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Background: Chronic widespread pain (CWP) is a core symptom of fibromyalgia that is associated with significant morbidity and
mortality. Despite the widespread recommendation for physical activity (PA) in management, the heterogeneity of PA prescriptions
limits the in-depth evaluation of its efficacy. By triangulating clinical interventional evidence with human genetic evidence, the aim of
this study was to investigate the role of influencing factors such as PA mode, course of treatment, and intensity on PA in the prevention
and treatment of CWP.

Methods: Ten international and regional databases were searched for articles published between January 2014 and July 2024.
Randomized control trials with CWP or fibromyalgia as an entry criterion and PA as an intervention were included. Meta-analyses
were performed using fixed- or random-effects models based on heterogeneity, and subgroup analyses were conducted. Mendelian
randomization (MR) was used to estimate the effects of the genetic variants linked to PA intensity on CWP risk.

Results: The analysis included 11 studies with 540 participants. PA effectively improved pain perception (MD: —1.47; 95% CI: —2.23,
—0.72), depression (MD: —4.77; 95% CI: —7.40, —2.14), and overall quality of life (SMD: —1.43; 95% CI: —2.16, —0.69). MR analysis
revealed that several PA intensities were associated with reduced susceptibility to CWP: walking for pleasure (OR: 0.950; 95% CI:
0.934-0.966), light do-it-yourself (DIY) (OR: 0.976; 95% CI: 0.961-0.992), strenuous sports (OR: 0.923; 95% CI: 0.880-0.967), and
other exercises (OR: 0.957; 95% CI: 0.942-0.973).

Conclusion: PA interventions are beneficial for reducing pain perception and mood disorders and enhancing the quality of life of
patients with CWP. A treatment course of approximately three months is preferable, with Ba-Duan-Jin potentially more effective than
other PAs, and high-intensity PA offers the most significant protective effect against CWP.
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Introduction

Chronic widespread pain (CWP), defined by the American College of Rheumatology, lasts for at least three months in at
least four of five pain regions and affects approximately 10.6% of adults worldwide." It is twice as prevalent in females
than males, with a higher prevalence in individuals over the age of 40 years.” When accompanied by symptoms such as
fatigue and cognitive impairment, CWP often leads to a diagnosis of fibromyalgia.®> The significant impact of CWP and
fibromyalgia on individuals and society, particularly on increased mortality, underscores the need for effective
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management strategies.* However, owing to the complex and diverse pathobiology of these conditions, definitive
treatments are lacking, resulting in poor medical outcomes and increased mortality.’

Physical activity (PA), which refers to any bodily movement generated by skeletal muscles that leads to energy
expenditure, is gaining recognition as a central management strategy for chronic pain.® International guidelines advocate
PA as the cornerstone of treatment regimens for CWP.” However, the role of PA in CWP relief remains debatable. An
earlier study® reported increased pain after exercise in patients with fibromyalgia, whereas another study’ showed
reduced pressure pain thresholds during and after isometric contraction. Conversely, qualitative research'® indicated
that PA can alleviate pain-dominated symptoms, and a nine-year prospective cohort study'' demonstrated the lasting
benefits of PA on health, pain, disease impact, and quality of life in women with fibromyalgia. Systematic reviews with
meta-analyses suggest that aerobic exercise, strength, and resistance training are effective treatments for CWP,'>"?
although uncertainties remain regarding specific exercises such as stretching. Notably, even if the interventions studied
are limited to one type of exercise, the results can be variable. A recent Spanish pilot study14 found that limiting blood
flow speed was an important factor in the effectiveness of aerobic exercise in treating fibromyalgia, emphasizing the high
heterogeneity of PA in the treatment of fibromyalgia. Additionally, studies have also revealed that pain may influence or

restrict PA participation,''®

and questions persist regarding exercise intensity, frequency, and progression of PA
programs in this population. A latest qualitative evidence synthesis study'’ from the United Kingdom raised the
importance of overlooked factors such as personalization, group cohesion and emotional experience in maintaining
pain management programs for CWP, further highlighting the complexity of PA prescribing. To develop effective,
practical, and feasible PA programs for individuals with CWP, it is crucial to investigate the exercise modalities for
managing CWP.

Given the importance of developing efficient prevention and treatment strategies, evaluating the efficacy of PA in
managing CWP and exploring the impact of PA modalities are critical. Meta-analysis plays a pivotal role in summarizing
evidence, but causal inferences may be limited by study design. Therefore, this study evaluated the efficacy of PA in
treating CWP by integrating a two-sample Mendelian randomization (MR) with a systematic review and meta-analysis.
The study aimed to identify the most effective types of PA, evaluate the efficacy of different PA modes to enhance our
understanding of PA’s role in CWP treatment, and provide evidence-based support for developing more effective PA
prescriptions.

