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Effectiveness of exercise on fatigue and sleep quality in fibromyalgia: a systematic 1 

review and meta-analysis of randomised trials 2 

 3 

Abstract 4 

 5 

Objectives: To determine the effects of exercise on fatigue and sleep quality in 6 

fibromyalgia (primary aim) and to identify which type of exercise is the most effective 7 

in achieving these outcomes (secondary aim). 8 

Data sources: PubMed and Web of Science were searched from inception until October 9 

18th, 2018.  10 

Study selection: Eligible studies contained information on population (fibromyalgia), 11 

intervention (exercise) and outcomes (fatigue or sleep). Randomised controlled trials 12 

(RCTs) testing the effectiveness of exercise in comparison to usual care and randomised 13 

trials (RTs) comparing the effectiveness of two different exercise interventions were 14 

included for the primary and secondary aims of the present review, respectively. Two 15 

independent researchers performed the search, screening and final eligibility of the 16 

articles. From 696 identified studies, 17 RCTs (n=1003) were included for fatigue and 17 

12 RCTs (n=731) for sleep. Furthermore, 21 RTs compared the effectiveness of 18 

different exercise interventions (n=1254). 19 

Data extraction: Two independent researchers extracted the key information from each 20 

eligible study. 21 
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Data synthesis: Separate random-effect meta-analyses were performed to examine the 22 

effects from RCTs and from RTs (primary and secondary aims). Standardised mean 23 

differences (SMD) effect sizes were calculated using Hedges’ adjusted g. Effect sizes of 24 

0.2, 0.4 and 0.8 were considered small, moderate and large. In comparison to usual care, 25 

exercise had moderate effects on fatigue and a small effect on sleep quality; SMD (95% 26 

confidence interval) = -0.47 (-0.67 to -0.27, p < 0.001) and -0.17 (-0.32 to -0.01, p = 27 

0.04). RTs in which fatigue was the primary outcome were the most beneficial for 28 

lowering fatigue. Additionally, meditative exercise programs were the most effective 29 

for improving sleep quality. 30 

Conclusions: Exercise is moderately effective for lowering fatigue and has small effects 31 

on enhancing sleep quality in fibromyalgia. Meditative exercise programs may be 32 

considered for improving sleep quality in fibromyalgia.  33 

 34 

PROSPERO registration number CRD42018118005 35 

Keywords: Chronic pain; Sleeplessness; Management; Physical exercise; 36 

Rehabilitation; Training; Vitality.  37 
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INTRODUCTION  38 

 39 

 40 

More than 80% of people with fibromyalgia experience severe fatigue [1] or poor sleep 41 

quality [2], both of which are identified by people with fibromyalgia and healthcare 42 

providers as priority targets for treatment. Increased fatigue and poor sleep quality are 43 

therefore acknowledged as core symptoms in the updated fibromyalgia diagnostic 44 

criteria [3]. Despite the importance of fatigue and sleep quality, most of the research to 45 

date has traditionally focused on pain-related outcomes. For instance,  the European 46 

League Against Rheumatism (EULAR), highlights that exercise is the only therapy 47 

supported by ‘strong’ evidence for the management of fibromyalgia [4]. However, the 48 

recommendations were based on previous reviews that provided evidence of the 49 

benefits of exercise for pain but unclear for other symptoms [5–9] 50 

In their earliest works, Busch and colleagues performed comprehensive reviews 51 

including all types of exercise (e.g., aerobic, resistance and flexibility training) [5,9]. 52 

These reviews concluded that it was unknown the effects of exercise on fatigue or sleep 53 

due to the paucity of research by that time. A number of subsequent systematic reviews 54 

focused on specific types of exercise have been published (i.e., flexibility [10], aerobic 55 

