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Objective: Several guidelines highlight the beneficial impact of exercise on the management of symptoms and health-related quality 
of life (HRQOL) in patients with fibromyalgia syndrome (FMS). However, few analyses have compared different types of exercise. 
We, therefore, intent to compare the effects of different exercise types on improving the overall HRQOL and typical symptoms in 
patients with FMS.
Methods: Medline, Embase, the Cochrane Register of Clinical Trials, and NIH ClinicalTrials.gov were searched from inception to 
April 21, 2022. Randomized clinical trials (RCTs) were included to assess the impact of exercise intervention on health parameters in adult 
FMS patients. Data were extracted independently and a frequentist network meta-analyses (NMA) was performed to rank the effects of 
interventions according to P-scores. The NMA evidence certainty was assessed using the method recommended by Grading of 
Recommendations Assessment, Development, and Evaluation Working Group.
Results: A total of 57 RCTs were identified, including 3319 participants, involving 9 interventions (7 types of exercise, 2 controls). Of 
all treatments compared with usual care in efficacy outcomes, Mind-body exercise was associated with the best HRQOL (SMD, 
−12.12; 95% CI, −15.79 to −8.45). On the other characteristic symptom dimensions, based on moderate quality evidence, sensorimotor 
training was associated with minimal pain scores compared with usual care (SMD, −1.81; 95% CI, −2.81 to −0.82), whole body 
vibration therapy was most promising for improving sleep quality (SMD, −6.95; 95% CI, −10.03 to −3.87), pool-based aerobic 
exercise was most likely to ease anxiety (SMD, −4.83; 95% CI, −7.47 to −2.19), and whole body vibration was most likely to improve 
depression (SMD, −10.44; 95% CI, −22.00 to 1.12).
Conclusion: Mind-body exercise seems to be the most effective exercise to improve the overall HRQOL of patients with FMS. But at 
the same time, clinicians still need to develop individualized exercise plans for patients according to their symptoms and accessibility.
Keywords: fibromyalgia syndrome, exercise, quality of life, systematic review, network meta-analysis

Introduction
Fibromyalgia syndrome (FMS) is a chronic, painful, non-articular rheumatism characterized by widespread musculoskeletal 
pain, fatigue, and sleep disturbances, and is considered the third most frequent musculoskeletal condition.1,2 Fatigue, sleep 
disturbances, mood abnormalities and other somatic symptoms are also common, all of which have a significant impact on 
health-related quality of life (HRQOL). The prevalence of the disease in Europe is conservatively estimated at 4.7% or more, 
with a female: male ratio of 3:1.1,3 Until now, FMS is understood to be a mysterious syndrome of unknown cause. In recent 
years, functional Magnetic Resonance Imaging (fMRI) found that FMS patients pain associated neuropeptides and neuro
transmitter levels (substance P, brain-derived neurotrophic factor, glutamine and dopamine) not only changed, brain 
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morphology and pain receptors have been reconstructed, show the pain-processing areas of the brain neuron activity 
increased.2 These changes seem to explain the multiple symptoms and hyperalgesia seen in FMS patients.

FMS can be lifelong, and medical therapy is of limited value due to the diversity of pathogenesis and concerns about 
side effects.4–7 In the long term, FMS is best managed as a chronic condition, with non-pharmacological therapies as the 
primary treatment and medications as an adjunct to symptom relief. In Recent guidelines from the European League 
Against Rheumatism (EULAR)’s recommendations for fibromyalgia management, the importance of using non- 
pharmacological measures first was stressed, with exercise being the only “strong” recommendation.2,8 Early research 
supports aerobic and strength training to improve fitness and optimize health and well-being. However, there are still 
some patients with FMS who cannot tolerate aerobic exercise, with poor muscle strength and flexibility.9,10 Other forms 
of exercise (such as tai chi, yoga, vibration techniques) and lifestyle physical activities have also been introduced.11 It is 
important to determine the most effective type of exercise (aerobic, resistance, stretching, sensorimotor training, mind- 
body exercise, etc.).12 A review of the last 32 years (1990–2022) of research on this question shows that there is a strong 
interest in answering it.

Although a previous traditional paired meta-analysis involving 35 randomized clinical trials (RCTs) assessed the 
efficacy of several types of exercise versus control arm, the rough or fuzzy classification of exercise interventions led to 
considerable heterogeneity in the assessment of exercise intervention outcomes, which reduced the quality of the 
evidence.13 The authors did not consider placebo (or sham exercise) effects when selecting control measures. In addition, 
traditional meta-analyses cannot clearly rank different classes of interventions based on efficacy outcomes. Based on the 
above unresolved issues, this study aims to adopt more stringent exercise classification measures, determine the best 
physical exercise types for FMS patients’ overall HRQOL and common symptoms, and guide clinical practice. Network 
meta-analysis (NMA) combines all direct and indirect evidence from RCTs to compare multiple treatment options 
simultaneously and rank them by effect size (ES), helping to update the evidence on exercise options for patients with 
FMS.14 Therefore, the aim of this NMA was to assess which types of physical exercise have the greatest positive impact 
on HRQOL and other typical symptoms in adults with FMS.

Methods
Protocol and Registration
This systematic review and NMA were performed according to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analysis (PRISMA) statement and its extension for network meta-analyses (PRISMA-NMA),15,16 (Supplementary Appendix 1). 
The study was registered on the International Prospective Register of Systematic Reviews (PROSPERO) on May 16, 2022 
(Registration number CRD42022330588).

Search Strategy and Study Selection
The retrieval strategy was jointly formulated by two authors (Z.-H.Z. and L.-Y.W.), which mainly used the combination of 
Medical Subject Headings (MeSH) and free text, then combined the retrieval words through logical characters “OR” and 
“AND” to conduct literature retrieval (Supplementary Table 1). Specific search strategies are provided in the supplementary 
document. We then independently searched PubMed, Embase, and the Cochrane Central Register of Controlled Trials 
(CENTRAL) from inception to April 21, 2022 for all articles expressed in English. In addition, we manually searched 
unpublished studies at NIH ClinicalTrials.gov (www.clinicaltrials.gov). All citations retrieved were downloaded and imported 
into EndNote for management and subsequent screening. The titles and abstracts that met the requirements were screened 
independently by two investigators (D.-X.Z. and K.-D.Z.). Any differences will be resolved through consultation or by 
seeking a third party (T.M.). Then, the full text of potential articles was reviewed according to the inclusion and exclusion 
criteria of the study.

