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ABSTRACT

Background. Breast cancer is the most prevalent cancer diagnosis and a leading cause of cancer-related
mortality among women globally. Exercise has gained traction as a promising non-pharmacological strat-
egy to manage cancer-related fatigue, pain, quality of life, anxiety, and depression. However, the current evi-
dence regarding exercise's effects on breast cancer is heterogeneous, with variations in study designs, exer-
cise modalities, and outcome measures. Therefore, this umbrella meta-analysis is conducted to synthesise

more robust findings.

Material and method. Adhering to the PRIO and PRIO-harms guidelines, Eligible systematic reviews and
meta-analyses published between January 2001 and December 2023 were identified from PubMed, Scopus,
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Web of Science, and the Cochrane Library. Using StataMP version 17, Outcomes are reported as standard-
ised mean differences (SMD) with 95% confidence intervals (Cl). A p-value < 0.05 was considered statistical-
ly significant.

Results. This umbrella review synthesised evidence from 44 systematic reviews, including 31 meta-analy-
ses. These reviews encompassed 906 randomised controlled trials (RCTs) evaluating the effects of exercise
interventions on various outcomes in breast cancer patients. Patients undergoing exercise programs dem-
onstrated improvements in fatigue (SMD -0.26, 95% CI [-0.44, -0.08], p < 0.01), pain (SMD -0.65, 95% CI [-1.10,
-0.19], p = 0.01), quality of life (SMD 0.28, 95% ClI [0.21, 0.36], p < 0.01), and physical activity level (SMD 0.30,
95% C1[0.21,0.39], p < 0.001). No significant effects were observed for anxiety (SMD 0.00, 95% CI [-0.62, 0.63],
p = 1.00) or depression (SMD -0.45, 95% CI [-1.00, 0.10], p = 0.11).

Conclusion. This umbrella meta-analysis provides evidence that exercise in breast cancer patients can
reduce fatigue, enhance quality of life, improve physical function, and alleviate pain. However, the impact on

depression and anxiety appears limited.

Introduction

Breast cancer is the most commonly diagnosed
cancer among women worldwide and a leading
cause of cancer-related mortality, with an esti-
mated 2,261,419 new cases and 684,996 deaths
reported globally in 2020 [1]. Although advance-
ments in early detection and treatment have sig-
nificantly improved survival rates, breast cancer
patients continue to face substantial physical
and psychological challenges [2]. These chal-
lenges include fatigue, depression, reduced qual-
ity of life (QoL), and heightened anxiety, all of
which can profoundly affect patients’ well-being
and their ability to cope with the disease and its
treatments. Women undergoing mastectomy and
adjuvant therapies are often exposed to a consid-
erable pharmacological burden, including che-
motherapy, endocrine therapy, analgesics, and
supportive medications. While these treatments
are essential, they are frequently associated with
adverse physical and psychological effects [3].
Consequently, non-pharmacological interven-
tions — particularly structured exercise and phys-
iotherapy — have gained increasing attention as
safe, accessible, and cost-effective strategies to
support rehabilitation and improve survivorship
outcomes [4].

Breast cancer patients experience a wide
range of physical and psychological symptoms
that substantially affect their overall well-being.
Cancer-related fatigue (CRF) is among the most
prevalent and debilitating outcomes, with up
to 99% of patients reporting significant fatigue

during and after treatment, leading to impaired
physical function, reduced ability to perform daily
activities, and diminished QoL [5,6]. Pain is also
a common and distressing symptom that fur-
ther limits physical functioning and negatively
influences QoL [7]. In addition to these physi-
cal outcomes, psychological disturbances such
as depression and anxiety affect a considerable
proportion of breast cancer patients, with preva-
lence rates reaching approximately 30% and 40%,
respectively [8], and can exacerbate physical
symptoms and overall distress.

Given the substantial burden of these physical
and psychological challenges, there is a grow-
ing interest in identifying effective interventions
to manage these symptoms in the breast cancer
population. Exercise has emerged as a promis-
ing non-pharmacological approach, with several
systematic reviews and meta-analyses examin-
ing its impact on fatigue, depression, QoL, and
anxiety in breast cancer patients [9-12].

However, the existing evidence on the effects
of exercise on breast cancer is diverse, with vari-
ations in study designs, exercise modalities, and
outcome measures. An umbrella review syn-
thesises the evidence from multiple systematic
reviews, and meta-analyses can provide a com-
prehensive and robust understanding of the cur-
rent literature on this topic [13]. Therefore, this
umbrella review aims to critically appraise and
synthesise the available evidence on the effects
of exercise on fatigue, depression, QoL, physi-
cal activity, pain, and anxiety in breast cancer
patients.
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Material and methods

This summary of systematic reviews was con-
ducted following the guidelines provided by the
Preferred Reporting Items for Overviews of Sys-
tematic Reviews (PRIO) checklist [14] and the Pre-
ferred Reporting ltems for Overviews of System-
atic Reviews Harms (PRIO-harms) checklist [15].

Data sources and searches
A systematic approach is employed to iden-
tify relevant literature for our umbrella review
by searching multiple online databases, includ-
ing the Cochrane Library, Web of Science (WoS),
PubMed, and Scopus. Our search strategy was
designed to capture a broad spectrum of infor-
mation regarding the impact of exercise thera-
pies on CRF in patients with breast cancer. The
search terms included a combination of

(Breast Cancers OR Breast Carcinoma OR
Mammary Neoplasm OR Mammary Carcinoma
OR Human Mammary Carcinomas OR Breast
Carcinomas OR Breast neoplasm OR Breast Can-
cer) AND (fatigue OR tiredness OR weariness
OR exhaustion) AND (Internal training OR home
training OR internal exercise OR home exercise
OR home stretching OR physical exercise OR sed-
entary OR endurance OR flexibility OR physical
activity OR mobility OR aerobic activity OR walk-
ing OR resistance OR balance OR home-based
exercise).

A combination of Medical Subject Headings
(MeSH) and relevant free-text terms is utilised to
ensure comprehensive inclusion.

Eligibility criteria

Reviews are included in our Umbrella study if
they satisfied the following criteria: Population:
Patients diagnosed with breast cancer. Interven-
tion: Any exercise. Comparator: Control group.
Outcome: (i) Primary outcomes: Fatigue (ii) Sec-
ondary outcomes: Depression, Qol, anxiety,
physical function, pain. Study design: We includ-
ed systematic reviews and meta-analyses.

To ensure an exhaustive evaluation of inter-
ventions, we considered a range of exercise
interventions, including aerobic exercise, resis-
tance training, and mind-body practices. Also, no
restriction was set on the age of the patients or
the stage of breast cancer. We excluded prima-
ry studies, commentaries, editorials, and letters
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as they did not fulfil our criteria for a systematic
review. Furthermore, reviews that did not explic-
itly address CRF or did not incorporate patients
with breast cancer were excluded from our anal-
ysis. In addition, studies that lacked sufficient
data to evaluate the quality of the evidence were
excluded to maintain the rigour and reliability of
the review process.

Data Extraction

A precise, systematic approach was employed
to ensure accuracy and reliability during data
extraction. Six independent reviewers (ME,
MH, FMR, HE, MMS, JMD) extracted data utilis-
ing a standardised form to capture information
across various domains. Conflicts were resolved
through discussion with the senior authors (AZA
and MA). The extracted data encompassed vital
study characteristics, including the study design,
time limit of the search, number of studies
included in the systematic review or meta-analy-
sis, type of studies included, number of patients,
countries, interventions, study aim, and inclusion
and exclusion criteria. Ultimately, the principal
findings of each study were summarised to eluci-
date the impact of exercise interventions on CRF
among patients with breast cancer.