[6], resistance [8] and vibration [7] training) which have explored the effects of exercise 56 

in fatigue and sleep quality among other outcomes. Although the contribution of these 57 

reviews to the evidence base is acknowledged, the decision to narrow the scope of each 58 

review resulted in the inclusion of a restricted number of studies. For instance, for 59 

fatigue, only four and two studies were included in the reviews by Bidonde et al. [6] and 60 

by Busch et al. [8], respectively. Consequently, it is difficult to make robust conclusions 61 
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about the effects of exercise interventions on fatigue and sleep in fibromyalgia. In 62 

comparison to previous reviews, a recent systematic review has focused on mixed 63 

exercise training; i.e., where two or more types of exercise are combined [11]. This 64 

review included a larger number of studies (i.e., 11 studies conducted in a total sample 65 

of 493 adults with fibromyalgia) and concluded that the effect of mixed exercise 66 

resulted in improvements in fatigue, while omitted the study of sleep quality [11]. To 67 

date no review has summarised all relevant literature on the effectiveness of exercise 68 

interventions (of any type) on fatigue and sleep quality in fibromyalgia, in doing so the 69 

current review will include a large sample size and accurately estimate, for the first 70 

time, the effects of physical exercise on these two outcomes.  71 

The aims of this systematic review were: (i) to determine the effectiveness of exercise 72 

for reducing fatigue and improving sleep quality in people with fibromyalgia (primary 73 

aim), and (ii) to identify which type of exercise interventions might be the most 74 

effective in achieving these outcomes (secondary aim). 75 

 76 

METHODS 77 

 78 

 79 

A multidisciplinary and international task force was set up to conduct this review. The 80 

PRISMA guidelines were used to guide this systematic review and meta-analysis [12]. 81 

The protocol of the present review was specified in advance and registered in the 82 

PROSPERO database (registration number, CRD42018118005). 83 
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 84 

Data Sources and Searches 85 

 86 

 87 

PubMed and Web of Science were searched from inception until October 18th, 2018. 88 

Search terms used in PubMed were: "Fibromyalgia"[MeSH] AND ("Exercise"[MeSH]) 89 

OR “Training”[All Fields]) OR "Yoga"[MeSH]) OR "Tai Ji"[MeSH]) OR 90 

"Qigong"[MeSH]) OR “Hydrotherapy"[MeSH]) OR "body awareness"[Title/Abstract]) 91 

OR danc*[Title/Abstract]). In Web of Science, the search terms were: 92 

TI=(fibromyalgia) AND TI=("exercise" OR "training" OR "yoga" OR "tai chi" OR "tai 93 

ji" OR qigong OR hydrotherapy OR "physical activity" OR "body awareness" OR 94 

danc*). 95 

 96 

Study Selection 97 

 98 

 99 

Two independent researchers (FEL and CMC), performed the search, screened the titles 100 

and abstracts of all retrieved articles and examined the final eligibility of the full-text 101 

articles. When a paper did not report data on fatigue or sleep quality but the study used 102 

questionnaires including these outcomes, the authors were contacted for further 103 
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information. No restrictions were applied for language. This review followed the PICOS 104 

framework.  105 

 106 

Population: adults with fibromyalgia, diagnosed using one of the recognised American 107 

College of Rheumatology (ACR) criteria: 1990, 2010, 2011, or 2016.  108 

Intervention (exposure): based on exercise. Mixed interventions that consisted of 109 

exercise combined with other interventions (i.e., co-interventions) were considered, so 110 

long as exercise comprised at least, 50% of the intervention.  111 

 112 

Comparison: studies should have either (i) an intervention group with exercise and a 113 

non-intervention control group (e.g., treatment as usual); or (ii) two exercise groups. 114 

Therefore, the primary sub-set of studies included randomised controlled trials (RCT) 115 

and the second sub-set of studies included randomised trials (RT). 116 

 117 

Outcome: fatigue and sleep quality. When a study included more than one assessment 118 

per outcome, all the figures were extracted but only the most common assessment 119 

among the included studies was meta-analysed.  120 

 121 

Study design: RCTs and RTs were included for the primary and secondary aims, 122 

respectively.  123 
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 124 

Data Extraction and Quality Assessment 125 

 126 

 127 

Two independent researchers (CCM and DR) extracted the key information from each 128 

eligible study. When the information to be extracted was unavailable, authors were 129 

contacted. Disagreements were solved in a consensus meeting between the independent 130 

reviewers with a third reviewer (CMH). 131 

 132 

The GRADE framework was used to assess the quality of the evidence across studies 133 

for fatigue and sleep quality separately. Risk of bias of individual studies was assessed 134 

using the Cochrane Risk of Bias tool. Studies with a score of, at least, five points were 135 

considered as having high risk of bias. Inconsistency across studies was considered 136 

serious when heterogeneity was high (I2 ≥50%). Indirectness was considered serious 137 

when interventions included both exercise and additional components (i.e., co-138 

interventions). Imprecision was considered serious when the 95% confidence interval 139 

