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Abstract

Background: Cancer-related fatigue (CRF) is one of the most prevalent and distressing symptoms
experienced by cancer patients, severely impairing their quality of life and treatment compliance.
Multimodal exercise, defined as a combination of aerobic and resistance training, has emerged as a
promising non-pharmacological intervention. However, its efficacy remains controversial, and re-
centyears have seen the publication of multiple new randomized controlled trials (RCTs). Objective:
To systematically evaluate the effects of multimodal exercise interventions on CRF and quality
of life (QOL) in cancer patients. Additionally, we will explore potential sources of heterogeneity
through subgroup analyses based on age, cancer type, and risk of bias. Methods: A systematic search
was conducted across PubMed, Embase, Cochrane Library, Web of Science, CNKI, and WanFang Data
from inception to February 2026. RCTs investigating multimodal exercise interventions for cancer-
related fatigue were eligible for inclusion. Two reviewers independently performed literature
screening, data extraction, and risk of bias assessment using the RoB 2.0 tool. Meta-analysis was
performed using Stata 16.0 and RevMan 5.4 software. Outcomes included CRF scores and QOL scores,
with effect sizes expressed as standardized mean differences (SMD) and 95% confidence intervals
(CI). Subgroup analyses were conducted to compare effects between different age groups (<65 vs.
265 years), cancer types (breast cancer vs. mixed cancers), and risk of bias levels (moderate vs. low).
Results: Thirteen RCTs comprising 1509 cancer patients were included. The main analysis for CRF
included 11 RCTs, excluding Steindorf (2014) which examined pure resistance training, and Li
Chunyan (2024) which involved non-cancer populations. Meta-analysis showed that multimodal ex-
ercise significantly reduced CRF (SMD = -0.96, 95% CI: -1.41 to -0.51, P < 0.01), with high hetero-
geneity (I = 93.8%). For QOL, multimodal exercise significantly improved outcomes (SMD = 1.04,
95% CI: 0.86 to 1.22, P < 0.01), with moderate heterogeneity (12 = 61.1%). Subgroup analysis re-
vealed that: (1) Age: Patients aged = 65 years benefited more (SMD = -1.29) than those <65 years
(SMD = -0.59); (2) Cancer Type: Breast cancer patients showed significant improvement (SMD =
-0.66), whereas patients with mixed cancer types showed no statistically significant effect (SMD =
0.09); (3) Risk of Bias: The effect size of moderate-risk studies (SMD = -0.96) aligned with the overall
estimate. Sensitivity analysis confirmed robust results. Egger’s test indicated no significant publi-
cation bias (t = 0.22, P = 0.829). Conclusions: Current evidence suggests that multimodal exercise
effectively alleviates CRF and enhances QOL in cancer patients. Subgroup analyses indicate that el-
derly patients and breast cancer patients derive the most benefit, highlighting cancer type as a key
moderator of intervention effects. Due to limitations in the number and quality of included studies,
these findings require further validation through large-scale, high-quality RCTs.
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Figure 2. Bias risk level distribution map for included studies
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Figure 3. Forest plot illustrating the impact of multimodal exercise on cancer-related fatigue
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Figure 4. Forest plot illustrating the impact of multimodal physical activity on quality of life
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KHIZE—HIBR AT INE AT BUBYE 3. Bb4h, I8 F] Steindorf (2014) 4 4EHTFHLUIZE. Li
Chunyan (2024) 5ERE NTE, A5 AN BRI A USG5 R RN RS P . S5 R EoR, BRI ER
—WHFICIG, SR AR EAE-0.84 B-1.08 ZIA], 95%EAE X IAIRES I RE, Fn AR Tas KA
A RIFRfdt:, AZBATFRME . BUEE I B g RAafE, B—HBEs—0itaE, &
RN EAIEE—0.84 Z£-1.08 Z[H], 95%EE X M ARE ML RHL, W 2.

