
in fibromyalgia

Aberrations in the central nervous system are well-known in fi-
bromyalgia.’>>* For example, compared with nonfibromyalgia
controls, abnormal levels of metabolites (eg, reductions in the
ratio of N-acetylaspartate to creatine) have been observed in the
hippocampus of people with fibromyalgia,”” as well as structural
abnormalities (eg, lower volume)’® and functional changes (eg,
increased activation).” Another system that might be altered in
fibromyalgia is the hypothalamic-pituitary-adrenal axis, as well as
a sympathetic hyperactivity mediated by a dysfunction in the
autonomic nervous system.’> These alterations may be related to
increased levels of fatigue.’” Interestingly, exercise may revert
these aberrations by regulating the levels of metabolites and
promoting angiogenesis, neurogenesis, and connectivity of the
hippocampus.®®>’

The present meta-analyses demonstrated that exercise had a
small beneficial effect on sleep quality in fibromyalgia. In this
disease, hyperactivity of the sympathetic nervous system is well-
documented and, thus, stress levels are considerably high.”®’
Physiological responses to exercise often include a decrease in
this sympathetic tone and a shift toward parasympathetic activity,
which may be related to muscular and nervous relaxation, leading
to reductions in stress levels and, finally, to improvement in sleep
quality.®”° In this respect, our review showed that meditative
exercise programs were more effective in improving sleep quality
than other types of exercise. Although meditative exercise is safe
in fibromyalgia, little is known about their mechanisms of action.
It is likely that this type of exercise can enhance the para-
sympathetic activity and reduce sympathetic tone by decreasing
activation of the hypothalamic-pituitary-adrenal axis. Moreover,
meditative exercise may facilitate enhanced rapid eye movement
sleep by increasing central nervous system inhibitory c-amino-
butyric acid and serotonin levels.**

Clinical applications

The recent European League Against Rheumatism recommenda-
tions for the management of fibromyalgia highlight exercise as the
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Level of quality evidence for the effectiveness of exercise for reducing fatigue and enhancing sleep quality in fibromyalgia

Table 1

Effect

No. of Participants

Certainty Assessment

Publication

Bias

Risk

Study

No. of

Direction

Certainty

Size

Usual Care SMD (95% CI)

Exercise

Inconsistency Indirectness Imprecision

of Bias

Design

Studies

Outcome: fatigue

612/1003 391/1003 —0.47 (—0.67 Moderate @ @& to In favor of

(62%)

Not serious

Unclear

Not serious

Serious

Not serious

Randomized

17

exercise

®0a0

Low to moderate

to —0.27)

(39%)

controlled
trials

Outcome: sleep quality

In favor of

1O
Moderate

Small

—0.17 (—0.32

300/731
(41%)

431/731
(59%)

Not serious

Serious

Not serious

Not serious

Not serious

Randomized

12

exercise

to —0.01)

controlled

trials

only therapy with a strong level of evidence.* These recommen-
dations were based on the findings provided by systematic review of
previous reviews. As we have discussed, although previous sys-
tematic reviews showed reliable findings for pain management, they
have provided limited evidence on the effectiveness of exercise for
reducing fatigue and increasing sleep quality in fibromyalgia.®® The
present meta-analyses suggest that the effectiveness of exercise may
differ for different outcomes. This means that it cannot be assumed
that the benefits of exercise for pain automatically extend to other
symptoms of the condition. An interesting finding for health care
providers has emerged from our review in that fatigue reductions
were higher when the main outcome of the study was fatigue.
Therefore, instead of designing a “fix-all” exercise protocol for fi-
bromyalgia, exercise programs should be designed as outcome-
specific by considering how fibromyalgia manifests in the person
who is going to engage in the program. For example, meditative
exercise programs (eg, tai chi or qigong) may be more advisable for
people with fibromyalgia who experience difficulty sleeping.