(CI) was wide and crossed the line of no effect, and as such the interpretation of the data 140 

would be different if the true effect were at one end of the CI or the other. Finally, 141 

publication bias was assessed via funnel plots.  142 

 143 
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Two researchers independently assessed risk of bias (ICAG and MRA) and the 144 

inconsistency, indirectness, imprecision, and publication bias of the included (FEL and 145 

JGMcV) of each eligible study. Disagreements on these assessments were solved in a 146 

consensus meeting between the independent reviewers with a third reviewer (CMH).  147 

 148 

 149 

Data Synthesis and Analysis 150 

 151 

 152 

For the primary aim, quantitative synthesis of RCTs (i.e., meta-analyses) were 153 

performed using Review Manager V.5.3. (Cochrane Collaboration, Copenhagen, 154 

Denmark). Statistical significance was set at p<0.05. Standardised mean differences 155 

(SMD) between the exercise and control groups were computed for both outcomes 156 

separately. When a control group was used as a comparator twice in the same study, we 157 

halved the sample size of the control group. Weighted mean differences were calculated 158 

using a random effects model. Heterogeneity was measured using the I2 statistic (the 159 

percentage of total variability attributed to between-study heterogeneity). When 160 

heterogeneity was high (I2 ≥50%), further explorations based on subgroups analyses 161 

were computed. SMD effect sizes were calculated using Hedges’ adjusted g (similar to 162 

Cohen’s d). Effect sizes of 0.2, 0.4 and 0.8 were considered small, moderate and large, 163 

respectively.  164 

 165 
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For the secondary aim, a narrative synthesis structured around each outcome was 166 

conducted. When at least three of the included studies presented similar comparisons, 167 

we performed meta-analyses using the same methods that have been described for the 168 

primary aim.  169 

 170 

 171 

RESULTS 172 

 173 

Study selection and characteristics 174 

 175 

 176 

Thirty-seven unique studies were included in this review [13–49]. Of them, four studies 177 

included 3-arms (i.e., control group and two exercise intervention groups, each one with 178 

a different exercise training such as aerobic in a group and flexibility in the another 179 

group) and therefore they were included for addressing both aims of the present review 180 

[40–43]. Thus, a total 20 RCTs [13–20,25,36,40–49] and 21 RTs [21–24,26–35,37–43] 181 

were included in the review. Figure 1 displays a PRISMA diagram.  182 

 183 

From the 20 included RCTs that compared the effectiveness of exercise vs. usual care, 9 184 

included both outcomes of interest [14,16,17,19,20,41,43,44,46], 8 included only 185 
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fatigue [13,15,18,25,36,40,42,50] and 3 included only sleep quality [45,47,49]. From 186 

the 21 included RTs that compared the effectiveness of different exercise interventions, 187 

12 included both outcomes of interest [21–23,27,28,30,31,33,37,39,41,43], 7 included 188 

only fatigue [24,26,29,32,35,40,42], and 2 included only sleep quality [34,38]. A 189 

summary of the characteristics of the RCTs and RTs included in the present review is 190 

presented in Supplementary Tables S1 and S2, respectively.  191 

 192 

A moderate risk of bias was present in most of the included RCTs and RTs (see 193 

Electronic Supplementary Figures S1 and S2 for overall summaries and Electronic 194 

Supplementary Figures S3 and S4 for specific information on each individual included 195 

work per study design). No study reported having conflicts of interests.  196 

 197 

Synthesis of the data 198 

 199 

 200 

Figure 2 presents a meta-analysis conducted in 1003 people with fibromyalgia (61% 201 

randomly allocated into exercise interventions). In comparison to usual care, exercise 202 

interventions were effective for reducing fatigue in fibromyalgia; pooled SMD (95% 203 

CI) = -0.47 (-0.67 to -0.27). This finding was robust across two sensitivity analyses, as 204 

showed in Supplementary Figures S5 and S6: (i) when a study with high risk of bias 205 

[40] was not included in the meta-analysis; pooled SMD (95% CI) = -0.49 (-0.71 to -206 

