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Abstract 

International Journal of Exercise Science 18(5): 495-530, 2025. 
https://doi.org/10.70252/DAYA4589 Chronic Fatigue Syndrome is a complex and debilitating disorder 
characterized by persistent fatigue, musculoskeletal pain, sleep disturbances, and cognitive impairments. The 
global prevalence is estimated between 0.2% and 0.4%, affecting over 17 million individuals worldwide, with an 
estimated burden exceeding 40,000 cases in Spain. Despite the exploration of exercise-based rehabilitation as a 
therapeutic strategy, its clinical efficacy remains a subject of ongoing debate. This study aims to evaluate the 
effectiveness of exercise-based rehabilitation relative to conventional treatments in improving functional capacity 
and alleviating fatigue among adults with CFS A systematic review and meta-analysis were conducted following 
PRISMA guidelines and registered in the PROSPERO database (CRD42024573955).  Searches were systematically 
performed across MEDLINE, PEDro, CINAHL, Google Scholar, Scopus, and SportDiscus, covering studies 
published between January 2010 and January 2024. Methodological quality and risk of bias, assessed using the 
validated PEDro Scale and Cochrane tool, ranged from moderate to good, with bias levels varying from low to 
high. Inclusion criteria targeted studies investigating structured therapeutic exercise interventions, including 
aerobic training, resistance exercises, and mind-body therapies. A total of 11 studies were included in the qualitative 
review, and with 7 randomized controlled trials (n = 2,276 participants) were finally incorporated in the meta-
analysis. Exercise-based interventions, including aerobic training, resistance exercises, graded exercise therapy 
(GET), mind-body therapies and multimodal programs, showed significantly significant reductions in fatigue in 
both the short term  (n = 720) SMD = −0.50; 95% CI: [−0.75, -0.24]; Z = 3.81; p < 0.001) and medium term (n = 501; 
SMD = −0.53; 95% CI: [−0.95, -0.12]; Z = 2.52; p = 0.01). Medium-term improvements in functionality were also 
significant (n = 685; SMD = 0.31; 95% CI: [0.11, 0.52]; Z = 2.96; p = 0.003), whereas short-term functionality outcomes 
were lesser compared to controls (n = 366; SMD = 0.10; 95% CI: [−0.05, 0.25]; Z = 1.29; p = 0.20). Notably, the meta-
analytic findings indicated that medium-term functional outcomes slightly favored control groups over exercise 
interventions, and no significant long-term benefits were observed in either fatigue reduction or functional capacity 
enhancement. These findings underscore the selective efficacy of exercise-based rehabilitation for CFS, particularly 
in mitigating fatigue over the short to medium term. However, the transient nature of functional improvements 
highlights the need for further research to optimize exercise protocols, determine the most effective modalities, and 
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develop strategies to sustain long-term therapeutic outcomes. While the results support exercise as a potential 
adjunctive therapy for CFS, they also emphasize the necessity of rigorous, longitudinal investigations to establish 
its clinical applicability and long-term efficacy. 
 
Keywords: Fatigue syndrome, chronic, exercise therapy, physical endurance 

Introduction 

Chronic Fatigue Syndrome (CFS), also termed Myalgic Encephalomyelitis (ME), is a debilitating 
multisystem disorder characterized by profound fatigue, musculoskeletal pain, unrefreshing 
sleep, and cognitive dysfunction.1,2 Its pathophysiology remains incompletely understood, 
though viral infections have been implicated as potential etiological factors.3,4 Despite its 
substantial burden on global health, the absence of definitive biomarkers and standardized 
diagnostic criteria continues to impede precise clinical identification and epidemiological 
characterization.5,6 CFS exhibits significant clinical overlap with fibromyalgia, with a global 
prevalence estimate ranging from 0.5% to 2%, affecting over 17 million individuals worldwide.7,8 
In Spain, the epidemiological landscape remains poorly delineated, though estimates suggest 
that more than 40,000 individuals may be afflicted.9,10 Notably, the post-COVID-19 era has 
introduced additional complexities, as emerging evidence suggests shifts in symptomatology 
and diagnostic patterns, potentially influencing the reported prevalence and clinical 
presentation of CFS.11 

A cardinal clinical feature of CFS is post-exertional malaise, a phenomenon characterized by an 
exacerbation of symptoms following minimal physical or cognitive exertion.12,13 This core 
symptom, often accompanied by fatigue, cognitive impairment, orthostatic intolerance, and 
widespread pain, significantly disrupts daily functioning and deteriorates quality of life.14,15 
Consequently, there is an urgent imperative to develop and implement efficacious therapeutic 
interventions. Emerging non-pharmacological modalities, including mindfulness-based 
practices and yoga, have demonstrated promising outcomes and cost-effectiveness when 
juxtaposed with conventional pharmacological approaches.16 Among these interventions, 
exercise-based interventions has garnered increasing attention as a potential cornerstone in the 
management of chronic fatigue and pain syndromes17, offering benefits that extend beyond 
symptom amelioration to encompass overall functional restoration and quality-of-life 
enhancement.18,19,20 

The mechanistic underpinnings of exercise therapy in CFS are hypothesized to involve multiple 
physiological pathways. Exercise has been postulated to enhance mitochondrial bioenergetics, 
augmenting cellular ATP production and mitigating bioenergetic deficits commonly observed 
in CFS.20-23 Additionally, it has been shown to attenuate systemic inflammation, thereby 
modulating chronic immune activation—a proposed contributor to disease pathogenesis.24,25 
Furthermore, exercise exerts a regulatory influence on autonomic nervous system function, 
optimizing stress resilience and cardiovascular homeostasis.26-28 From a neurophysiological 
standpoint, exercise has been demonstrated to suppress hyperactive nociceptive signaling via 
the endogenous analgesic system, facilitated by the release of β-endorphins and enkephalins, 
which inhibit nociceptive transmission at both spinal and supraspinal levels.29 Additionally, 
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neuroplastic modifications within the descending pain modulatory network—particularly 
within the periaqueductal gray and rostroventral medulla—have been implicated in the 
enhancement of endogenous pain inhibition, thereby mitigating maladaptive nociceptive 
processing in CFS.30,31 These physiological adaptations collectively contribute to reductions in 
fatigue, improvements in functional capacity, and attenuation of hyperalgesia, thereby 
underscoring the therapeutic potential of exercise-based interventions. 

Despite these mechanistic insights, the clinical application of exercise-based rehabilitation in 
CFS has been met with considerable debate and caution.18,32 Concerns regarding impaired 
physical activity tolerance and the risk of symptom exacerbation have engendered inconsistent 
implementation and patient adherence.33,34 Furthermore, existing evidence regarding the 
efficacy of exercise in ameliorating fatigue and functional impairments remains inconclusive, 
with methodological heterogeneity across studies contributing to conflicting findings.35 These 
uncertainties necessitate a comprehensive synthesis of the available literature to elucidate the 
therapeutic efficacy, safety, and clinical applicability of exercise-based rehabilitation in the 
management of CFS. 

This study aims to critically evaluate the effectiveness of exercise-based rehabilitation relative 
to conventional treatments in improving functional capacity and alleviating fatigue among 
adults with CFS. Specifically, it seeks to determine whether structured exercise interventions 
confer significant therapeutic benefits across distinct temporal phases—short-term (0–3 
months), medium-term (3–6 months), and long-term (≥ 6 months). Given the current limitations 
in sustained management strategies for CFS, this investigation addresses a critical gap in the 
literature by systematically appraising the durability and clinical viability of exercise-based 
interventions. By integrating and synthesizing the existing evidence base, this study aspires to 
delineate a more precise framework for the clinical adoption of exercise-based rehabilitation and 
to inform future research endeavors aimed at optimizing treatment paradigms for this complex 
condition. 

Research Question (PICO-T Framework) 

This research studies the following research question: In adults with CFS, is exercise-based 
rehabilitation more effective than conventional treatment in improving fatigue and functional 
capacity over the short-term (0–3 months), medium-term (3–6 months), and long-term (≥ 6 
months)?  

Methods 

Data Sources and Search Strategy 

A systematic literature review and meta-analysis were conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 
The protocol for this review was previously registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) under the registration number CRD42024573955. This 
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study was carried out in full compliance with the ethical standards of the International Journal of 
Exercise Science (IJES).36 

A systematic literature search was conducted from August 2 to September 2, 2024, to identify 
studies on the effectiveness of exercise-based rehabilitation for pain, fatigue, function, quality of 
life, cognitive disturbances, sleep, and memory in adults with CFS. The databases searched 
included MEDLINE (PubMed), PEDro Database, CINAHL Complete, SportDiscus, Scopus, and 
Google Scholar. The MEDLINE search strategy used the following terms: “Chronic fatigue 
syndrome” [MeSH] OR “Myalgic encephalomyelitis” [MeSH] OR “Exercise Therapy” [MeSH] 
OR “Sleep quality” [MeSH] OR “Exercise” [MeSH] OR “Fatigue” [MeSH] OR “Pain” [MeSH] 
OR “Memory” [MeSH] OR “Quality of life” [MeSH] OR “graded” [tw] OR “Training” [tw] OR 
“Cognitive Function” [tw] OR “Physiotherapy” [tw] OR “Functionality” [tw] OR “Exercis*” [tw] 
OR “Therap*” [tw]. Additionally, a manual search was conducted to ensure comprehensive 
inclusion of relevant studies. Similar search strategies were applied across other databases.  

Table 1. Search Strategy. A detailed overview of the systematic search strategy conducted in this PRISMA-based 
review. 

Search Date Databases Search Terms Search Equations 

2/08/24 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 
Exercise Therapy [MeSH] 

(((Chronic Fatigue Syndrome) OR 
(Myalgic Encephalomyelitis)) AND 
(Exercise Therapy)) 

03/08/24 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 
Exercise Therapy [MeSH]; graded 
[tw] 

(((Chronic Fatigue Syndrome) OR 
(Myalgic Encephalomyelitis)) AND 
(Exercise Therapy) AND (Graded)) 

16/08/24 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 
Exercise Therapy [MeSH]; Sleep 
quality [MeSH] 

(((Chronic fatigue syndrome) OR 
(Myalgic encephalomyelitis)) AND 
(Exercise Therapy)) AND (Sleep 
quality) 

19/08/24 MEDLINE 
(PubMed) 

Myalgic encephalomyelitis 
[MeSH]; Exercise [MeSH]; 
Fatigue [MeSH]; Pain [MeSH] 

(myalgic encephalomyelitis) AND 
(exercise) AND (fatigue) AND (pain) 

19/08/24 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 
Exercise Therapy [MeSH]; 
Training [tw] 

(((Chronic fatigue syndrome) OR 
(Myalgic encephalomyelitis)) AND 
(Exercise Therapy)) AND (Training) 

20/08/24 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 

(((Chronic fatigue syndrome) OR 
(Myalgic encephalomyelitis)) AND 
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Cognitive Function [tw]; 
Physiotherapy [tw] 

(Cognitive Function)) AND 
(Physiotherapy) 

20/08/24 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 
Exercise Therapy [MeSH]; 
Functionality [tw]; Pain [MeSH] 

((((Chronic fatigue syndrome) OR 
(Myalgic encephalomyelitis)) AND 
(Exercise Therapy)) AND 
(Functionality)) AND (Pain) 

22/08/24 PEDro Database Chronic fatigue syndrome 
[MeSH]; Exercis* [tw] 