The studies included in the present systematic review investi-
gated a wide range of exercise programs, including different types
of exercise, intensities, frequencies, and program durations.
Although we explored several post hoc analyses, we were unable
to determine the most effective exercise intervention for reducing
fatigue. From our approach to subgrouping the effects of different
exercise interventions compared with usual care, we observed that
the ideal intervention for reducing fatigue in fibromyalgia appears
to be specifically designed for such an outcome, lasts less than 24
weeks, and does not involve aerobic exercise. Collectively, the
high heterogeneity that emerged from the effects of exercise on
fatigue limits the establishment of evidence-based guidelines.
Although the American College of Sports Medicine has released
specific recommendations to consider when conducting exercise
interventions in fibromyalgia,®* a recent review has reported poor
therapeutic validity of studies that accomplish these American
College of Sports Medicine exercise recommendations.®”

Standard exercise interventions for the average or most com-
mon profile of people with fibromyalgia appears misjudged as
people with fibromyalgia are heterogeneous.’® Thus, personalized
exercise programs are warranted. In this context, some people with
fibromyalgia may experience fears related to engaging in exer-
cise®’ or a discordance of being more capable to engage in ex-
ercise than is self-perceived.”® Individuals with these
characteristics may be more likely to experience exercise as
stressful. Therefore, exercise interventions should not only be
tailored to how fibromyalgia manifests in each person but also to
(more) general characteristics of the person.

Implications for research agenda

Findings of the present study provide evidence indicating that
exercise is effective for reducing fatigue in fibromyalgia. How-
ever, future research is needed to determine what type of exercise
is most beneficial for people with fibromyalgia, which intensity is
best, the optimal length of the training, and the most beneficial
delivery method. Our findings indicate that exercise appears to
promote only small benefits on sleep quality in fibromyalgia.
Although relaxation is a potential mechanism by which exercise
might improve sleep quality, not all types of exercise promote
relaxation. Thus, meditative exercise programs that suppose a
lower physical load than other types of exercises could be more
effective for enhancing sleep quality in fibromyalgia. Therefore,
large, high-quality experimental studies testing the effectiveness
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Meditative exercise

Other types of exercise

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Lopez-Rodriguez et al, 2013 (AgBD ws ) -7.51  2.38 29 -0.3 228 20 19.6% -2.48[-3.16, -1.79) —

Wang et al., 2010 (TCws F) -3.6 35 33 -0.7 2 33 21.1% -1.01[-1.52, -0.49] —_—

Calandre et al,, 2009 (ACwvs F) -0.91 262 32 -0.29 2.43 34 21.3% -0.24[-0.73,60.24) —_—

Wang et al,, 2018 (TCwvs &) -2.1 5. 36 -11 4.09 75 21.9% -0.22([-0.62, 0.17] —

Morregaard et al, 1997 (BAvs Al 0o 23 11 0 2 5 16.2%  0.00 [-1.06, 1.06]

Total (95% CI) 141 177 100.0% -0.80[-1.57,-0.02] IR Re-—

Heterogeneity. Tau? = 0.67; Chi’ = 37.29, df = 4 (P < 0.00001); I = 89% _:2 _:1 i é

Test for overall effect: 2 = 2.02 (P = 0.04)

Fig 5

Favours (Meditative Ex.) Favours (Other types)

Post hoc analysis showing the pooled effects of randomized trials analyzing the effectiveness of meditative exercise vs the remaining

types of exercise for enhancing sleep quality in people with fibromyalgia. Analyses were conducted using a random effects model.

of very gentle exercise specifically designed for enhancing sleep
quality in fibromyalgia are warranted in the future. In addition,
further research testing the effectiveness of exercise in objectively
measured fatigue or sleep quality is warranted.

Study limitations

The most common limitations among the included studies were as
follows: (1) the long-term effects of the interventions were not
reported; (2) results were not stratified by sex, and most of the
participants were women. Moreover, we did not include confer-
ence proceedings and other types of gray literature owing to the
often low quality of reporting in conference abstracts.

Conclusions

We provided low-to-moderate quality evidence that exercise is
moderately effective for lowering fatigue and demonstrated that
there is moderate evidence of small effects of exercise for
enhancing sleep quality in fibromyalgia. Although speculative,
meditative exercise programs may be a promising approach for
improving sleep quality in fibromyalgia. As most of the in-
terventions involved aerobic exercise, research using other types
of exercise is warranted. Instead of designing “fix-all” and “one
size fits all” protocols, exercise programs should be specifically
designed for the outcome that is targeted and tailored to the
characteristics of the person who is going to engage in the exercise
in order to be as effective as possible.
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