Methods

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 reporting
guidelines and adhered to the STROBE-MR guidelines for strengthening reporting in observational epidemiological
studies using Mendelian randomization. The systematic review and meta-analysis section was registered in PROSPERO
(CRD42023458054).

Search Strategy

From January 2014 to July 2024, we searched Web of Science, the Cochrane Library, PubMed (Medline), EMBASE,
Scopus, PEDro (the Physiotherapy Evidence Database), Latin American and Caribbean Health Sciences Literature, China
National Knowledge Infrastructure, Wan Fang Digital Journals, and Chinese Science and Technology Periodical

Databases. The keywords used were “physical activity”, “exercise”, “muscle strengthening”, and “chronic widespread
pain”. There were no language restrictions, and Supplementary file 1 provides a detailed PubMed search strategy.

Reviewers reached out to study authors when required.

Study Selection

The inclusion criteria were randomized control trials (RCTs) involving participants with chronic widespread pain or
fibromyalgia, without gender or nationality limitations. The interventions included various physical activities, with the
control group receiving minimal interventions. The main outcomes measured were pain (visual analog scale [VAS]),
quality of life (fibromyalgia impact questionnaire [FIQ]), and psychological issues (Beck Depression Inventory [BDI]).
The exclusion criteria were pilot studies, nonrandomized trials, duplicated publications, and studies with incomplete data.
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The qualified studies were imported into the Endnote 20 application, and duplicate studies were automatically removed.
Two authors independently screened the remaining studies based on the inclusion and exclusion criteria. The full texts of
potentially eligible articles were obtained and reviewed for a second screening, and the results were cross-checked.
Discrepancies were resolved through consensus between the two reviewers. If a decision was not reached, an additional
reviewer was added to reach agreement.

Data Extraction and Quality Assessment

A specially designed sheet was used to extract the information from the included studies. The outcomes of interest were
the extent of pain, severity of depression, and overall quality of life. The Cochrane revised risk-of-bias tool for
randomized trials (RoB 2) was used to evaluate the risk of bias in six domains, classifying studies as “low risk”,
“high risk”, or “some concerns”. The certainty of evidence for the efficacy outcomes was evaluated using the Grading of
Recommendations Assessment Development and Evaluation (GRADE). The Guideline Development Tool was used to
grade the evidence into four levels: high, moderate, low, and very low. Two authors independently used the above tools,
and any disagreements were resolved through consultation with a third investigator.

Data Synthesis and Statistical Analysis

The meta-analysis was conducted using RevMan version 5.4 (The Cochrane Collaboration, Software Update, Oxford,
United Kingdom). For the efficacy analysis of continuous variables, mean difference (MD), standardized mean difference
(SMD), and 95% confidence intervals (Cls) were employed. When the units of effect size data from all the original
studies participating in the meta-analysis were consistent, MD was applied in the quantitative analysis; otherwise, SMD
was used. Continuous variables initially presented as medians with interquartile ranges are transformed into means and
standard deviations using well-established techniques.'®'® In cases where the original articles did not include the mean
and standard deviation of changes from baseline, the data were calculated as follows:*°

Meanchange = Meangp, — Meanyaseline;

SDchange = \/ SD cetine + SDE, — (2 x Corr X SDpyseline X SDfinal) (Corr = 0.4).

The F* test was used to assess statistical heterogeneity of the results. An /* value of < 50% signifies low or moderate
heterogeneity, and a fixed-effects model can be used for the analysis. Conversely, I* > 50% suggested significant
heterogeneity, and a random-effects model was used to better deal with clinical heterogeneity. Subgroup analyses were
performed by considering various PAs, session durations, and baseline scores. Funnel plots were used to evaluate
potential publication bias when more than nine trials were included in the meta-analysis. Sensitivity analyses included
sequential exclusion of each individual trial and the use of a fixed-effects model instead of a random-effects model. All

P values were two-sided, and the results were considered statistically significant at P < 0.05.

Mendelian Randomization
This MR analysis used publicly available summary data from previous genome-wide association studies (GWAS). All
contributing studies sought informed consent from study participants.