Abstract and Title: chronic fatigue 
syndrome, AND exercis*, Methods: 
clinical trial, Since: 2010 

23/08/24 PEDro Database 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [MeSH]; 
Exercis* [tw]; Therapy* [tw];  

Abstract and Title: chronic fatigue 
syndrome, AND exercis* AND 
therapy*, Methods: clinical trial, 
Published Since: 2010 

25/08/24 CINAHL Complete 

Chronic fatigue syndrome 
[CINAHL Headings]; Myalgic 
Encephalomyelitis [CINAHL 
Headings]; Exercise [CINAHL 
Headings] 

("Chronic Fatigue Syndrome" 
[CINAHL Headings]) AND ("Myalgic 
Encephalomyelitis" [CINAHL 
Headings]) AND ("Exercise Therapy" 
[CINAHL Headings]) 

26/08/24 CINAHL Complete 

Chronic fatigue syndrome  
[CINAHL Headings]; Myalgic 
encephalomyelitis  [CINAHL 
Headings]; Memory  [CINAHL 
Headings]; Exercis* [tw] 

("Chronic Fatigue Syndrome" 
[CINAHL Headings]) OR ("Myalgic 
Encephalomyelitis" [CINAHL 
Headings]) AND ("Memory" 
[CINAHL Headings]) AND 
("Exercise" [CINAHL Headings] OR 
exercis* [tw]) 

26/08/24 CINAHL Complete 

Chronic fatigue syndrome 
[CINAHL Headings]; Myalgic 
encephalomyelitis [CINAHL 
Headings]; Quality of life 
[CINAHL Headings]; Exercise 
[CINAHL Headings]; Exercis* 
[tw] 

("Chronic Fatigue Syndrome" 
[CINAHL Headings]) OR ("Myalgic 
Encephalomyelitis" [CINAHL 
Headings]) AND ("Quality of Life" 
[CINAHL Headings]) AND 
("Exercise" [CINAHL Headings] OR 
exercis* [tw]) 

01/09/24 SPORTDiscus 
Chronic fatigue syndrome 
[MeSH]; Exercise Therapy 
[MeSH] 

(chronic fatigue syndrome) AND 
(exercise therapy) 

01/09/24 Scopus 
Chronic fatigue syndrome 
[MeSH]; Exercise Therapy 
[MeSH] 

"chronic fatigue syndrome" AND 
"exercise therapy" 

02/09/24 Google Scholar 
Chronic fatigue syndrome 
[MeSH]; Exercise Therapy 
[MeSH] 

(chronic fatigue syndrome) AND 
(exercise therapy) 
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02/04/25 MEDLINE 
(PubMed) 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [tw]; Systemic 
Exertion Intolerance Disease [tw]; 
Exercise [MeSH] 

("Chronic Fatigue Syndrome"[MeSH] 
OR "Myalgic 
Encephalomyelitis"[MeSH] OR 
"Systemic Exertion Intolerance 
Disease"[MeSH]) AND 
("Exercise"[MeSH] OR "Exercise"[tw]) 

05/04/25 PEDro Database 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [tw]; Systemic 
Exertion Intolerance Disease [tw]; 
Exercise [MeSH] 

Abstract and Title: chronic fatigue 
syndrome, OR myalgic 
encephalomyelitis, OR systemic 
exertion intolerance disease AND 
exercis*  

Methods: clinical trial, Published 
Since: 2010 

06/04/25 CINAHL Complete 

Chronic fatigue syndrome 
[CINAHL Headings]; Myalgic 
encephalomyelitis [CINAHL 
Headings]; Systemic Exertion 
Intolerance Disease [CINAHL 
Headings]; Exercise [CINAHL 
Headings] 

("Chronic Fatigue Syndrome" 
[CINAHL Headings]) OR ("Myalgic 
Encephalomyelitis" [CINAHL 
Headings]) OR ("Systemic Exertion 
Intolerance Disease" [CINAHL 
Headings]) AND ("Exercise" 
[CINAHL Headings]) 

07/04/25 SPORTDiscus 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [tw]; Systemic 
Exertion Intolerance Disease [tw]; 
Exercise [MeSH] 

(chronic fatigue syndrome) OR 
(myalgic Encephalomyelitis) OR 
(systemic exertion intolerance disease) 
AND (exercise) 

09/04/25 Scopus 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [tw]; Systemic 
Exertion Intolerance Disease [tw]; 
Exercise [MeSH] 

"chronic Fatigue Syndrome" OR 
"myalgic encephalomyelitis" OR  
"systemic exertion intolerance 
disease"AND "exercise"  

09/04/25 Google Scholar 

Chronic fatigue syndrome 
[MeSH]; Myalgic 
encephalomyelitis [tw]; Systemic 
Exertion Intolerance Disease [tw]; 
Exercise [MeSH] 

(chronic fatigue syndrome) OR 
(myalgic Encephalomyelitis) OR 
(systemic exertion intolerance disease) 
AND (exercise) 

Eligibility criteria 

The inclusion criteria for this study were defined as follows: (1) clinical trials employing 
randomized or non-randomized designs; (2) studies published between 2010 and January 2024; 
(3) articles available in English or Spanish; (4) full-text accessibility; (5) studies involving adult 
participants (≥18 years) of both sexes diagnosed with chronic fatigue syndrome or myalgic 
encephalomyelitis, with explicit reporting of age distribution when available; (6) inclusion of at 
least one intervention group engaged in a structured therapeutic exercise program; (7) 
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assessment of primary outcomes related to fatigue, functional capacity, and quality of life; (8) 
follow-up evaluations conducted at short-term (≤3 months), medium-term (3–6 months), and/or 
long-term (≥ 6 months) intervals; and (9) explicit documentation of participants’ age, disease 
duration, and severity classification (e.g., mild, moderate, severe) when reported. In order to 
ensure the methodological rigor and reproducibility, included studies were required to specify 
the diagnostic criteria applied for CFS or ME, as well as provide a detailed description of the 
therapeutic exercise intervention, including type, frequency, intensity, and duration. 

Study selection 

To ensure a rigorous and transparent study selection process, we adopted a dual-reviewer 
approach at every stage, adhering to best practices for systematic reviews.37,38 In this regard, two 
independent researchers (AVM and ADS) conducted the initial literature search and screened 
all retrieved articles based on their titles and abstracts. With the aim of minimizing bias and 
reduce the risk of excluding relevant studies, a third researcher (SMP) independently reviewed 
the screening results, adding an extra layer of verification. Subsequently, for the full-text 
assessment, AVM and SMP independently evaluated each publication's eligibility, engaging in 
discussions to resolve any discrepancies. In cases where consensus could not be reached, a 
fourth author (IMP) served as a referee, thereby ensuring fairness and methodological 
consistency. 

Data extraction 

Data extraction was conducted independently by two authors (AVM and ADS). In cases of 
discrepancies, both authors discussed the differences in order to reach a consensus. If 
disagreements persisted, a third author (SMP) also mediated the resolution process. For 
systematic data collection, a standardized template, structured according to the PICO 
(Population, Intervention, Comparison and Outcomes) framework was employed. Specifically, 
the extracted information included authorship, year and country of publication, study design, 
research objectives, key findings, participant characteristics (age, CFS duration, and severity 
levels), intervention and control details, measured outcomes, and study conclusions.  This 
process adhered to the guidelines of the Cochrane Handbook for Systematic Reviews of 
Interventions (version 5.1.0).39 To further enhance data reliability, the extraction table was pre-
tested on a representative subset of the included studies before its full implementation. 

Methodological Quality Assessment (PEDro Scale) 

The PEDro scale was employed to evaluate the methodological quality of the clinical trials 
included in this review.40 This scale comprises 11 items, each scored with one point, designed to 
assess whether a randomized clinical trial possesses adequate internal validity (criteria 2 to 9) 
and sufficient statistical information to render its results interpretable (criteria 10 to 11). Trials 
scoring 9 to 10 on the PEDro scale were considered to have excellent methodological quality, 
those scoring between 6 and 8 were deemed to have good methodological quality, and studies 
scoring below 4 were categorized as having poor methodological quality. 
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Risk of bias Assessment (RoB 2.0) 

The risk of bias in randomized clinical trials was assessed using the Cochrane Risk of Bias for 
Randomized Clinical Trials (RoB 2.0) tool.41 This tool evaluates the methodological approaches 
employed by researchers and rates the presence of biases in five specific domains: (1) the 
randomization process, (2) deviations from intended interventions, (3) missing outcome data, 
(4) measurement of outcomes, and (5) selection of the reported outcome. The interpretation of 
these assessments considers a low risk of bias as indicative that any bias present is unlikely to 
meaningfully alter the study results, while a high risk of bias reflects reduced confidence in the 
findings. Any disagreements among the authors were resolved through discussion, and in cases 
of contradictory assessments, the decision of a third review author (SMP) was final. 

Grade of Recommendation (GRADE) 

The certainty of the evidence was determined using the Grading of Recommendations, 
Assessment, Development and Evaluation (GRADE) framework, which evaluates evidence 
across five domains: study design, imprecision, indirectness, inconsistency, and publication 
bias42. Evidence was categorized into four levels: high quality (all domains satisfied), moderate 
quality (one domain not satisfied), low quality (two domains not satisfied), and very low quality 
(three or more domains not satisfied). 

Data Synthesis 

Meta-analyses were conducted using Review Manager (RevMan v.5.3; Cochrane Collaboration, 
Oxford, UK)43 when more than two studies reported the same outcome. For pooled analyses, 
outcome data were categorized by duration into short-term (≤ 3 months), medium-term (3-6 
months), and long-term (≥ 6 months), based on previous research frameworks. When conversion 
of units was not feasible, standardized mean differences (SMDs) were employed. Results are 
presented as SMDs with 95% confidence intervals (CIs).  

The I² statistic was used to quantify statistical heterogeneity: 0-40% as probably not important; 
30-60% as moderate heterogeneity; 50-90% as substantial heterogeneity; and 75-100% as 
considerable heterogeneity. A fixed-effect model was initially used for analysis; however, if 
substantial heterogeneity (I² > 40%) was detected, a random-effects model was applied. 

Results 

Study selection 

The study selection process, as shown in the diagram, begins with the identification of studies 
through various databases and registers. A total of 372 records were identified from MEDLINE 
(PubMed) (n = 197), CINAHL Complete (n = 64), PEDro (n = 54), Google Scholar (n = 25), 
SportDiscus (n = 21), and Scopus (n = 11). Of these, 203 duplicate records were removed before 
the initial screening. 
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Figure 1. Study Selection Diagram (PRISMA, 2020). Adapted from: Haddaway NR, Page MJ, Pritchard CC, 
McGuinness LA. PRISMA2020: An R package and Shiny app for producing PRISMA 2020-compliant flow 
diagrams, with interactivity for optimized digital transparency and Open Synthesis. Campbell Syst Rev. 
2022;18:e1230. doi: 10.1002/cl2.1230. 

In the screening phase, 169 records were reviewed after the removal of duplicates. From these, 
118 full-text reports were requested for retrieval. Fifty-one records were excluded in this initial 
phase, and 7 reports could not be retrieved. Subsequently, 44 full-text articles were assessed for 
eligibility. After this evaluation, 33 articles were excluded for not meeting the established 
inclusion criteria: 8 for inappropriate study design, 1 for being in a non-included language, 10 
for focusing on different interventions, and 14 for providing non-relevant results to the research 
question. 

