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ABSTRACT

Background: This study compares the effectiveness of 7 types of guideline-recommended first-line exercises for cancer-related
fatigue (CRF).

Methods: A comprehensive search was conducted utilizing public databases, including Medline, Embase, Web of Science, and
Cochrane Library. Randomized clinical trials examining the effects of aerobic exercise, resistance exercise, stretching exercise,
combined aerobic and resistance exercise, Yoga, Qigong, or Tai Chi on CRF in various cancer types were included. A Bayesian
network meta-analysis was used to synthesize the data. Subgroup analyses and sensitivity analyses were used to detect the effect
modifiers and to confirm the robustness, respectively.

Results: A total of 33 clinical trials were included in this analysis. Overall, both resistance (SMD, —1.72; 95% CI, —2.81 to —0.63)
and Yoga (SMD, —1.27; 95% CI, —1.38 to —1.16) reduced the fatigue severity significantly better than standard care, but there was
no significant decrease for other exercise types. For cancer survivors with an age over 55years, only Yoga showed statistically
significant improvement in CRF (SMD, —1.27; 95% CI, —1.38 to —1.16). For patients with an age less than 55years, both resistance
(SMD, —1.75; 95% CI, —2.91 to —0.58) and Yoga (SMD, —1.66; 95% CI, —2.81 to —0.51) reduced the fatigue severity compared to
standard care.

Conclusion: Both resistance exercise and yoga showed significant benefits in alleviating CRF compared to standard care. Yoga
was particularly effective for cancer survivors over 55years of age, while resistance exercise and yoga were comparably effective
for those under 55years.
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1 | Introduction

Cancer-related fatigue (CRF) is a type of physical, emotional,
and cognitive exhaustion or tiredness in cancer patients that is
persistent, distressing, and subjective, and cannot be entirely re-
lieved by rest or sleep, with more than 80% of cancer patients
experiencing fatigue during their survivorship [1, 2]. CRF is
the second most prevalent symptom among the 38 late-stage
cancer-related symptoms, following pain in cancer patients [3].
Two recent systematic reviews and meta-analyses reported CRF
overall prevalence of 52% and 49%, respectively [4, 5]. In addi-
tion, a survey in Taiwan showed that CRF is the most common
discomfort in gynecologic cancer—a total of 53% were suffering
from fatigue and 78% having previously received fatigue-related
management [6].

Various potential pathophysiological mechanisms for CRF have
been proposed, including the release of pro-inflammatory cy-
tokines in the central nervous system [7, 8], hypothalamic—pi-
tuitary-adrenal axis (HPA) disturbance leading to dysregulated
cortisol release and circadian rhythm disruption [9-11], and im-
munity and latent viral reactivation [12, 13]. Poor performance
status, chemo-radiotherapy, sleep disturbance, pain, neuroti-
cism, and depression were found to be associated with the inci-
dence of CRF [5]. Notably, physical inactivity and elevated body
mass index (BMI) were also risk factors for CRF. A longitudinal
study identified BMI as one of the main predictors of fatigue 6-
and 42-months posttreatment among early-stage breast cancer
patients [14].

Although the most updated 2024 American Society of Clinical
Oncology/Society of Integrative Oncology (ASCO/SIO) clinical
practice guideline for CRF strongly recommended the use of cog-
nitive behavioral therapy and mindfulness-based programs [15],
the overall quality of evidence supporting these two approaches
remains moderate to low. The potential treatment approaches
for CRF include physical activity interventions, mind-body in-
terventions, psychosocial interventions, and pharmacological
approaches based on more than 170 published interventional
studies [15]. Regarding pharmacological therapies, a meta-
analysis of 27 eligible randomized controlled trials, including
treatments of hematopoietic growth factors, progesterone ste-
roids, the antidepressant paroxetine, and the psychostimulant
methylphenidate, suggested that hematopoietic drugs may
alleviate CRF related to chemotherapy-induced anemia [16].
Despite interest in psychostimulants such as methylphenidate,
the evidence regarding their efficacy is mixed. Consequently, re-
cent guidelines do not recommend their use in managing fatigue
in patients following active treatment [17].