The following eligibility criteria have been designed in accordance with the PICOS framework: (i) Adults diagnosed 
with FMS according to the American College of Rheumatology (ACR) classification criteria. (ii) Studies focusing on the 
comparison of two different exercise treatments, or the exercise group versus the control group. Waiting list or treatment 
as usual are identified as Non-intervention control (NC). As active controls (AC), health education, relaxation, and sham 
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exercise can be presented alone as a control group. Multidisciplinary treatment with active controls combined with 
exercise was not considered in this study. (iii) Studies with comparable baseline data between groups and available 
quantitative outcome data after exercise interventions. (iv) The study design is a RCT.

Studies are excluded if they involve the following characteristics: (i) The study population was not exclusively FMS patients 
(eg, chronic widespread pain). (ii) Studies focused on drug therapy. (iii) Studies involving other non-pharmacological therapies, 
such as balneotherapy, cognitive behavioral therapy, neuroregulatory therapy, multidisciplinary therapy, acupuncture, etc. (iv) 
Studies combining different pharmacological and non-pharmacological regimens. (v) Studies comparing the effects of different 
intensities or frequencies of the same exercise program. (vi) Studies that focused on different combinations of exercises.

Classification of the Interventions and Outcomes
Referring to the classification methods of Luan et al, Gutiérrez et al, we divided physical exercise intervention into the 
following 6 categories17,18 Aerobic exercises (exercise designed to increase energy expenditure and increase heart rate, 
including endurance training, cycling, brisk walking, etc.), Mind-body exercises (MBE, a form of exercise that combines 
movement, concentration, and breath control while simultaneously taking care of the mental and physical. Including 
yoga, Pilates, tai Chi and so on), Strength or resistance exercises (SRE, exercises designed to increase muscle mass and 
strength include strength training and personalized load training), Stretching exercises (STE, a form of exercise designed 
to increase muscle elasticity and achieve comfortable muscle tone, including flexibility training), Sensorimotor training 
(SME, activities designed to increase the body’s stability to produce balanced balance, including dance, balance training, 
and Exergames, can also add appropriate stretching, strength, and aerobic exercise, as well as stress reduction interven
tions), and Whole body vibration (WBV, a therapy that uses vibrations of a specific frequency and amplitude to cause 
muscle contractions and nerve stimulation). In fact, almost all aerobic exercise programs include four stages: (i) warm- 
up, (ii) Main aerobic exercise and Endurance training, (iii) Stretching and (iv) Relaxation. Since aquatic exercises are 
different from regular land-based exercises, we further subdivide aerobic exercises into Land-based aerobic exercises 
(LAE) and Pool-based aerobic exercises (PAE) (Supplementary Table 2).

The primary outcome is FMS patients’ HRQOL after exercise intervention, as measured by Fibromyalgia Impact 
Questionnaire (FIQ) or its revised version (FIQR), the reliability of which has been fully validated in previous 
studies.19,20 The secondary outcomes are pain, sleep, anxiety, and depression measured after the exercise intervention, 
with the Visual Analogue Scale (VAS), Pittsburgh Sleep Quality Index (HSQI), Hospital Anxiety and Depression Scale 
(HADS), and Beck Depression Inventory (BDI) selected as the default scales, respectively. If an alternative scale is used 
in a study, the measurement results of that alternative scale are adopted (Supplementary Table 3).

Data Extraction
Before information extraction, all authors jointly developed a standardized information extraction table. Information to be 
extracted includes study name (first author and publication year), study design (randomization, allocation concealment, 
blinding, etc.), patient characteristics (mean age and proportion of females), intervention details (duration and frequency), 
and results (outcome measurements, FIQ, FIQR, pain, sleep, anxiety, and depression). The information was then extracted 
independently by the two authors (K.-D.Z. and L.-Y.W.) and cross-checked by another reviewer (X.-W.L.). Following 
Migliorini et al, we only considered reporting quantitative data after exercise therapy for FMS.21 As continuous data, we 
extracted the mean and standard deviation (SD) of each target outcome at the end of the treatment period. If SD is not 
available, we imputed them based on standard error (SE), confidence interval (CI), median combine with Interquartile Range 
(IQR).22–24 Whenever available we used results from intention-to-treat (ITT) analyses. Otherwise, report the results of per- 
protocol (PP) analysis. All data are consolidated in Microsoft Excel 2019 (Microsoft Corp) in a contrast-based format.

Risk of Bias and Quality Assessment
The risk of bias of all included RCTs was assessed independently by two researchers (K.-D.Z. and D.-X.Z.) following the 
Revised Cochrane risk-of-bias tool for randomized trials (ROB2),25 Any differences will be resolved through consulta
tion or by seeking a third party (T.M.). ROB2 sets up 5 evaluation domains: bias arising from the randomization process, 
bias due to deviations from intended interventions, bias due to missing outcome data, bias in measurement of the 
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outcome, and bias in selection of the reported result. The risk of bias in each domain can be divided into 3 levels: low 
risk of bias, some concerns and high risk of bias. In addition, two of us (K.-D.Z. and F.-Q.) independently graded the 
NMA evidence certainty using a four-step method recommended by Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) Working Group.26 The methodology was updated in 2019 to eliminate 
imprecision in grading the quality of direct evidence for each comparison group.27 Arbitration by the third author (F.- 
Q.), if necessary. Based on evidence assessment, we applied GRADE’s recommended informative statements (“probably 
or likely”, “may”) to convey our confidence in the effect estimates.28

Statistical Analysis
More information on the detailed statistical principles of NMA can be found in a previously published review.29 This 
manuscript only gives a brief description of the relevant analytical steps involved in this study.

ES is a measure of the size of the effect produced by the intervention. All outcomes are continuous data, so we 
summarize the ES of the interventions using the Cohen’s d standardized mean differences (SMDs) with 95% CI. For the 
outcomes of FIQ (or FIQR), pain, sleep, anxiety, and depression severity after intervention, we chose to apply a random- 
effects models rather than fixed-effects models because we acknowledge that the included studies are partially 
heterogeneous.