In the inclusion phase, 11 studies were selected for qualitative review and 7 were included in 
the meta-analysis,44,47,48,51-54 with 4 articles45,46,49,50 excluded due to low methodological quality 
or a high risk of critical bias. Further details are provided in Figure 1. Study Selection Diagram 
(PRISMA, 2020). 

Study characteristics 

The 11 studies included in this review encompassed a range of clinical trial designs, including 5 
randomized controlled trials,46,47,48,50,52 2 prospective randomized controlled trials,45,53 2 parallel 
four-arm multicenter controlled trials,49,54 1 randomized crossover design study,45 and 1 open-
label pragmatic randomized controlled trial.44 These studies focused on populations diagnosed 
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with CFS undergoing treatments incorporating physical exercise, with a total sample size of 
2,443 patients (437 men and 2,006 women, mean age 39.84 years). 

Most studies implemented exercise interventions, primarily supervised multimodal programs, 
with walking being the most commonly utilized activity (n = 4).44,50,53,54 Other exercise 
modalities included flexibility and relaxation exercises (n = 1),53 continuous and interval cycle 
ergometer exercise (n = 1),45 Qigong exercise (n = 3),46,47,52 graded exercise therapy (GET) (n = 
4),44,49,53,54 and isometric yoga (n = 1).48 Follow-up periods varied from 25 minutes45 to 12 
months.49,53,54 

These studies were conducted across several countries, including the United Kingdom (n = 
4),44,49,53,54 China (n = 4),46,47,50,52 Japan (n = 1),48 Spain (n = 1),53 and Australia (n = 1).45 See Table 
2 for the detailed characteristics of the included studies.  

Methodological Quality Assessment (PEDro Scale) 

The methodological quality of the studies included in our review was generally considered 
good, with a mean PEDro score of 6.72 out of 10 (SD = 1.13). In assessing methodological quality, 
6 studies were identified as moderate methodological quality,44, 48,51,52,53,54 3 had acceptable 
methodological quality,45,47,49 and 2 studies were rated as having low methodological quality.46,50 
Most studies demonstrated systematic deficiencies in blinding, as none blinded either patients 
or therapists. Outcome assessors were blinded in only 2 of the studies.44,53 Further details are 
available in Table 3.  

Risk of Bias Assessment (RoB 2.0) 

The risk of bias in the included randomized clinical trials, as assessed using the ROB 2.0 tool, 
ranged from low to moderate. Analysis of specific biases revealed a high risk associated with 
deviations from intended interventions in most of the studies, primarily due to the lack of 
blinding of participants and staff (n = 8)44-50,52. Additionally, there was a high risk of bias 
concerning the blinding of outcome assessors (n = 8)44-50,52. Regarding the randomization 
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Table 2. Characteristics of the included studies.   

Author, Year Study 
Design Participants Intervention Comparison Outcomes Conclusion 

Clark et al 
(2017)44 

 
United 

Kingdom 

 
 
 
 
 

Pragmatic 
randomized 
controlled 

trial. 
Participants 

and 
therapists 
were not 
blinded. 

N=211 (M=44; 
F=167) 

 
Inclusion: Adults 
diagnosed with 

CFS based on UK 
NICE criteria (≥4 

months of 
clinically 

evaluated fatigue 
with activity 

reduction and 
associated 

symptoms). 
 

Exclusion: Under 
18, psychiatric 

conditions, 
contraindicated 
exercise, prior 

GET 

IG (N=107): 
Graded Exercise 
Therapy (GET) 

Self-help graded 
exercise program 

with standard 
medical care 

 
Protocol 

duration: 12 
weeks, daily 
sessions via 

phone/Skype 
with a 

physiotherapist 

CG (N=104): 
Standard medical 

care 
 

Protocol 
duration: 12 

weeks 

- Fatigue (Chalder Fatigue 
Questionnaire): 

● IG pre: 26.3 (4.8), 
post: 19.1 (7.6) 

● CG pre: 26.0 (4.6), 
post: 22.9 (6.9). 

● Difference: p<0.0001, 
ES=0.5 

- Physical Function (SF-36 
PF): 

 
● IG pre: 47.3 (22.2), 

post: 55.7 (23.3) 
● CG pre: 50.1 (22.6), 

post: 50.8 (25.3). 
● Difference: p=0.006, 

ES=0.2 

 
 
 
 
GET is a safe 
intervention that 
may reduce 
fatigue and, to a 
lesser extent, 
physical disability 
in CFS patients. 
Findings require 
confirmation and 
extension to other 
healthcare 
settings. 

Sandler et al 
(2016)45 

 
Australia 

 

 

 

Randomize
d crossover 

trial 

N=14 (M=5; F=9) 
 

Inclusion: Meets 
international CFS 

criteria, stable 
symptom pattern, 
regular walking 

without symptom 
exacerbation 

 

IG1 (N=14): 
Continuous 

Exercise (CONT) 
 

1 session on 
ergometer at a 

constant 
intensity of 70% 
expected max 

HR during 15-25 
minutes. 

IG2: High-
Intensity Interval 
Training (HIIT) 

(N=15) 
 

1 session of high-
intensity interval 

exercise on 
ergometer; 100s 

at 75-80% 
expected max 

- Fatigue (Fatigue and 
Energy Scale-FES): 

 
● HIIT: Pre 4.5 (1.8), 

Post 5.5 (2.1) 
● CONT: Pre 4.1 (1.7), 

Post 5.6 (1.9) 
Difference: p = 0.20 

 

 
 
HIIT did not 
exacerbate fatigue 
more than 
continuous 
exercise at a 
comparable 
workload. This 
supports the 
inclusion of HIIT 
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Exclusion: Drugs 
affecting heart 
rate, conditions 

preventing 
exercise 

 
Protocol 

duration: 2 
weeks 

HR followed by 
175 second active 
rest during 15-25 

minutes. 
 
 

Protocol 
duration: 2 

weeks 
 

CG: Crossover 
design, 

participants 
served as their 
own controls. 

Sleep Quality (modified 
PSQI): 

● IG1: pre: 2.7 (1.4), 
post: 2.9 (2.1), p=0.36 

● IG2 pre: 3.6 (2.4), 
post: 2.5 (1.4) 

Difference: p = 0.07 

in graded exercise 
therapy for CFS 
patients. 

Li et al (2015)46 

Hong Kong, 
China 

 

 

 

 

 

Prospective 
randomized 
controlled 

trial 

 

 

N=46 (M=6; 
F=40) 

Inclusion: 
Persistent, 

unexplained CFS 
not alleviated by 

rest, 
accompanied by 

more than 4 
symptoms. 

Exclusion: Over 
60 years, any 

medical 
condition. 

IG: Qigong 
exercises (N=22). 

Frequency: 
Group training 

twice a week for 
2 hours during 

the first 4 weeks; 
home exercises 3 
times per week 

for 15-30 minutes 
over 12 weeks. 

Protocol 
duration: 3 

months 

CG: Normal 
activity (N=24). 

Waitlist, 
maintaining 

usual lifestyle. 

Protocol 
duration: 3 

months 

- Fatigue (Chalder Fatigue 
Questionnaire): 

● IG pre: 41.5 (28-53), 
post: 21 (8-34) 

● CG pre: 40 (31-53), 
post: 37 (11-50) 

Difference: p=0.003. 
 

- Mental Health (12-Item 
Short-Form Health Survey): 

● IG pre: 31.49 (12.20-
49.65), post: 45.54 
(28.88-57.16) 

● CG pre: 35.63 (11.09-
49.14), post: 36.59 
(16.43-54.25) 

Difference: p=0.002. 
 

 

 

 

 

Qigong improved 
fatigue, 
psychological 
quality of life, and 
spiritual well-
being in bereaved 
individuals with 
CFS-like illness. 
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-Spiritual Well-being: 
● IG: Pre 63, Post 72 
● CG Pre 78.5, Post 68 

Difference: p = 0.013. 

 

 

 

 

 

 

 

 

Chan et al 
(2014)47 

Hong Kong, 
China 

 

Randomize
d, waitlist-
controlled 

trial. 
Participants 

were not 
blinded. 

N=150 

(M=42; F=108) 

Inclusion: 
Fatigue >6 

months with >4 
symptoms, no 

medical history 

Exclusion: Recent 
Qigong practice, 

over 50 years 

IG (N=75): 
Qigong exercise 

Protocol 
duration: 3 

months 

Frequency: 16 
group sessions of 
90 minutes, daily 
home exercises 
for 30 minutes 

CG (N=75): 
Normal activity 

Waitlist, 
maintaining ther 

lifestyle. 

Protocol 
duration: 3 

months 

-Fatigue (Chalder Fatigue 
Questionnaire): 

● IG Pre 37.4 (6.2), Post 
25.6 (12.6) 

● IG 3 months: 25.2 
(12.7) 

● CG Pre 36.4 (8.3), 
Post 32.3 (9.7) 

● CG 3 months: 31.1 
(10.9) 

Difference: p<0.001 
 

- Sleep Quality (PSQI): 
● IG pre: 10.0 (3.7), 

post: 8.2 (3.4) 
● CG pre: 10.2 (3.8), 

post: 9.5 (3.7). 
 
Difference: p=0.002 

 
-Anxiety (HADS): 

 
● IG: Pre 10.9 (3.7), 

Post 8.5 (4.0) 
● IG 3 months: 8.8 (4.4) 
● CG: Pre 11.2 (3.6), 

Post 10.4 (4.0) 
● CG 3 months: 10.2 

(4.0) 

 

 

Qigong was an 
effective and 

acceptable 
treatment for sleep 

disorders. 
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Difference: p = 0.016. 
 

- Depression (HADS): 

● IG Pre 9.4 (3.5), Post 
6.6 (3.7), 

● IG 3 months: 7.2 (4.1) 
● CG: Pre 9.5 (3.4), Post 

8.8 (3.9) 
● CG 3 months: 8.5 

(4.0) 
Difference: p < 0.001. 

 

 

 

Oka et al 
(2014)48 

Japan 

 

 

 

Randomize
d controlled 

trial 

N=30 (M=6; 
F=24). 

Inclusion: 20-70 
years old, fatigue 
causing absence 

from work, 
ability to sit for 

over 30 minutes, 
able to visit 

hospital weekly. 

Exclusion: 
Previous yoga 
practice, any 

medical 
condition. 

IG (N=15): 
Isometric Yoga + 

Conventional 
Pharmacotherap

y 

Frequency: Bi-
weekly 20-

minute sessions 
with a tutor and 

daily home 
sessions. 

Protocol 
duration: 2 

months. 

CG (N=15):  
Conventional 

Pharmacotherap
y 

Protocol 
duration: 2 

months. 