Quality assessment

To ensure the reliability and validity of the includ-
ed systematic reviews with meta-analyses, their
methodological quality was assessed using the
Assessment of Multiple Systematic Reviews
(AMSTAR) tool [16]. This established instrument
facilitated a comprehensive evaluation of the
review methodology, encompassing study selec-
tion, data extraction, and the synthesis of find-
ings. Six independent reviewers (ME, MH, FMR,
HE, MMS, JMD) conducted the quality assess-
ment, and any discrepancies were resolved
through a comprehensive discussion with the
senior author (AZA). When consensus could not
be achieved, a third reviewer (MA) was consulted
to provide additional insight and facilitate reso-
lution.

Statistical analysis

In this Umbrella review, we used StataMP ver-
sion 17 for statistical analysis. Continuous data
were reported as standardised mean differences
(SMDs) with 95% confidence intervals (Cls). The



random effect model was applied. It accommo-
dates a larger standard error in the pooled esti-
mate, making it suitable for inconsistent or con-
troversial estimates [17]. When a study used mul-
tiple scales within a domain, we first calculated
its overall estimate and then pooled the results.
For instance, Fong et al. [18] used mental health,
physical function, and social function to calcu-
late an overall QoL estimate before incorporat-
ing it into the QoL pool analysis. Chi-square and
I-square tests are used to evaluate heterogeneity.
The Chi-square test determines whether hetero-
geneity exists, while the I-square test determines
the degree of heterogeneity. According to the
Cochrane Handbook (Chapter Nine) [19], signifi-
cant heterogeneity was indicated by an I-square
greater than 50%. At the same time, an alpha
level of 0.1 or lower for the Chi-square test indi-
cated considerable heterogeneity. Funnel plots
and Egger's test were calculated for fatigue and
QoL outcomes, and subgroup analyses were per-
formed when possible, depending on the quality
of the studies. Lastly, we calculated the Correct-
ed Covered Area (CCA) for the included reviews to
inspect the potential impact of overlapping stud-
ies using the formula [20]:

CCA=——
(r-c)—r

where N is the total number of primary studies
in all systematic reviews (counting duplicates), r
is the number of unique primary studies, and c is
the number of systematic reviews.

Results

Characteristics of Included Reviews
This umbrella review synthesised evidence from
44 systematic reviews, of which 31 included
meta-analyses published between 2001 and
2023 (Figure 1). A List of studies and their char-
acteristics is presented in Table 1 [18,21-63].
These reviews encompassed 906 randomised
controlled trials (RCTs) evaluating the effects of
exercise interventions on various outcomes in
breast cancer patients. The included systematic
reviews and meta-analyses encompassed breast
cancer patients at multiple stages of treatment

and survivorship, including those undergoing
active treatment (e.g., chemotherapy, radiation
therapy).

The included systematic reviews and
meta-analyses focused on several outcomes,
including 26 on fatigue, 14 on QoL, 7 on physi-
cal function, 6 on depression, 4 on anxiety, and
4 on pain. The number of primary studies in each
review varied considerably, ranging from 5 RCTs
to over 50.

Regarding the types of exercise interventions
evaluated, most reviews included aerobic exer-
cise, resistance training, or both. Several reviews
also examined the effects of yoga, Tai chi, and
pilates.

Quality assessment of the included reviews

According to the AMSTAR 2 evaluation of the 43
systematic reviews, 5 (11.6%) were rated as high
quality, 1 (2.3%) as moderate quality, 12 (30.2%)
as low quality, and 25 (55.8%) as critically low
quality, based on the AMSTAR 2 criteria (Table 2).

The high-quality reviews consistently dem-
onstrated adherence to rigorous systematic
review methods, including comprehensive lit-
erature searches, duplicate study selection, data
extraction, risk-of-bias or methodological-qual-
ity assessment of included studies, and appro-
priate analytical techniques. These reviews pro-
vided detailed information on their methods and
addressed potential sources of bias and hetero-
geneity [49,53,56,62,63] (Table 2).

The moderate-quality review had minor
limitations, including an inadequate literature
search strategy and reporting, and an incomplete
assessment of publication bias. However, these
limitations were not deemed critical to the overall
validity of the review's findings (Table 2).

The low-quality reviews exhibited more sub-
stantial methodological flaws, including limited
literature searches, lack of duplicate study selec-
tion or data extraction, inadequate assessment
of the risk of bias or study quality, and poten-
tial issues with data synthesis or interpretation
[18,22-26,45-47,54,55,59] (Table 2).

Critically low-quality reviews had multiple sig-
nificant limitations, including failure to register or
provide a protocol, inadequate comprehensive
literature searches, inability to assess the risk of
bias or study quality, and inappropriate data syn-
thesis or meta-analysis methods. These reviews
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Figure 1. PRISMA chart of the reported studies showing the search selection strategy and exclusion criteria.
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Table 2. Quality assessment of 44 systematic reviews/meta-analyses.

First author [Ref.] AMSTAR 2 (A Measurement Tool to Assess Systematic Reviews) Overall quality
Q1 02 Q3 04 Q5 06 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16

Fraser [22] N P N P Y Y Y Y P Y Y Y N N N Y Low quality review
Coughlin [23] Y N N P N N Y P N N N N N N N Y Low quality review
Vulpen [24] Y Y Y P Y N P Y Y N Y Y N Y N Y Low quality review
Mok [25] Y N Y P N N P Y Y Y Y N N N Y Y Low quality review
Fong [18] Y N Y Y Y Y Y P N Y Y N N Y Y Y Low quality review
Singh [26] Y N Y P N Y N Y N Y Y N N Y Y Y Low quality review
0'Neill [27] Y N N Y Y Y N P Y N Y Y N N Y Y Critallylowquality review
Mcneely [28] Y N Y Y Y Y N Y Y Y Y Y N Y N Y Critallylowquality review
Velthuis [29] Y N N Y Y Y N P Y Y N Y N N N N Crialylowquality review
Hashimi [30] Y N Y Y Y Y N N Y Y N Y N Y Y N Critallylowquality review
Fontein [31] Y N N Y Y Y N Y N N N N N Y N N Critalylowquality review
Buffart [32] Y N Y Y N N Y P N N Y N N N N N Criialylowquality review
Lee [33] Y N N P N N N Y N N Y Y N Y Y N Criiallylowquality review
Reverte-Pagola[34 Y Y N Y Y Y N Y Y N Y Y Y Y N N Critally low quality review
Samuel [35] Y N Y N Y N Y Y N Y N N N N Y Y Crialylowquality review
Jurado [36] Y N Y Y Y Y N Y N Y N N N N Y Y Crialylowquality review
Wu [37] Y N Y Y Y Y N Y N N N N N N Y Y Critallylow quality review
Battaglini [38] N P N P Y Y N N N N N N Y N N Y Critallylowquality review
Chen [39] N N N Y Y Y N N Y N Y N Y N N N Critallylowquality review
Zomkowski [40] Y N N Y N Y N N Y N Y N Y N N N Critallylow quality review
Arnold [41] Y N N P Y Y N N P N Y N Y N N Y Critallylow quality review
Karki [42] N P Y P N N N N N N N N N Y N N Critallylowquality review
Lin [43] Y P N P Y Y N P P N Y Y Y Y Y Y Low quality review
Jacobsen [44] Y P N P Y N N P N Y N N N N N Y Low quality review

