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Summary
Background Exercise can improve quality of life in women undergoing chemotherapy for breast cancer, but evidence 
of the most effective intervention characteristics remains inconclusive. The aim of this study was to determine the 
effect of exercise on quality of life in women with breast cancer during chemotherapy and examine whether its 
relationship varies by described exercise modality, dose, and other study characteristics.

Methods In this systematic review and meta-analysis, a systematic search of five electronic databases (PubMed, 
Embase, Web of Science, Cochrane Library, and MEDLINE) from Jan 1, 2005, to May 24, 2025, identified 
randomised controlled trials evaluating exercise interventions and constructs of quality of life in women undergoing 
chemotherapy for breast cancer. Standardised mean differences (Hedges’ g) were calculated and pooled using 
three-level random-effects models accounting for dependent effect sizes, and potential moderators were examined.

Findings 21 randomised controlled trials (3024 participants) were included. Overall, exercise interventions showed a 
significant positive effect on constructs of quality of life (ḡ=0⋅434 [95% CI 0⋅272–0⋅595], p<0⋅0001). Substantial 
heterogeneity was observed (I 2 =55⋅76%). Described exercise modality significantly moderated effects (test statistic
3 for moderator differences 28⋅85, p<0⋅0001), with aerobic exercise (ḡ=0⋅482 [95% CI 0⋅272–0⋅595], p<0⋅0001), 
combined aerobic-strength training (ḡ=0⋅397 [0⋅156–0⋅639], p=0⋅0001), and strength-alone (ḡ=0⋅335 [0⋅002–0⋅669], 
p<0⋅049) showing significant benefits. This study is retrospectively registered with PROSPERO (CRD420251044479).

Interpretation Exercise interventions significantly affect quality of life in women with breast cancer during chemo-
therapy. Aerobic and combined aerobic–strength training both showed significant benefits. Further research is 
needed to establish optimal exercise prescriptions.

Funding None.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Worldwide, breast cancer is the most commonly diagnosed 
cancer in women, with treatment typically including 
surgery, radiation, systemic therapies, and hormonal 
therapies. 1–4 Although these treatments have improved 
rates of survival, they often lead to substantial decreases in 
quality of life due to treatment and cancer-related side-
effects, including fatigue, pain, decreased physical func-
tion, and psychological distress. 5–8 Exercise is proposed as a 
non-pharmacological intervention that could mitigate 
adverse effects and improve quality of life during 
treatment. 6,9–11 The existing literature on exercise for people 
with cancer has grown substantially in recent years, with 
numerous trials examining various exercise modalities 
(aerobic, resistance, and a combination) and doses, and 
recent American Society of Clinical Oncology and Ameri-
can Cancer Society guideline updates in 2022. 12,13 Quality of 
life was selected as the primary outcome because it is a 
central patient-reported outcome during chemotherapy 
and previous evidence shows that exercise can affect quality 
of life domains differently across trials.

This meta-analysis focuses exclusively on women, as 
female breast cancer has unique biological characteristics 
(90% of individuals express hormone receptors and 18% 
are HER2 positive) that affect treatment response, requir-
ing targeted therapies that interact differently with exercise 
interventions. 14,15 In contrast, male breast cancer accounts 
for less than 1% of all breast cancer cases and presents with 
different prognostic factors, treatment algorithms, and 
physiological responses to therapy. 16,17

Chemotherapy was selected as the treatment modality for 
this study because it represents the most systemically toxic 
cancer treatment, creating the greatest need for supportive 
interventions and presenting unique challenges for 
exercise implementation and uptake. Unlike radiation 
therapy, immunotherapy, or surgery, chemotherapy indu-
ces cyclical systemic toxicity that affects multiple organ 
systems simultaneously and can cause acute neutropenia 
and cumulative cardiotoxicity, which demand adaptable 
exercise protocols. 18–21