Table 2. Sensitivity analysis results by excluding individual studies

2. BRI R BRME S RER

BB BRI I 43 SMD 95% CI FFR 95% CI R I (%)
Zhu Kanglin (2020) -0.97 —1.44 -0.50 94.3
Li Shugin (2025) —0.98 —1.47 —0.49 94.3
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R
Wu Zhixin (2026) ~0.85 ~1.28 ~0.41 932
Adamsen (2009) ~1.02 -1.52 -0.53 94.0
An (2020) ~0.96 ~1.46 ~0.47 94.2
Mikkelsen (2022) ~0.96 ~1.44 ~0.48 94.3
Steindorf (2014) ~1.03 -1.51 ~0.54 94.1
Andersen (2013) ~1.08 ~1.48 ~0.68 90.7
Schmitt (2016) ~0.99 ~1.46 -0.52 943
Li Chunyan (2024) ~0.86 ~1.29 -0.43 93.0
Zhang Min (2023) -0.96 ~1.44 ~0.49 943
Wang Hao (2022) ~0.84 ~1.26 -0.42 92.7
Liu Jing (2021) ~0.98 ~1.46 ~0.50 94.3

3.7. ZERMEIEME

DA RV = )& 5 280N 5 SMD i Abhs, bRt vl Abbres il -, Wl 5. s kEER, &
W R R R I S8 6 20N B 52 SRR, 22 B 78 B 78 2 (B g 08 (X 3R, $7R AT REAFAE — 58
B R F s . Egger EVERIAMGIG4E R E/R: t=022, P=0.829, RiLFNGitEEEN, RRLEFERE

T -
Funnel Plot for Publication Bias Assessment (CRF)
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Figure 5. Cancer-related fatigue: Publication bias funnel plot
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Figure 6. Quality of life-publication bias funnel plot
6. £EREBARRERE

4. it
4.1. %LERM. FRYEFESHBIR

AT FUAE Sk 2 ARSI B AT ik 25 G e A g R 9 = (SMD = —0.96) A1 A% 5 &:(SMD = 1.04).
5§ Mustian %5(2017)ff] Meta 43 H1(SMD = —0.60)AH Eb,  ASHIE 72 1A 2408 B iy, X E BRI F =5 1
© TR : A 7T IR & 2 A2 5, G A S PR YIZR 0 P 3 2850 B AT Re AR T REAE g N 1) e — A X
@ SCHEREEFr: AN T 2025~2026 R IHRHT oSGk, Al it RN =R OR: @) Bk
HF: MO REES T EFR R E T, vTReE PR T T RIRCR .

9 = S5 R R R S T (1P = 93.8%) FEVR T IR . TR AR ERRRHE T, W4k
FEWAH TR T — KRB A FR(265 ) S (FLIE) RN E AR, $en 2 3L e ]
Rt Z RIS TN B IR E AN B X — A A HIRIZE T LIRS A 20 WA T 3 51 R ORI
JRABSNA AR, TP ZR T £ 0 B8 OGRS e 1t . RN, 2 HEREaaRA “— g =
B 5 R ERIE R NE M, XRE %A BN E AN EA KB, HIER— 5
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4.2. ARBIF. BRMEREKEKGE

1E 779280, 5 Buffart 25(2017) 1 Hilfiker Z£(2018)41 bb , REALAF 78 2 i EIR)T M Bt oz 5 28 7,
BUDIRIE CUEERRER” o AWF TR AR AR E BEAN SR UESE B 1, HESNEBHERE AN R EA R ARA
IR o BEAN, ARFFRGIN 7 TR ET Y 53.8%), & E DRGSO ABREYE 2R E
51 Meta 7347 -

SR, AW FAAAAE—E R IE: © ZHEMNHITT(92.3%) A &5 far KK, T2 i T8 3+ FaE A
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RIG R, AR TR et 5 Z AT RFEA RCT DUIBEAMIEYS 25 (15 [F] I 82 St — K [ Frid H
= B0 PFS), MY FITT JEM, JH7E RCT ¥t t BN e b 25 K 7. Rl 1 ) bA
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25 LRTR, MBTIEE R I, 2 AE 2 THAT A e s A A TR DR M = R R T A TG T
BN 53 38 SMD = —0.96 11 SMD = 1.04. WA HTER: O 265 & ZEBERGEENRE; @ AR
FEREPRDE, MEMEERIESBEIRAEE, O M RSN RN, bk iafd.
RSB, E BRI 8 (AR R R S A ) 8 MR 2RI 3 T R . RN BRI &, 7
Bt R R BRG], RIREGS R FEE L mR R KA K IABE U5 I BEA L BRI 0 A o

EEMA
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