Lu [45] N N N N Y N N N P N Y Y Y Y N Y Low quality review
Dijck [46] N N N P Y Y N N Y N Y Y Y Y N Y Critallylowquality review
Juvet [47] Y Y Y P Y Y Y Y P N Y Y Y Y Y Y High quality review
Espindula [48] N P Y P Y Y P P N Y Y Y Y Y N N Low quality review
Carayol [49] N N Y P N N N N N N N N N N N Y Critalllowqualiy review
Smits [50] Y P Y P Y Y Y P P N Y Y Y N N N Low quality review
Lof [51] Y Y Y P Y Y Y Y Y N Y Y Y Y Y Y High quality review
Peng [52] Y P Y P Y Y P Y P N Y Y N Y Y N Low quality review
Lipsett [563] Y P Y P Y Y Y Y Y N Y Y Y N Y Y Low quality review
Zhu [54] Y P Y P Y Y P P P N Y Y Y Y Y Y High quality review
Dong [55] Y P Y P Y Y Y Y P N Y Y N N Y N Low quality review
Shen [56] Y Y N Y Y Y Y Y Y Y Y N N N N Y Critallylow quality review
Huizinga [57] Y Y N Y Y Y Y Y Y Y Y N N Y Y Y Low quality review
Belloni [58] Y Y N Y Y Y N P Y Y Y Y Y Y N Y Critallylow quality review
Ehlers [59] N N N Y N N Y P N Y N N N N N Y Critallylowquality review
Montafio-Rojas[(0) Y P Y Y N N Y Y Y Y Y Y Y Y Y Y Moderate quality review
Luo [61] Y N N Y Y Y Y P Y Y N Y Y Y Y Y Critallylowquality review
Cataldi [62] Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y High quality review
Cheng [63] Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y High quality review
Cramer [21] Y Y N Y Y Y Y Y Y Y N Y Y Y Y N Critally low quality review

Q1.,Did the research questions and inclusion criteria for the review include the components of PICO?"; Q2. ,Did the report of the review contain an ex-
plicit statement that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from
the protocol?”; Q3. ,Did the review authors explain their selection of the study designs for inclusion in the review?" ; Q4. ,Did the review authors use a
comprehensive literature search strategy?; Q5. ,Did the review authors perform study selection in duplicate?"; Q6. ,Did the review authors perform
data extraction in duplicate?”; Q7. ,Did the review authors provide a list of excluded studies and justify the exclusions?"; Q8. ,Did the review authors
describe the included studies in adequate detail?"; Q9. ,Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in in-
dividual studies that were included in the review?" ; Q10. ,Did the review authors report on the sources of funding for the studies included in the re-
view?"; Q11. ,If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?" ; Q12. ,If meta-
analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other ev-
idence synthesis?"; Q13. ,Did the review authors account for RoB in individual studies when interpreting/ discussing the results of the review?" ; Q14.
,Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?" ; Q15. ,If
they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its
likely impact on the results of the review?" ; Q16. ,Did the review authors report any potential sources of con- flict of interest, including any funding
they received for conducting the review?" (Shea BJ,2017 [26] p.3-5)

Answers: Y, yes; P, partial yes; N, no
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may have reported biased or unreliable results
due to methodological shortcomings [21,27-
44,48,50-52,57,58,60,61] (Table 2).

Primary and secondary outcomes

The patient went on exercise programs and
showed an improvement in fatigue (SMD -0.26,
95% CI [-0.44, -0.08], p < 0.01) (Figure 2), pain
(SMD -0.65, 95% CI [-1.10, -0.19], p = 0.01) (Fig-
ure 3), QoL (SMD 0.28,95% CI[0.21,0.36], p < 0.01)
(Figure 4) and physical activity level (SMD 0.30,
95% Cl [0.21, 0.39], p < 0.007) (Figure 5). No sig-
nificant differences were found in anxiety (SMD
0.00, 95% CI [-0.62, 0.63], p = 1.00) (Figure 6)
and depression (SMD -0.45, 95% CI [-1.00, 0.10],
p = 0.11) (Figure 7).

Concerning heterogeneity, results were
homogenous for pain (I = 31.52%, p = 0.21), and
heterogeneous for fatigue (1> = 94.24%, p < 0.01),
QoL (I> = 46.48%, p < 0.001), physical activity
level (I” = 23.33%, p = 0.02), anxiety (I* = 97.79%,
p < 0.01) and depression (I* = 94.03%, p < 0.01).

Sensitivity analysis did not alter the outcomes
except for pain (Figures S1-S6). Removing the
Shen et al. study [56] resulted in an insignificant
reduction in pain (SMD -0.76, 95% CI [-1.64, 0.12],
p = 0.092).

Sup group analysis

Subgroup analysis was performed for fatigue
and QoL according to the methodological quality
of the included reviews (Figures S7 and S8). For

Heterogeneity: 1° = 0.17, I° = 94.24%, H* = 17.35
Test of 8, = 8;: Q(25) = 314.62, p = 0.00

SMD Weight
Study with 95% CI (%)
Fraser 2023 S -0.61[-1.53, 0.31] 2.07
Vanvulpen 2016 I -0.22[-0.38, -0.06] 4.62
Mok 2022 ﬁ -0.28[-0.57, 0.00] 4.28
Fong 2012 —a— -1.00[-1.85, -0.15] 2.27
Singh 2018 L 0.30[ 0.23, 0.38] 4.77
O'Neil 2020 = 2 -0.30[-0.60, -0.01] 4.24
Mcneely 2006 | il 0.28[ 0.01, 0.55] 4.31
Buffart 2012 - 0.51[-0.80, -0.22] 4.28
Lee 2018 B 0.27[-0.44, -0.11] 4.62
Pagola 2022 T -0.48[-0.69, -0.26] 4.49
Peng 2023 B 0.51[-0.83, -0.19] 4.14
Lipsett 2017 — 0.46[-1.03, 0.11] 3.20
Lin 2020 - | -1.20[-1.62, -0.78] 3.78
Jacobsen 2008 'm 0.07[-0.03, 0.17] 474
Cramer 2017 —m -0.48[-0.95, -0.00] 3.57
Juvet2017 —I:— -0.52[-0.95, -0.08] 3.72
Carayol 2014 oL 0.31[ 0.16, 0.46] 4.65
peng 2022 | |— 0.56[ 0.12, 1.00] 3.72
lipsett 2017 — -0.46[-0.93, 0.00] 3.61
Dong 2019 : 3 0.31[-0.52, -0.10] 4.51
Shen 2020 — & 0.76 [-1.52, -0.00] 2.56
Huizinga 2021 | | 0.22[ 0.06, 0.38] 4.64
Belloni 2021 [+ ] -0.33[-0.43, -0.23] 4.74
Ehlers 2020 | | 0.33[ 0.17, 0.48] 4.63
Luo 2020 - | 1.11[-1.53, -0.69] 3.78
Zhu 2021 | 1.60[-5.74, 8.94] 0.06
Overall : -0.26 [ -0.44, -0.08)

|

|

|

Testof8=0:z=-2.89,p=0.00

2
Random-effects REML model

-]
ra-

Figure 2. Forest plot of fatigue. SMD = standardized mean difference; Cl = confidence interval, REML = re-

stricted maximum likelihood.
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fatigue, critically low-quality reviews (SMD -0.27,
95% CI [-0.53, -0.00], p < 0.001) and low-qual-
ity reviews (SMD -0.24, 95% CI [-0.51, 0.02],
p < 0.007) showed significant results. For QoL,
critically low-quality reviews showed an insignif-
icant association (SMD 0.19, 95% CI [0.09, 0.30],
p = 0.06), whereas low-quality reviews showed
a significant association (SMD 0.35, 95% CI [0.27,
0.44], p < 0.01).