However, cancer survivors evolve CRF in a complex manner.
CRF can be (1) initiated by cancer itself due to increased con-
sumption of calories and nutrients burned by cancer cells; (2)
induced by cancer treatments, including higher consumption of
energy after cancer surgery, irreversible destruction of normal
cells during chemotherapy or radiation therapy, and unbalanced
metabolism after hormone therapy or immunotherapy; (3) a
consequence of side effects of cancer treatment such as anemia,
pain, sleep disorders, appetite loss, and diarrhea; (4) interacted
with the emotional impact of cancer, including depression, anx-
iety, and fearfulness. The pathophysiological complexity of CRF

is calling for interventions with multiple targets and mecha-
nisms. Therefore, a cost-effective, tolerable side effect, nonphar-
maceutical therapy can be life-changing for cancer survivors
suffering from CRF.

Multiple studies have demonstrated that exercise interventions
[18-20], psychosocial interventions [21, 22| and mind-body in-
terventions, including Yoga, Tai Chi, and Qigong, are effective in
reducing fatigue during and after cancer treatment. Moreover,
exercise modalities have been extensively investigated for their
beneficial effects on cardiometabolic health indices, particularly
in individuals with obesity, with increasing evidence support-
ing their efficacy in improving psychophysiological outcomes
[23-25]. Although the benefits of various exercise programs are
well documented and widely recognized [26], a comprehensive
summary comparing their relative effectiveness in mitigating
CRF remains largely unclear. A network meta-analysis is partic-
ularly valuable in advancing this field, as it integrates both direct
and indirect evidence, allowing for a systematic comparison of
diverse interventions and their respective efficacies. Therefore,
we conducted a network meta-analysis not only to combine di-
rect and indirect evidence [27] regarding exercise interventions
for CRF but also to perform subanalyses as a secondary aim to
further clarify the most effective modalities and patient-specific
considerations.

The aim of this systematic review and network meta-analysis
was to compare the effects of physical activity and mind-body
interventions on CRF. Additionally, we conducted subgroup
analyses as a secondary aim to identify potential effect modifi-
ers of exercise interventions on CRF, including age.

2 | Materials and Methods

This systematic review, including a Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for Network Meta-
Analyses (PRISMA-NMA), followed the protocol that was
prospectively registered in PROSPERO (the International
Prospective Register of Systematic Reviews, registration no.
CRD42024627952). The systematic review procedures in this
study adhered to the guidelines established by the Cochrane
Back Review Group [28] and the implementation of PRISMA
in the fields of sports, rehabilitation, exercise medicine, and
sports science [29]. The results of the network meta-analysis
were reported in accordance with the extended guidelines of the
PRISMA-NMA [30]. In this study, we used a Bayesian network
meta-analysis approach, as it provides a more robust method for
comparing treatment effects [31].

2.1 | Literature Search Strategy and Study
Selection

Potential literature was comprehensively searched using four
electronic databases: PubMed, EMBASE, Web of Science, and
The Cochrane Library, from their inception to April 2024. The
data retrieval strategy was based on the PICOS framework [32]:
(P) Population: patients diagnosed with any type of cancer; (I)
Intervention: any type of exercises, Qigong, Tai Chi, or Yoga;
(C) Control Group: any type of exercises, Qigong, Tai Chi, Yoga,
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standard care, or health education; (O) Outcomes: any assess-
ment of CRF symptoms; (S) Study Type: randomized controlled
trials (RCT). Subsequently, the references within the pertinent
literature were meticulously screened to ascertain additional
relevant articles. The detailed literature search strategy is delin-
eated in Table S1.

Covidence platform was used for literature selection. After
uploading all literature to Covidence, two researchers inde-
pendently screened the titles and abstracts of all potential litera-
ture after comprehensive searching. Subsequently, the abstracts
of the remaining literature were reviewed to determine their eli-
gibility for exclusion. Then, two researchers independently read
the full-text articles using the inclusion and exclusion criteria
and assessed whether the studies were included. Duplicate ti-
tles, conference papers, protocols without results, retrospective
studies, nonrandomized controlled trials, and pilot studies were
excluded. During the selection process, the Covidence platform
automatically cross-checked and compared the judgments of the
two researchers for each potential literature. In case of any dis-
agreement, a third reviewer was consulted for discussion and
resolution.