Genetic association data for PA were derived from a GWAS involving 460,376 samples from the UK Biobank, as
analyzed by the Neale Lab (http://www.nealelab.is/uk-biobank/). PA at different intensities was defined based on self-

LEINT3

reported participation within the past four weeks. The questionnaire options included “walking for pleasure”, “other

exercises”, “strenuous sports”, “light do-it-yourself (DIY)”, “heavy DIY”, “none of the above”, and “prefer not to
answer”. Summary-level data on single nucleotide polymorphisms (SNPs) associated with CWP were obtained from
a GWAS consisting of 336,650 samples from the UK Biobank.?' Cases were defined as pain that interfered with daily
life, according to the participants’ self-reports. Supplementary file 2 provides an in-depth overview of the GWASs

analyzed in this study.
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In the present MR section, SNPs that were identified to be associated with exposure factors at the genome-wide
significance level (P < 5x1077) from GWASs and were not in linkage disequilibrium (LD) with other SNPs (r* <0.01,
within a clumping window of 10000 kb) were utilized as instruments for these PA intensities. Finally, 194 PA-associated
SNPs were included in MR analysis. Details regarding the SNPs used as instruments are provided in the Supplementary
file 3.

Two-sample inverse-variance weighted (IVW) MR analysis was conducted to estimate the causal relationship

between PA and CWP. Cochran’s Q test was used to assess heterogencity among the genetic instruments. When
heterogeneity existed (P < 0.05), a multiplicative random-effect IVW model was applied; otherwise, a fixed-effect
IVW model was utilized. MR-Egger regression and causal analysis using summary effect estimates (CAUSE) method
were utilized to assess the potential horizontal pleiotropy and correlated pleiotropy, respectively. Additionally, sensitivity
analyses were conducted using the MR-Egger regression and weighted median regression. Leave-one-out (LOO)

analysis was performed to assess whether the results remained stable after a single removal of each SNP (Figure 1).

- i)

If F > 10, the association between IV and exposure is sufficiently strong to protect the results of the MR analysis from

To prevent a potentially weak instrumental bias, the F statistic (F' was used to assess the robustness of the IVs.
a weak instrumental bias. As the SNPs used to derive instruments concerning PAs and CWP were constructed using
GWAS from the UK Biobank, bias may have been generated because of participant overlap. An established method was
applied to assess the magnitude of the bias and Type 1 error rate inflation in the analysis results.*

The MR analyses utilized the Two-Sample MR and CAUSE R packages in the R software version 4.2.2.2*% All
results are presented as odds ratios (ORs) with 95% ClIs of outcomes. Since multiple GWASs were included in this
analysis, Bonferroni correction was applied, and results with P-value < 0.008 were considered statistically significant.

Results

Search Process

The PRISMA flowchart for the systematic reviews included in Figure 1 presents the search process. This study retrieved
4397 publications from electronic databases. After automatically deleting 977 duplicates, we assessed the remaining
3420 studies by screening titles and abstracts; 2763 studies were excluded. Of the preliminarily excluded articles, 1056
were not randomized controlled trials, and 1707 were excluded because they did not focus on CWP. After examining the
full text, 352 articles were excluded because they did not use minimum intervention as the sole intervention for the
control group and 290 articles were excluded because they did not use PA therapy as the sole intervention for the
experimental group. On the other hand, three articles were removed for not having full text or original data, and one
article was removed for duplicated patients with another article.

Ultimately, 11 eligible RCTs that met the inclusion criteria were included in this meta-analysis.

Characteristics of Included Studies
A total of 540 CWP patients from 11 RCTs were included, of which 274 were allocated to the PA group and 266 to the

26-30 3132 1,>*2* one in Italy,3 > and one in

control group. Five trials were performed in Spain, two in China, two in Brazi
Iran,® respectively.

All the included studies used PAs as an experimental intervention for CWP. These exercises included resistance
training, aerobic exercise, aquatic physical training, training based on exergames, Qi gong exercises, and Ba-Duan-Jin (a
mind-body practice first developed over 5000 years ago, focusing on breathing, increasing flexibility, and strengthening
muscles and tendons®”). The studies lasted for 6-24 weeks. The duration of each exercise was 40—60 min. The follow-up
period ranged from 16 weeks to 24 weeks. The control intervention included waiting lists, education, and treatment as
usual. The main outcomes included pain, quality of life, and the severity of depression.

The main characteristics of all included RCTs were shown in Table 1.
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Figure | The overall framework of the study.