Overlap assessment

We calculated the Corrected Covered Area (CCA)
as 0.54%, indicating very low overlap [20]. After
removing duplicates, 719 unique RCTs remained
out of a total of 903 records.

Risk of bias
The funnel plots for fatigue (6 = -0.26, 95% CI
-0.439 to -0.084, p = 0.0038) and QoL (8 = 0.284,

SMD Weight

Study with 95% Cl (%)
Peng 2022 — -0.28[-1.13, 0.57] 22.43
Zhu 2021 —_— -1.18[-1.91, -0.45] 28.19
Shen 2020 —I— -0.51[-0.98, -0.04] 49.37
Overall e -0.65[-1.10, -0.19]
Heterogeneity: 7° = 0.05, I° = 31.52%, H* = 1.46 ,

Testof 8 = 6;: Q(2) = 3.09, p = 0.21

Testof 8=0:z=-2.78, p = 0.01 i

E 5 0 1

Random-effects REML model

Figure 3. Forest plot of pain. SMD = standardized mean difference; Cl = confidence interval; REML = restricted

maximum likelihood.

SMD Weight

Study with 95% ClI (%)
Fraser 2023 |+ 0.30[ 0.00, 0B0] 5.05
Mok 2022 - 0.18[-0.27, 063] 257
Fong 2012 | ——=—  275[ 1.50, 4.00] 0.38
Singh 2018 | 0.40[ 0.33, 047] 16.13
O'Neil 2020 : 0.27[ 0.08, 047] 8.586
Mcneely 2006 |————>458[ 0.35, 881] 003
Buffart 2012 = 0.37[ 012, 083] 6.19
Lee 2018 * 0.16 [-0.01, 0.33] 10.11
Lipsett 2017 l—,—-— 095([-0.03, 193] 0861
Cramer 2017 0.22[ 0.04, 0.40] 9.30
lu 2019 L . 224 027, 4.21] 0.16
Carayol 2014 * 011[ 0.02, 0.20] 14.86
Smits 2015 f 1.16[-5.91, 8.23] 0.01
peng 2022 ] 026 0.03, 048] 7.27
Zhu 2021 : 448[-2.19, 11.15] 0.01
Dong 2019 F 0.28[ 0.13, 0.43] 11.28
Luo 2020 0.37[ 0.15, 059] 747
Overall 0.28[ 0.21, 0.38]

Heterogeneity: 1° = 0.01, I = 46.48%, H® = 1.87
Test of 8, = 8;: Q(16) = 55.07, p = 0.00
Testof8=0:z2=7.15,p=0.00

Random-effects REML model

[=]
w

Figure 4. Forest plot of quality of life. SMD = standardized mean difference; CI = confidence interval; REML =

restricted maximum likelihood.
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SMD Weight

Study with 95% CI (%)
Fraser 2023 0.49[ 0.23, 0.76] 9.68
Fong 2012 3.00[ 0.70, 5.30] 0.15
Lee 2018 0.32[ 0.20, 0.44] 28.43

: .

|

I

1

Peng 2023 —— 0.78[ 0.34, 1.22] 3.89

Juvet2017 !' 0.27[ 0.13, 0.42] 23.86

Peng 2022 L 3 0.26[ 0.09, 0.43] 19.32

Shen 2020 - 0.11[-0.10, 0.32] 14.68
|
|
|
|
|
|
|
|

Overall 0.30([ 0.21, 0.39]
Heterogeneity: 1° = 0.00, I = 23.33%, H® = 1.30
Test of 8 = 8;: Q(6) = 15.61, p = 0.02

Testof B8 =0:z=6.66, p=0.00

Random-effects REML model

Figure 5. Forest plot of physical activity level. SMD = standardized mean difference; Cl = confidence interval;
REML = restricted maximum likelihood.

SMD Weight
Study with 95% CI (%)
Singh 2018 B 0.77[ 063, 0.91] 26.75
Lee 2018 —— -0.55[-0.97, -0.13] 24.19
Cramer 2017 e -0.53[-1.10, 0.04] 22.10

Carayol 2014 [ 0.17[ 0.09, 0.26] 26.96

Overall - Eoe 0.00 [ -0.62, 0.63]
Heterogeneity: 1° = 0.37, I = 97.79%, H’ = 45.26
Testof 8 = 6,: Q(3) = 79.81, p = 0.00

Testof 8=0:z=0.01, p=1.00

Random-effects REML model

Figure 6. Forest plot of anxiety. SMD = standardized mean difference; Cl = confidence interval, REML = re-
stricted maximum likelihood.

SMD Weight
Study with 95% CI (%)
)
Mok 2022 :i 0.02[-0.28, 0.24] 24.21
Fong 2012 . | 4.10[-6.45, -1.75] 4.53
Lee 2018 -0.55[-0.97, -0.13] 22.34

Carayol 2014 0.09[ 0.01, 0.18] 25.43

Overall <y -0.45[-1.00, 0.10]
Heterogeneity: 7 = 0.31, I’ = 94.03%, H” = 16.74
Test of 6, = 82 Q(4) = 40.02, p = 0.00
Testof@8=0:z=-1.61,p=0.11

Buffart 2012 - -0.69[-1.01, -0.37] 23.49
L
I
|

Random-effects REML model

Figure 7. Forest plot of depression. SMD = standardized mean difference; Cl = confidence interval; REML =
restricted maximum likelihood.
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95% CI 0.206 to 0.362, p < 0.005) are presented
in Figures S9 and S10. Visual inspection of the
fatigue funnel plot reveals a largely symmetrical
distribution of studies around the pooled effect
estimate, with most clustered at higher precision
and a single small-study outlier, suggesting no
strong evidence of publication bias. In contrast,
the quality-of-life funnel plot shows greater dis-
persion and some asymmetry among less pre-
cise studies, suggesting small-study effects or
publication bias.

Discussion

In this umbrella review, we systematically synthe-
sised evidence from 44 systematic reviews and
meta-analyses to investigate the effects of exer-
cise on multiple outcomes, including fatigue, QoL,
physical function, pain, depression, and anxiety
in breast cancer patients. Our findings reinforce
the well-established therapeutic benefits of exer-
cise, demonstrating significant improvements
in fatigue, QoL, physical function, and pain out-
comes [5]. These results align with the growing
body of evidence supporting the integration of
exercise as a crucial component of comprehen-
sive cancer care [64,65].

Fatigue, one of the most prevalent and debili-
tating symptoms experienced by cancer patients,
was consistently improved with exercise inter-
ventions across multiple meta-analyses included
in our review [11,12,66,67]. The positive effects of
exercise on fatigue were observed across various
cancer types, treatment modalities, and exercise
regimens [67,68]. However, our meta-analysis did
not conduct subgroup analyses based on inter-
vention characteristics, such as duration, type,
frequency, and supervision level. A recent sys-
tematic review by Dennett et al. highlighted that
these factors can have varying degrees of influ-
ence on the effects of exercise on cancer-related
fatigue [69]. Future research should explore these
potential moderators to optimise exercise pre-
scriptions for managing fatigue in patients with
breast cancer.