2.2 | Inclusion and Exclusion Criteria

Studies were eligible for inclusion if they met the following cri-
teria: (1) the study population was any type of cancer; (2) any
type of exercise training (aerobic exercise, resistance exercise,
and combined training), Qigong, Yoga, or Tai Chi as interven-
tions; (3) the control group was any type of exercise training,
or standard and routine care, including usual care, waitlist
control, and education; (4) outcome measures utilized one or
more of the following assessment tools: Brief Fatigue Inventory
(BFI), Stimulus to Fatigue Ratio (SFR), Fatigue Symptom
Inventory (FSI), Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F), Fatigue Symptom Inventory-
Short Form (MFSI-SF), Piper Fatigue Scale (PFS), or European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire-Lung Cancer 13 (EORTC QLQ-LC13); and
(5) the study design was a randomized clinical trial (RCT).

The exclusion criteria were: (1) nonrandomized controlled trials,
including quasi-randomized controlled trials; (2) animal tests;
(3) studies that did not report specific outcome measures that
can be synthesized; (4) conference abstracts, case reports, and
pilot studies; and (5) publications not in the English language.

2.3 | Data Extraction, Risk of Bias Assessment,
and Certainty of Evidence

We extracted detailed publication information (study ID, first
author, and year of publication), demographic information (age,
sex, body weight, and body height), clinical characteristics (can-
cer type, cancer stage, and treatment approaches), clinical trial
design, study sample size, intervention procedures (frequency,
intensity, and duration of exercise intervention) and outcomes
(fatigue outcome measurements) from the studies using a stan-
dardized spreadsheet on the Covidence platform. For studies that
did not report the standard deviation of the change in primary

outcome measures, the standard error of the change was calcu-
lated assuming a zero correlation between baseline and postin-
tervention measures, using the following formula: [33]

\/ < SD )2 (SD >2
+
Ppaseline npost

The risk of bias was assessed for each included study by two
researchers independently based on the Cochrane Risk of Bias
tool version 2 (RoB 2) [34]. This tool evaluates the risk of bias
in the following aspects: selection bias and confounding fac-
tors induced by inappropriate randomization, performance
bias induced by inappropriate blinding, attrition bias induced
by missing data, detection bias induced by inconsistent mea-
surements of outcomes, and reporting bias induced by selection
of reported results. According to the criteria above, the trials
were classified as having low, high, or unclear risk of bias. The
certainty of the evidence for the ranking of network interven-
tions was assessed using the Grading of Recommendations
for Assessment, Development, and Evaluation (GRADE) of
Network Meta-Analysis approach. The certainty of the evidence
was independently graded by two investigators. In cases of dis-
agreement, the final decision was made by the research team
after consultation.

2.4 | Data Synthesis and Statistical Analysis

For network meta-analysis (NMA), Stata (Version 16.0) was
used to generate a network diagram to illustrate the direct and
indirect comparative relationships between the interventions
included in the trials [35]. All outcome measures from vari-
ous physical activity interventions were treated as continuous
variables and presented as mean, standard deviation (SD), and
mean difference (MD, representing the absolute difference be-
tween treatment and control groups, calculated using the same
sample size) or standardized mean difference (SMD, represent-
ing the group mean divided by the standard deviation between
participants, suitable for analyzing data from trials of different
sizes), with 95% confidence intervals (CI) [36]. Given the use of
multiple fatigue measurement tools, we primarily relied on the
standardized mean difference (SMD) to ensure outcomes were
placed on a comparable scale. Scores were standardized so that
higher values consistently indicated greater fatigue, thereby fa-
cilitating combined synthesis across different instruments.