Abbreviations: RCT, randomized controlled trial; CAUSE, causal analysis using summary effect estimates; DIY, do it yourself.
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Table | Characteristic of the Included Randomized Controlled Trials

(2023), Spain®®

movement, muscle strength,

respiratory capacity

Study Sample size Mean age (years) Duration | Follow-up | Main Outcomes EG intervention CG
(weeks) (weeks) intervention
EG CG EG CG
Assumpcao et al, (2018), Brazil*? 19 16 45 7+NA 46.9tNA 12 / VAS, PPT, TPC, FIQ, SF-36 Resistance training program Usual medical
(40min/session, 24 sessions) treatment plus
waiting list
Erika et al, (2014), Italy35 21 20 52.8+10.6 51.31+6.3 10 24 VAS, PPT, FIQ, FAS, FSS, Mixed exercise consists of aerobic Usual medical
HAQ, 6MWT and resistance training (60min/ treatment
session, 20 sessions)
Izquierdo-Alventosa et al, (2020), | 16 16 53.1+8.4 55.1£7.4 8 / PCS, HADS, BDI, PSS-10, Low-intensity PE program Usual medical
Spain?® PPT, FIQR (60min/session, 16 sessions) treatment
Hernando-Garijo et al, (2021), 17 17 51.849.1 55.148.5 15 / VAS, TPC, FIQR, PCS, Aerobic exercise (50min/session, Usual medical
Spain?’ HADS, 6MWT 30 sessions) treatment
Collado-Mateo et al, (2017), 42 41 52.5+9.7 52.5+8.8 8 / FIQ, EQ-5D-5L, VAS Exergame (60min/session, 16 No additional
Spain?® sessions) intervention
Andrade et al, (2019), Brazil** 27 27 48+8 47+8 16 32 PPT, VAS, BDI, BAI, SF-36, Aquatic training (45min/session, 32 | No additional
PSQI sessions) intervention
Villafaina et al, (2019), Spain27 28 27 54.0+9.6 53.449.9 24 / EQ-5D-5L, VAS Exergame (60min/session, 48 No additional
sessions) intervention
Jiao et al, (2019), China®' 31 31 48.9+10.2 54.0+9.6 12 / VAS, FIQ, MAF, PSQI, BDI, Ba-Duan-Jin (60min/session, 24 Usual medical
TPC, PSS sessions) treatment
Norouzi et al, (2019), Iran3® 20 20 35.5+2.4 35.4+2.8 12 / N-back task, TUG, BDI Aerobic exercise (60min/session, No additional
36 sessions) intervention
Zhao (2016), China®? 22 22 49.549.2 50.4%11.0 12 / VAS, FIQ, TPC, PSQI, BDI, Ba-Duan-Jin (60min/session, 24 Usual medical
PSS sessions) treatment
Rodriguez-Mansilla, ). et al, 31 29 / / 6 / FIQ, Joint range of Qi gong exercises No additional

intervention

Abbreviations: EG, experimental group; CG, control group; VAS, visual analog scale; PPT, pressure pain threshold; TPC, tender point count; FIQ, fibromyalgia impact questionnaire; SF-36, 36-item short-form; FAS, fatigue assessment
scale; FSS, fatigue severity scale; HAQ, health assessment questionnaire; 6 MWT, six-minute walk test; PCS, pain catastrophizing scale; HADS Hospital Anxiety and Depression Scale; BDI, Beck Depression Inventory; EQ-5D-5L, five-level

EuroQol five-dimensional questionnaire; BAI, Beck Anxiety Inventory; PSQI, Pittsburgh Sleep Quality Index; TUG, Timed Up and Go test; PSS, Perceived Stress Scale.
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Quality Assessment of the Included Studies

Concerning the risk of bias in the randomization process, deviations from intended interventions, and missing outcome

28,32

data, all the included studies were at low risk. However, two studies were considered to have some concerns with

selective reporting due to the lack of protocol registration, or the actual experiment was different from the registered

28.31-33.35.36 \vere rated as some concerns” for reasons such as not

protocol. For outcome measurement, six studies
blinding the outcome assessors or obtaining data through participants’ self-reports. Overall, the risk of bias was typically

either of concern (18.2%) or low (81.8%). Detailed ratings are provided in Supplementary file 4.

Quantitative Analysis Considering the Effects on Pain Intensity

In total, eight studies with 408 patients applied the VAS to assess pain intensity. The heterogeneity test showed
heterogeneity among the eight studies (I* = 94%, P < 0.01). Therefore, a random-effects model was used for data
analysis. The meta-analysis presented in Figure 2A provides a comparison of VAS scores between the PA and control
groups. All PA interventions had a beneficial effect on reducing VAS scores (MD: —1.47; 95% CI: —2.23, —0.72; P <
0.01). As for the subgroup analysis, an 11-to-14-week intervention demonstrated the highest effect size in this analysis
(MD: —2.60; 95% CI: —2.83, —2.38; P < 0.01), while an intervention lasting for more than 15 weeks had a moderate effect
(MD: —1.31; 95% CI: —1.58, —1.05; P < 0.01). Although intervention within 10 weeks was less effective, the effect size
(MD: —0.63; 95% CI: —0.97, —0.29; P < 0.01) also suggested that PA within ten weeks effectively reduced the VAS
scores.