Regarding QoL, our review found robust evi-
dence supporting the beneficial impact of exer-
cise interventions on overall well-being and vari-
ous QoL domains, including physical, emotional,
and functional aspects [39,68,70]. These findings

Journal of Medical Science 2026 March;95(1)

underscore the importance of integrating exer-
cise as a critical component of supportive care
for breast cancer patients, as it can mitigate the
detrimental effects of cancer and its treatments
on multiple aspects of QoL.

Furthermore, our review demonstrated that
exercise interventions significantly improved
physical function and alleviated pain among
breast cancer patients [70-72]. These out-
comes are particularly relevant, as cancer
treatments and disease progression can lead
to functional impairments and chronic pain,
adversely affecting activities of daily living and
overall independence. By enhancing physical
function and reducing pain, exercise can play
a crucial role in facilitating rehabilitation and
improving the overall well-being of breast can-
cer survivors.

Notably, our meta-analyses revealed a negli-
gible impact of exercise interventions on depres-
sion and anxiety levels in this patient popula-
tion. These findings align with previous research
suggesting that exercise alone may not be suffi-
cient to alleviate psychological distress in cancer
survivors [10,68,73]. The multifactorial nature of
depression and anxiety, influenced by biological,
psychological, and social factors, necessitates
a multidisciplinary approach to address these
complex conditions [74-76].

Given the limited efficacy of exercise interven-
tions in improving depression and anxiety, alter-
native lifestyle modifications should be explored
and integrated into comprehensive care plans.
Cognitive-behavioural therapy and mindful-
ness-based interventions have shown promising
results in reducing depression and anxiety symp-
toms among breast cancer patients [71,77,78].
Incorporating these evidence-based psychoso-
cial interventions alongside exercise programs
may yield synergistic benefits by addressing both
physical and psychological aspects of cancer
survivorship. Furthermore, emerging evidence
suggests that dietary interventions, such as the
Mediterranean diet or anti-inflammatory dietary
patterns, may benefit mental health outcomes
across various populations [79-81]. Incorporat-
ing dietary counselling and education into com-
prehensive lifestyle interventions for breast can-
cer patients could potentially alleviate depression
and anxiety symptoms, further enhancing overall
well-being.



Strengths and limitations

This umbrella review synthesised a substan-
tial body of evidence from numerous system-
atic reviews and meta-analyses, offering a com-
prehensive evaluation of the effects of exercise
interventions on various patient-reported out-
comes in patients diagnosed with breast can-
cer. The diversity of the included reviews under-
scores the complex and multifaceted nature
of this topic, underscoring the importance of
a thorough synthesis and critical appraisal of the
available evidence. In interpreting the findings,
greater emphasis was placed on the results from
high-quality reviews. In contrast, findings from
low- and critically low-quality reviews were inter-
preted cautiously, while accounting for potential
methodological limitations.

Regarding limitations, it is crucial to acknowl-
edge thattheincluded reviews may have employed
differentinclusion criteria, study designs, and ana-
lytical methods, potentially introducing heteroge-
neity in the findings. Our review did not assess the
long-term sustainability of the observed effects
or the potential adverse events associated with
exercise interventions. The quality assessment
was based solely on the information reported in
the published reviews. Some reviews may have
employed more rigorous methods than those
explicitly described in the published reports.
Additionally, some reviews may have included
overlapping primary studies, leading to dou-
ble-counting of evidence. Hence, we calculated
the CCA, which showed a very low overlap. The
varying methodological quality of the included
reviews underscores the importance of critical
appraisal and the need for transparent, rigorous
reporting in systematic reviews and meta-analy-
ses. Future research in this area should adhere to
established guidelines and methodological stan-
dards to ensure the reliability and validity of the
findings. It should also explore aspects related to
the safe and effective implementation of exercise
programs in clinical practice.

Conclusions

This umbrella review provides compelling evi-
dence for the beneficial role of exercise in amelio-
rating fatigue, enhancing QoL, improving physical

function, and alleviating pain in patients diag-
nosed with breast cancer. However, the impact
on depression and anxiety appears to be limited,
underscoring the need for complementary inter-
ventions that target psychological well-being.
Future research should concentrate on develop-
ing and evaluating comprehensive lifestyle inter-
ventions that integrate exercise, psychosocial
support, and dietary modifications to optimise
overall health and QoL in this patient population.
Furthermore, the exploration of potential mod-
erators of exercise effects on fatigue and other
outcomes is crucial to refining exercise prescrip-
tions and maximising the therapeutic benefits for
patients with breast cancer.

Declarations

Acknowledgment

Mohamed Abouzid is a participant in STER Internation-
alisation of Doctoral Schools. Program from NAWA, the
Polish National Agency for Academic Exchange, No.
PPI/STE/2020/1/00014/DEC/02.

Authors contribution

MH and AZA: conceptualisation and methodology. MH,
AZA, ME, FMR, JMD, HE, MMS and MA: investigation
and data curation. MAzid: formal analysis. MH, AZA
and MAzid: Writing — Original Draft. MAzid: Supervi-
sion. MH: Project administration. MAzid: Writing —
Review & Editing. All authors read and approved the
final content.

Availability of data and materials
All data generated or analysed during this study are
included in this published article

Ethical approval
Not applicable

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjoma-
taram |, Jemal A, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Can-
cer J Clin. 2021;71:209-49. https://doi.org/10.3322/
caac.21660

2. DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller
KD, Goding Sauer A, et al. Breast cancer statistics,
2019. CA Cancer J Clin. 2019;69:438-51. https://doi.
org/10.3322/caac.21583

3. Rademaker LM, Gal R, May AM, Batenburg MCT,
van der Leij F, Bijlsma RM, et al. Side-effects in
women treated with adjuvant endocrine thera-

Journal of Medical Science 2026 March;95(1)

95



10.

11.

12.

13.

14.

. Bower JE.

py for breast cancer. Breast Off J Eur Soc Masto-
logy. 2025;80:104416.  https://doi.org/10.1016/j.
breast.2025.104416.

. Joaquim A, Ledo |, Antunes P, Capela A, Viamon-

te S, Alves AJ, et al. Impact of physical exercise pro-
grams in breast cancer survivors on health-relat-
ed quality of life, physical fitness, and body compo-
sition: Evidence from systematic reviews and meta-
analyses. Front Oncol. 2022;12:955505. https://doi.
org/10.3389/fonc.2022.955505.

. Mustian KM, Alfano CM, Heckler C, Kleckner AS,

Kleckner IR, Leach CR, et al. Comparison of Phar-
maceutical, Psychological, and Exercise Treat-
ments for Cancer-Related Fatigue A Meta-analysis.
JAMA Oncol. 2017;3:961-8. https://doi.org/10.1001/
jamaoncol.2016.6914.

Cancer-related  fatigue--mecha-
nisms, risk factors, and treatments. Nat Rev Clin
Oncol. 2014;11:597-609. https://doi.org/10.1038/
nrclinonc.2014.127

. Costa WA, Monteiro MN, Queiroz JF, Gongalves AK.