Network meta-analysis (NMA) summary and analysis were per-
formed using the “gemtc” package in R software (Version 4.3.2)
[37, 38], and Bayesian network meta-analysis was used to per-
form pairwise comparisons between the intervention and con-
trol groups based on the Markov chain Monte Carlo simulation
technique. In addition, considering the heterogeneity between
studies, we chose a random effects model for analysis instead
of a fixed effects model [39]. The I? statistic was applied in a vi-
sualized forest plot to assess the heterogeneity between studies,
and I? values < 25%, 25%-50%, and > 50% were considered to in-
dicate low, moderate, and high heterogeneity, respectively [39].
To assess consistency, we evaluated the inconsistency of each
network using a random effects design-treatment interaction
model (Direct and indirect estimates are statistically similar).
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In a Bayesian framework, network meta-analysis (NMA) es-
timates the overall ranking of interventions by calculating
the surface under the cumulative ranking probability curve
(surface under the cumulative ranking, SUCRA) for different
interventions. The larger the SUCRA value, the greater the
probability of being the most effective intervention, which is
equal to 1 when the treatment is determined to be the best
and 0 when the intervention is determined to be the worst
[40]. In determining the ranking of SUCRA, it is important
not only to compare the areas under the cumulative ranking
probability curves of different physical activity interventions
but also to carefully interpret the clinical significance of these
interventions.

The criteria for subgroup analyses were guided by clinical
and practical considerations, particularly age, as it can influ-
ence exercise tolerance and response. In this dataset, the me-
dian age across all included trials was approximately 55years,
which served as the cut-off to define two subgroups: partic-
ipants younger than 55years and participants 55years and
older. Although this threshold is partly arbitrary, it aligns with
a commonly observed bifurcation in physiological capacity and
comorbidity risk [41], and thus was deemed suitable for explor-
ing potential differences in intervention effects. Our underlying
assumption was that older cancer survivors may benefit from
different types or intensities of exercise than their younger coun-
terparts, partly due to the lower exercise tolerability associated
with advanced age.

To evaluate the stability and reliability of our findings, we per-
formed a sensitivity analysis by excluding studies deemed high
risk of bias based on the RoB 2 framework, as well as those with
sample sizes smaller than the median (n=20). We then con-
ducted the network meta-analysis to evaluate whether these
lower-quality articles influenced the overall effect size. In addi-
tion, we examined potential effect modifiers in further subgroup
analyses of primary outcomes, including the median age (under
55years and over 55years).

3 | Results

3.1 | Characteristics of Included Studies

After a comprehensive literature search in multiple databases,
we initially identified 4901 articles. The team assessed titles
and abstracts for eligibility and subsequently excluded 4728
articles for various reasons. We evaluated the full texts of
173 articles and ultimately included 33 randomized clinical
trials in this systematic review and network meta-analysis
(Figure 1). The characteristics of these studies are summa-
rized in Table 1. Among the 33 trials, the mean age of the
participants ranged from 18 to 71years, and the mean base-
line BMI varied from 23 to 30. Cancer types included head
and neck, lung, breast, gynecological, colorectal, testicular,
prostate, and lymphoma. The sample sizes in the included
studies ranged from 20 to 358. Outcome assessment tools in-
cluded BFI, SFR, FSI, FACIT-F, MFSI-SF, PFS, EORTC, and
QLQ-LC13. Figure 2 illustrates the network diagram depict-
ing the effects of seven exercise types on CRF.

In this review, we categorized exercise interventions accord-
ing to the specific activity evaluated in each randomized con-
trolled trial (RCT). We defined “mixed” interventions as those
incorporating both aerobic and resistance exercises. Overall,
we identified 7 RCTs evaluating Yoga intervention studies, five
examining resistance exercise studies, nine assessing aerobic
exercise studies, four investigating Qigong studies, four explor-
ing stretching studies, three evaluating Tai Chi studies, and six
focusing on combined aerobic and resistance exercise studies.
Notably, some RCTs included more than one type of exercise, as-
signing different interventions to the experimental and control
groups within the same trial.

Each node stands for one type of exercise. The size of the nodes
is proportional to the number of studies involving the specific
exercise type. The color of the line indicates the Risk of Bias of
the direct comparison studies (Green for low risk, yellow for
some concerns, red for high risk).

3.2 | Risk of Bias Assessment

Out of the 33 studies we included, 3 studies [42-44] were clas-
sified as low risk, 21 studies [45-65] were classified as some
concerns, and 9 studies [66-74] were classified as high risk
(Figure 3). All included studies demonstrated random allo-
cation, and due to the specific nature of physical activity in-
terventions, blinding of both participants and assessors was
challenging, and few studies explicitly blinded participants
and staff, as patients and their families were required to pro-
vide informed consent before participating in the experiment.
In addition, one study [68] had missing results, four studies
[66, 67, 69, 70] had unclear reasons for loss to follow-up, and
three studies [71-73] had incomplete outcome measures. The
baseline characteristics of the intervention groups were evenly
distributed across all studies, indicating no indications of se-
lective reporting.