Past studies have shown that exercise during chemo-
therapy uniquely targets acute, treatment-related toxicities
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such as fatigue, functional decline, and cardiometabolic 
dysregulation, producing effects that differ in magnitude 
and mechanism from post-treatment exercise. 22–25 The 
American Society of Clinical Oncology recommends that 
oncology providers encourage regular aerobic and resist-
ance exercise during active treatment with curative intent to 
mitigate treatment-related side-effects. 12 However, ques-
tions remain about the optimal exercise prescription during 
chemotherapy regarding which described exercise 
modality (aerobic, resistance, or combinations thereof) 
yields the greatest quality of life benefits, and how to integrate 
exercise into oncology care models alongside active chemo-
therapy. 26 Additionally, heterogeneity in study designs 
(described exercise modality, treatment types, or chemo-
therapy regimens), numerous varied validated quality of life 
measures, and differences in populations have made it 
challenging to draw definitive conclusions about the 
effectiveness of exercise interventions on quality of life, 
specifically during chemotherapy for breast cancer. 27–29 

Hence, our primary research question was: among 
women diagnosed with breast cancer undergoing chemo-
therapy, how effective is exercise compared with standard 
care or no exercise intervention in improving quality of life? 
This meta-analysis addresses a notable gap in the literature 
by focusing specifically on women undergoing chemo-
therapy rather than on those who have survived cancer after 
active treatment.

Methods
Search strategy and selection criteria
A comprehensive systematic search was done from Jan 21, 
2025, to May 24, 2025, following PRISMA guidelines. 30 Full 
search strategies using the Population, Intervention,

Comparison, Outcome (PICO) framework for all databases 
are provided in the appendix (pp 41–43) for reproducibility. 
Five electronic databases were systematically searched: 
PubMed, Embase, Web of Science, Cochrane Library, and 
MEDLINE. These databases were selected to provide 
comprehensive coverage of peer-reviewed biomedical 
literature. Search terms were developed using the PICO 
framework and included controlled vocabulary and free-
text terms related to breast cancer, exercise interventions, 
and quality of life outcomes. 31 Articles were restricted to 
publication dates Jan 1, 2005, to May 24, 2025, to capture 
the most recent exercise oncology findings, species 
(humans), sex (female), language (English), and article 
type (clinical trial or randomised controlled trial). 
Duplicates were identified and removed using Zotero. 
Articles were included if they met the following criteria: 

population—women diagnosed with breast cancer 
undergoing active chemotherapy; intervention—exercise 
programmes (aerobic, strength or resistance, or com-
bined); comparison—standard care or no exercise; out-
come—validated quality of life questionnaire measures; 
study design—randomised controlled trials; publication 
date—Jan 1, 2005, to May 24, 2025; and language—English 
(regardless of where published). Exclusion criteria were: 
individuals assigned male at birth; studies focusing solely 
on post-treatment survivorship; cancer prevention studies; 
studies focusing only on laboratory markers without 
patient-reported outcomes; non-peer-reviewed pub-
lications; animal studies; studies without separate breast 
cancer results; studies without a control group; insufficient 
statistical data for effect size and SE calculation; multi-
component interventions (eg, diet and exercise); duplicate 
data from other included studies; and studies where

Research in context

Evidence before this study
Five electronic databases (PubMed, Embase, Web of Science, 
Cochrane Library, and MEDLINE) were systematically searched 
from Jan 1, 2005, to May 24, 2025, using the Population, 
Intervention, Comparison, Outcome framework (population: 
women with breast cancer undergoing chemotherapy; 
intervention: exercise; comparison: standard care; outcome: 
quality of life). Our search strategy combined four concept areas 
using Boolean operators: disease terms (breast cancer, and breast 
neoplasm); treatment terms (chemotherapy, and adjuvant 
therapy); intervention terms (exercise, physical activity, resistance 
training, and aerobic exercise); and outcome terms (quality of life, 
QoL, FACT, and EORTC). An example search string is: (("breast 
cancer" OR "breast neoplasm") AND ("chemotherapy" OR 
"adjuvant therapy") AND ("exercise" OR "physical activity" OR 
"resistance training" OR "aerobic exercise") AND ("quality of life" 
OR "QoL" OR "FACT" OR "EORTC")). The database search yielded 
8116 records (415 from PubMed, 676 from Embase, 3305 from 

Web of Science, 2324 from Cochrane Library, and 1396 from

MEDLINE). Previous evidence suggests that exercise could 
improve quality of life in people with cancer, although trials have 
shown variable effects across quality of life domains.