0.27), (ii) when fixed effects model were computed; pooled SMD (95% CI) = -0.40 (-207 
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0.53 to -0.26). Supplementary Figure S7 presents the funnel plot, which did not indicate 208 

publication bias. 209 

 210 

Due to the high heterogeneity (i.e., I2=51%) observed across RCTs testing the effects of 211 

exercise on fatigue, we explored several post hoc analyses. Most of them were not 212 

significant as the effects on fatigue were similar between (i) levels of adherence: studies 213 

in which participants had to attend to, at least, 80% of the training sessions (i.e, 214 

adherence) to be included in the analyses and those studies with a lower or no adherence 215 

criterion, (ii) gender of participants: studies in which only women participated vs those 216 

in which both genders were included, (iii) type of intervention: only exercise vs co-217 

interventions, (iv) type of exercise: meditative exercise programs (i.e., Tai Chi, Yoga 218 

and Quigong) vs others (i.e., aerobic, muscular resistance and flexibility), (v) sample 219 

size, those with at least 20 participants in each group vs the others, (vi) type of setting in 220 

which exercise was performed: land-based vs water-based, (vii) training intensity: low-221 

to-moderate vs moderate-to-high. Supplementary figures S8 to S14 show all these non-222 

significant findings. Interestingly, those studies in which fatigue was the primary 223 

outcome (Figure 3) and employed a shorter (less than 24 weeks) non-aerobic exercise 224 

intervention resulted in greater impact on fatigue (greater effect sizes) than comparative 225 

studies; Supplementary Figures S15 and S16.  226 

 227 

Figure 4 presents a meta-analysis conducted in 731 people with fibromyalgia (59% 228 

randomly allocated into exercise interventions). In comparison to usual care, exercise 229 

interventions had a small effect on enhancing sleep quality in fibromyalgia; pooled 230 
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SMD (95% CI) = -0.17 (-0.32 to -0.01). This finding was robust across two sensitivity 231 

analyses, as showed in Supplementary Figures S17 and S18: (i) when a study with high 232 

risk of bias [45] was not included in the meta-analysis; pooled SMD (95% CI) = -0.19 (-233 

0.35 to -0.02), (ii) when fixed effects model were computed; pooled SMD (95% CI) = -234 

0.17 (-0.32 to -0.02). Due to the small heterogeneity (i.e., I2= 5%), post hoc analyses 235 

were not needed. Supplementary Figure S19 presents the funnel plot, which did not 236 

indicate publication bias. 237 

 238 

Table 1 shows that when comparing exercise vs. usual care, there was ‘low to moderate’ 239 

quality evidence for the beneficial effects of exercise on fatigue, while the evidence was 240 

‘moderate’ for benefits on sleep quality.  241 

 242 

In the 21 RTs included in the present review, a wide range of exercise interventions 243 

were implemented and compared in a total of 1254 people with fibromyalgia (all 244 

randomly allocated into different interventions). Thus, it was difficult to perform robust 245 

comparisons. However, we were able to quantify one comparison for sleep quality and 246 

three for fatigue. First, when comparing different types of exercise, meditative exercise 247 

programs were more effective for improving sleep quality but not for lowering fatigue; 248 

Figure 5, pooled SMD (95% CI) = -0.80 (-1.57 to -0.02) and Supplementary Figure S20, 249 

pooled SMD (95% CI) = -0.39 (-0.88 to 0.11), respectively. Second, the effectiveness of 250 

resistance vs flexibility training was similar for fatigue; Supplementary Figure S21, 251 

pooled SMD (95% CI) = -1.64 (-4.31 to 1.02). Third, the effectiveness of water vs land-252 
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based exercise was also similar for fatigue; Supplementary Figure S22, pooled SMD 253 

(95% CI) = 0.00 (-0.42 to 0.43). 254 

 255 

DISCUSSION 256 

 257 

 258 

This systematic review set out to determine the effectiveness of exercise on fatigue and 259 

sleep quality in those with fibromyalgia and to identify which type of exercise 260 

interventions might be the most effective in achieving these outcomes. In the current 261 

review we have found that, in comparison to usual care, exercise has moderate effects 262 

for lowering fatigue and small effects for improving sleep quality. We have also 263 

observed that, in comparison of other types of exercise, meditative exercise programs 264 

were more effective for improving sleep quality but not for lowering fatigue. In 265 

interpreting the findings of this review a number of factors must to be noted. First, most 266 

of the studies were based on aerobic exercise. Thus, the effect sizes of the present meta-267 

analyses may reflect more accurately the effectiveness of aerobic training on fatigue and 268 

sleep quality than the effects of other types of exercise. Indeed, we observed that those 269 

exercise interventions that did not include aerobic exercise seemed to be more effective 270 

at reducing fatigue. Second, the effects of exercise on fatigue were highly variable 271 

across studies (I2 = 51%) and remarkably higher when fatigue was the main outcome. 272 