-Fatigue (Chalder Fatigue 
Scale, FS) 

 

● IG pre: 25.9 (6.1), 
post: 19.2 (7.5) 

● CG pre: 26.1 (6.2), 
post: 25.8 (5.9) 

Difference: p = 0.002 
(significant improvement in 
yoga group) 

-Fatigue (Profile of Mood 
States, POMS Fatigue Score) 

 

● IG pre: 21.9 (7.7), 
post: 13.8 (6.7) 

Difference: p < 0.001 

 

 

 

 

 

 

 

Isometric yoga as 
a complementary 
therapy is feasible 
and effective in 
relieving fatigue 
and pain. 
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-Pain (SF-8 Bodily Pain 
Subscale) 

● IG pre: 41.3 (6.7), 
post: 48.1 (7.9) 

Difference: p = 0.0001 

-Health-related Quality of 
Life (SF-8 General Health & 

Physical Component 
Summary) 

 

● General Health 
(GH) pre: 39.3 (5.3), 
post: 43.6 (6.0) (p = 
0.002) 

● Physical Component 
Summary (PCS) pre: 
35.8 (7.2), post: 40.6 
(4.7) 

Difference: p = 0.024 

 

White et al 
(2013)49 

United 
Kingdom 

 

 

 

Randomize
d, 

multicenter, 

 

 

N=640 (M=147; 
F=493). Inclusion: 
Fatigue for over 6 

months with 
more than 4 

IG1 CBT 
(N=161): 
Cognitive 
Behavioral 
Therapy 

IG2: GET 
(N=160) - 

CG (N=160): 
Specialist Medical 

Care (SMC) 

Explanation of 
CFS, self-help 

advice, and 

-Fatigue (Chalder Fatigue 
Questionnaire): 

● CBT vs APT: 3.36 
(1.64–6.88), p=0.001 

● CBT vs SMC: 3.69 
(1.77–7.69), p<0.001 

● GET vs APT: 3.38 
(1.65–6.93), p=0.001 

 

 

The study 
confirms that 
recovery from CFS 
is possible, with 
CBT and GET 
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parallel-
group trial 

symptoms, no 
medical history. 

Graded Exercise 
Therapy 

IG3: APT 
(N=159) - 

Adaptive Pacing 
Therapy. 

Protocol 
duration: 52 

weeks. 

pharmacotherap
y. 

Protocol 
duration: 52 

weeks. 

● GET vs SMC: 3.71 
(1.78–7.74), p<0.001 

● APT vs SMC: 1.10 
(0.47–2.58), p=0.83. 

being the therapies 
most likely to lead 
to recovery. 

Chan et al 
(2013)50 

Hong Kong, 
China 

 

 

 

Randomize
d, waitlist-
controlled 

trial. 
Participants 

were not 
blinded. 

 

 

 

N=137 

(M=32; F=105) 

Inclusion: CFS-
like illness based 
on CDC criteria 
(self reported 

symptoms for ≥6 
months 

 

 

IG (N=72): 
Qigong Exercise.  

 

Daily home 
training for 30 

minutes over 12 
weeks.  

Frequency: 10 
group sessions of 

2 hours over 5 
weeks. 

Protocol 
duration: 4 

months 

 

 

CG (N=65): 
Normal activity. 

Participants 
were asked not 
to attend any 

Qigong exercise 
classes during 
the protocol 

duration. 

 
Protocol 

duration: 4 
months 

-Fatigue (Chalder Fatigue 
Questionnaire):  

 
● GI: Pre 39.7 (6.6), 

Post 26.6 (13.6) 
● GC: Pre 39.8 (6.3), 

Post 33.2 (9.6) 
Difference: p<0.001  
 

-Depression (HADS): 
● GI: Pre 9.1 (2.0), Post 

7.7 (3.2) 
● GC: Pre 9.4 (2.2), Post 

9.8 (4.1) 
Difference: p <0.001 

 
-Anxiety (HADS):  

No significant differences (p 
= 0.584) 

 

 

 

 

Qigong can be 
used as an 
alternative therapy 
or rehabilitation as 
it may effectively 
reduce fatigue and 
depression. 
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Ridsdale et al 
(2012)51 

United 
Kingdom 

 

 

 

 

Randomize
d controlled 

trial 

N=222 (M=48; 
F=174). 

Inclusion: Age 
16-75, fatigue for 

more than 3 
months as the 

main symptom, 
completion of 
relevant tests. 

Exclusion: Score 
<4 on fatigue 

scale, conditions 
that could cause 

fatigue, 
psychiatric illness 

and/or 
treatment, 

inability to travel 
to hospital. 

IG1 (N=71): 
Graded Exercise 

Therapy. 

Frequency: 8 
sessions at 2-

week intervals. 

IG2: COUNS 
(N=76) - 50-

minute 
counseling 
sessions. 

Frequency: 8 
sessions at 2-

week intervals. 

Protocol 
duration: 12 

months. 

CG (N=75): 
Usual care (BUC) 
Usual medical 
care plus a self-

help CBT 
booklet. 

Protocol 
duration: 12 

months. 

- Fatigue (Chalder fatigue 
score): 

● GET: pre 24.8 (4.9), 
post (6 months) 14.6 
(8.5), post (12 
months) 14.5 (7.7) 

● COUNS: pre 24.8 
(4.7), post (6 months) 
16.2 (8.2), post (12 
months) 15.2 (8.4) 

● BUC: pre 23.4 (4.5), 
post (6 months) 15.3 
(8.0), post (12 
months) 13.8 (7.7). 

Differences: GET vs BUC: 
p=0.94; COUNS vs BUC: 
p=0.24. 

Compared to BUC, 
patients treated 
with graded 
exercise therapy or 
counseling did not 
significantly 
improve in terms 
of fatigue, 
although they 
were less 
dissatisfied after 1 
year. This 
evidence is 
generalizable both 
nationally and 
internationally. 

 

Ho et al 
(2012)52 

Hong Kong, 
China 

 

 

Randomize
d controlled 

trial 

N=64 (Male: 13; 
Female: 51) 

Inclusion Criteria: 
Adults aged 18-

55 who met CDC 
criteria for 

Chronic Fatigue 
Syndrome (CFS). 

Availability to 
participate in the 

study. 

IG: N=33 - 
Group Qigong 

training sessions 
(2 hours) and a 

home-based 
Qigong exercise 

program (30 
minutes). 

Frequency: 
Group training 
twice a week; 

CG: N=31 - 
Engaged in 

regular daily 
activities. 

Participants 
were asked not 
to attend any 

Qigong exercise 
classes during 

the study 
duration. 

- Fatigue (Chalder Fatigue 
Scale): 

● IG: Pre 39.9 (6.3), 
Post (5 weeks) 26.3 
(10.9), Post (4 
months) 21.6 (10.4) 

● CG: Pre 39.7 (6.1), 
Post (5 weeks) 34.8 
(8.0), Post (4 months) 
32.1 (8.8) 

● Difference: p < 0.001 

Qigong exercise 
can be used as an 
alternative and 
complementary 
therapy or 
rehabilitation 
program for 
chronic fatigue 
and CFS. 
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Exclusion 

Criteria: Presence 
of chronic 
limiting 

pathology or any 
condition that 
could explain 

fatigue. 

Participation in 
Qigong exercises 
within the last 6 

months. 

 

daily home 
exercises 

Protocol 
Duration:  4 

months (5 weeks 
of group 
training, 

followed by 12 
weeks of home 

exercises). 

 

Protocol 
Duration: 4 

months. 

 

- Functionality (Medical 
Outcomes Study 12-Item 

Short-Form Health Survey): 

● Physical: 
o IG: Pre 36.9 

(7.2), Post (5 
weeks) 38.4 
(6.1), Post (4 
months) 42.7 
(7.2) 

o CG: Pre 35.7 
(7.1), Post (5 
weeks) 37.5 
(8.1), Post (4 
months) 35.7 
(9.5) 

o Difference: p 
= 0.48 

● Mental: 
o IG: Pre 32.5 

(10.7), Post (5 
weeks) 43.8 
(6.9), Post (4 
months) 
0.102 (0.051) 

o CG: Pre 33.5 
(9.6), Post (5 
weeks) 34.6 
(9.6), Post (4 
months) 37.8 
(5.6) 

o Difference: p 
= 0.001 
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Núñez et al 
(2011)53 

Spain 

Prospective 
randomized 
controlled 
trial with a 

12-week 
follow-up 

N = 113 (M = 12; 
F = 101) 

IG (N = 58): 
Multidisciplinary 

treatment 
including group 
CBT, GET, and 
conventional 
symptomatic 

pharmacological 
treatment.  

 

Frequency: GET 
3 times a week 

(1-hour sessions) 

Protocol 
Duration: 3 

months  
 

CG (N = 57): 
Standard 

treatment for 
CFS; exercise 

counseling and 
conventional 
symptomatic 

pharmacological 
treatment.  

 

Protocol 
Duration:  3 

months 

-Health-Related Quality of 
Life (HRQL) (SF-36):  

Pain: 

● IG: Pre 27.09 (24.22), 
Post 21.81 (21.43), 
Difference: p = 0.838 

● CG: Pre 27.41 (19.04), 
Post 29.34 (21.58), 
Difference: p = 0.051 

Difference: p = 0.04 

Physical Functionality: 

● IG: Pre 39.69 (22.8), 
Post 32.63 (22.52), 
Difference: p = 0.004. 

● CG: Pre 40.04 (22.09), 
Post 38.28 (22.73), 
Difference: p = 0.975 

Difference: p = 0.147 

Fatigue (FIS): 

● IG: Pre 137.3 (9.6), 
Post 139.2 (8.3)  
CG: Pre 135.7 (10.5), 
Post 137.4 (10.1) 

The 
multidisciplinary 
treatment was not 
superior to the 
standard 
treatment after 12 
months in terms of 
HRQL. The 
potential benefits 
of GET as part of 
the 
multidisciplinary 
treatment for CFS 
should be 
evaluated 
individually for 
each patient. 

White et al 
(2011)54 

United 
Kingdom 

Randomize
d, 

multicenter, 
parallel, 

N = 641 (M = 145; 
F = 496) 

IG1 APT 
(N=159): 

Adaptive Pacing 
Therapy based 
on "envelope 

CG SMC 
(N=160): 
Standard 

medical care, 
including an 

-Fatigue (Chalder Fatigue 
Questionnaire): 

● APT: Pre 28.5 (4), 
Post (12 weeks) 24.2 
(6.4), Post (24 weeks) 
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four-group 
trial 

theory" provided 
by an 

occupational 
therapist.  

 

IG2: CBT 
(N=161): 
Cognitive 
Behavioral 

Therapy 
provided by a 

clinical 
psychologist or 

nurse.  
 

IG3: GET 
(N=160): Graded 
Exercise Therapy 

primarily 
conducted by 

physiotherapists.  
 

Frequency: 14 
sessions over the 

first 23 weeks; 
the first 4 

sessions were 
once a week and 
then once every 2 
weeks. A booster 

session was 

explanation of 
CFS, generic and 
specific self-help 

advice, and 
symptomatic 

pharmacotherap
y.  
 

Protocol 
duration: 12 

weeks 

23.7 (6.9), Post (52 
weeks) 23.1 (7.3) 

● CBT: Pre 27.7 (3.7), 
Post (12 weeks) 23.6 
(6.5), Post (24 weeks) 
21.5 (7.8), Post (52 
weeks) 20.3 (8.0) 

● GET: Pre 28.2 (3.8), 
Post (12 weeks) 22.8 
(7.5), Post (24 weeks) 
21.7 (7.1), Post (52 
weeks) 20.6 (7.5) 

● SMC: Pre 28.3 (3.6), 
Post (12 weeks) 24.3 
(6.5), Post (24 weeks) 
24 (6.9), Post (52 
weeks) 23.8 (6.6) 

- Fatigue (Chalder Fatigue 
Questionnaire): Difference 

(52 weeks): 

● APT vs. SMC: p=0.38 
● CBT vs. SMC: 

p=0.0001 
● GET vs. SMC: 

p=0.0003 
● GET vs. APT: 

p=0.0059 

-Physical Functionality 
(Short Form-36 Physical 

Function Subscale): 

● APT: Pre 37.2 (16.9), 
Post (12 weeks) 41.7 

CBT and GET can 
be safely added to 
standard medical 
treatment to 
moderately 
improve outcomes 
in Chronic Fatigue 
Syndrome, while 
APT is not an 
effective addition. 
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offered at 36 
weeks. 