Added value of this study
Unlike studies focusing on post-treatment or mixed (during and 
post-treatment) populations, this meta-analysis assessed
21 randomised controlled trials involving 3024 women 
undergoing chemotherapy for breast cancer. Exercise improved 
quality of life during active treatment (g=0⋅43), with positive 
findings consistent across exercise modalities.

Implications of all the available evidence
Current evidence supports exercise during chemotherapy for 
breast cancer to improve quality of life. Aerobic, resistance-only, 
and combined programmes can all be recommended, allowing 
individualised approaches aligned with American Society of 
Clinical Oncology guidelines.

See Online for appendix
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chemotherapy was not administered during the interven-
tion, or included both male and female participants without 
results being reported separately.
Title and abstract screening was assisted by SWIFT-

Review (Sciome, Research Triangle Park, NC, USA). This 
semi-automated screening tool uses machine learning to 
prioritise records likely to meet inclusion criteria. 32 Records 
with SWIFT-Review scores of 0⋅73 or higher were advanced 
to full-text assessment, and all records scoring below 
0⋅73 underwent manual title and abstract screening to 
ensure that no relevant studies were excluded on the basis 
of prioritisation scores alone. Several articles initially met 
our inclusion criteria but were excluded because they did 
not provide comprehensive, longitudinal quality of life data 
from baseline through to the completion of chemotherapy, 
nor did they include a validated, general quality of life 
outcome metric (eg, Functional Assessment of Cancer 
Therapy, European Organisation for Research and Treat-
ment of Cancer, or Short-Form 36 surveys). A complete list 
of excluded articles with reasons is available upon request.
This study is retrospectively registered with PROSPERO 

(CRD420251044479).

Variables and classifications
Study characteristics (author, year, and country), interven-
tion protocols, assessment methods, and sample charac-
teristics were extracted from each study. Countries were 
grouped into regions (North America, Europe, Asia, and 
Other; appendix pp 2–36). Exercise interventions were 
classified into aerobic exercise, strength or resistance 
training, and combined (appendix p 37). Quality of life 
domains were categorised into global quality of life, psy-
chosocial, and physical (appendix p 37). The quality of life 
timepoint reflects the assessment nearest to chemotherapy 
or exercise intervention completion used for effect-size 
extraction.

Inter-rater reliability
Data verification and extraction using a standardised form, 
as well as title and abstract review, were done by inde-
pendent reviewers (LDR and EMM). Inter-rater reliability 
measured by Cohen’s κ coefficient was 0⋅80 (calculated 
from agreement on include and exclude decisions during 
title and abstract screening), indicating substantial agree-
ment between reviewers. Discrepancies were resolved 
through discussion until consensus was reached. Full texts 
were then assessed against inclusion and exclusion criteria, 
with a third reviewer (TEC) resolving disagreements.