Third, there is a lack of high quality studies in the field and consequently the quality of 273 

evidence provided in the present review is low to moderate for the effectiveness of 274 

exercise in reducing fatigue (the evidence is in favour of exercise but the effect size is 275 
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unclear, likely to be moderate) and moderate for small effects of exercise (of any type) 276 

on enhancing sleep quality. 277 

 278 

Effectiveness of exercise for reducing fatigue in fibromyalgia 279 

 280 

 281 

Due to the limited number of studies included in previous meta-analyses, their findings 282 

were inconclusive and inconsistent. For example, Busch and colleagues meta-analysed 283 

two resistance training studies (n=81) showing significant pooled reductions on fatigue 284 

(p<0.001) [8]. However, Bidonde and colleagues have recently meta-analysed four 285 

aerobic exercise studies (n=286) [6] in which the p-value of the pooled effects for the 286 

exercise group was 0.06. Recently, Bidonde and colleagues have meta-analysed a 287 

sample size of 493 adults with fibromyalgia estimating that the effects of mixed 288 

exercise training (i.e., where two or more types of exercise are combined) on fatigue 289 

were significant (p<0.001) [11]. Using similar statistical methods to previous meta-290 

analyses but in a larger sample size (n=1003), our pooled estimation showed that 291 

exercise produces significant and probably a meaningful (moderate effect size) 292 

reduction in fatigue in fibromyalgia. Thus, the comprehensive approach followed in the 293 

present meta-analysis allowed us to robustly determine, for the first time, the overall 294 

effects of exercise on fatigue in large sample of people with fibromyalgia. 295 

Effectiveness of exercise for improving sleep quality in fibromyalgia 296 
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Previous meta-analyses were unable to determine the effectiveness of exercise on sleep 297 

quality in fibromyalgia due to the paucity of research. Indeed, most of them failed to 298 

find RCTs on this topic. Given the extent of sleep dysfunction in those with 299 

fibromyalgia, it is important to determine the effectiveness of exercise for improving 300 

sleep quality in this population. The most comprehensive review to date included only 301 

two studies examining sleep and reported moderate effects of exercise for enhancing 302 

sleep quality (n= 104) [51]. The number of included studies in the present work was 303 

considerably higher (13 RCTs, n=806) leading us to better estimate the effectiveness of 304 

exercise for improving sleep quality in fibromyalgia. The effectiveness of exercise (of 305 

any type) in enhancing sleep quality in fibromyalgia was limited (small effect), 306 

however, meditative exercise programs (i.e., Tai Chi, Yoga and Quigong) may offer a 307 

promising approach. Although there are potential mechanisms which can provide a 308 

rationale to support the effectiveness of meditative exercise on improving sleep quality 309 

(see, next section), our finding is based on an imprecise estimation (SMD (95% CI) = -310 

0.80 (-1.57 to -0.02)), from a relatively small sample size (141 participants in meditative 311 

exercise vs. 177 participants in other types of exercise). Thus, further high quality 312 

experimental research is required to confirm or refute our findings.  313 

 314 

Exercise mechanisms for fatigue and sleep quality in fibromyalgia 315 

 316 

 317 

Aberrations in the central nervous system are well-known in fibromyalgia [52–54]. For 318 

example, in comparison to non-fibromyalgia controls, abnormal levels of metabolites 319 
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(e.g., reductions in the ratio of N-acetylaspartate to creatine) have been observed in the 320 

hippocampus of people with fibromyalgia [52] as well as structural abnormalities (e.g., 321 

lower volume) [53] and functional changes (e.g., increased activation) [54]. Another 322 

system that might be altered in fibromyalgia is the hypothalamic-pituitary-adrenal axis 323 