Five studies involving 216 participants assessed pain intensity using tender point count, of which high scores are
thought to correlate with the development of CWP.** All these studies were included in the meta-analysis. The
heterogeneity test showed heterogeneity among the five studies (I = 99%, P < 0.01). Therefore, a random-effects
model was used for data analysis. As shown in Figure 2B, PA intervention in the analyzed studies effectively reduced
TPC scores (MD: —4.11; 95% CI: —6.95, —1.26; P < 0.01). Subgroup analysis based on PA type revealed that the efficacy
of Ba-Duan-Jin in reducing the number of tender points (MD: —6.69; 95% CI: —6.97, —6.42; P < 0.01) was better than
that of PA intervention based on resistance and aerobic exercise (MD: —2.14; 95% CI: —2.53, —1.76; P < 0.01).

In addition, four studies applying pressure pain threshold as an outcome to assess pain intensity were also included in
the meta-analysis (Figure 2C). Random-effect models were used because of the high heterogeneity (I* = 91%, P < 0.01).
However, the results showed no statistically significant difference between the efficacy of PA groups and control groups
in this regard (MD: 0.60; 95% CI: —0.09, 1.30; P = 0.09). Further subgroup analyses did not identify sources of
heterogeneity.

Quantitative Analysis Considering the Effects on Overall Life Quality

In total, 9 studies with 445 patients who underwent FIQ to assess the patients’ overall quality of life were included
(Figure 3A). The heterogeneity test showed high heterogeneity among the 9 studies (I* = 91%, P < 0.01). Therefore,
a random-effects model was used for data analysis. The aggregated results showed the beneficial effects of PAs in
improving the overall quality of life of patients with CWP (SMD: —1.43; 95% CI: —2.16, —0.69; P < 0.01). As for the
analysis of the subgroups, the efficacy of the short-term intervention with a duration less than 10 weeks was relatively
weak in this regard, but still demonstrated a statistically significant advantage over the control group (SMD: —0.64; 95%
CI: —0.94, —0.35; P < 0.01). Interventions lasting for 15 weeks showed a moderate effect in reducing FIQ scores (SMD:
—1.89; 95% CI: —2.71, —1.06; P < 0.01). Despite the high heterogeneity (I* = 93%, P < 0.05) within the group of 11-
to-14-week duration, the effect size (SMD: —3.75; 95% CI: —6.18, —1.33; P < 0.01) suggested that this intervention
duration may be the most effective in improving overall quality of life.

Quantitative Analysis Considering the Effects on the Depression Severity

Five trials were included in the meta-analysis of depression because they reported BDI as an outcome (Figure 3B).
Random-effect models were used because of the high heterogeneity (I* = 83%, P < 0.01). Compared to the control group,
the PA group showed a more significant decrease in BDI scores after the intervention (MD: —4.77; 95% CI: —7.40, —2.14;
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A

Physical activity Control

1.3.1 Short exercise duration (<10 weeks)

Collado-Mateo, Daniel. et al. 2017 -0.68 0.79 42 -0.03 0.85 41
Erika Giannotti et al. 2014 -0.85 251 21 -0.58 2.32 20
Subtotal (95% CI) 63 61
Heterogeneity: Tau? = 0.00; Chi? = 0.24, df = 1 (P = 0.62); I = 0%

Test for overall effect: Z = 3.59 (P = 0.0003)

1.3.2 Medium exercise duration (11 to 14 weeks)

Assumpgdo, A. et al. 2018 -09 3.04 19 04 29 16
J. Jiao et al. 2019 -3.08 041 31 -047 0.52 31
Y.Zhao 2016 -3.38 214 22 -0.52 1.54 22

Subtotal (95% Cl) 72 69
Heterogeneity: Tau? = 0.00; Chi? = 1.89, df = 2 (P = 0.39); I = 0%
Test for overall effect: Z = 22.52 (P < 0.00001)

1.3.3 Long exercise duration (= 15 weeks)

Andrade, C. P. et al. 2018 -04 28 27 09 23 27
Hernando-Garijo, Ignacio et al. 2021 -2.15 0.4 17 -0.82 0.44 17
Villafaina, S. et al. 2019 -0.33 197 28 078 2.01 27

Subtotal (95% CI) 72 7
Heterogeneity: Tau? = 0.00; Chi? = 0.16, df = 2 (P = 0.92); I = 0%
Test for overall effect: Z = 9.62 (P < 0.00001)

Total (95% CI) 207

Heterogeneity: Tau? = 0.92; Chi? = 107.70, df = 7 (P < 0.00001); I? = 94%
Test for overall effect: Z = 3.82 (P = 0.0001)