Effect size and SE
Effect sizes were calculated using Hedges’ g, representing 
the standardised mean difference between intervention 
and control groups, with a correction for small sample bias. 
Hedges’ g was used to quantify standardised mean differ-
ences, with 0⋅20 interpreted as a small effect, 0⋅50 as 
medium, and 0⋅80 as large. To aid interpretation, these 
values were also expressed as Cohen’s U 3 , such that

standardised mean differences of 0⋅20, 0⋅50, and 
0⋅80 corresponded to approximately 58%, 69%, and 79% of 
the intervention group scoring above the control group 
mean, respectively, assuming normally distributed out-
comes with equal variances. 33,34 Effect sizes and their asso-
ciated SEs were calculated using the metafor package in R 
(version 4.1.0), using post-intervention measurements 
collected at or closest to chemotherapy completion. 35 For 
articles reporting multiple commonly used quality of life 
outcomes, separate effect sizes were calculated for each 
instrument. When studies examined multiple described 
exercise modalities, effect sizes were calculated separately 
for each intervention type. Directionality was standardised, 
so positive values indicated quality of life improvements 
with exercise.

Bias assessment
Study quality was evaluated using the Cochrane Risk of Bias
2 tool, assessing five domains: randomisation process, 
deviations from intended interventions, missing outcome 
data, measurement of outcomes, and selective reporting. 36 

Publication bias was assessed using visual inspection of 
funnel plots for asymmetry, and Rosenthal’s fail-safe N to 
determine the number of null studies needed to nullify the 
observed effect. Results were considered robust if the 
fail-safe N exceeded 5k + 10, where k is the number of 
studies.
Certainty of evidence for the primary outcome (quality of 

life) was assessed using the GRADE approach, considering 
risk of bias, inconsistency, indirectness, imprecision, and 
publication bias.

Data analysis
We carried out a three-level random-effects meta-analysis 
using the metafor package in R (version 4.1.0). This hier-
archical structure accounts for sampling variance (Level 1), 
within-study variance between multiple outcomes (Level 2), 
and between-study variance (Level 3), which appropriately 
handles the dependency arising from multiple effect sizes 
extracted from the same study. When studies included 
multiple intervention groups sharing a control group, all 
corresponding effect sizes were modelled together under 
the same study identifier, allowing the shared control 
dependence to be modelled at Level 2. To ensure the 
robustness of our primary three-level model, we compared 
its results against alternative approaches: a traditional two-
level model, robust variance estimation (ρ=0⋅8), and the 
three-level model incorporating cluster-robust SEs. 37–40 

Heterogeneity was quantified using partitioned I 2 

statistics (Level 2 I 2 , Level 3 I 2 , and Total I 2 ). Subgroup 
analyses examined described exercise modality, quality of 
life domain, and geographical region using three-level 
metaregression with cluster-robust SEs. Moderator sig-
nificance was assessed with the test statistic for moderator 
differences (Q M ), and R 

2 values quantified the proportion of 
between-study heterogeneity explained. Post-hoc pairwise 
comparisons of significant moderator levels were
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conducted using Bonferroni-adjusted p values. Finally, 
sensitivity analyses included influence diagnostics (Cook’s 
distances >1) and model robustness assessment.

Role of the funding source
There was no funding source for this study.

Results
Across five electronic databases we found a total of 
8116 records (figure 1). After duplicates were removed, 
2968 records remained for screening with 50 records 
screened for eligibility via full text assessment. The meta-
analysis incorporated 49 effect sizes from 21 individual 
randomised controlled trials reported in 22 manuscripts 
published between 2007 and 2025, representing a total 
sample size of 3024 participants (for full list see appendix 
pp 2–36). There were 22 manuscripts and 21 independent 
studies because the OptiTrain trial data were reported in 
two separate publications, which were treated as a single 
study to avoid double counting. 11,23

Studies contributed multiple effect sizes to the meta-
analysis through three primary mechanisms. First, many 
studies assessed multiple quality of life domains using 
different validated instruments, such as separate measures 
for global quality of life, physical functioning, and psycho-
logical wellbeing. For instance, Gokal and colleagues 
reported outcomes for both psychosocial and physical 
domains using different subscales. 41 Second, several trials 
included multiple intervention groups compared against a 
single control group. Van Waart and colleagues exemplify 
this design, comparing both OnTrack and Onco-Move 
exercise interventions with standard care. 42 Third, some 
studies employed multiple assessment instruments to 
capture different aspects of quality of life, as shown by 
Sturgeon and colleagues who used various Short-Form 
36 subscales to comprehensively assess health-related 
quality of life. 43 The average number of effect sizes per 
study was 2⋅33. By described exercise modality, inter-
ventions comprised aerobic exercise (k effect =28), combined 
training (k effect =18), and strength training alone (k effect =3). 
The three-level random-effects meta-analysis showed a 