3.3 | Synthesis of Network Meta-Analysis

Figure 4 shows the league tables for the network meta-analysis
(NMA) estimates of all comparisons between the 7 types of ex-
ercises. The summary of findings table and GRADE quality of
evidence for each comparison and outcome were presented in
the appendix (Table S2). For the outcome of symptom relief of
CRF (Figure 5A), both resistance (SMD, —1.72; 95% CI, —2.81 to
—0.63) and Yoga (SMD, —1.27; 95% CI, —1.38 to —1.16) reduced
the fatigue severity significantly better than standard care,
whereas the pooled results did not identify a statistically signifi-
cant decrease in fatigue severity score by adding aerobic exercise
(SMD, —0.23;95% CI, —1.68 to 1.22), Qigong (SMD, 0.21; 95% CI,
—0.72 to 1.13), Tai Chi (SMD,1.49; 95% CI, 0.55 to 2.42), stretch-
ing exercise (SMD, 0.35; 95% CI, —0.61 to 1.31), and aerobic and
resistance exercise (SMD, 2.18; 95% CI, —1.05 to 5.4) to cancer
survivors.

Among physical exercises (Figure 4A), resistance exercise
showed better effectiveness than stretching exercise (SMD,
—2.09; 95% CI, —3.46 to —0.72), and adding aerobic exercise to
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FIGURE1 | Flow chart of the process of study selection.

resistance exercise did not generate higher improvement com-
pared to resistance exercise alone (SMD, 3.92; 95% CI, 0.47 to
7.22). Among mind-body intervention(Figure 4A), Yoga proved
among the best compared to Tai Chi (SMD, —2.77; 95% CI, —3.71
to —1.84) and Qigong (SMD, —1.49; 95% CI, —2.42 to —0.58).

3.4 | Subgroup Analysis With Stratification for Age

In post hoc analyses of subgroups stratified by age, for cancer sur-
vivors over 55years (Figure 5B), only Yoga, except for all other
exercises, showed statistically significant improvement in CRF
patients (SMD, —1.27; 95% CI, —1.38 to —1.16). For patients with
age less than 55years (Figure 5C), the network meta-analyses re-
sults showed a similar pattern with the general population—both

resistance (SMD, —1.75; 95% CI, —2.91 to —0.58) and Yoga (SMD,
—1.66; 95% CI, —2.81 to —0.51) reduced the fatigue severity com-
pared to standard care with a statistically significant difference.

3.5 | Rank Probabilities

The ranking of exercise types for CRF, as determined by
Bayesian network meta-analysis, was depicted in Figure 6,
aligning consistently with the findings of standardized mean
differences (SMD) illustrated in Figure 4. For CREF, resistance
exercise ranked first with the greatest probability of 77%, fol-
lowed by Yoga with the likelihood of 74% ranking second. For
cancer survivors with age over 55years, Yoga ranked first with
the largest likelihood of 47%, whereas for cancer survivors with
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FIGURE 3 | Scale plot of risk of bias for evaluating literature quality evaluation.

age less than 55years, resistance exercise ranked first with the
probability of 33%. This indicated that resistance exercise may
be the best option for young cancer survivors, while Yoga may be
the best intervention recommendation for older cancer patients
with fatigue.

3.6 | Heterogeneity and Inconsistency Assessment

Figure S1 shows forest plots and heterogeneity estimates for the
pairwise comparisons of interventions available. We conducted
heterogeneity analyses for CRF within a Bayesian network
meta-analysis framework. Seven studies exhibited minimal
(I’=0%) or low to moderate (I><50%) heterogeneity across all
comparisons of these different outcomes. High heterogeneity
(I*>50%) was found in comparisons of these outcomes includ-
ing Yoga versus standard care (98.7%), Qigong versus standard
care (61.6%), and Tai Chi versus standard care (71%), stretching

versus combined aerobic and resistance exercise (71.3%). In ad-
dition, heterogeneity for CRF was 52.4% for standard care vari-
ous aerobic exercise at baseline.