(HPA) as well as a sympathetic hyperactivity mediated by a dysfunction in the 324 

autonomic nervous system (ANS) [55]. These alterations may in turn be related to 325 

increased levels of fatigue [52]. Interestingly, exercise may revert these aberrations by 326 

regulating the levels of metabolites as well as promoting angiogenesis, neurogenesis 327 

and connectivity of the hippocampus [56,57].  328 

 329 

In the present meta-analyses demonstrated that exercise had a small beneficial effect on 330 

sleep quality in fibromyalgia. In this disease, hyperactivity of the sympathetic nervous 331 

system is well-documented and, thus, stress levels are considerably high [58,59]. 332 

Physiological responses to exercise often include a decrease in this sympathetic tone 333 

and a shift toward parasympathetic activity, which in turn may be related to muscular 334 

and nervous relaxation, leading to reductions in stress levels and, finally, to 335 

improvement in sleep quality [60–62]. In this respect, our review showed that 336 

meditative exercise programs were more effective in improving sleep quality than other 337 

types of exercise. Although meditative exercise is safe in fibromyalgia, little is known 338 

about their mechanisms of action. It is likely that this type of exercise is able to enhance 339 

the parasympathetic activity and reduce sympathetic tone by decreasing activation of 340 

HPA axis. Moreover, meditative exercise may facilitate enhanced rapid eye movement 341 

(REM) sleep by increasing central nervous system inhibitory c-aminobutyric acid 342 

(GABA) and serotonin levels [63].  343 
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 344 

Clinical applications 345 

 346 

 347 

The recent European League Against Rheumatism (EULAR) recommendations for the 348 

management of fibromyalgia, highlight exercise as the only therapy with a strong level 349 

of evidence [4]. These recommendations were based on the findings provided by 350 

systematic review of previous reviews. As we have discussed, while previous 351 

systematic reviews showed reliable findings for pain management, they have provided 352 

limited evidence on the effectiveness of exercise for reducing fatigue and increasing 353 

sleep quality in fibromyalgia [6,8]. The present meta-analyses suggest that the 354 

effectiveness of exercise may differ for different outcomes. This means that it cannot be 355 

assumed that the benefits of exercise on pain automatically extend to other symptoms of 356 

the condition. An interesting finding for healthcare providers has emerged from our 357 

review in that fatigue reductions were higher when the main outcome of the study was 358 

fatigue. Therefore, instead of designing a ‘fix-all’ exercise protocol for fibromyalgia, 359 

exercise programmes should be designed as outcome-specific, by considering how 360 

fibromyalgia manifests in the person who is going to engage in the programme. For 361 

example, meditative exercise programs (e.g., Tai Chi or Qigong) may be more advisable 362 

for people with fibromyalgia who experience difficulty sleeping.  363 

The studies included in the present systematic review investigated a wide range of 364 

exercise programs, including different types of exercise, intensities, frequencies, and 365 

program duration. Although we explored several post-hoc analyses, we were unable to 366 
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determine the most effective exercise intervention for reducing fatigue. From our 367 

approach to subgrouping the effects of different exercise interventions, in comparison to 368 

usual care, we observed that the ideal intervention for lowering fatigue in fibromyalgia 369 

seems to be specifically designed for such outcome, lasts less than 24 weeks and does 370 

not involve aerobic exercise. Collectively, the high heterogeneity that emerged from the 371 

effects of exercise on fatigue limits the establishment of evidence-based guidelines. 372 

Although the American College of Sports Medicine (ACSM) has launched specific 373 

recommendations to consider when conducting exercise interventions in fibromyalgia 374 

[64], a recent review has reported poor therapeutic validity of studies that accomplish 375 

these ACSM exercise recommendations [65].  376 

 377 

Standard exercise interventions for the ‘average’ or ‘most common profile’ of people 378 

with fibromyalgia seems misjudged as people with fibromyalgia are heterogeneous [66]. 379 

Thus, personalised exercise programs are warranted. In this context, some people with 380 

fibromyalgia may experience fears related to engaging in exercise [67] or a discordance 381 

of being more capable to engage in exercise than is self-perceived [68]. People with 382 

these characteristics may be more likely to experience exercise as stressful. Therefore, 383 

exercise interventions should not only be tailored to how fibromyalgia manifests in each 384 

person but also to (more) general characteristics of the person.   385 

 386 

Implications for research agenda 387 

 388 
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 389 

Findings of the present study provide evidence indicating that exercise is effective for 390 

reducing fatigue in fibromyalgia. However, future research is needed to determine what 391 

type of exercise is most beneficial for people with fibromyalgia, which intensity is best, 392 

the optimal length of the training, as well as the most beneficial delivery method.  393 