statistically significant positive effect of exercise inter-
ventions on quality of life with an overall effect size of 0⋅434 
(95% CI 0⋅272–0⋅595, p<0⋅0001; figure 2). Substantial 
heterogeneity was observed across studies with a total I 2 of 
55⋅8%. The heterogeneity decomposition indicated that 
100% of total variance was attributable to within-study 
differences (Level 2 I 2 =55⋅8%) and 0% to between-study 
differences (Level 3 I 2 =0%), with the remainder (44⋅2%) 
due to sampling error. Within-study τ 2 was 0 and 
between-study τ 2 was 0⋅086.
To examine whether our findings were sensitive to this 

modelling choice, we did three sensitivity analyses (table 1). 
The first analysis was a traditional two-level model (ḡ=0⋅435 
[95% CI 0⋅272–0⋅595]) that incorrectly assumes independ-
ence between effect sizes, which we expected would

underestimate SE and produce narrower CIs. The second 
analysis was a robust variance estimation (ḡ=0⋅434 
[0⋅272–0⋅595]) using ρ=0⋅80, which provides valid inference 
even with model misspecification but is less statistically 
efficient than the three-level model when the hierarchical 
structure is correctly specified. For the third analysis, we 
applied cluster-robust SE to our three-level model (ḡ=0⋅434 
[0⋅272–0⋅595]) to address potential small-sample bias with 
21 studies. All sensitivity analyses showed the consistent 
inference as our primary finding of a positive effect

 8116 records identified from databases 
   415 PubMed
   676 Embase
   3305 Web of Science
   2324 Cochrane Library
   1396 MEDLINE/Ovid
 0 records identified from trial registers

 2968 records screened

 50 reports sought for retrieval

 50 reports assessed for eligibility

 5148 records removed before screening
   5148 duplicates
   0 marked as ineligible by automation 
    tools
   0 other reasons

 2918 records excluded

 0 reports not retrieved

 27 reports excluded
   1 abstract only
   12 no clearly categorised exercise 
    intervention (aerobic, strength, or 
    combined)
   2 multicomponent intervention including 
    non-exercise elements (dietetic support, 
    stress management, and education)
   2 walking intervention with step goals 
    only, no exercise intensity specified
   5 insufficient detail on measure within a 
    domain of quality of life related to 
    exercise
   1 no control or standard-care comparison 
    group
   1 did not meet inclusion criteria 
    specifications
   1 not a randomised controlled trial
   2 physiological measurements instead of 
    quality of life

 21 studies included in review
 22 reports of included studies

Figure 1: Study selection
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(ḡ=0⋅434). These results show that the beneficial effect of 
exercise on quality of life is not an artifact of our analytical 
approach.
Risk of bias evaluation revealed generally high meth-

odological quality across included studies. Overall risk of
bias was low in 12 (55%) studies 11,22,23,42,46,47,49,52,53,55,58,59

and showed some concerns in ten (45%) stud-
ies, 41,43–45,48,50,51,54,56,57,60 with no studies rated as high risk
across all domains. For randomisation, 16 (73%) studies 
showed low risk and six (27%) showed some concerns. 
Missing outcome data showed low risk in 15 (68%) studies 
and some concerns in seven (32%) studies. All studies 
showed low risk for intervention deviations, outcome 
measurement, and selective reporting (appendix p 39).
Visual inspection of the funnel plot revealed a relatively 

symmetrical distribution of effect sizes around the overall 
mean effect, with studies distributed across all levels of