To integrate all direct and indirect evidence, we conducted NMA within a frequentist framework using the statistical 
package netmeta in R software version 3.6.3 (R Foundation for Statistical Computing), which is a graph-theoretical 
model for NMA.30 As long as the heterogeneity is moderate, the estimation bias of this model is lower than that of other 
methods, which is facilitate clinicians’ decision-making process.31 A network geometry graph was drawn to assess the 
strength of the available evidence, with the size of the nodes proportional to the participants involved in the intervention 
and the thickness of the lines connecting the nodes proportional to the number of trials directly compared. We ranked the 
efficacy outcomes of various treatments with reference to the P-score, which is similar to the surface under the 
cumulative ranking curve (SUCRA).32 P-score ranges from 0 to 1, and interventions with high P-score have better 
overall efficacy than those with low P-score.

Homogeneity, transitivity and consistency assumptions are three basic assumptions that are often involved in indirect 
comparison and NMA.33 In our study, we explored the transitivity assumption by assessing the characteristics of 
participants and whether there were significant differences in the intensity and frequency of interventions. I2 statistics 
were calculated to analyze statistical heterogeneity of the network. In addition, τ2 statistics were calculated to further 
determine the size and clinical relevance of heterogeneity.34 To express global inconsistency between studies, the 
Cochrane Q statistic was applied.35 For NMA with closed loop, local inconsistency was assessed by checking whether 
direct comparison results were consistent with indirect comparison results, which can be investigated by node-splitting 
technique with the netsplit command.30 P values less than 0.05 were considered statistically significant (two-tailed). The 
possibility of publication bias was explored by comparing-adjusted funnel plots and Egger test. If scattered points are 
evenly distributed on both sides of the point estimate line and the P value of Egger test is greater than 0.05, it may 
indicate that there is no publication bias. Data were analyzed in June 2022.

Results
Study Selection and Characteristics
Figure 1 shows the process of study screening and exclusion. A total of 57 RCTs (Supplementary Appendix 2) were 
eligible, involving 3319 patients. Data from only 2961 patients were analyzed after exclusion of loss of follow-up and 
contributed to the NMA. The characteristics of all included RCTs are summarized in Table 1. Three studies had 3 arms (2 
interventions and 1 control). The ACR 1990 and ACR 2010 criteria have been widely used in the research and clinical 
application of FMS. Overall, the trials were published between 1996 and 2021, 93.8% of participants were women, and 
the average age of participants ranged from 35 to 59.3 years. Twenty-five trials evaluated LAE (772 patients), 11 trials 
PAE (303 patients), 9 trials SME (260 patients), 10 trials MBE (348 patients), 10 trials STE (316 patients), 10 trials SRE 
(303 patients), and 3 trials WBV (78 patients). Thirty-five trials evaluated NC (776 patients), and four trials evaluated AC 
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(163 patients). The intervention duration of 40 trials (70.2%) was between 8 and 16 weeks, and the recommended 
frequency of exercise was 2–3 times per week for 50 trials (87.7%). Eighteen trials (31.6%) reported analyses according 
to the ITT principle.

These studies showed significant heterogeneity in post-intervention follow-up in terms of outcomes based on 
HRQOL, pain, sleep, and depression, ranging from I2= 64.3% to 91.3%; τ2 = 0.5793 to 20.3430 (Supplementary 
Table 4). For Anxiety, only mild heterogeneity was observed (I2=38.4%, τ2 =1.0901). After reading and comparing 
the original literature, the follow-up time of different treatment strategies and different evaluation scales of the same 
outcome explained the source of these heterogeneity, so random effect model combined with ES was used for 
analysis.

Risk of Bias of Included Studies and Certainty of Evidence
The risk of bias for each trial assessed with the ROB2 tool is listed in Supplementary Figure 1. Overall, 16 trials (28.1%) 
were considered to have a low risk of bias in all domains, 30 studies (52.6%) were assessed as having some concerns, 
and 11 trials (19.3%) were assessed as high risk of bias. Specifically, 2 trials were judged to have a high risk of bias for 
inadequate randomization (the grouping of patients depends on the order of inclusion in the study). For missing outcome 
data, 6 trials were considered to have a high risk of bias (a possibility that the true outcome may be affected by large 
missing data or large difference in missing reasons between groups). For measurement of the outcome, 4 trials were 
judged to have a high risk of bias (measurement of outcome may be affected by the evaluator’s lack of blinding). The 
certainty of direct evidence assessment is shown in Supplementary Table 5. For indirectness, we focused on whether 
patient clinical characteristics, duration of intervention, or exercise frequency were transferable between studies. In 
theory, there should be an indirection between any two relevant trials, and only significant indirection would be 
considered for downgrade. The certainty of NMA evidence assessment by GRADE system is shown in Supplementary 
Table 6.

Figure 1 Flow diagram of the literature search and study.
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Table 1 Characteristics of Included Studies

Study (Author, 

Year)

Interventions Patients (n) Diagnostic 

Criteria

Female 

(%)

Age 

(Mean)

ITT 

Analysis

Outcomes Assessed Duration 

(Weeks)