 394 

Our findings indicate that exercise seems to promote only small benefits on sleep 395 

quality in fibromyalgia, and while relaxation is a potential mechanism by which 396 

exercise might improve sleep quality, not all types of exercise promote relaxation. Thus, 397 

meditative exercise programs that do suppose a lower physical load than other types of 398 

exercises could be more effective for enhancing sleep quality in fibromyalgia. 399 

Therefore, future large experimental studies of high quality, testing the effectiveness of 400 

very gentle exercise specifically designed for enhancing sleep quality in fibromyalgia 401 

are warranted. Additionally, further research testing the effectiveness of exercise in 402 

objectively measured fatigue or sleep quality is warranted. 403 

 404 

Limitations and strengths of the present study 405 

 406 

 407 

The most common limitations among the included studies were: (i) the long-term 408 

effects of the interventions were not reported, (ii) results were not stratified by sex and 409 
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most of the participants were women. Moreover, we did not include conference 410 

proceedings and other types of grey literature due to the often low quality of reporting 411 

in conference abstracts.  412 

 413 

Conclusions  414 

 415 

 416 

We provided low-to-moderate quality evidence that exercise is moderately effective for 417 

lowering fatigue and that there is moderate evidence of small effects of exercise for 418 

enhancing sleep quality in fibromyalgia. Although speculative, meditative exercise 419 

programs may be a promising approach for improving sleep quality in fibromyalgia. As 420 

most of the interventions involved aerobic exercise, research using other types of 421 

exercise is warranted. Instead of designing ‘fix-all’ and ‘one size fits all’ protocols, 422 

exercise programmes, in order to be as effective as possible, should be specifically 423 

designed for the outcome that is targeted and tailored to the characteristics of the person 424 

who is going to engage in the exercise. 425 
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Tables (Legends) 436 

Table 1. Level of quality of the evidence for the effectiveness of exercise for reducing 437 

fatigue and enhancing sleep quality in fibromyalgia.  438 

 439 

CI, Confidence interval; SMD, Standardised mean difference 440 
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Figures (Legends) 441 

Figure 1. Flow chart showing the results of the selection process.  442 

 443 

* Four studies included a usual care (control) group and two different exercise 444 

interventions. Thus, they were included in the analyses related to the primary and 445 

second aims of the present review.446 
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Figure 2. Pooled effects of randomised controlled trials analysing the effectiveness of 447 

exercise in reducing fatigue in people with fibromyalgia.  448 

 449 

Analyses were conducted using a random effects model. CI, Confidence Interval; df, 450 

degrees of freedom; Std, Standardised; SD, Standard Deviation; IV, Inverse Variance; 451 

A, Aerobic exercise; Co-,  452 

Co-intervention (Edu, education; Photo, phototherapy); F, Flexibility exercise; L- and 453 

W-B, land- and water-based exercise, respectively; M, Meditative exercise; R, 454 

Resistance exercise; TC, Tai Chi; Y, Yoga.  455 
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Figure 3. Post hoc analysis showing the pooled effects of randomised trials analysing 456 

the effectiveness of studies in which fatigue was the primary outcome vs. the remaining 457 

studies for lowering fatigue in people with fibromyalgia 458 

 459 

 460 

Analyses were conducted using a random effects model. CI, Confidence Interval; df, 461 

degrees of freedom; Std, Standardised; SD, Standard Deviation; IV, Inverse Variance; 462 

A, Aerobic exercise; Co-, Co-intervention (Edu, education; Photo, phototherapy); F, 463 

Flexibility exercise; L- and W-B, land- and water-based exercise, respectively; M, 464 

Meditative exercise; R, Resistance exercise; TC, Tai Chi; Y, Yoga. 465 

  466 
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Figure 4. Pooled effects of randomised controlled trials analysing the effectiveness of 467 

exercise in enhancing sleep quality in people with fibromyalgia.  468 

 469 

 470 

Analyses were conducted using a random effects model. CI, Confidence Interval; df, 471 

degrees of freedom; Std, Standardised; SD, Standard Deviation; IV, Inverse Variance; 472 