Pain and quality of life in breast cancer patients.
Clinics. 2017;72:758-63. https://doi.org/10.6061/
clinics/2017(12)07.

. Konieczny M, Sawicka J, Gaska |, Kaczmar E, Pasek

M, Kiedik A, et al. Anxiety and Depression in Breast
Cancer Patients Before and After Chemotherapy:
A Pre—Post Study Without a Control Group. J Clin
Med. Multidisciplinary Digital Publishing Institute;
2025;14:8105. https://doi.org/10.3390/jcm14228105

. Puetz TW, Herring MP. Differential effects of exercise

on cancer-related fatigue during and following treat-
ment: a meta-analysis. Am J Prev Med. 2012;43:e1-
24. https://doi.org/10.1016/j.amepre.2012.04.027.
Craft LL, Vaniterson EH, Helenowski 1B, Rademak-
er AW, Courneya KS. Exercise effects on depres-
sive symptoms in cancer survivors: a systemat-
ic review and meta-analysis. Cancer Epidemiol
Biomark Prev Publ Am Assoc Cancer Res Cospon-
sored Am Soc Prev Oncol. 2012;21:3-19. https://doi.
org/10.1158/1055-9965.EPI-11-0634.
Meneses-Echavez JF, Gonzalez-Jiménez E, Ramirez-
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.

Cramp F, Byron-Daniel J. Exercise for the manage-
ment of cancer-related fatigue in adults. Cochrane
Database Syst Rev. 2012;11:CD006145. https://doi.
org/10.1002/14651858.CD006145.pub3.
Biondi-Zoccai G, Lotrionte M, Landoni G, Mode-
na MG. The rough guide to systematic reviews and
meta-analyses. HSR Proc Intensive Care Cardiovasc
Anesth. 2011;3:161-73.

Gates M, Gates A, Pieper D, Fernandes RM, Tricco AC,
Moher D, et al. Reporting guideline for overviews of
reviews of healthcare interventions: development
of the PRIOR statement. BMJ. British Medical Jour-
nal Publishing Group; 2022;378:e070849. https://doi.
org/10.1136/bmj-2022-070849.

Journal of Medical Science 2026 March;95(1)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bougioukas Ki, Liakos A, Tsapas A, Ntzani E, Haid-
ich A-B. Preferred reporting items for overviews of
systematic reviews including harms checklist: a pilot
tool to be used for balanced reporting of benefits and
harms. J Clin Epidemiol. 2018;93:9-24. https://doi.
org/10.1016/j.jclinepi.2017.10.002.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C,
Moran J, et al. AMSTAR 2: a critical appraisal tool for
systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or
both. BMJ. British Medical Journal Publishing Group;
2017;358:j4008. https://doi.org/10.1136/bmj.j4008.
Deeks J, Higgins J, Altman D, editors. Chapter 10:
Analysing data and undertaking meta-analyses.
Cochrane Handb Syst Rev Interv Version 62 Updat
Febr 2021 [Internet]. Cochrane; 2021 [cited 2024 Apr
19]. www.training.cochrane.org/handbook. Accessed
19 Apr 2024.

Fong DYT, Ho JWC, Hui BPH, Lee AM, Macfarlane DJ,
Leung SSK, et al. Physical activity for cancer survi-
vors: meta-analysis of randomised controlled trials.
BMJ. 2012;344:e70. https://doi.org/10.1136/bmj.e70
Joanne E McKenzie, Sue E Brennan, Rebecca E
Ryan, Hilary J Thomson, Renea V Johnston. Chap-
ter 9: Summarizing study characteristics and prepar-
ing for synthesis. Cochrane Handb Syst Rev Interv
[Internet]. Cochrane; 2023 [cited 2023 Dec 4]. https://
training.cochrane.org/handbook/current/chapter-
09. Accessed 4 Dec 2023

Ying X, Bougioukas Kl, Pieper D, Mayo-Wilson E.
Weighted corrected covered area (WCCA): A meas-
ure of informational overlap among reviews. Res
Synth Methods. 16:701-8. https://doi.org/10.1017/
rsm.2025.19

Cramer H, Lauche R, Klose P, Lange S, Langhorst J,
Dobos GJ. Yoga for improving health-related quality
of life, mental health and cancer-related symptoms
in women diagnosed with breast cancer. Cochrane
Database Syst Rev. 2017;1:CD010802. https://doi.
org/10.1002/14651858.CD010802.pub2
Bates-Fraser LC, Riley S, Stopforth C, Moertl K, Edgar
K, Stoner L, et al. Home-based exercise improves
quality of life in breast and prostate cancer survi-
vors: A meta-analysis. PloS One. 2023;18:e0284427.
https://doi.org/10.1371/journal.pone.0284427
Coughlin SS, Caplan LS, Williams V. Home-based
physical activity interventions for breast cancer
patients receiving primary therapy: a systematic
review. Breast Cancer Res Treat. 2019;178:513-22.
https://doi.org/10.1007/s10549-019-05424-4

van Vulpen JK, Peeters PHM, Velthuis MJ, van der
Wall E, May AM. Effects of physical exercise during
adjuvant breast cancer treatment on physical and
psychosocial dimensions of cancer-related fatigue:
A meta-analysis. Maturitas. 2016;85:104-11. https://
doi.org/10.1016/j.maturitas.2015.12.007

Mok J, Brown M-J, Akam EC, Morris MA. The lasting
effects of resistance and endurance exercise inter-
ventions on breast cancer patient mental wellbe-
ing and physical fitness. Sci Rep. Nature Publish-
ing Group; 2022;12:3504. https://doi.org/10.1038/
s41598-022-07446-3



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Singh B, Spence RR, Steele ML, Sandler CX, Peake
JM, Hayes SC. A Systematic Review and Meta-Analy-
sis of the Safety, Feasibility, and Effect of Exercise in
Women With Stage I+ Breast Cancer. Arch Phys Med
Rehabil. 2018;99:2621-36. https://doi.org/10.1016/j.
apmr.2018.03.026

O'Neill M, Samaroo D, Lopez C, Tomlinson G, Santa
Mina D, Sabiston C, et al. The Effect of Yoga Interven-
tions on Cancer-Related Fatigue and Quality of Life
for Women with Breast Cancer: A Systematic Review
and Meta-Analysis of Randomized Controlled Tri-
als. Integr Cancer Ther. 2020;19:1534735420959882.
https://doi.org/10.1177/1534735420959882
McNeely ML, Campbell KL, Rowe BH, Klassen TP,
Mackey JR, Courneya KS. Effects of exercise on breast
cancer patients and survivors: a systematic review and
meta-analysis. CMAJ Can Med Assoc J. 2006;175:34—
41. https://doi.org/10.1503/cmaj.051073

Velthuis MJ, Agasi-ldenburg SC, Aufdemkampe G,
Wittink HM. The effect of physical exercise on can-
cer-related fatigue during cancer treatment: a meta-
analysis of randomised controlled trials. Clin Oncol
R Coll Radiol G B. 2010;22:208-21. https://doi.
org/10.1016/j.clon.2009.12.005

El-Hashimi D, Gorey KM. Yoga-Specific Enhancement
of Quality of Life Among Women With Breast Can-
cer: Systematic Review and Exploratory Meta-Anal-
ysis of Randomized Controlled Trials. J Evid-Based
Integr Med. 2019;24:2515690X19828325. https://doi.
org/10.1177/2515690X19828325