We assessed the fit of the consistent and inconsistent models
using the dispersion information criterion (a Bayesian model
evaluation criterion that incorporates fixed effects to gauge
model fit and adjusts for complexity) and validated the results
using p-values. Our findings indicated that in this network
meta-analysis, the consistent model demonstrated superior fit
compared to the inconsistent model (Figure S2), with overall
good consistency.

3.7 | Sensitivity Analysis

The first sensitivity analysis comprised 26 trials involving eight
treatments. To mitigate the potential influence of low-quality
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FIGURE 4 | League tables of outcome analyses. (A) Score change in fatigue severity from baseline to the end of exercise intervention. (B) Score

change in fatigue severity in subgroup of age over 55years. (C) Score change in fatigue severity in subgroup of age less than 55years. The league ta-
bles showed the relative effects of each type of exercise (intervention on the column to intervention on the row). The relative effects in this table were
estimated by standardized mean difference along with 95% CIs. Bold cells indicated statistical significance (p <0.05). The exercise interventions were

listed in alphabetical order.

studies, reports assessed with a high risk of bias using RoB2
were excluded. This sensitivity analysis was conducted indi-
vidually for each intervention (Figure S3). Results indicated
that resistance exercise and Yoga remained the most effective
interventions for improving CRF compared to standard care
(Figure S4). In the second sensitivity analysis, which also in-
cluded 26 trials and eight interventions, studies with small
sample sizes (i.e., fewer than 20 participants) were excluded. A
network meta-analysis was then conducted on the remaining
trials (Figure S5). The results showed that Yoga was a better
treatment than standard care, and other results were not signif-
icant (Figure S6).

4 | Discussion and Conclusion
The main findings of this network meta-analysis evaluating the

comparative efficacy of seven types of exercise for cancer survi-
vors suffering from fatigue were summarized as follows.

1. Both resistance exercise and yoga significantly improved
CRF, with resistance exercise showing the most substan-
tial relief in symptom severity among cancer survivors
overall.

2. In cancer patients older than 55years, Yoga proved to be
among the most effective in fatigue reduction.

3. Among physical exercises, resistance exercise was bet-
ter than aerobic exercise, whereas Yoga was better than
Qigong and Tai Chi among mind-body interventions.

The comparative effectiveness of resistance exercise over other
modalities is supported by its strong performance in sensitivity
analyses, but the high effectiveness of yoga, particularly among
older patients, highlights its role as a key intervention for CRF
management.

The first sensitivity analysis yielded consistent results, indi-
cating that resistance exercise and Yoga remained the most
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FIGURES5 | Forestplots of types of exercise on cancer-related fatigue (CRF). (A) General cancer population. (B) Subpopulation of age over 55years.
(C) Subpopulation of age less than 55years. The forest plots showed the relative effects of each type of exercise compared with standard care. The

relative effects were measured by standardized mean difference with 95% CIs.

effective interventions for improving CRF compared to standard
care, following the exclusion of studies with a high risk of bias.
In contrast, the second sensitivity analysis demonstrated that
only Yoga showed significant effectiveness over standard care
after excluding studies with small sample sizes.

Previous systematic reviews and meta-analyses [75, 76] showed
that physical exercise in general (not specific to one type of ex-
ercise) reduced the CRF in breast cancer, prostate cancer, and
colorectal cancer. Regarding one specific type of exercise, a
systematic review and meta-analysis [77] with evidence of low
certainty showed that progressive resistance exercise was better
than routine muscle relaxation care (SMD =-1.11, 95% CI —1.78,
—0.43), which was consistent with the findings of our study.