Frequency  

(x/Week)
Randomized Analysed

Medeiros, 202063 Mind-body exercises 

Pool-based aerobic exercises

21 

21

21 

21

ACR 2010 100% 

100%

45.5 

50.7

Yes PainP1/Quality of Life/SleepS1 12 2

Gavi, 201464 Strength or resistance 

exercises 

Stretching exercises

40  

40

35  

31

ACR 1990 100%  

100%

44.3  

48.7

No Quality of Life/ AnxietyA3/ DepressionD1 16 2

Glasgow, 201765 Strength or resistance 

exercises 

Non-intervention control

14  

12

13  

12

ACR 2010 100%  

100%

52  

Overall

No Quality of Life 8 2

Garijo, 202146 Land-based aerobic exercises 

Non-intervention control

17 

17

17 

17

ACR 2016 100% 

100%

51.8 

55.1

Yes PainP1/Quality of Life/AnxietyA1/ 

DepressionD3

15 2

Alventosa1, 202047 Land-based aerobic exercises 

Non-intervention control

16 

16

16 

16

ACR 2016 100% 

100%

53.1 

55.1

No Quality of Life/AnxietyA1/DepressionD1 8 2

Alventosa2, 202048 Land-based aerobic exercises 

Non-intervention control

16 

16

16 

16

ACR 2016 100% 

100%

53.3 

Overall

No PainP1 8 2

Alventosa, 202149 Land-based aerobic exercises 

Non-intervention control

16 

16

16 

16

ACR 2016 100% 

100%

53.1 

55.1

No PainP1/Quality of Life 8 2

Gallego, 201866 Pool-based aerobic exercises 

Land-based aerobic exercises

45 

45

37 

36

ACR 1990 100% 

100%

58.1 

58.3

No PainP1/Quality of Life/ DepressionD4 20 2

Altan, 200967 Mind-body exercises 

Stretching exercises

25 

25

25 

24

ACR 1990 100% 

100%

48.2 

50

No PainP1/Quality of Life 12 3

Andrade, 201868 Strength or resistance 

exercises 

Non-intervention control

26  

23

25  

21

ACR 1990 100%  

100%

52  

50.6

No Quality of Life/SleepS1/AnxietyA2/ 

DepressionD1

4 3

Andrade, 201769 Strength or resistance 

exercises 

Non-intervention control

38  

38

31  

21

ACR 1990 97%  

95%

54.4  

53.1

No PainP1/SleepS1 8 3

Andrade, 201970 Pool-based aerobic exercises 

Non-intervention control

27 

27

27 

27

ACR 1990/2010 100% 

100%

48 

47

Yes PainP1/Quality of Life/SleepS1/AnxietyA2/ 

DepressionD1

16 2

Arakaki, 202171 Strength or resistance 

exercises 

Stretching exercises

30  

30

30  

30

ACR 1990 100%  

100%

47.4  

47.3

Yes PainP1/Quality of Life 12 3

https://doi.org/10.2147/JP
R

.S384215                                                                                                                                                                                                                                   

D
o

v
e

P
r
e

s
s
                                                                                                                                                               

Journal of Pain Research 2022:15 
3644

Z
hang et al                                                                                                                                                            

D
o

v
e

p
r
e

s
s

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Assis, 200640 Pool-based aerobic exercises 

Land-based aerobic exercises

30 

30

30 

30

ACR 1990 100% 

100%

43.4 

42.2

Yes PainP1/Quality of Life/DepressionD1 15 3

Assumpção, 201872 Stretching exercises 

Strength or resistance 

exercises 

Non-intervention control

18 

19  

16

14 

16  

14

ACR 1990 100% 

100%  

100%

47.9 

45.7  

46.9

No PainP1/Quality of Life/SleepS2/AnxietyA4/ 

DepressionD5

12 2

Baptista, 201273 Sensorimotor training 

Non-intervention control

40 

40

40 

40

ACR 1990 100% 

100%

49.5 

49.1

Yes PainP1/Quality of Life/AnxietyA3/ 

DepressionD1

16 2

Bongi, 201074 Mind-body exercises 

Non-intervention control

22 

22

22 

19

ACR 1990 91% 

95%

45.5 

51

No PainP4/Quality of Life/SleepS2 8 1

Britto, 202075 Pool-based aerobic exercises 

Land-based aerobic exercises

16 

17

16 

17

Unclear 100% 

100%

50.3 

46.2

No PainP1/Quality of Life/SleepS2/AnxietyA4/ 

DepressionD5

8 3

Carson, 201076 Mind-body exercises 

Non-intervention control

25 

28

25 

28

ACR 1990 100% 

100%

51.4 

55.8

Yes PainP1/Quality of Life/SleepS2/AnxietyA4/ 

DepressionD5

8 1

Carvalho, 202077 Sensorimotor training 

Stretching exercises

16 

19

11 

10

ACR 2010 100% 

100%

55.6 

47.7

Yes PainP1/Quality of Life/SleepS2/AnxietyA4/ 

DepressionD5

7 3

Mateo, 201778 Sensorimotor training 

Non-intervention control

42 

41

42 

41

ACR 2010 100% 

100%

52.5 

52.5

Yes PainP1/Quality of Life/SleepS2/AnxietyA4/ 

DepressionD5

8 2

Duruturk, 201579 Land-based aerobic exercises 

Sensorimotor training

17 

16

14 

12

ACR 1990 100% 

100%

48.1 

54

No PainP1/Quality of Life 6 3

Demir, 201380 Sensorimotor training 

Stretching exercises

25 

25

25 

25

Unclear 100% 

100%

44.7 

44.4

No PainP1/Quality of Life/DepressionD1 12 3

Gemma, 201681 Land-based aerobic exercises 

Non-intervention control

13 

9

13 

9

ACR 2010 92% 

100%

51.2 

57.1

Yes PainP2/Quality of Life/DepressionD1 8 2

Etnier, 200941 Land-based aerobic exercises 

Non-intervention control

8 

8

8 

8

ACR 1990 100% 

100%

54.7 

Overall

No Quality of Life/DepressionD2 18 3

Evcik, 200882 Pool-based aerobic exercises 

Land-based aerobic exercises

33 

30

31 

30

ACR 1990 100% 

97%

43.8 

42.8

No PainP1 5 3

Fernandes, 201642 Pool-based aerobic exercises 

Land-based aerobic exercises

39 

36

39 

36

ACR 1990 100% 

100%

48.3 

49.3

Yes PainP1/Quality of Life 12 3

García-Martínez, 

201243

Land-based aerobic exercises 

Non-intervention control

14 

14

14 

14

ACR 2010 100% 

100%

59.3 

58.6

No Quality of Life 12 3

(Continued)
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Table 1 (Continued). 