Protocol 
duration: 12 

weeks 

(19.9), Post (24 
weeks) 43.2 (21.4), 
Post (52 weeks) 45.9 
(24.9) 

● CBT: Pre 39 (15.3), 
Post (12 weeks) 51 
(20.7), Post (24 
weeks) 54.2 (21.6), 
Post (52 weeks) 58.2 
(24.1) 

● GET: Pre 36.7 (15.4), 
Post (12 weeks) 48.1 
(21.6), Post (24 
weeks) 55.4 (23.3), 
Post (52 weeks) 57.7 
(26.5) 

● SMC: Pre 39.2 (15.5), 
Post (12 weeks) 46.6 
(20.4), Post (24 
weeks) 48.4 (23.1), 
Post (52 weeks) 50.8 
(24.7) 

-Physical Functionality 
(Short Form-36 Physical 

Function Subscale) 
Difference (52 weeks): 

● APT vs. SMC: p=0.18 
● CBT vs. SMC: 

p=0.0068 
● GET vs. SMC: 

p=0.0005 
● GET vs. APT: 

p<0.0001 
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Abbreviation. APT: Adaptive Pacing Therapy; BUC: Usual Care; CBT: Cognitive Behavioral Therapy; CDC: Centers for Disease Control and 
Prevention; CFS: Chronic Fatigue Syndrome; CG: Control Group; Chalder Fatigue Questionnaire: A tool for measuring the severity of fatigue; 
COUNS: Counseling; ES: Effect Size; F: Female; FIS: Fatigue Impact Scale; GET: Graded Exercise Therapy; GI: Group Intervention; HADS: Hospital 
Anxiety Depression Scale; HRQL: Health-Related Quality of Life; IG: Intervention Group; M: Male; N: Number of Participants; PSQI: Pittsburgh 
Sleep Quality Index; Qigong: A form of exercise involving coordinated movements, breathing, and meditation; RCT: Randomized Controlled Trial; 
SF-36: Medical Outcomes Study Short-Form; SF-36 PF: Short Form-36 Physical Function Subscale; SMC: Specialist Medical Care.
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process, a high risk of bias was noted in some studies due to inadequate concealment in the 
randomization sequence (n = 2)46,50. Further details can be found in Table 4. 

Table 3. Methodological Quality Analysis (PEDro Scale). This table presents the assessment of the methodological 
quality of the studies included in the review. Each criterion is scored as “Y” (Yes) if the study meets the criterion 
and “N” (No) if it does not. 

Author, Year Score Quality 1 2 3 4 5 6 7 8 9 10 11 
Clark et al (2017)44 8 Moderate Y Y Y Y N N Y Y Y Y Y 

Sandler et al (2016)45 6 Good Y Y N Y N N N Y Y Y Y 
Li et al (2015)46 5 Low Y Y N Y N N N Y N Y Y 

Chan et al (2014)47 6 Good Y Y Y Y N N N N Y Y Y 
Oka et al (2014)48 7 Moderate Y Y Y Y N N N Y Y Y Y 

White et al (2013)49 6 Good Y Y Y Y N N N Y Y Y N 
Chan et al (2013)50 5 Low Y Y N Y N N N Y Y Y Y 

Ridsdale et al (2012)51 8 Moderate Y Y Y Y N N N Y Y Y Y 
Ho et al (2012)52 7 Moderate Y Y Y Y N N N Y Y Y Y 

Núñez et al (2011)53 8 Moderate Y Y Y Y N N Y Y Y Y Y 
White et al (2011)54 8 Moderate Y Y Y Y N N N Y Y Y Y 

Table 4. Risk of Bias Analysis (ROB 2.0). This table presents the risk of bias evaluation for each included study, 
conducted using the Cochrane Risk of Bias 2.0 (ROB 2.0) tool.  
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Grade of Recommendation (GRADE) 

The GRADE evaluation of exercise-based rehabilitation studies in CFS patients indicates low to 
moderate quality of evidence for both physical functionality and fatigue reduction. For physical 
functionality, 5 studies involving 552 subjects were analyzed,44,49,50,53,54 while for fatigue, 8 
studies with 1,746 subjects were assessed.44-49,52,54 Both categories exhibited serious risk of bias 
and notable inconsistency, primarily due to methodological limitations such as lack of blinding 
of participants, therapists, and outcome assessors.  

However, the studies did not present serious concerns regarding indirectness, imprecision, or 
publication bias. Consequently, the recommendation for exercise-based interventions remains 
weak but favorable, supporting exercise as a viable approach for improving physical function 
and fatigue in CFS patients. Further details are available in Table 5 GRADE of Recommendation. 

Table 5.  Grade of recommendation (GRADE). This represents a summary of evidence quality and strength of 
recommendations using the GRADE system. Notes: *Risk of Bias: Some studies showed limitations in the design 
and implementation of interventions, which may introduce bias. ‡Inconsistency: Significant variations were 
observed in the study results, which may be due to differences in population, intervention, and measurement 
methods. The results presented are based on individual studies and should be interpreted with caution. The quality 
assessment and recommendation were conducted following the GRADE criteria (Grading of Recommendations 
Assessment, Development, and Evaluation). 

Outcomes 
Number of 
Studies 
(subjects) 

Risk of 
Bias 

Inconsist
ency 

Indirect
ness 

Imprec
ision 

Publication 
Bias Quality 

Grade of 
Recomme
ndation 

Physical 
Functionality 4 (n=344) Serious

* Serious‡ Not 
serious 

Not 
serious Not serious Low Weak in 

favor 

Fatigue 7 (n=1157) Low 

 
 

Not 
serious 

 
 

Not 
serious 

Not 
serious Not serious Moderat

e quality 
Weak in 
favor 

Data synthesis 

Effect size of exercise-based rehabilitation for Chronic Fatigue Syndrome in the short-
term (< 3 months). 

Our meta-analysis indicates that exercise-based programs (aerobic training, resistance exercises, 
GET, Qigong, and multimodal interventions) lead to a modest but significant reduction in 
fatigue in CFS patients. Aerobic training (20–40 min, 3–5 times/week)44,54 and resistance 
exercises (low-to-moderate load) were progressively intensified52. GET followed a structured, 
gradual increase in activity,54 while Qigong incorporated breathing and relaxation 
techniques.47,52 The studies included in this analysis were of moderate to high methodological 
quality, with a low to moderate risk of bias.44, 47, 52, 54 Despite substantial heterogeneity across 
studies (Tau² = 0.04; I² = 62%), the overall effect size remained small yet significant (n = 720, 
SMD = −0.49; 95% CI: [−0.75, -0.24]; Z = 3.81; p = 0.0001), as detailed in Figure 2. 
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Figure 2. Forest plot of the effectiveness of exercise-based rehabilitation vs control on Short-term fatigue in CFS. 

Regarding functionality, exercise-based programs showed a small, non-significant 
improvement in CFS patients. Aerobic and resistance training were performed 3–5 times per 
week, with gradual intensity progression, while GET followed a structured increase in 
activity44,52,53,54.Qigong incorporated breathing and relaxation techniques54, and multimodal 
approaches combined various methods 44,53,54. The analyzed studies were of moderate to high 
quality, with a low to moderate risk of bias 44,52,53,54 and no significant heterogeneity (Tau² = 
0.000; I² = 0%). However, the effect size was small and slightly favored the control group, though 
the difference did not reach statistical significance(n = 685, SMD = 0.09; 95% CI: [−0.05, 0.249]; Z 
= 1.29; p = 0.20). See details in Figure 3. 

Figure 3. Forest plot of the effectiveness of exercise-based rehabilitation vs control on Short-term physical 
functionality in CFS. 

Effect size of exercise-based rehabilitation for Chronic Fatigue Syndrome in the Medium-
term (3 to 6 months). 

In the medium term, exercise-based programs produced a small but significant reduction in 
fatigue among CFS patients. Aerobic training (3–5 times/week, 20–40 min/session) included 
moderate-intensity walking or cycling with progressive overload.52,54  Resistance training (2–3 
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times/week) targeted major muscle groups at low-to-moderate intensity52 while GET followed 
a structured, gradual increase in activity, adjusting intensity was needed to avoid post-
exertional malaise.51,54 Qigong (2–4 times/week, 30–60 min/session) integrated slow 
movements, breathing control, and meditation to enhance relaxation.42,52 The studies included 
in this analysis were of moderate to high methodological quality and presented a low to 
moderate risk of bias,48,51,52,54 although significant heterogeneity was observed (Tau² = 0.12; I² = 
73%). The effect size was small (n = 501, SMD = −0.53; 95% CI: [−0.947, -0.119]; Z = 2.52; p = 0.01) 
is in detailed in Figure 4. 

Figure 4. Forest plot of the effectiveness of exercise-based rehabilitation vs control on Medium-term fatigue in CFS. 

However, exercise therapy did not show improvement in functionality compared to 
conventional treatments in the medium term. The interventions included aerobic training (3–5 
times/week, 20–40 min/session), resistance exercises and graded exercise therapy to enhance 
tolerance.52,54 The studies analyzed were of moderate to high quality with a low to moderate risk 
of bias52,54 and no significant heterogeneity was detected (Tau² = 0.00; I² = 0%). The effect size 
for functionality was small (n = 366, SMD = 0.31; 95% CI: [0.105, 0.517]; Z = 2.96; p = 0.003). More 
details in Figure 5. 

Figure 5. Forest plot of the effectiveness of exercise-based rehabilitation vs control on Medium-term physical 
functionality in CFS. 



Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
521 

Effect size of exercise-based rehabilitation for Chronic Fatigue Syndrome in the Long-
Term (≥ 6 months). 

For long-term outcomes, exercise programs did not show a significant effect on reducing fatigue 
in patients with CFS compared to control treatments. Interventions included aerobic training (3–
5 times/week, 20–40 min/session, moderate intensity),53,54 resistance exercises (low-to-
moderate intensity, 2–3 times/week),53 and GET with a structured, gradual increase in activity 
to improve tolerance.51,54 Multimodal programs combined different approaches for 
comprehensive rehabilitation.51,53 The studies analyzed were of moderate to high 
methodological quality, with a low to moderate risk of bias, and exhibited substantial 
heterogeneity (Tau² = 0.12; I² = 83%)51,53,54 The effect size was small and not statistically 
significant (n = 531, SMD = −0.07; 95% CI: [−0.517, 0.365]; Z = 0.34; p = 0.74), as detailed in Figure 
6. 

Figure 6. Forest plot of the effectiveness of exercise-based rehabilitation vs control on Long-term fatigue in CFS. 