precision (appendix p 40). The plot showed no obvious 
asymmetry that would suggest publication bias, although 
there was some scatter among smaller studies (higher SE). 
Rosenthal’s fail-safe N analysis indicated that 89 null 
studies would be needed to nullify the observed effect, 
which exceeded the criterion of 115 (5k + 10, where k=21), 
suggesting that the results are robust to publication bias. 
Using the GRADE approach, the certainty of evidence for 

the pooled quality of life effect was rated as moderate. This 
rating reflects the overall low risk of bias and consistent 
direction of benefit across studies, with a conservative 
downgrade due to variation in quality of life measurement 
instruments.
Per the mixed-effects meta-regression using the three-

level model with cluster-robust SE, the described exercise 
modality emerged as a significant moderator (Q M [3]=28⋅85, 
p<0⋅0001), explaining the substantial heterogeneity
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Figure 2: Forest plot of effects of exercise on quality of life
Each study is represented by a single summary effect size, calculated as the inverse variance weighted mean of all effects from that study. Studies contributing multiple 
effect sizes are indicated by [k=n], where n is the number of effects. The red diamond represents the overall pooled effect with 95% CI. Point sizes reflect study weights in 
the meta-analysis.
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(table 2). Aerobic exercise showed statistically significant 
benefits with ḡ= 0⋅482 (95% CI 0⋅262–0⋅703, p<0⋅0001), 
as did combined training with ḡ=0⋅397 (0⋅156–0⋅639, 
p<0⋅0001), and strength training with ḡ=0⋅335 
(0⋅002–0⋅669, p=0⋅050). Post-hoc pairwise comparisons with 
Bonferroni adjustment revealed no significant differences 
between any described exercise modalities.
Quality of life domain categories were significantly dif-

ferent (Q M [4]=33⋅37, p<0⋅0001). All domain categories 
besides functional (ḡ=0⋅205 [95% CI –0⋅199 to 0⋅609, 
p=0⋅32]) showed significant positive effects, with global 
quality of life showing ḡ=0⋅419 (0⋅235–0⋅603, p<0⋅0001), 
mental health showing ḡ=0⋅584 (0⋅240–0⋅927, p=0⋅0001), 
and physical showing ḡ=0⋅496 (0⋅286–0⋅706, p<0⋅0001). 
Post-hoc pairwise comparisons indicated no significant 
differences between regions after Bonferroni adjustment. 
Significant regional variations were identified 

(Q M [4]=29⋅05, p<0⋅0001). Asian studies had the largest 
effect sizes with ḡ=0⋅656 (95% CI 0⋅335 to 0⋅977, 
p<0⋅0001), followed by North American with ḡ=0⋅395 
(0⋅070 to 0⋅721, p=0⋅017), Other (Brazil) with ḡ=0⋅413 
(–0⋅259 to 1⋅084, p=0⋅23), and European with ḡ=0⋅321 
(0⋅062 to 0⋅581, p=0⋅015). Post-hoc pairwise comparisons 
indicated no significant differences between regions after 
Bonferroni adjustment.

The distribution of effect sizes varied considerably by 
modality. Three notable outliers were identified: Al-Majid 
and colleagues with ḡ=2⋅17, 44 Darvishi and colleagues 
with ḡ=1⋅07, 45 and Klavina and colleagues with ḡ=–0⋅256. 59 
The violin plot analysis (appendix p 40) revealed that aerobic 
interventions showed the most variable effect.
Visual inspection of the funnel plot revealed a relatively 

symmetrical distribution of effect sizes around the overall 
mean effect, with studies distributed across all levels of 
precision. The plot showed no obvious asymmetry that 
would suggest publication bias. Rosenthal’s fail-safe 
N analysis indicated that 89 null studies would be needed 
to nullify the observed effect, which exceeded the criterion 
of 115 (5k + 10, where k=21), suggesting that the results 
are robust to publication bias.