Study (Author, 

Year)

Interventions Patients (n) Diagnostic 

Criteria

Female 

(%)

Age 

(Mean)

ITT 

Analysis

Outcomes Assessed Duration 

(Weeks)

Frequency  

(x/Week)
Randomized Analysed

Garrido-Ardila, 

202083

Sensorimotor training 

Non-intervention control

45 

45

36 

33

Unclear 100% 

100%

56.1 

54.4

No Quality of Life 13 2

Larsson, 201584 Strength or resistance 

exercises 

Active control

67  

63

56  

49

ACR 1990 100%  

100%

50.8  

52.1

No PainP1/Quality of Life 15 2

Jones, 200185 Strength or resistance 

exercises 

Stretching exercises

34  

34

28  

28

ACR 1990 100%  

100%

49.2  

46.4

No PainP1/Quality of Life/SleepS2/AnxietyA2/ 

DepressionD1

12 2

Kingsley, 200586 Strength or resistance 

exercises 

Non-intervention control

15  

14

15  

14

Unclear 100%  

100%

45  

47

No Quality of Life 12 2

Munguía-Izquierdo, 

200744

Pool-based aerobic exercises 

Non-intervention control

35 

25

29 

24

ACR 1990 100% 

100%

50 

46

No PainP1/Quality of Life 16 3

Norouzi, 202087 Sensorimotor training 

Land-based aerobic exercises 

Non-intervention control

20 

20 

20

20 

20 

20

ACR 1990 100% 

100% 

100%

35.5 

35.5 

35.4

No DepressionD1 12 3

Olivares, 201188 Whole body vibration 

Non-intervention control

21 

20

21 

20

ACR 1990 100% 

100%

52.4 

53

Yes Quality of Life 12 3

Park, 202189 Strength or resistance 

exercises 

Stretching exercises

20 

20

20 

20

ACR 2010 100% 

100%

52.8 

50.5

Yes PainP1/Quality of Life 4 2

Ribeiro, 202156 Whole body vibration 

Non-intervention control

17 

15

17 

15

Unclear 100% 

100%

56 

54

No PainP1/Quality of Life/SleepS1/DepressionD1 6 3

Richards, 200290 Land-based aerobic exercises 

Stretching exercises

69 

67

68 

65

ACR 1990 90% 

96%

47.3 

45

No Quality of Life 12 2

Rodríguez-Mansilla, 

202191

Land-based aerobic exercises 

Mind-body exercises 

Non-intervention control

47 

47 

47

33 

31 

29

ACR 2016 100% 

100% 

100%

52.2 

Overall

No PainP1/Quality of Life 4 2

Sañudo, 201545 Land-based aerobic exercises 

Non-intervention control

16 

16

16 

12

ACR 1990 100% 

100%

55 

58

No PainP1/SleepS2/AnxietyA4/DepressionD5 24 2

Sañudo, 201292 Land-based aerobic exercises 

Non-intervention control

21 

20

18 

19

ACR 1990 100% 

100%

Unclear No Quality of Life/DepressionD1 24 2

Sañudo, 201193 Land-based aerobic exercises 

Non-intervention control

21 

21

21 

21

ACR 1990 100% 

100%

55.5 

56.2

Yes Quality of Life/DepressionD1 24 2
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Sarmento, 202094 Mind-body exercises 