Similarly, no significant improvements in functionality were observed with exercise programs 
in the long term compared to conventional treatments. For long-term outcomes, exercise 
programs did not show a significant effect on reducing fatigue in CFS patients compared to 
control treatments. Aerobic training was prescribed at moderate intensity (50–70% VO₂ max), 
3–5 times per week, with sessions lasting 20–40 minutes, progressively increasing based on 
patient tolerance.53,54 Resistance exercises targeted major muscle groups using low-to-moderate 
loads (30–50% 1RM), performed 2–3 times per week, with 2–3 sets of 8–12 repetitions per 
exercise.53  The studies reviewed were of moderate to high quality, with a low to moderate risk 
of bias, and significant heterogeneity (Tau² = 0.11; I² = 82%).53,54 The effect size for functionality 
was also small and did not reach statistical significance (n = 421, SMD = 0.03; 95% CI: [−0.473, 
0.536]; Z = 0.12; p = 0.90), as depicted in Figure 7. 
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Figure 7. Forest plot of the effectiveness of exercise-based rehabilitation vs control on Long-term physical 
functionality in CFS.  

Discussion 

The findings of this meta-analysis highlight the potential of exercise-based rehabilitation to 
alleviate fatigue in CFS, particularly in the short and medium terms. However, the limited 
impact on functionality and the progressive decline in benefits over time underscore the need 
for a more comprehensive and sustained approach to rehabilitation in this population. While 
structured exercise interventions can provide initial symptomatic relief, their long-term 
effectiveness remains uncertain, raising questions about the sustainability of these benefits and 
the need for adjunctive strategies. 

The early-phase improvements in fatigue observed align with existing evidence suggesting that 
graded exercise can enhance mitochondrial function, improve lactate metabolism, and optimize 
neuromuscular efficiency, all of which are impaired in CFS.55-57 Furthermore, the potential role 
of psychological mechanisms cannot be overlooked, as gradual exposure to physical activity has 
been associated with improved autonomic regulation58,59 and reduced stress-related symptom 
exacerbation.60  

However, these physiological and psychological adaptations do not appear to translate into 
significant functional gains, suggesting that fatigue reduction alone may not be sufficient to 
restore overall physical performance in CFS patients. This discrepancy highlights the complex 
and multifactorial nature of the syndrome, in which persistent neuroinflammation,61,62 
metabolic dysfunction,63 and autonomic dysregulation64 contribute to activity limitations 
beyond the effects of fatigue itself. 

Despite the continued benefits of exercise on fatigue reduction in the medium term, the 
heterogeneity of responses suggests that factors such as adherence, symptom variability, and 
differences in exercise protocols influence outcomes among patients with chronic 
musculoskeletal diseases.65,66 Moreover, the lack of significant functional improvements raises 
concerns about whether physical training alone an adequate intervention for this population is.   

Interestingly, the findings of our meta-analysis suggest that functionality outcomes may even 
favor the control group in the medium term, a result that could be attributed to the inclusion of 
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alternative strategies such as symptom management education,67 pacing techniques,68 and 
cognitive-behavioral approaches within the control interventions.69 Given the central role of 
post-exertional malaise in CFS, these findings further emphasize the need for rehabilitation 
programs that carefully balance physical activity with appropriate recovery periods to prevent 
symptom exacerbation.70,71 

The decline in the effectiveness of exercise interventions in the long term raises important 
considerations regarding the sustainability of rehabilitation strategies for CFS. The progressive 
reduction in the benefits of exercise is consistent with findings in other chronic conditions, 
where initial gains are often lost over time unless reinforced through periodic engagement.72,73 
This can be explained by the lack of adherence to exercise programs,74,75 particularly in 
populations with fluctuating symptom severity and a high risk of lasting fatigue. Furthermore, 
the underlying pathophysiology of CFS—including chronic neuroimmune activation77 and 
metabolic disturbances78—suggests that a single intervention approach may be insufficient to 
provide lasting improvements. These findings support the growing consensus that multimodal 
interventions, rather than exercise alone, are needed to achieve meaningful and sustained 
benefits in CFS management.79 

In this sense, the implementation of individualized and graded booster sessions—periodic follow-
ups allow enhancing adherence and prevents symptom relapse.80 It is supported by evidence 
from chronic pain and fatigue-related conditions,81 where long-term rehabilitation success has 
been linked to continued patient engagement and structured reinforcement of behavioral 
strategies.82 Furthermore, given that CFS shares pathophysiological mechanisms with chronic 
pain syndromes, such as altered central sensitization83 and dysfunctional energy metabolism,84 
it is reasonable to hypothesize that a similar approach could enhance the long-term efficacy of 
exercise rehabilitation in this population.  

Moreover, the implementation of booster sessions could serve multiple functions beyond 
maintaining adherence. Periodic supervision would allow for ongoing adjustments to exercise 
prescriptions based on individual symptom trajectories, thereby minimizing the risk of 
persistent fatigue while optimizing functional adaptations.44,68,84 Additionally, they can provide 
an opportunity to integrate complementary interventions, such as pacing education, cognitive 
restructuring techniques, and self-management strategies, which have been shown to improve 
long-term outcomes in CFS and related conditions.85,86  

Limitations 

This meta-analysis has several limitations. A high degree of heterogeneity was observed across 
studies, particularly in short- and medium-term fatigue outcomes, likely due to differences in 
exercise type, duration, and adherence. Methodological concerns, including lack of blinding and 
deviations from planned interventions, increased the risk of bias. Follow-up durations were 
limited, with long-term effects showing no significant benefits, suggesting that adherence and 
reinforcement sessions may be crucial. 
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The generalizability of the findings is further restricted by the low number of studies included, 
alongside variability in participant characteristics and study locations. Additionally, 
inconsistent reporting of adverse events limits the ability to assess safety accurately. The 
GRADE evaluation rated the quality of evidence as low to moderate, leading to a weak 
recommendation for exercise in the management of CFS. Future research should focus on 
improving study design, assessing long-term adherence, and standardizing adverse event 
reporting. 

Implications for clinical practice 

The findings of this meta-analysis suggest that exercise-based rehabilitation provides a modest 
but significant reduction in fatigue among patients with CFS, particularly in the short and 
medium terms. While functionality improvements remain limited, structured exercise programs 
seem to be an essential component of symptom management. In clinical practice, implementing 
individualized, gradually progressive exercise interventions can enhance patient outcomes.  

However, given the diminishing long-term effects, integrating multimodal strategies such as 
cognitive-behavioral therapy, relaxation techniques, and lifestyle modifications is crucial. 
Clinicians should emphasize patient education, pacing strategies, and sustained engagement in 
tailored rehabilitation programs to optimize long-term benefits while minimizing post-
exertional malaise. A multidisciplinary approach remains key in addressing the complex and 
multifaceted nature of CFS. 

This meta-analysis suggests that exercise-based rehabilitation moderately reduces fatigue in 
CFS patients in the short and medium term but has minimal impact on functionality and no 
sustained long-term benefits. High heterogeneity and methodological limitations weaken the 
strength of the evidence, leading to a weak recommendation for exercise as a standalone 
treatment. Future research should refine intervention strategies and ensure rigorous 
methodological standards to improve long-term effectiveness and safety. 

References 

1. Arron HE, Marsh BD, Kell DB, Khan MA, Jaeger BR, Pretorius E. Myalgic Encephalomyelitis/Chronic Fatigue 
Syndrome: the biology of a neglected disease. Front Immunol. 2024;15:1386607. 
https://doi.org/10.3389/fimmu.2024.1386607. 

2. Bateman L, Bested AC, Bonilla HF, Chheda BV, Chu L, Curtin JM, et al. Myalgic encephalomyelitis/chronic 
fatigue syndrome: Essentials of diagnosis and management. Mayo Clin Proc. 2021;96:2861-2878. 
https://doi.org/10.1016/j.mayocp.2021.09.004. 

3. Hanson MR. The viral origin of myalgic encephalomyelitis/chronic fatigue syndrome. PLoS Pathog. 
2023;19(8):e1011523. https://doi.org/10.1371/journal.ppat.1011523. 

4. Rasa-Dzelzkaleja S, Krumina A, Capenko S, et al. The persistent viral infections in the development and severity 
of myalgic encephalomyelitis/chronic fatigue syndrome. J Transl Med. 2023;21:33. https://doi.org/10.1186/s12967-
023-03887-0. 

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033


Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
525 

5. Steiner S, Schoenlinner V, Sotzny F, Meeus M, Visser J, Ruprecht K, et al. Understanding, diagnosing, and treating 
myalgic encephalomyelitis/chronic fatigue syndrome – State of the art: Report of the 2nd international meeting at 
the Charité Fatigue Center. Autoimmun Rev. 2023;22:103452. https://doi.org/10.1016/j.autrev.2023.103452. 

6. Smith MEB, Nelson HD, Haney E, Pappas M, Daeges M, Wasson N, et al. Treatment of myalgic 
encephalomyelitis/chronic fatigue syndrome: A systematic review for a National Institutes of Health pathways to 
prevention workshop. Ann Intern Med. 2015;162:841-850. https://doi.org/10.7326/M15-0114. 

7. Pheby DFH, Araja D, Berkis U, Brenna E, Cullinan J, De Korwin JD, et al. Turning a corner in ME/CFS research. 
Medicine (Kaunas). 2021;57:1012. https://doi.org/10.3390/medicina57101012. 

8. Goldenberg DL, Simms RW, Geiger A, Komaroff AL. High frequency of fibromyalgia in patients with chronic 
fatigue seen in a primary care practice. Arthritis Rheum. 1990;33:381-387. https://doi.org/10.1002/art.1780330313. 

9. Regal Ramos RJ. Epidemiological differences between patients with chronic fatigue syndrome and fibromyalgia 
evaluated at the Medical Unit for the Assessment of Disabilities in Madrid. Med Segur Trab. 2016;62:360-367. 
https://doi.org/10.4321/S0465-546X2016000400004. 

10. Castro-Marrero J, Saez-Francas N, Santillo D, Alegre J. Treatment and management of chronic fatigue 
syndrome/myalgic encephalomyelitis: All roads lead to Rome. Br J Pharmacol. 2017;174:345-369. 
https://doi.org/10.1111/bph.13702. 

11. Sepúlveda N, Westermeier F. On the prevalence of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome after 
a SARS-CoV-2 infection. J Infect. 2024 Dec;89(6):106353. https://doi.org/10.1016/j.jinf.2024.106353. 

12. Noor N, Urits I, Degueure A, Rando L, Kata V, Cornett EM, et al. A comprehensive update of the current 
understanding of chronic fatigue syndrome. Anesth Pain Med. 2021;11. https://doi.org/10.5812/aapm.11987. 

13. Deumer US, Varesi A, Floris V, Savioli G, Mantovani E, López-Carrasco P, Rosati GM, Prasad S, Ricevuti G. 
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS): An Overview. J Clin Med. 2021 Oct 
19;10(20):4786. https://doi.org/10.3390/jcm10204786.  

14. Rowe PC, Underhill RA, Friedman KJ, Gurwitt A, Medow MS, Schwartz MS, et al. Myalgic 
encephalomyelitis/chronic fatigue syndrome diagnosis and management in young people: A primer. Front Pediatr. 
2017;5:121. https://doi.org/10.3389/fped.2017.00121. 

15. Castro-Marrero J, Santillo D, Alegre J. Cognitive impairment in chronic fatigue syndrome: A review of 
neuropsychological and neuroimaging studies. Neurología (Engl Ed). 2021;36:136-144. 
https://doi.org/10.1016/j.nrleng.2019.08.002. 

16. Li Y, Zhang B, Zhang C, Zhao W. Is there a role for traditional and complementary medicines in managing 
chronic fatigue? A systematic review of randomized controlled trials. Front Pharmacol. 2023;14:1092480. 
https://doi.org/10.3389/fphar.2023.1092480. 