Test for subarouo differences: Chi2 = 105.42. df = 2 (P < 0.00001). I? = 98.1%

201

B

Physical activity Control

Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random. 95% Cl

2.2.1 Baduanjin

J. Jiao et al. 2019 65 071 31 0.2 0.36 31
Y.Zhao 2016 6 296 22 05 1.84 22
Subtotal (95% Cl) 53 53

Heterogeneity: Tau? = 0.00; Chi? = 0.07, df = 1 (P = 0.79); I? = 0%
Test for overall effect: Z = 47.67 (P < 0.00001)

2.2.2 Non-Baduanjin

Assumpgdo, A. et al. 2018 -2.08 5.88 19 0.72 3 16
Erika Giannotti et al. 2014 -3.15 557 21 -15 572 20
Hernando-Garijo, Ignacio et al. 2021 -1.86 0.67 17 0.28 0.49 17

Subtotal (95% CI) 57 53
Heterogeneity: Tau? = 0.00; Chi? = 0.26, df = 2 (P = 0.88); I? = 0%
Test for overall effect: Z = 10.81 (P < 0.00001)

Total (95% CI) 110

Heterogeneity: Tau? = 9.45; Chi? = 350.58, df = 4 (P < 0.00001); I* = 99%
Test for overall effect: Z = 2.83 (P = 0.005)
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Figure 2 Meta-analysis on the effects of physical activity on pain intensity: (A) VAS Pain, (B) tender point count, and (C) pressure pain threshold.

P<0.01). Based on different baseline scores, subgroup analyses categorized studies into mild to moderate depression

(mean ranged, 8.3 to 20.6) and severe depression (mean ranged from 29.31 to 30.98). The efficacy of studies with lower
baseline scores was slightly weaker in alleviating depression (MD: —3.23; 95% CI: —3.69, —2.76; P < 0.01) than those
with high baseline scores (MD: —7.91; 95% CI: —9.79, —6.03; P < 0.01).
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Figure 3 Meta-analysis on the effects of physical activity on overall quality of life (A) and depression (B). Subgroup analyses for quality of life were based on the length of
treatment, while that for depression were based on baseline scores.

Sensitivity Analyses and the GRADE Level of Evidence
Regarding the sensitivity analyses, the change from a random-effects model to a fixed-effects model and the sequential
omission of each study had no substantial effect on the outcomes, except pressure pain threshold. The main reason may
be the small number of included articles and high heterogeneity among the studies.

The certainty of the evidence was rated for meta-analytic outcomes as moderate and moderate-to-very low for
individual study outcomes (Supplementary file 5). The main reasons for downgrading the evidence were RoB, incon-

sistency, and imprecision. We did not grade down due to publication bias, because the number of analyzed studies was
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less than ten. Indirectness was not downgraded as this review followed strict population, intervention, comparator, and
outcome eligibility criteria.

Mendelian Randomization Estimates of the Association Between Different Physical

Activity Intensities and CWP

As shown in Figure 4, PA intensity was significantly negatively associated with CWP risk. Specifically, walking for
pleasure (odds ratio [OR] = 0.950; 95% confidence interval [CI]: 0.934-0.966; P < 0.001), light DIY (OR = 0.976;
95% CI: 0.961-0.992; P = 0.003), strenuous sports (OR = 0.923; 95% CI: 0.880-0.967; P = 0.001), and other
exercises (OR = 0.957; 95% CI: 0.942-0.973; P < 0.001) are protective factors for CWP. However, not all PA
intensities were associated with CWP. From the perspective of genetic susceptibility, there is no significant causal
relationship between heavy DIY and CWP (OR = 0.971; 95% CI: 0.948-0.994; P = 0.014). At the same time, not
surprisingly, not doing any PA was identified as a predisposing contributor for the risk of CWP (OR = 1.100; 95%
CI: 1.036-1.168; P = 0.002). Detailed MR results of PAs on the risk of CWP with scatter plots and heterogeneity
and horizontal pleiotropy among genetic instruments can be found in Supplementary file 6. Notably, the CAUSE

method revealed limited evidence that the causal model fit the data better than the sharing model in the present
study, indicating that correlated pleiotropy could not be discounted (Supplementary file 7 and Supplementary
Figures 1-6).