Active control

14 

14

10 

10

ACR 1990/2010 100% 

100%

42.6 

56.1

No PainP1/Quality of Life/SleepS1/AnxietyA1/ 

DepressionD3

10 7

Sevimli, 201595 Pool-based aerobic exercises 

Land-based aerobic exercises

25 

25

25 

25

Unclear 100% 

100%

35 

Overall

No PainP1/Quality of Life/DepressionD1 12 2

Tomas-Carus, 

201896

Mind-body exercises 

Non-intervention control

18 

17

15 

15

ACR 1990/2010 100% 

100%

54.1 

50.8

No PainP1/Quality of Life/ SleepS2/AnxietyA4/ 

DepressionD5

12 7

Tomas-Carus, 

200897

Pool-based aerobic exercises 

Non-intervention control

15 

15

15 

15

ACR 1990 100% 

100%

50.7 

50.9

No PainP1/Quality of Life/ SleepS2/AnxietyA3/ 

DepressionD5

32 3

Tomas-Carus, 

200798

Pool-based aerobic exercises 

Non-intervention control

17 

17

17 

17

ACR 1990 100% 

100%

51 

51

No Quality of Life 12 3

Valim, 200299 Land-based aerobic exercises 

Stretching exercises

38 

38

32 

28

ACR 1990 100% 

100%

46.1 

Overall

No PainP1/Quality of Life/ AnxietyA3/ 

DepressionD1

20 3

Villafaina,1 2019100 Sensorimotor training 

Non-intervention control

28 

27

22 

15

ACR 2010 100% 

100%

54.3 

53.4

No Quality of Life 24 2

Villafaina,2 2019101 Sensorimotor training 

Non-intervention control

28 

27

28 

27

ACR 2010 100% 

100%

54 

53.4

Yes PainP1 24 2

Wigers, 1996102 Land-based aerobic exercises 

Non-intervention control

20 

20

20 

20

ACR 1990 90% 

95%

43 

46

Yes PainP1/SleepS2/DepressionD5 14 3

Wong, 2017103 Mind-body exercises 

Non-intervention control

18 

19

17 

14

ACR 1990 100% 

100%

51 

51

No PainP1/SleepS2 12 3

Haak,2008104 Mind-body exercises 

Non-intervention control

29 

28

28 

28

Unclear 100% 

100%

54 

53.4

No PainP3/SleepS2/AnxietyA3/DepressionD1 7 7

Mingorance, 2021105 Whole body vibration 

Non-intervention control

40 

20

40 

20

ACR 2016 90% 

Overall

53.6 

50.3

No PainP1/Quality of Life 12 3

Eijk-Hustings, 

2013106

Land-based aerobic exercises 

Active control

47 

48

47 

48

ACR 1990 100% 

98%

41 

42.9

Yes PainP1/Quality of Life/ SleepS2/AnxietyA4/ 

DepressionD5

12 2

NCT01797263* Mind-body exercises 

Land-based aerobic exercises

129 

127

87 

84

ACR 2010 31.8% 

30.7%

57.9 

56.4

No PainP5/Quality of Life/ SleepS3/AnxietyA5/ 

DepressionD6

12 1

NCT00383084* Land-based aerobic exercises 

Active control

46 

38

46 

38

ACR 1990 94% 

100%

46.4 

49

Yes PainP1/Quality of Life 12 5–7

Notes: Detailed information and references for included studies are shown in Supplementary Appendix 2. *Data from NIH ClinicalTrials.gov. ITT, Intention-to-treat; ACR, American College of Rheumatology. Quality of Life was 
measured by the Fibromyalgia Impact Questionnaire (FIQ) or its revised version (FIQR). P1-P5Pain was measured using the Visual Analogue Scale (P1), Faces Pain Scale (P2), Visual Numerological Scale (P3), Number Rating Scale (P4) or 
Brief Pain Inventory (P5). S1-S3Sleep quality was measured by the Pittsburgh Sleep Quality Index (S1), Visual Numerological Scale (S2) or medical outcomes study sleep scale (S3). A1-A5Anxiety was measured using the Hospital Anxiety and 
Depression Scale- Anxiety (A1), Beck Anxiety Inventory (A2), State-Trait Anxiety Inventory (A3) or Visual Numerological Scale (A4) or Generalized Anxiety Disorder Scale (A5). D1-D6The degree of depression was measured by Beck 
depression Inventory (D1), The Center for Epidemiology Scale-Depression (D2), The Hospital Anxiety and Depression Scale-Depression (D3), Hamilton Depression Scale (D4), Visual Numerological Scale (D5) or Patient Health 
Questionnaire (D6).
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HRQOL
Among the FMS population, the network of treatment comparisons for HRQOL included 48 RCTs (2 arms n=46 and 3 
arms n=2), 9 interventions and 2546 patients (Figure 2A). NC was the most closely linked intervention. The exercise 
pattern with the highest probability of being the best is MBE (Figure 3 and Supplementary Figure 2A). For all treatments 
compared with NC, MBE was associated with the lowest FIQ score (SMD, −12.12; 95% CI, −15.79 to −8.45; P-score, 
0.974), followed by WBV (SMD, −9.23; 95% CI, −14.08 to −4.39; P-score, 0.816), SRE (SMD,-7.19; 95% CI, −11.29 to 
−3.09; P-score, 0.685), LAE (SMD, −6.49; 95% CI, −8.98 to −4.01; P-score, 0.619), PAE (SMD, −6.48; 95% CI, −9.14 
to −3.83; P-score, 0.615), STE (SMD, −3.78; 95% CI, −7.31 to −0.26; P-score, 0.340) and SME (SMD, −3.04; 95% CI, 
−5.87 to −0.20; P-score, 0.287) (Figures 2B and 3). In the netsplit analysis, we identified 4 inconsistent comparisons, 
indicating divergence between indirect and direct evidence of LAE vs MBE, LAE vs PAE, NC vs PAE, and SME vs STE 
(Supplementary Figure 3A). Comparison-adjusted funnel plots and Egger test were performed for the primary outcome, 

Figure 2 HRQOL. (A). Network plot of treatment comparisons. The width of the line represents the number of RCTs per pairwise comparison, and the size of each node 
is proportional to the number of sample size. (B). Network meta-analysis Estimates of HRQOL. Effect sizes presented on the upper triangle are direct comparisons (head-to 
-head studies) between the row and columns; the effect sizes on the lower triangle are network meta-analyses between the column and the row. Meta-analysis use SMD and 
95% CI to assess the improvement in quality of life of the intervention. (C). Comparing-adjusted funnel plot. 
Abbreviations: MBE, Mind-body exercises; SRE, Strength or resistance exercises; STE, Stretching exercises; SME, Sensorimotor training; WBV, Whole body vibration; LAE, 
Land-based aerobic exercises; PAE, Poor-based aerobic exercises; NC, Non-intervention control; AC, Active control; SMD, standardized mean differences; CI, confidence 
interval.
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HRQOL. The results showed that the left and right sides of the funnel plot were roughly symmetrical and the P value of 
Egger test was 0.36, that is, publication bias was unlikely to exist (Figure 2C).

Pain
Among the FMS population, the network of treatment comparisons for Pain included 42 RCTs (2 arms n=40 and 3 arms 
n=2), 9 interventions and 2266 patients (Supplementary Figure 4A). The best exercise pattern for relieving pain 
symptoms is probably SME (Figure 3 and Supplementary Figure 2B). After exercise intervention, patients in the SME 
group had the most significant reduction in pain scores compared with NC (SMD, −1.81; 95% CI, −2.81 to −0.82; 
P-score, 0.835), followed by MBE (SMD, −1.65; 95% CI, −2.26 to −1.05; P-score, 0.796), SRE (SMD, −1.73; 95% CI, 
−3.00 to −0.47; P-score, 0.790), PAE (SMD, −1.28; 95% CI, −2.08 to −0.48; P-score, 0.619), WBV (SMD, −1.12; 95% 
CI, −2.38 to 0.14; P-score, 0.546), LAE (SMD, −0.87; 95% CI, −1.53 to −0.21; P-score, 0.412), and STE (SMD, −0.69; 
95% CI, −1.66 to 0.27; P-score, 0.352) (Figures 3, 4A and Supplementary Table 7A). In the netsplit analysis, we 
identified only 2 inconsistent comparisons, indicating divergence between indirect and direct evidence of AC vs LAE and 
AC vs SRE (Supplementary Figure 3B). The asymmetrical funnel plot and Egger test (P =0.0042) suggest that the trails 
with favorable therapeutic effects were more likely to be published (Supplementary Figure 5A).

Sleep
For sleep, 21 trials (2 arms n=20 and 3 arms n=1) compared 9 different interventions involving 1057 patients (Supplementary 
Figure 4B). In the efficacy ranking results, WBV was determined to be the best (P-score, 0.999), followed by SRE (P-score, 
0.817) (Figure 3 and Supplementary Figure 2C). The advantage of WBV in improving sleep quality was significant, even 
when compared with SRE (SMD, −4.57; 95% CI, −8.00 to −1.13) (Supplementary Table 7B). No local inconsistencies were 
observed in the network (Supplementary Figure 3C). A roughly symmetrical comparison adjustment funnel plot and Egger 
test result (P =0.8475) suggest that publication bias is unlikely to exist (Supplementary Figure 5B).