17. Ambrose KR, Golightly YM. Physical exercise as non-pharmacological treatment of chronic pain: Why and 
when. Best Pract Res Clin Rheumatol. 2015;29:120-130. https://doi.org/10.1016/j.berh.2015.04.001. 

18. Larun L, Brurberg KG, Odgaard-Jensen J, Price JR. Exercise therapy for chronic fatigue syndrome. Cochrane 
Database Syst Rev. 2024 Dec 19;12(12):CD003200. https://doi.org/10.1002/14651858.CD003200.pub9. 

19. Rice D, Nijs J, Kosek E, Wideman T, Hasenbring MI, Koltyn K, et al. Exercise-induced hypoalgesia in pain-free 
and chronic pain populations: State of the art and future directions. J Pain. 2019;20:1249-1266. 
https://doi.org/10.1016/j.jpain.2019.03.005. 

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033


Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
526 

20. Jones DE, Hollingsworth KG, Jakovljevic DG, Fattakhova G, Pairman J, Blamire AM, Trenell MI, Newton JL. 
Loss of capacity to recover from acidosis on repeat exercise in chronic fatigue syndrome: a case-control study. Eur 
J Clin Invest. 2012 Feb;42(2):186-94. https://doi.org/10.1111/j.1365-2362.2011.02567.x. 

21. Fernandez-Guerra P, Gonzalez-Ebsen AC, Boonen SE, Courraud J, Gregersen N, Mehlsen J, Palmfeldt J, Olsen 
RKJ, Brinth LS. Bioenergetic and Proteomic Profiling of Immune Cells in Myalgic Encephalomyelitis/Chronic 
Fatigue Syndrome Patients: An Exploratory Study. Biomolecules. 2021 Jun 29;11(7):961. 
https://doi.org/10.3390/biom11070961.  

22. Haunhorst S, Dudziak D, Scheibenbogen C, et al. Towards an understanding of physical activity-induced post-
exertional malaise: Insights into microvascular alterations and immunometabolic interactions in post-COVID 
condition and myalgic encephalomyelitis/chronic fatigue syndrome. Infection. 2025;53:1–13. 
https://doi.org/10.1007/s15010-024-02386-8. 

23. Baraniuk JN, Kern G, Narayan V, Cheema A. Exercise modifies glutamate and other metabolic biomarkers in 
cerebrospinal fluid from Gulf War Illness and Myalgic encephalomyelitis / Chronic Fatigue Syndrome. PLoS One. 
2021 Jan 13;16(1):e0244116. https://doi.org/10.1371/journal.pone.0244116.  

24. Nijs J, Nees A, Paul L, De Kooning M, Ickmans K, Meeus M, Van Oosterwijck J. Altered immune response to 
exercise in patients with chronic fatigue syndrome/myalgic encephalomyelitis: a systematic literature review. Exerc 
Immunol Rev. 2014;20:94-116. 

25. Loy BD, O’Connor PJ, Dishman RK. Effect of acute exercise on fatigue in people with ME/CFS/SEID: A meta-
analysis. Med Sci Sports Exerc. 2016 Oct;48(10):2003–2012. https://doi.org/10.1249/MSS.0000000000000990. 

26. Sisto SA, LaManca J, Cordero DL, Bergen MT, Ellis SP, Drastal S, Boda WL, Tapp WN, Natelson BH. Metabolic 
and cardiovascular effects of a progressive exercise test in patients with chronic fatigue syndrome. Am J Med. 1996 
Jun;100(6):634-40. https://doi.org/10.1016/s0002-9343(96)00041-1. 

27. Wyller VB, Saul JP, Walløe L, et al. Sympathetic cardiovascular control during orthostatic stress and isometric 
exercise in adolescent chronic fatigue syndrome. Eur J Appl Physiol. 2008;102(6):623–632. 
https://doi.org/10.1007/s00421-007-0634-1. 

28. Malfliet A, Pas R, Brouns R, De Win J, Hatem SM, Meeus M, Ickmans K, van Hooff RJ, Nijs J. Cerebral Blood 
Flow and Heart Rate Variability in Chronic Fatigue Syndrome: A Randomized Cross-Over Study. Pain Physician. 
2018 Jan;21(1):E13-E24. https://doi.org/10.36076/ppj.2018.1.E13 

29. Martín Pérez SE, Fernández Carnero J, Sosa Reina MD. Mecanismos y efectos terapéuticos de la terapia manual 
ortopédica. En: Quevedo García A, Alonso Sal A, Alonso Pérez JL, editores. Terapia Manual Ortopédica en el 
tratamiento del dolor. Madrid: Elsevier España; 2022. p. 87-110. 

30. Baraniuk JN, Amar A, Pepermitwala H, Washington SD. Differential Effects of Exercise on fMRI of the Midbrain 
Ascending Arousal Network Nuclei in Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) and Gulf 
War Illness (GWI) in a Model of Postexertional Malaise (PEM). Brain Sci. 2022 Jan 
5;12(1):78.https://doi.org/10.3390/brainsci12010078.  

31. Oosterwijck JV, Marusic U, De Wandele I, Paul L, Meeus M, Moorkens G, Lambrecht L, Danneels L, Nijs J. The 
Role of Autonomic Function in Exercise-induced Endogenous Analgesia: A Case-control Study in Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome and Healthy People. Pain Physician. 2017 Mar;20(3):E389-E399. 
https://doi.org/10.36076/ppj.2017.E399 

32. Avellaneda Fernández A, Pérez Martín Á, Izquierdo Martínez M. Síndrome de fatiga crónica: Documento de 
consenso. Aten Primaria. 2009 Oct;41(10):529-531. https://doi.org/10.1016/j.aprim.2009.06.013.  

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.36076/ppj.2018.1.E13
https://doi.org/10.70252/FJTF9033
https://doi.org/10.36076/ppj.2017.E399
https://doi.org/10.70252/FJTF9033


Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
527 

33. Black CD, O'Connor PJ, McCully KK. Increased daily physical activity and fatigue symptoms in chronic fatigue 
syndrome. Dyn Med. 2005 Mar 3;4:3. https://doi.org/10.1186/1476-5918-4-3.  

34. Cook DB, Light AR, Light KC, Broderick G, Shields MR, Dougherty RJ, Meyer JD, VanRiper S, Stegner AJ, 
Ellingson LD, Vernon SD. Neural consequences of post-exertion malaise in Myalgic Encephalomyelitis/Chronic 
Fatigue Syndrome. Brain Behav Immun. 2017 May;62:87-99. https://doi.org/10.1016/j.bbi.2017.02.009. 

35. Cella M, Chalder T, White PD. Does the heterogeneity of chronic fatigue syndrome moderate the response to 
cognitive behaviour therapy? An exploratory study. Psychother Psychosom. 2011;80(6):353-8. 
https://doi.org/10.1159/000327582. 

36. Navalta JW, Stone WJ, Lyons TS. Ethical issues relating to scientific discovery in exercise science.  Int J Exerc Sci. 
2019; 12(1): 1-8. https://doi.org/10.70252/EYCD6235 

37. Stoll CRT, Izadi S, Fowler S, Green P, Suls J, Colditz GA. The value of a second reviewer for study selection in 
systematic reviews. Res Synth Methods. 2019 Jul 18;10(4):539–45.  https://doi.org/10.1002/jrsm.1369 

38. Waffenschmidt S, Knelangen M, Sieben W, Bühn S, Pieper D. Single screening versus conventional double 
screening for study selection in systematic reviews: a methodological systematic review. BMC Med Res Methodol. 
2019 Jun 28;19(1):132. https://doi.org/10.1186/s12874-019-0782-0. 

39. Higgins JPT, Green S, editors. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0. The 
Cochrane Collaboration; 2011. 

40. Maher CG, Sherrington C, Herbert RD. Reliability of the PEDro scale for rating quality of randomized controlled 
trials. Phys Ther. 2003;83:713-721. https://doi.org/10.1093/ptj/83.8.713. 

41. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The Cochrane Collaboration’s tool for 
assessing risk of bias in randomized trials. BMJ. 2011;343. https://doi.org/10.1136/bmj.d5928. 

42. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence and 
strength of recommendations. BMJ. 2008;336(7650):924-926. https://doi.org/10.1136/bmj.39489.470347.AD. 

43. Cochrane Collaboration. Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen: The Nordic 
Cochrane Centre; 2014. 

44. Clark LV, Pesola F, Thomas JM, Vergara-Williamson M, Beynon M, White PD. Guided graded exercise self-help 
plus specialist medical care versus specialist medical care alone for chronic fatigue syndrome (GETSET): A 
pragmatic randomised controlled trial. Lancet. 2017;390:363-373. https://doi.org/10.1016/S0140-6736(17)31266-3. 

45. Sandler CX, Lloyd AR, Barry BK, Bernhardt LA, Vollmer-Conna U. Fatigue exacerbation by interval or 
continuous exercise in chronic fatigue syndrome. Med Sci Sports Exerc. 2016;48:1875-1885. 
https://doi.org/10.1249/MSS.0000000000000986. 

46. Li J, Chan JS, Chow AY, Yuen LP, Chan CL. From Body to Mind and Spirit: Qigong Exercise for Bereaved 
Persons with Chronic Fatigue Syndrome-Like Illness. Evid Based Complement Alternat Med. 2015;2015:631410. 
https://doi.org/10.1155/2015/631410. 

47. Chan JS, Ho RT, Chung KF, et al. Qigong exercise alleviates fatigue, anxiety, and depressive symptoms, 
improves sleep quality, and shortens sleep latency in persons with chronic fatigue syndrome-like illness. Evid Based 
Complement Alternat Med. 2014;2014:106048. https://doi.org/10.1155/2014/106048. 

48. Oka T, Wakita Y, Kimura M, Fukumori N, Hiratsuka K, Yamamoto Y, et al. Isometric yoga improves the fatigue 
and pain of patients with chronic fatigue syndrome who are resistant to conventional therapy: A randomized, 
controlled trial. Biopsychosoc Med. 2014;8:1-12. https://doi.org/10.1186/1751-0759-8-27. 

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.1159/000327582
https://doi.org/10.70252/EYCD6235
https://doi.org/10.70252/FJTF9033
https://doi.org/10.1002/jrsm.1369
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033


Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
528 

49. White PD, Goldsmith KA, Johnson AL, Potts L, Walwyn R, DeCesare JC, et al. Recovery from chronic fatigue 
syndrome after treatments given in the PACE trial. Psychol Med. 2013;43:2227-2235. 
https://doi.org/10.1017/S0033291713000020. 

50. Chan JS, Ho RT, Wang CW, Yuen LP, Sham JS, Chan CL. Effects of qigong exercise on fatigue, anxiety, and 
depressive symptoms of patients with chronic fatigue syndrome-like illness: a randomized controlled trial. Evid 
Based Complement Alternat Med. 2013;2013:485341. https://doi.org/10.1155/2013/485341. 

51. Ridsdale L, Hurley M, King M, McCrone P, Donaldson N. The effect of counselling, graded exercise and usual 
care for people with chronic fatigue in primary care: a randomized trial. PsycholMed.2012;42(10):2217-2224. 
https://doi.org/10.1017/S0033291712000256. 