LOO analyses suggested that the causal estimates were not driven by any single SNP (Supplementary file 8).
Additionally, the F statistics for the IVs ranged from 25.25 to 84.95, suggesting that this MR study did not have weak
instrument bias. Because the maximum sample overlap determined by the sample size was 73.13%, the corresponding

Chronic widespread pain

Exposures Method OR(95% CI) P value
Walking for IVW(FEM) (7Y 0.950 (0.934-0.966) <0.001
pleasure IVW(REM) 7Y 0.950 (0.934-0.965) <0.001
Weighted median F 0.941 (0.924-0.969) <0.001
MR Egger | —— 0.973 (0.839-1.054) 0.300
Light DIY IVW(FEM) FA 0.976 (0.961-0.992) 0.003
IVW(REM) rod 0.976 (0.960-0.993) 0.005
Weighted median 0.972 (0.950-0.995) 0.018
MR Egger 0.946 (0.892-1.005) 0.079
Heavy DIY IVW(FEM) [ ] 0.971 (0.954-0.988) <0.001
IVW(REM) 0.971 (0.948-0.994) 0.014
Weighted median - - 0.967 (0.941-0.995) 0.019
MR Egger | e o | 0.894 (0.767-1.043) 0.163
Strenuous IVW(FEM) | | 0.923 (0.880-0.967) 0.001
sports IVW(REM) A 0.923 (0.903-0.943) <0.001
Weighted median ——i| 0.935 (0.879-0.993) 0.030
MR Egger < 0.934 (0.818-1.066) 0.336
Other IVW(FEM) ol 0.957 (0.942-0.973) <0.001
exercises IVW(REM) FAd 0.957 (0.939-0.975) <0.001
Weighted median FH 0.964 (0.941-0.988) 0.004
MR Egger e 1.009 (0.917-1.110)  0.856
None of the IVW(FEM) ——i 1.106 (1.044-1.172) <0.001
above IVW(REM) 1.106 (1.078-1.134) <0.001
Weighted median —— 1.098 (1.023-1.178) 0.009
MR Egger i ® P 1.165 (0.976-1.459) 0.110
0.8 1.0 1.2 1.4

Figure 4 The putative causal effect of physical activity on chronic widespread pain.
Abbreviations: OR, odd ratio; Cl, confidence interval; FEM, fixed-effect model; REM, random-effect model; MR, Mendelian randomization; DIY, do it yourself.
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maximum type-1 error rate was 0.06 among all outcomes, suggesting that the estimated biases due to the sample overlap
were small to moderate.

Discussion

Physical activity (PA) has become an integral part of treating patients with chronic widespread pain (CWP). However, the
high variability in PA prescriptions hampers in-depth analysis of its efficacy. By combining meta-analysis and Mendelian
randomization (MR), two complementary methods, we assessed the effects of different PA modes, durations, and
intensities on CWP. The meta-analysis revealed that interventions with a moderate duration (approximately three
months), incorporating simple or progressive exercise sequences, yielded superior outcomes compared to other ther-
apeutic options. The MR analysis further suggested that intense PA (exceeding six metabolic equivalents) may exhibit the
strongest protective effect. These findings provide a foundation for clinicians to devise detailed exercise prescriptions.

Our findings align with previous reports,*'? indicating that PA is an effective intervention for patients with CWP and
fibromyalgia. Exercise-induced hypoalgesia is the most frequently cited pain-relieving effect. Muscle contraction is
thought to stimulate central downstream pain pathways and increase the release of endogenous opioids, resulting in an
analgesic effect.’ Additionally, PA is known to alleviate CWP symptoms by improving psychological disorders and
overall well-being,* consistent with our findings, highlighting PA’s effectiveness of PA through multiple pathways. The
limited follow-up data in the included studies may be attributed to PA’s self-sustaining nature of PA. As individuals
experience benefits from PA, they tend to adhere to it, potentially leading to spontanecous exercise habits post-
intervention, which can interfere with follow-up accuracy. While this limits our analysis of the long-term efficacy of
PA, it underscores the self-sustaining advantages of exercise therapy.

Regarding different PA types, our meta-analysis revealed Ba-Duan-Jin to be more effective than aerobic and
resistance training, particularly in reducing tender point count. Ba-Duan-Jin, a multicomponent therapy integrating
physical, psychosocial, cognitive, and spiritual elements,*' may exert analgesic effects by altering blood flow in the
prefrontal cortex, which is implicated in pain processing. Patients with chronic pain often exhibit reduced blood flow in
the prefrontal cortex, potentially indicating endothelial dysfunction or arterial stiffness.** Furthermore, the simplicity of
Ba-Duan-Jin movements may boost participants’ confidence and effort, leading to improved outcomes and suggesting
that progressive difficulty or a lower entry threshold may benefit inexperienced exercisers.