Anxiety
For anxiety, 20 trials (2 arms n=19 and 3 arms n=1) compared 8 different interventions involving 1091 patients 
(Supplementary Figure 4C). No data related to WBV were reported. Compared with NC, 4 exercise patterns significantly 
improved anxiety in FMS patients, namely PAE (SMD, −4.83; 95% CI, −7.47 to 2.19; P-score, 0.970), LAE (SMD, 
−2.87; 95% CI, −4.51 to −1.24; P-score, 0.745), MBE (SMD, −2.13; 95% CI, −3.60 to −0.66; P-score, 0.564) and SME 
(SMD, −1.90; 95% CI, −3.68 to −0.12; P-score, 0.532) (Figures 3, 4C and Supplementary Table 7C). Ranking identified 
that PAE was probably the best, and interestingly, the AC group also showed satisfactory results (Figure 3 and 
Supplementary Figure 2D). There was no measurable local inconsistency within the network (Supplementary 
Figure 3D). Based on the comparison-adjusted funnel plot, we believe that the probability of publication bias is low 
(Supplementary Figure 5C).

Figure 3 Heat map of exercise interventions ranked according to improve Health-Related Quality of Life (HRQOL), pain, sleep, anxiety and depression. 
Abbreviations: MBE, Mind-body exercises; SRE, Strength or resistance exercises; STE, Stretching exercises; SME, Sensorimotor training; WBV, Whole body vibration; LAE, 
Land-based aerobic exercises; PAE, Poor-based aerobic exercises; NC, Non-intervention control; AC, Active control.
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Depression
For anxiety, 31 trials (2 arms n=29 and 3 arms n=2) compared 9 different interventions involving 1572 patients 
(Supplementary Figure 4D). Based on interval estimates of direct and indirect comparisons, no treatment appeared to be 
superior to the others, except that SME (SMD, −6.33; 95% CI, −10.81 to −1.84) was significantly superior to NC (Figure 4D 
and Supplementary Table 7D). The exercise modality that has the highest probability of being the best is WBV (Figure 3 and 
Supplementary Figure 2E). In the netsplit analysis, no local inconsistencies were observed in the network (Supplementary 
Figure 3E). A roughly symmetrical comparison adjustment funnel plot and Egger test result (P =0.7886) suggest that 
publication bias is unlikely to exist (Supplementary Figure 5D).

Discussion
Exercise therapy conforms to the new medical model and has become one of the most popular rehabilitation medical 
means for patients with FMS. This NMA is a timely addition to previous literature and tends to form a unified decision. 
In summary, our results indicate that MBE, including yoga and tai chi, is associated with lower FIQ (or FIQR) scores in 
patients with FMS compared with treatment as usual, contributing to reduced symptom severity and enhance overall 
quality of life. Based on moderate-quality evidence, appropriate SME, including dance, is recommended for patients with 
FMS whose core symptoms are pain. Regarding FMS patients with recent sleep disorders such as severe insomnia and 
dreaminess, WBV therapy is a type of exercise intervention worth promoting based on moderate-quality evidence. 
Aerobic exercise, particularly PAE, may be associated with significant improvements in anxiety based on moderate- 
quality evidence. In addition, the outcomes of depressive mood improvement were similar for all exercise modality, 
except for SME compared with NC.

To our knowledge, this is the first NMA to combine all exercise interventions in FMS. We evaluated SMD as our 
treatment outcome in HRQOL, pain, sleep, anxiety and depression. In this study, we also conducted hypothesis testing 
and evaluated the quality of the evidence. Of course, under this model, we assume that the relative therapeutic effects of 
two or more interventions in different studies are derived from a common distribution. This assumption may limit the 

Figure 4 Forest plot of network meta-analysis results. (A). Pain. (B). Sleep. (C). Anxiety. (D). Depression. Comparisons are based on SMD and 95% CI in all outcomes. 
Abbreviations: MBE, Mind-body exercises; SRE, Strength or resistance exercises; STE, Stretching exercises; SME, Sensorimotor training; WBV, Whole body vibration; LAE, 
Land-based aerobic exercises; PAE, Poor-based aerobic exercises; NC, Non-intervention control; AC, Active control; SMD, standardized mean differences; CI, confidence 
interval.
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accuracy of conclusions because the population is not homogeneous, but the NMA comparison of multiple interventions 
simultaneously is important to develop exercise strategies for FMS patients with different typical symptoms. In the 
meantime, our results may still help guide clinicians and patients in their choice of exercise therapy that is most 
appropriate for the individual.

Due to the lack of high-quality RCTs of drug effectiveness, recommended guidelines for the treatment of FMS rely heavily on 
low-quality evidence and expert consensus,36 leaving pharmacological management complex and evidence deficient. Exercise 
has beneficial clinical effects for most musculoskeletal conditions, including FMS, according to Hagen et al, who have empirical 
evidence.37 Recent guidelines from EULAR (2016), the Canadian Pain Society (2012) and the Association of the Scientific 
Medical Societies in Germany (AWMF) (2012) all emphasize non-pharmacological treatment as the first-line treatment for FMS, 
with exercise therapy being given the highest level of recommendation.8,38,39 As the low risk of side effects and the general health 
benefits of exercise, most of the types of exercise in our research confirmed this consensus. Besides, more novel is that the pattern 
of movement needs to vary from person to person, depending on the characteristics of the symptoms.

For aerobic exercise, it is recommended that the intensity of exercise be moderate. Some studies adjusted the intensity 
according to the target heart rate,40–45 while others determined the intensity of exercise in patients with FMS according to 
the Borg’s rating of perceived exertion.46–49 Moreover, in the Bidonde et al study, almost all forms of aerobic exercise, 
regardless of intensity, were well tolerated by the subjects and produced positive effects.50 Our NMA concluded that PAE 
proved to be as effective as LAE in improving overall HRQOL, while PAE appeared to perform better than LAE at the 
level of specific symptoms. We consider that the pool environment is directly related to the present results, with water 
having a direct relaxant effect on the muscles.51 Low speed exercise in water can reduce the impact on joints, induce 
oxygen free radical scavenging, and improve microcirculation.52 However, due to the scarcity of studies and the width of 
the CI, conclusions could not be drawn with greater confidence.