Discussion
This meta-analysis indicated that exercise interventions 
have a statistically significant positive impact on quality 
of life in women with breast cancer undergoing 
chemotherapy.
The overall effect size was 0⋅434, which translates to 

approximately 66% likelihood that a randomly selected 
participant in the exercise group will report better quality of 
life than a randomly selected participant receiving standard 
care alone. The consistency of this effect across four dif-
ferent analytical approaches (three-level, robust variance 
estimation, cluster-robust, and traditional two-level mod-
els) shows the robustness of our findings. The substantial 
heterogeneity observed (I 2 =55⋅8%) was expected given the 
diversity of exercise modalities and outcome measures 
included. The three-level model clarified the structure of 
this variation by showing that none of the heterogeneity 
arose from within-study outcome clustering, and all 
measurable heterogeneity reflected differences between 
studies.
The findings (ḡ=0⋅434) align with the moderate beneficial 

effects found by Buffart and colleagues 9 and Lahart and 
colleagues, 61 and the consistent benefits during and after 
treatment found by Spence and colleagues. 62 Multiple 
mechanisms explain exercise benefits during chemother-
apy: anti-inflammatory effects as exercise triggers muscle-
derived IL-6 release, initiating anti-inflammatory cascades 
that reduce systemic inflammation contributing to fatigue, 
pain, and distress 63,64 ; neuroendocrine regulation through 
endogenous opioid release, providing analgesia and mood

Number 
of studies

Number 
of effects

Estimate ḡ 
(95% CI)

SE p value I 2 (%) Within-
study τ 2

Between-
study τ 2

Two-level model 21 49 0⋅435 (0⋅272–0⋅595) 0⋅082 <0⋅0001 ⋅⋅ ⋅⋅ 73⋅8
Three-level model* 21 49 0⋅434 (0⋅272–0⋅595) 0⋅082 <0⋅0001 55⋅8% 0 55⋅8
Robust variance estimation (ρ=0⋅80) 21 49 0⋅434 (0⋅272–0⋅595) ⋅⋅ <0⋅0001 ⋅⋅ ⋅⋅ ⋅⋅
Cluster-robust model 21 49 0⋅434 (0⋅260–0⋅607) 0⋅082 <0⋅0001 ⋅⋅ ⋅⋅ ⋅⋅

*Primary analysis model.

Table 1: Model comparison and robustness assessment

ḡ (95% CI) SE p value Q M p value

Exercise modality 

Aerobic 0⋅482 (0⋅262 to 0⋅703) 0⋅113 <0⋅0001* 28⋅85 <0⋅0001*
Aerobic & Strength 0⋅397 (0⋅156 to 0⋅639) 0⋅123 0⋅0001* 28⋅85 <0⋅0001*
Strength 0⋅335 (0⋅002 to 0⋅669) 0⋅17 0⋅049* 28⋅85 <0⋅0001*

Quality of life domain 

Functional 0⋅205 (–0⋅199 to 0⋅609) 0⋅206 0⋅32 33⋅37 <0⋅0001*
Global quality of life 0⋅419 (0⋅235 to 0⋅603) 0⋅094 <0⋅0001* 33⋅37 <0⋅0001*
Mental health 0⋅584 (0⋅240 to 0⋅927) 0⋅175 0⋅0001* 33⋅37 <0⋅0001*
Physical health 0⋅496 (0⋅286 to 0⋅706) 0⋅107 <0⋅0001* 33⋅37 <0⋅0001*

Geographical region 

Asia 0⋅656 (0⋅335 to 0⋅977) 0⋅164 <0⋅0001* 29⋅05 <0⋅0001*
Europe 0⋅321 (0⋅062 to 0⋅581) 0⋅132 0⋅015* 29⋅05 <0⋅0001*
North America 0⋅395 (0⋅070 to 0⋅721) 0⋅166 0⋅017* 29⋅05 <0⋅0001*
Other 0⋅413 (–0⋅259 to 1⋅084) 0⋅343 0⋅23 29⋅05 <0⋅0001

*p<0⋅05. Q M =test statistic for moderator differences. ḡ represents the pooled standardised mean difference within each 
subgroup. Post-hoc pairwise comparisons of subgroup coefficients were done for exercise modality and exercise dose, with 
three contrasts tested in each moderator. Bonferroni-adjusted p values were non-significant for all pairwise comparisons, 
indicating no statistically reliable differences between subgroups after correction for multiple testing.