Subgroup analysis contributed to the further determination of the optimal PA prescription course for the treatment of
CWP. It is widely recognized that the therapeutic window for CWP and fibromyalgia is narrow, with insufficient exercise
failing to provide benefits and excessive exercise exacerbating the symptoms.** A previous meta-analysis** indicated that
a moderate-duration programof 13-24 weeks demonstrated the best efficacy. Extending this, our results further screened
for an optimal intervention regimen, revealing that a 60-minute session duration, with interventions lasting 10-15 weeks,
is more effective than longer durations in relieving pain and improving overall quality of life. Alongside existing
evidence, it appears that three months may be the critical period for peak efficacy for most PAs. The nonlinear
relationship between efficacy and session length may arise from the balance between the PA-related and induced fatigue
relief. Patients with fibromyalgia exhibit dysregulated purine, pyrimidine, and glutaminergic metabolism with elevated
systemic glutamate and glutamine levels, indicative of a fatigued state.*> Plasma glutamine levels increased during
exercise followed by a significant decrease during post-exercise recovery. If recovery between PAs is inadequate, the
acute effects of PA on plasma glutamine levels may accumulate, manifesting as exacerbation of clinical symptoms due to
overtraining. Our findings suggest that, for patients with CWP and fibromyalgia, prolonged PA at low exercise volumes
or PA prescriptions interspersed at appropriate intervals may be promising.

MR results further revealed that high-intensity PA had the greatest protective effect against CWP. Moderate to
vigorous PA has been reported to have a more pronounced anti-inflammatory effect, consistent with MR results.*®
Neutrophils are critical for the development of CWP through infiltration of the peripheral sensory ganglia, and relieving
neuroinflammation is an effective way to treat fibromyalgia.*’ It has already been observed that high-intensity exercise
reduces both neutrophil migration and adhesion molecule expression,*® which may be an important factor impeding the
initiation and progression of CWP, but the specific associations need to be further investigated. In LOO analysis, the
direction of all results was consistent, and the confidence interval for all the results was not cross the invalid line which
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Figure 5 Representative physical activities in different intensities and their effect on the risk of chronic widespread pain.
Abbreviations: DIY, do it yourself; MET, metabolic equivalent.

represents the OR value of 1, indicating the high robustness of the present MR result. However, the findings from

EEINNT3

CAUSE method indicated that only the associations between “walking for pleasure”, “other exercises” and the risk of

CWP remained unaffected by horizontal pleiotropy. Therefore, the risk of false positives due to horizontal pleiotropy
must be vigilant when interpreting the other MR results.”> Based on the MR results and previous studies,** '
representative exercises corresponding to different PA intensities were listed (evaluated by metabolic equivalents)
(Figure 5). Notably, although intense PA had the strongest protective effect, it should not be the only factor promoted.
As mentioned earlier, ease of acquisition and gradual difficulty of the PA modality are important factors for training
participants. High-intensity PA also tends to have higher dropout rates than low-intensity PA. In general, individualized
PA prescriptions that incorporate multiple factors, such as patient willingness, clinical outcomes, along with the basic and
progression of physical capacity, are recommended. Additionally, as successful initiatives such as “Fibro Friends” have
demonstrated the efficacy of multidisciplinary educational health promotion programs in treating fibromyalgia,>*
integrating PA prescription with patient education or incorporating it into multidisciplinary intervention plans is of
significance.

This study had several limitations. The lack of follow-up data in the included studies limited our ability to assess
long-term effectiveness. Additionally, the small sample sizes in most of the analyzed studies may have weakened the
statistical power of the meta-analysis; however, we mitigated the potential sources of heterogeneity through subgroup
analyses. Despite the introduction of a third-party discussion to balance the inconsistency of evaluations using the RoB 2
tool, the assessment of the quality of literature may still be somewhat biased. Furthermore, because of the limited
selection of GWASs related to similar topics, non-overlapping samples for MR analyses could not be used. Coupled with
the presence of correlational pleiotropy in the MR Analysis, estimates of causal effects can be biased toward the
observational correlation.> Finally, all participants from the analyzed GWASs were UK residents, which could limit the
generalizability of the MR results across populations with different ethnic backgrounds or from other regions. Since
routine adjustments may not fully account for sample structures influenced by socioeconomic status or geographical
factors,”* GWASs based solely on the UK population could also be a significant confounding factor in this study.

Conclusions
PA has been shown to be effective in reducing pain and depression, as well as in enhancing the overall quality of life of
people with CWP and fibromyalgia, even without specific medications. A three-month PA intervention program should
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be developed and recommended for these individuals, focusing on incorporating simple and practical movements, such as
Ba-Duan-Jin, to ensure feasibility and proactivity. Integrating a high-intensity exercise component, which is feasible for
patients, could further enhance the intervention efficacy in managing CWP. Further research is necessary to elucidate the
mechanism of action of exercise in CWP, which could lead to more targeted and effective treatment programs, ultimately
improving the quality of life of patients suffering from fibromyalgia.
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