Fontein DBY, de Glas NA, Duijm M, Bastiaannet E,
Portielje JEA, Van de Velde CJH, et al. Age and the
effect of physical activity on breast cancer survival:
A systematic review. Cancer Treat Rev. 2013;39:958—
65. https://doi.org/10.1016/j.ctrv.2013.03.008
Buffart LM, van Uffelen JGZ, Riphagen Il, Brug J, van
Mechelen W, Brown WJ, et al. Physical and psycho-
social benefits of yoga in cancer patients and survi-
vors, a systematic review and meta-analysis of ran-
domized controlled trials. BMC Cancer. 2012;12:559.
https://doi.org/10.1186/1471-2407-12-559

Lee J, Lee M-G. Effects of Exercise Interventions on
Breast Cancer Patients During Adjuvant Therapy: A
Systematic Review and Meta-analysis of Randomized
Controlled Trials. Cancer Nurs. 2020;43:115-25.
https://doi.org/10.1097/NCC.0000000000000682
Reverte-Pagola G, Sanchez-Trigo H, Saxton J, Safu-
do B. Supervised and Non-Supervised Exercise
Programs for the Management of Cancer-Related
Fatigue in Women with Breast Cancer: A Systematic
Review and Meta-Analysis. Cancers. 2022;14:3428.
https://doi.org/10.3390/cancers14143428

Samuel SR, Gandhi AR, Kumar KV, Saxena PP. Ped-
ometer-based Exercise Interventions for Patients
with Breast Cancer Receiving Chemotherapy - A Sys-
tematic Review. Indian J Palliat Care. 2020;26:105-9.
https://doi.org/10.4103/1JPC.IJPC_175_19
Del-Rosal-Jurado A, Romero-Galisteo R, Trinidad-
Fernandez M, Gonzalez-Sanchez M, Cuesta-Var-
gas A, Ruiz-Mufoz M. Therapeutic Physical Exer-
cise Post-Treatment in Breast Cancer: A Systemat-

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

ic Review of Clinical Practice Guidelines. J Clin Med.
2020;9:1239. https://doi.org/10.3390/jcm9041239
Wu H-S. Patterns of Fatigue and Effect of Exercise
in Patients Receiving Chemotherapy for Breast Can-
cer. Number 5 Sept 2008. Oncology Nursing Socie-
ty; 2008;35:E90-9. https://doi.org/10.1188/08.0NF.
E90-E99

Battaglini CL, Mills RC, Phillips BL, Lee JT, Story CE,
Nascimento MG, et al. Twenty-five years of research
on the effects of exercise training in breast cancer
survivors: A systematic review of the literature. World
J Clin Oncol. 2014;5:177-90. https://doi.org/10.5306/
wjco.v5.i2.177

Chen L, Peng P, Xu Z, Ding X. The effects of exer-
cise on the quality of life of patients with breast can-
cer: a systematic review and meta-analysis based
on the QLQ-C30 quality of life scale. Gland Surg.
2023;12:633-50. https://doi.org/10.21037/gs-23-126
Zomkowski K, Cruz de Souza B, Pinheiro da Silva F,
Moreira GM, de Souza Cunha N, Sperandio FF. Phys-
ical symptoms and working performance in female
breast cancer survivors: a systematic review. Disabil
Rehabil. 2018;40:1485-93. https://doi.org/10.1080/0
9638288.2017.1300950

. Arnold M, Taylor NF. Does exercise reduce cancer-

related fatigue in hospitalised oncology patients?
A systematic review. Onkologie. 2010;33:625-30.
https://doi.org/10.1159/000321145

Karki A, Simonen R, Malkia E, Selfe J. Efficacy of
physical therapy methods and exercise after a breast
cancer operation: a systematic review. Database
Abstr Rev Eff DARE Qual-Assess Rev Internet [Inter-
net]. Centre for Reviews and Dissemination (UK);
2001 [cited 2024 Apr 30]. https://www.ncbi.nIm.nih.
gov/books/NBK68493/. Accessed 30 Apr 2024

Lin H-P, Kuo Y-H, Tai W-Y, Liu H-E. Exercise effects on
fatigue in breast cancer survivors after treatments: A
systematic review and meta-analysis. Int J Nurs Pract.
2022;28:€12989. https://doi.org/10.1111/ijn.12989
Jacobsen PB, Donovan KA, Vadaparampil ST, Small
BJ. Systematic review and meta-analysis of psycho-
logical and activity-based interventions for cancer-
related fatigue. Health Psychol Off J Div Health Psy-
chol Am Psychol Assoc. 2007;26:660-7. https://doi.
org/10.1037/0278-6133.26.6.660

Lu G, Zheng J, Zhang L. The effect of exercise on aro-
mataseinhibitor-induced musculoskeletal symptoms
in breast cancer survivors :a systematic review and
meta-analysis. Support Care Cancer. 2020;28:1587—
96. https://doi.org/10.1007/s00520-019-05186-1
Van Dijck S, Nelissen P, Verbelen H, Tjalma W, Gebru-
ers N. The effects of physical self-management on
quality of life in breast cancer patients: A systematic
review. Breast Edinb Scotl. 2016;28:20-8. https://doi.
org/10.1016/j.breast.2016.04.010

Juvet LK, Thune |, Elvsaas IK®, Fors EA, Lundgren S,
Bertheussen G, et al. The effect of exercise on fatigue
and physical functioning in breast cancer patients
during and after treatment and at 6 months follow-up:
A meta-analysis. Breast Edinb Scotl. 2017;33:166-77.
https://doi.org/10.1016/j.breast.2017.04.003

Journal of Medical Science 2026 March;95(1)

97



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Espindula RC, Nadas GB, Rosa MI da, Foster C, Arau-
jo FC de, Grande AJ. Pilates for breast cancer: A
systematic review and meta-analysis. Rev Assoc
Medica Bras 1992. 2017;63:1006—12. https://doi.
org/10.1590/1806-9282.63.11.1006

Carayol M, Delpierre C, Bernard P, Ninot G. Popula-
tion-, intervention- and methodology-related char-
acteristics of clinical trials impact exercise efficacy
during adjuvant therapy for breast cancer: a meta-
regression analysis. Psychooncology. 2015;24:737—
47. https://doi.org/10.1002/pon.3727

Smits A, Lopes A, Das N, Bekkers R, Massuger L,
Galaal K. The effect of lifestyle interventions on the
quality of life of gynaecological cancer survivors:
A systematic review and meta-analysis. Gynecol
Oncol. 2015;139:546—-52. https://doi.org/10.1016/j.
ygyno.2015.10.002

Lof M, Bergstrom K, Weiderpass E. Physical activi-
ty and biomarkers in breast cancer survivors: a sys-
tematic review. Maturitas. 2012;73:134-42. https://
doi.org/10.1016/j.maturitas.2012.07.002

Peng Y, Zhang K, Wang L, Peng Y, Liu Z, Liu L, et al.
Effect of a telehealth-based exercise intervention on
the physical activity of patients with breast cancer:
A systematic review and meta-analysis. Asia-Pac J
Oncol Nurs. 2022;9:100117. https://doi.org/10.1016/j.
apjon.2022.100117

Lipsett A, Barrett S, Haruna F, Mustian K, O'Donovan
A. The impact of exercise during adjuvant radiother-
apy for breast cancer on fatigue and quality of life:
A systematic review and meta-analysis. Breast Edinb
Scotl. 2017;32:144-55.  https://doi.org/10.1016/j.
breast.2017.02.002