52. Ho RT, Chan JS, Wang CW, et al. A randomized controlled trial of qigong exercise on fatigue symptoms, 
functioning, and telomerase activity in persons with chronic fatigue or chronic fatigue syndrome. Ann Behav Med. 
2012;44(2):160-170. https://doi.org/10.1007/s12160-012-9381-6. 

53. Núñez M, Fernández-Solà J, Nuñez E, Fernandez-Huerta JM, Godas-Sieso T, Narvaez J. Health-related quality 
of life in patients with chronic fatigue syndrome: Group cognitive behavioural therapy and graded exercise versus 
usual treatment. A randomized controlled trial with 1 year of follow-up. Clin Rheumatol. 2011;30:381-389. 
https://doi.org/10.1007/s10067-010-1589-y. 

54. White PD, Goldsmith KA, Johnson AL, et al. Comparison of adaptive pacing therapy, cognitive behaviour 
therapy, graded exercise therapy, and specialist medical care for chronic fatigue syndrome (PACE): a randomised 
trial. Lancet. 2011;377(9768):823-836. https://doi.org/10.1016/S0140-6736(11)60096-2. 

55. Holden S, Maksoud R, Eaton-Fitch N, et al. A systematic review of mitochondrial abnormalities in myalgic 
encephalomyelitis/chronic fatigue syndrome/systemic exertion intolerance disease. J Transl Med. 2020;18:290. 
https://doi.org/10.1186/s12967-020-02452-3. 

56. Missailidis D, Annesley SJ, Fisher PR. Pathological Mechanisms Underlying Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome. Diagnostics (Basel). 2019 Jul 20;9(3):80. 
https://doi.org/10.3390/diagnostics9030080. 

57. Jeppesen TD, Madsen KL, Poulsen NS, Løkken N, Vissing J. Exercise Testing, Physical Training and Fatigue in 
Patients with Mitochondrial Myopathy Related to mtDNA Mutations. J Clin Med. 2021 Apr 20;10(8):1796. 
https://doi.org/10.3390/jcm10081796. 

58. Michaeli Izak E, Kodesh E, Weissman-Fogel I. Vagal tone, pain sensitivity and exercise-induced hypoalgesia: 
The effect of physical activity level. Eur J Pain. 2024 Oct;28(9):1524-1535. https://doi.org/10.1002/ejp.2275. 

59. Lujan HL, DiCarlo SE. Physical activity, by enhancing parasympathetic tone and activating the cholinergic anti-
inflammatory pathway, is a therapeutic strategy to restrain chronic inflammation and prevent many chronic 
diseases. Med Hypotheses. 2013 May;80(5):548-52.https://doi.org/10.1016/j.mehy.2013.01.014. 

60. Geneen LJ, Moore RA, Clarke C, Martin D, Colvin LA, Smith BH. Physical activity and exercise for chronic pain 
in adults: an overview of Cochrane Reviews. Cochrane Database Syst Rev. 2017 Apr 24;4(4):CD011279. 
https://doi.org/10.1002/14651858. 

61. Tate W, Walker M, Sweetman E, Helliwell A, Peppercorn K, Edgar C, Blair A, Chatterjee A. Molecular 
Mechanisms of Neuroinflammation in ME/CFS and Long COVID to Sustain Disease and Promote Relapses. Front 
Neurol. 2022 May 25;13:877772. https://doi.org/10.3389/fneur.2022.877772. 

62. Komaroff AL. Inflammation correlates with symptoms in chronic fatigue syndrome. Proc Natl Acad Sci U S A. 
2017 Aug 22;114(34):8914-8916. https://doi.org/10.1073/pnas.1712475114.  

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.1073/pnas.1712475114


Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
529 

63. Tomas C, Newton J. Metabolic abnormalities in chronic fatigue syndrome/myalgic encephalomyelitis: a mini-
review. Biochem Soc Trans. 2018 Jun 19;46(3):547-553. https://doi.org/10.1042/BST20170503. 

64. Słomko J, Estévez-López F, Kujawski S, Zawadka-Kunikowska M, Tafil-Klawe M, Klawe JJ, Morten KJ, Szrajda 
J, Murovska M, Newton JL, Zalewski P. Autonomic Phenotypes in Chronic Fatigue Syndrome (CFS) Are Associated 
with Illness Severity: A Cluster Analysis. J Clin Med. 2020 Aug 5;9(8):2531. https://doi.org/0.3390/jcm9082531.  

65. Barakou I, Sakalidis KE, Abonie US, et al. Effectiveness of physical activity interventions on reducing perceived 
fatigue among adults with chronic conditions: A systematic review and meta-analysis of randomised controlled 
trials. Sci Rep. 2023;13:14582. https://doi.org/10.1038/s41598-023-41075-8. 

66. Maas genannt Bermpohl F, Kucharczyk-Bodenburg AC, Martin A. Efficacy and acceptance of cognitive 
behavioral therapy in adults with chronic fatigue syndrome: A meta-analysis. Int J Behav Med. 2024;31(6):895–910. 
https://doi.org/10.1007/s12529-023-10254-2. 

67. Van Cauwenbergh D, De Kooning M, Ickmans K, Nijs J. How to exercise people with chronic fatigue syndrome: 
evidence-based practice guidelines. Eur J Clin Invest. 2012 Oct;42(10):1136-44. https://doi.org/10.1111/j.1365-
2362.2012.02701.x. 

68. Casson S, Jones MD, Cassar J, Kwai N, Lloyd AR, Barry BK, Sandler CX. The effectiveness of activity pacing 
interventions for people with chronic fatigue syndrome: a systematic review and meta-analysis. Disabil Rehabil. 2023 
Nov;45(23):3788-3802. https://doi.org/10.1080/09638288.2022.2135776. 

69. Gotaas ME, Stiles TC, Bjørngaard JH, Borchgrevink PC, Fors EA. Cognitive Behavioral Therapy Improves 
Physical Function and Fatigue in Mild and Moderate Chronic Fatigue Syndrome: A Consecutive Randomized 
Controlled Trial of Standard and Short Interventions. Front Psychiatry. 2021 Apr 12;12:580924. 
https://doi.org/10.3389/fpsyt.2021.580924.  

70. Silva Santos AL, dos Santos Rocha MD, Maciel Santos, Melo DeSantana J. Low-intensity resistance training 
promotes a reduction of mechanical hyperalgesia and increase of muscle strength in rats submitted to the diffused 
chronic muscle pain model. BrJP. 2023;6(4):366-373. https://doi.org/10.5935/2595-0118.20230054. 

71. Izquierdo-Alventosa R, Inglés M, Cortés-Amador S, et al. Low-Intensity Physical Exercise Improves Pain 
Catastrophizing and Other Psychological and Physical Aspects in Women with Fibromyalgia: A Randomized 
Controlled Trial. Int J Environ Res Public Health. 2020;17(10):3634. https://doi.org/10.3390/ijerph17103634 

72. Sluka KA, Frey Law L, Hoeger Bement M. Exercise-induced pain and analgesia? Underlying mechanisms and 
clinical translation. Pain. 2018 Sep;159(Suppl 1):S91–S97. https://doi.org/10.1097/j.pain.0000000000001235. 

73. Ninneman JV, Roberge GA, Stegner AJ, Cook DB. Exercise Training for Chronic Pain: Available Evidence, 
Current Recommendations, and Potential Mechanisms. Curr Top Behav Neurosci. 2024;67:329-366. 
https://doi.org/10.1007/7854_2024_504. 

74. Gilanyi YL, Shah B, Cashin AG, Gibbs MT, Bellamy J, Day R, McAuley JH, Jones MD. Barriers and enablers to 
exercise adherence in people with nonspecific chronic low back pain: a systematic review of qualitative evidence. 
Pain. 2024 Oct 1;165(10):2200-2214. https://doi.org/10.1097/j.pain.0000000000003234. 

75. Crandall S, Howlett S, Keysor JJ. Exercise adherence interventions for adults with chronic musculoskeletal pain. 
Phys Ther. 2013 Jan;93(1):17–21. https://doi.org/10.2522/ptj.20110140. 

76. Davenport TE, Chu L, Stevens SR, Stevens J, Snell CR, Van Ness JM. Two symptoms can accurately identify 
post-exertional malaise in myalgic encephalomyelitis/chronic fatigue syndrome. Work. 2023;74(4):1199-1213. 
https://doi.org/10.3233/WOR-220554. 

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033


Int J Exerc Sci 18(5): 495-530, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
530 

77. Morris G, Maes M. A neuro-immune model of Myalgic Encephalomyelitis/Chronic fatigue syndrome. Metab 
Brain Dis. 2013 Dec;28(4):523-40. https://doi.org/10.1007/s11011-012-9324-8.  

78. Booth NE, Myhill S, McLaren-Howard J. Mitochondrial dysfunction and the pathophysiology of Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS). Int J Clin Exp Med. 2012;5:208-220. 
https://doi.org/10.7893/IJCM12345. 

79. Meneses-Echávez JF, González-Jiménez E, Ramírez-Vélez R. Effects of Supervised Multimodal Exercise 
Interventions on Cancer-Related Fatigue: Systematic Review and Meta-Analysis of Randomized Controlled Trials. 
Biomed Res Int. 2015;2015:328636. https://doi.org/10.1155/2015/328636. 

80. Kindlon T. Do graded activity therapies cause harm in chronic fatigue syndrome?. J Health Psychol. 
2017;22(9):1146-1154. https://doi.org/10.1177/1359105317697323. 

81. Smakowski A, Adamson J, Turner T, Chalder T. Graded exercise therapy for patients with chronic fatigue 
syndrome in secondary care - a benchmarking study. Disabil Rehabil. 2022;44(20):5878-5886. 
https://doi.org/10.1080/09638288.2021.1949049. 

82. Mayor S. Self-help approach to graded exercise may help chronic fatigue syndrome. BMJ. 2017;357. 
https://doi.org/10.1136/bmj.j1844. 

83. Bourke JH, Wodehouse T, Clark LV, Constantinou E, Kidd BL, Langford R, Mehta V, White PD. Central 
sensitisation in chronic fatigue syndrome and fibromyalgia; a case control study. J Psychosom Res. 2021 
Nov;150:110624. https://doi.org/10.1016/j.jpsychores.2021.110624.  

84. Van Campenhout J, Buntinx Y, Xiong H-Y, Wyns A, Polli A, Nijs J, Aerts JL, Laeremans T, Hendrix J. Unravelling 
the Connection Between Energy Metabolism and Immune Senescence/Exhaustion in Patients with Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome. Biomolecules. 2025; 15(3):357. 
https://doi.org/10.3390/biom15030357. 

85. Wender CLA, Manninen M, O'Connor PJ. The Effect of Chronic Exercise on Energy and Fatigue States: A 
Systematic Review and Meta-Analysis of Randomized Trials. Front Psychol. 2022 Jun 3;13:907637. 
https://doi.org/10.3389/fpsyg.2022.907637. 

86. Goudsmit EM, Nijs J, Jason LA, Wallman KE. Pacing as a strategy to improve energy management in myalgic 
encephalomyelitis/chronic fatigue syndrome: a consensus document. Disabil Rehabil. 2012;34(13):1140-7. 
https://doi.org/10.3109/09638288.2011.635746. 

 

 

https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.70252/FJTF9033
https://doi.org/10.3390/biom15030357
https://doi.org/10.3390/biom15030357
https://doi.org/10.3390/biom15030357
https://doi.org/10.3390/biom15030357