Table 2: Moderator analysis results
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enhancement; and normalisation of hypothalamic– 
pituitary–adrenal axis function, reducing cortisol dysregu-
lation and improving stress resilience. 65 These mecha-
nisms can result in acute responses and could explain 
domain-specific benefits.
Described exercise modality emerged as a significant 

moderator (Q M [3]=28⋅85, p<0⋅0001), with all three modal-
ities (aerobic exercise, combined aerobic–strength training, 
and strength training alone) showing significant benefits. 
However, post-hoc pairwise comparisons with Bonferroni 
adjustment revealed no significant differences between 
any modalities, indicating similar effectiveness.
This meta-analysis has several limitations. Substantial 

heterogeneity (I 2 =55⋅8%) indicates that unmeasured fac-
tors continue to shape exercise effects on quality of life. 
Clinical moderators such as age, tumour stage, and subtype 
could not be examined because these characteristics were 
reported inconsistently across trials. Adherence was docu-
mented in approximately half of the studies and captured 
with heterogeneous methods, limiting its value as a 
potential moderator. The greater variability observed in 
aerobic intervention effects probably reflects differences in 
programme design, supervision, and progression, and 
physiological outcomes were not reported consistently 
enough to evaluate whether physiological changes con-
tributed to quality of life improvements. Variation in quality 
of life instruments across studies might introduce meas-
urement bias, although the use of standardised effect sizes 
helps to mitigate this concern. Global quality of life 
scores were not consistently available, requiring reliance 
on subdomain outcomes and a three-level model to account 
for dependence among effect sizes. The small number 
of strength-based trials restricts the generalisability 
of those findings, and the geographical clustering of 
studies in high-income countries could constrain broader 
applicability.
The significant regional differences in effect sizes 

(Q M [4]=29⋅05, p<0⋅0001) highlight important consid-
erations for global implementation of exercise inter-
ventions. Asian studies had the largest effects (ḡ=0⋅656), 
which might reflect differences in health-care systems, 
cultural attitudes towards exercise, implementation fidelity, 
or population characteristics. These variations underscore 
the importance of culturally adapted and contextually 
appropriate exercise interventions. However, these 
regional findings should be interpreted with caution, as our 
analysis was restricted to English-language publications. 
Studies published in other languages from both European 
and Asian contexts might have been excluded, potentially 
influencing the observed regional differences.
These findings are consistent with American Society of 

Clinical Oncology recommendations. 66 Clinicians should 
consider recommending both aerobic exercise and com-
bined aerobic–strength exercise. The variability in aerobic 
effects reflects heterogeneity in prescription parameters 
(appendix pp 41–43), which can potentially speak to dif-
ferences in modality reports, which can create overlap with

aerobic and resistance training. Future studies need 
standardised quantification using frameworks like the 
Consensus on Exercise Reporting Template to enable 
stronger dose–response conclusions. 67,68

Future studies should investigate biological and psycho-
logical mechanisms underlying modality-specific effects 
and examine optimal delivery models, adherence strat-
egies, and pathways for integrating exercise into oncology 
care. Exercise goals in oncology are multifactorial and 
might require different prescriptions with varying intensity 
demands. Although improving quality of life is important, 
exercise ultimately aims to improve long-term morbidity 
and mortality. Future research should examine whether 
integrated prescriptions optimise across domains simul-
taneously or whether sequential approaches (symptom 
management during treatment or functional restoration 
after treatment) prove more effective.
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