Regarding comparisons between different types of exercise, a
network meta-analysis [75] published in 2023 showed that for
breast cancer patients, Yoga (SMD=-0.49, 95% CI=-0.75 to
—0.22) was the most effective exercise for fatigue relief, followed
by aerobic and resistance exercise, which was different from
our results. One potential explanation was that the published
network meta-analysis only included breast cancer patients
with older ages, while in our study, we found that resistance ex-
ercise was the most effective for cancer survivors with age less
than 55years, whereas Yoga was the most effective for older pa-
tients. However, a recent systematic review and meta-analysis
[78] reported that high-intensity interval training significantly
reduced both CRF and cancer-associated pain, drawing from
12 original trials. Based on the findings in our study, low- to
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FIGURE 6 | Bayesian ranking profiles of exercise interventions for survivors with cancer-related fatigue (CRF). (A) General cancer population.
(B) Subpopulation of age over 55years. (C) Subpopulation of age less than 55years. Profiles indicate the probability of each exercise type being ranked

from first to last on CRF relief.

moderate-intensity exercise such as Yoga showed better effec-
tiveness in older cancer survivors than high-intensity exercise
such as aerobic exercise, strongly indicating that we should con-
sider whether cancer survivors with fatigue could tolerate the
intensity of exercise, namely whether it is feasible for them to
receive the exercise training during their survivorship.

Among physical exercises, why did resistance exercise perform
better than aerobic exercise for CRF? A recent study illustrated
the metabolic profiling change in CRF patients [79], including
significantly lower concentrations of tryptophan and valine in
CRF patients compared with nonfatigued patients. This study
indicated that metabolic change might be the cause of CRF;
thus, metabolism could be one of the targets or mediators of
CRF treatments. Interestingly, a plasma metabolic profiling
study [80] found that resistance exercise was associated with
a higher level of metabolites related to the TCA cycle, such as
lactate, pyruvate, and malate, while decreased levels of succi-
nate, compared to endurance exercise, which indicated better
energy use in resistance exercise. In contrast, endurance exer-
cise increased plasma levels of several of the acyl-carnitines,
indicating accelerated fat metabolism. A few reviews of current
evidence [81, 82] also summarized that resistance exercise could
alter both lipid, carbohydrate, and amino acid metabolism; thus,
increasing anaerobic metabolic capacity and fatigue resistance.
In summary, different exercise types produce dissimilar meta-
bolic profiling changes, which partly explain the difference in
CRF improvement after varied types of exercise.

Mind-body interventions are a diverse group of therapies that
incorporate slow body movement with relaxed breathing, in-
cluding Tai Chi, Qigong, and Yoga [83, 84]. Compared with
physical exercise such as aerobic exercise, mind-body inter-
ventions are less intense and often accompanied by meditation
along with deep breathing that makes people relaxed, thus in-
tending to affect the physical and mental levels [85]. For older
cancer survivors, mind-body interventions might be a better
choice due to higher feasibility and compliance. Besides, con-
sidering the negative influence from both physical and mental
aspects in cancer patients, physical, psychological, and support-
ive interventions and cares that are beyond survival can be life-
changing [86].

Strengths of this systematic review include the most comprehen-
sive searching, selecting, and synthesizing of evidence to date on
all types of exercises for cancer survivors with CRF. To ensure
the robustness of the results, both subgroup analyses and sen-
sitivity analyses were conducted within the framework of the
research question. Moreover, state-of-the-art methods including
the RoB2 assessment tool and the GRADE evaluation system
were used to evaluate the risk of bias and provide the quality
of evidence, respectively. Limitations of this systematic review
include that most of the evidence we summarized in this study
was low to moderate, mostly due to the issues of indirectness
and imprecision based on GRADE evaluation frameworks. In
addition, we lack the pooling of individual cancer patient data,

which particularly affected the synthesis of different cancer
types, molecular subtypes, and cancer stages. The low statistical
power due to fewer studies and smaller sample sizes may have
limited the ability to detect significant differences compared
to control groups. Future research should prioritize including
more robust trials for these modalities to better evaluate their
efficacy.

In conclusion, in our network meta-analysis (NMA), both resis-
tance exercise and Yoga demonstrated greater benefits of CRF re-
lief compared to standard care. Younger cancer survivors (under
55years) may tolerate and benefit more from higher-intensity
interventions like resistance exercise, whereas older patients
(over 55years) often find low- to moderate-intensity interven-
tions such as yoga more feasible and beneficial. The results of
our findings need to be validated in comparative effectiveness
randomized clinical trials that directly compare different types
of exercise, and long-term follow-up is also required to evaluate
symptom relapse of CRF.
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