Although aerobic exercise is currently the most commonly used non-pharmacological treatment for patients with FMS, the 
fluctuation of symptoms makes it difficult for many patients to carry out and adhere to an exercise program.12 In the study by 
Wang et al, participants assigned to psychosomatic therapy had higher attendance compared to aerobic exercise.53 In addition, tai 
chi showed greater benefits on HRQOL at the same intensity and duration (24 weeks, twice a week). Of note, 24 weeks of tai chi 
resulted in greater clinical improvement than 12 weeks of tai chi. For the superiority of MBE over aerobic exercise in HRQOL, 
we found that both traditional paired meta-analyses and NMA showed lower SMDs in favor of MBE. However, due to low 
power, the results were not statistically significant in paired meta-analyses. This is because NMA, which combines direct and 
indirect evidence, has the advantage of achieving more accurate estimates of treatment benefit than pairwise meta-analyses. fMRI 
has shown that MBE can improve the connectivity of medial hypothalamus with thalamus and amygdala in patients with FMS, 
thereby affecting neuroendocrine and immune functions.54 MBE can also reduce peripheral nociceptive inputs to central pain 
pathways, ultimately breaking the “pain cycle”55 In the long run, fibromyalgia patients may better accept MBE.

For WBV, the encouraging result was its excellent performance in improving biorhythm-related symptoms (ie, sleep 
quality and depressive mood). A previous study suggested a possible link between improved subjective sleep outcomes 
and reduced depression and restoration of plasma brain-derived neurotrophic factor (BDNF) levels in FMS patients after 
WBV intervention.56 Although the study design and analysis do not allow us to make causal inferences about the 
relationship between BDNF and the outcome variables.

SME, including dancing and exergames, requires the integration of sensory information from multiple channels (auditory, 
vestibular, visual, somatosensory), which is conducive to enhancing human stability, coordination and balance.57,58 Compared 
to aerobic exercise, SME also has a pleasurable element, which may have a positive impact on mental health, reducing 
depression and raising pain thresholds.59 Such speculation seems to be consistent with our results, which showed that SME 
performed well in reducing depression scores and ameliorating pain. However, SME did not rank high in reducing FIQ (FIQR) 
scores. Notably, with the exception of STE, the lack of direct comparisons of SME with other forms of exercise leads to an 
over-reliance on indirect comparisons for the results of NMA (Table 1). This reduces the credibility (ie evidence quality) of the 
SME’s impact on HRQOL in view of non-transitivity considerations.

Regarding SRE, this NMA demonstrated a favourable effect on all the results analyzed, although there was non-significant 
positive effect on psychiatric symptoms. Whereas a previous systematic review by Busch et al cautioned against limited evidence 
of SRE for depression,60 Vilarino et al emphasized that this type of exercise enhanced psychological health.61 The contradictions 
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may arise from the differences in the included literature. More and higher quality studies are needed in the future to confirm the 
therapeutic value of SRE.

For STE, this study showed no statistically significant effects on all secondary outcomes of interest, with the 
exception of HRQOL. STE is beneficial for reducing muscle stiffness and reducing muscle and joint viscosity, and are 
often used as part of the preparation for other forms of exercise. Therefore, some stretching of the extremities and trunk 
muscles prior to the formal exercise program is considered a helpful supplement.62

Our study was based on an extensive literature search and we assumed that vital trials were unlikely to be missed. We hope to 
ensure the integrity of the network as much as possible, but due to the quality of the data currently available, there is non- 
negligible heterogeneity in some outcomes. Even if we stepwise restrict the inclusion criteria, we believe it is unlikely to 
eliminate this problem and will lead to a reduction in the number of interventions available. The actual heterogeneity comes 
mostly from clinical heterogeneity. There was considerable heterogeneity in the characteristics of the intervention (specific 
exercise details, intensity, frequency, and duration) between studies, and different measures of pain, sleep, anxiety, and depression 
were applied across studies. HRQOL, the primary outcome of the unified FIQ or FIQR assessment, is not affected by this 
warning. Universality may also be hampered by the way in which specific forms of movement are classified. Kundakci et al 
reported that aerobic exercise and STE showed improvement in FIQ, while MBE did not increase FIQ.13 Their findings, 
however, were based on direct evidence rather than indirect evidence, and the classification of exercise was not specific enough. It 
may also be related to the larger number of studies (48 vs 28) and overall sample size (2546 vs 1487) in the current study.

There were some limitations to our study. First, we did not consider the characteristics of various exercise interven
tion, such as intensity, frequency and duration, which varied widely from study to study, making subgroup analysis 
difficult. But to flesh out the results, we analyzed overall HRQOL as well as other specific dimensions, such as pain, 
sleep, anxiety, and depression, that might be confounding factors in the effect of exercise on HRQOL. Second, regarding 
baseline characteristics, we assessed only age and sex. However, due to lack of data, other baseline characteristics were 
not evaluated, particularly the severity of FMS between studies, which may lead to bias. Third, there is no consensus on 
the optimal follow-up period for the long-term effects of exercise interventions. Since there may be some differences 
between the outcome at the end of treatment and the outcome of long-term follow-up, this study only focuses on the 
outcome at the end of treatment and establishes treatment recommendations based on short-term data only. Fourth, the 
tools used to assess efficacy vary from study to study, which may influence the pooled conclusions. Future research 
should specify the most appropriate, reliable and effective scores to avoid data fragmentation between them. Fifthly, there 
are some limitations in using P-value to estimate the rank probability of comparative efficacy between different 
interventions, and the results need to be carefully interpreted. Sixth, due to the heterogeneity of the study, only the 
results under the random-effect model were reserved, and additional large-scale RCTs with high methodological quality 
still need to be carried out and supplemented. Seventh, some small sample size studies included in the study may help 
determine heterogeneity, and caution is needed in interpreting our results.

Conclusion
Despite limited evidence, exercise interventions have clear benefits for patients with FMS, and the size of the effect 
varies depending on the type of exercise and the outcome of interest. Given the evidence currently available, MBE seems 
most promising for improving overall HRQOL in patients with FMS. SME was most promising for relieving pain, WBV 
for improving sleep, aerobic exercise for relieving anxiety and WBV for improving depression. This study can be used as 
a reference for clinicians to prescribe personalized exercise for FMS patients, that is, the choice in terms of exercise 
recommendations should be informed by evidence, but other factors such as barriers to engagement and accessibility also 
have to be recognized. In the future, further studies are needed to confirm the reliability of the conclusions of this study. 
In addition, it is important to determine the most appropriate exercise variables (intensity, frequency and duration) to 
achieve the best results for quality of life.
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