A, Aerobic exercise; Co-, Co-intervention (CBT, Cognitive Behaviour Therapy; Edu, 473 

education; Photo, phototherapy); F, Flexibility exercise; L- and W-B, land- and water-474 

based exercise, respectively; M, Meditative exercise; R, Resistance exercise; TC, Tai 475 

Chi; QG, Qigong; Y, Yoga. 476 

  477 
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Figure 5. Post hoc analysis showing the pooled effects of randomised trials analysing 478 

the effectiveness of meditative exercise vs. the remaining types of exercise for 479 

enhancing sleep quality in people with fibromyalgia.  480 

 481 

Analyses were conducted using a random effects model. CI, Confidence Interval; df, 482 

degrees of freedom; Std, Standardised; SD, Standard Deviation; IV, Inverse Variance; 483 

A, Aerobic exercise; AC, Ai Chi; AqBD, Aquatic Biodanza; BA, Body Awareness; F, 484 

flexibility exercise; TC, Tai Chi. 485 
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exercise). 803 

 804 

Electronic Supplementary Material Figure S14. Post hoc analyses of the randomised 805 

controlled trials testing the effectiveness of exercise interventions in fatigue in 806 

comparison to usual care: subgroups according to intensity (low-to-moderate vs 807 

moderate-to-high). 808 

 809 
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Electronic Supplementary Material Figure S15. Post hoc analyses of the randomised 810 

controlled trials testing the effectiveness of exercise interventions in fatigue in 811 

comparison to usual care: subgroups according to aerobic exercise (aerobic exercise in 812 

insolation or combined with other exercises vs other exercises that did not include 813 

aerobic training). 814 

 815 

Electronic Supplementary Material Figure S16. Post hoc analyses of the randomised 816 

controlled trials testing the effectiveness of exercise interventions in fatigue in 817 

comparison to usual care: subgroups according to length of the intervention (24 weeks 818 

at minimum vs shorter interventions). 819 

 820 

Electronic Supplementary Material Figure S17. Pooled effects of the randomised 821 

controlled trials analysing the effectiveness of exercise in enhancing sleep quality in 822 

people with fibromyalgia: sensitivity analyses excluding studies with high risk of bias. 823 

 824 

Electronic Supplementary Material Figure S18. Pooled effects of the randomised 825 

controlled trials analysing the effectiveness of exercise in enhancing sleep quality in 826 

people with fibromyalgia: sensitivity analyses using fixed effects model. 827 

Electronic Supplementary Material Figure S19. Funnel plot of the randomised 828 

controlled trials analysing the effectiveness of exercise in enhancing sleep quality in 829 

people with fibromyalgia. 830 
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Electronic Supplementary Material Figure S20. Pooled effects of the randomised trials 831 

comparing the effectiveness of meditative exercise and other types of exercise in fatigue 832 

in people with fibromyalgia. 833 

 834 

Electronic Supplementary Material Figure S21. Pooled effects of the randomised trials 835 

comparing the effectiveness of resistance and flexibility exercise in fatigue in people 836 

with fibromyalgia. 837 

 838 

Electronic Supplementary Material Figure S22. Pooled effects of the randomised trials 839 

comparing the effectiveness of land-based and water-based exercise in fatigue in people 840 

with fibromyalgia. 841 



Table 1. Level of quality evidence for the effectiveness of exercise for reducing fatigue and enhancing sleep quality in fibromyalgia.  

 Certainty assessment № of participants Effect 

Certainty Direction 
№ of 

studies Study design Risk of 
bias Inconsistency Indirectness Imprecision Publication 

bias Exercise Usual 
care 

SMD 
(95% CI) Size 

Outcome = Fatigue 

17 Randomised 
controlled 
trials  

Not 
serious  

Serious  Not serious Unclear Not serious 612/1003 
(62%)  

391/1003 
(39%)  

-0.47  
(-0.67 to    

-0.27)  

Moderate ⨁⨁◯◯ 

to ⨁⨁⨁◯ 
Low to 

moderate  

In favour of 
exercise 

Outcome = Sleep quality 

12  Randomised 
controlled 
trials 

Not 
serious 

Not serious Not serious Serious Not serious 431/731 
(59%)  

300/731 
(41%) 

-0.17  
(-0.32 to   

-0.01)  

Small  ⨁⨁⨁◯ 
Moderate  

In favour of 
exercise 

CI, Confidence interval; SMD, Standardised mean differences 
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