Zhu X-Y, Li Z, Chen C, Feng R-L, Cheng B-R, Liu R-Y, et
al. Physical Therapies for Psychosomatic Symptoms
and Quality of Life Induced by Aromatase Inhibitors
in Breast Cancer Patients: A Systematic Review and
Meta-Analysis. Front Oncol. 2021;11:745280. https://
doi.org/10.3389/fonc.2021.745280

Dong B, Xie C, Jing X, Lin L, Tian L. Yoga has a sol-
id effect on cancer-related fatigue in patients with
breast cancer: a meta-analysis. Breast Cancer
Res Treat. 2019;177:5-16. https://doi.org/10.1007/
s10549-019-05278-w

Shen Q, Yang H. Impact of post-radiotherapy exer-
cise on women with breast cancer: A systematic
review and meta-analysis of randomized controlled
trials. J Rehabil Med. 2020;52:jrm00112. https://doi.
org/10.2340/16501977-2740

Huizinga F, Westerink N-DL, Berendsen AJ,
Walenkamp AME, DE Greef MHG, Oude Nijew-
eeme JK, et al. Home-based Physical Activity to
Alleviate Fatigue in Cancer Survivors: A System-
atic Review and Meta-analysis. Med Sci Sports
Exerc. 2021;53:2661-74. https://doi.org/10.1249/
MSS.0000000000002735

Belloni S, Arrigoni C, Caruso R. Effects from physi-
cal exercise on reduced cancer-related fatigue: a
systematic review of systematic reviews and meta-
analysis. Acta Oncol Stockh Swed. 2021;60:1678-87.
https://doi.org/10.1080/0284186X.2021.1962543

Journal of Medical Science 2026 March;95(1)

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70

Ehlers DK, DuBois K, Salerno EA. The effects of
exercise on cancer-related fatigue in breast cancer
patients during primary treatment: a meta-analysis
and systematic review. Expert Rev Anticancer Ther.
2020;20:865-77. https://doi.org/10.1080/14737140.
2020.1813028

Montafio-Rojas LS, Romero-Pérez EM, Medina-Pé-
rez C, Reguera-Garcia MM, de Paz JA. Resistance
Training in Breast Cancer Survivors: A Systematic
Review of Exercise Programs. Int J Environ Res Pub-
lic Health. 2020;17:6511. https://doi.org/10.3390/
ijerph17186511

Luo X-C, Liu J, Fu J, Yin H-Y, Shen L, Liu M-L, et al.
Effect of Tai Chi Chuan in Breast Cancer Patients:
A Systematic Review and Meta-Analysis. Front
Oncol. 2020;10:607. https://doi.org/10.3389/
fonc.2020.00607

Cataldi S, Greco G, Mauro M, Fischetti F. Effect of
exercise on cancer-related fatigue: A systematic
review. J Hum Sport Exerc. Jose A. Perez-Turpin &
Juan M. Cortell-Tormo; 2021;16:476—92. https://doi.
0rg/10.14198/jhse.2021.163.01

Cheng KKF, Lim YTE, Koh ZM, Tam WWS. Home-
based multidimensional survivorship programmes
for breast cancer survivors. Cochrane Database
Syst Rev [Internet]. John Wiley & Sons, Ltd; 2017 [cit-
ed 2024 Apr 30]; https://doi.org/10.1002/14651858.
CDO011152.pub2

Stout NL, Baima J, Swisher AK, Winters-Stone KM,
Welsh J. A Systematic Review of Exercise System-
atic Reviews in the Cancer Literature (2005-2017).
PM R. 2017;9:5347-84. https://doi.org/10.1016/j.
pmrj.2017.07.074

Cormie P, Zopf EM, Zhang X, Schmitz KH. The Impact
of Exercise on Cancer Mortality, Recurrence, and
Treatment-Related Adverse Effects. Epidemiol Rev.
2017;39:71-92. https://doi.org/10.1093/epirev/mxx007
Van Vulpen JK, Velthuis MJ, Steins Bisschop CN,
Travier N, Van Den Buijs BJW, Backx FJG, et al.
Effects of an Exercise Program in Colon Cancer
Patients undergoing Chemotherapy. Med Sci Sports
Exerc. 2016;48:767-75. https://doi.org/10.1249/
MSS.0000000000000855

Chen X, Li J, Chen C, Zhang Y, Zhang S, Zhang Y, et al.
Effects of exercise interventions on cancer-related
fatigue and quality of life among cancer patients: a
meta-analysis. BMC Nurs. 2023;22:200. https://doi.
org/10.1186/s12912-023-01363-0

Lahart IM, Metsios GS, Nevill AM, Carmichael AR.
Physical activity, risk of death and recurrence in
breast cancer survivors: A systematic review and
meta-analysis of epidemiological studies. Acta
Oncol Stockh Swed. 2015;54:635—-54. https://doi.org
/10.3109/0284186X.2014.998275

Dennett AM, Peiris CL, Shields N, Prendergast LA,
Taylor NF. Moderate-intensity exercise reduces
fatigue and improves mobility in cancer survivors:
a systematic review and meta-regression. J Phys-
iother. 2016;62:68—-82. https://doi.org/10.1016/j.
jphys.2016.02.012

. Fairman CM, Focht BC, Lucas AR, Lustberg MB.
Effects of exercise interventions during different treat-



1.

72.

73.

4.

75.

76.

ments in breast cancer. J Community Support Oncol.
2016;14:200-9. https://doi.org/10.12788/jcs0.0225
Zhang X, Li Y, Liu D. Effects of exercise on the quality
of life in breast cancer patients: a systematic review of
randomized controlled trials. Support Care Cancer Off
J Multinatl Assoc Support Care Cancer. 2019;27:9-21.
https://doi.org/10.1007/s00520-018-4363-2

Dalla Via J, Daly RM, Fraser SF. The effect of exercise
on bone mineral density in adult cancer survivors: a
systematic review and meta-analysis. Osteoporos
Int J Establ Result Coop Eur Found Osteoporos Natl
Osteoporos Found USA. 2018;29:287-303. https://
doi.org/10.1007/s00198-017-4237-3

Furmaniak AC, Menig M, Markes MH. Exercise for
women receiving adjuvant therapy for breast can-
cer. Cochrane Database Syst Rev. 2016;9:CD005001.
https://doi.org/10.1002/14651858.CD005001.pub3
Naaman SC, Radwan K, Fergusson D, Johnson S. Sta-
tus of psychological trials in breast cancer patients: a
reportofthree meta-analyses. Psychiatry. 2009;72:50—
69. https://doi.org/10.1521/psyc.2009.72.1.50

Zhu G, Zhang X, Wang Y, Xiong H, Zhao Y, Sun F.
Effects of exercise intervention in breast cancer sur-
vivors: a meta-analysis of 33 randomized controlled
trails. OncoTargets Ther. 2016;9:2153-68. https://
doi.org/10.2147/0TT.S97864

Carreira H, Williams R, Miiller M, Harewood R, Stan-
way S, Bhaskaran K. Associations Between Breast
Cancer Survivorship and Adverse Mental Health Out-

Supplementary figures

1T

78.

79.

80.

81.

comes: A Systematic Review. J Natl Cancer Inst.
2018;110:1311-27. https://doi.org/10.1093/jnci/djy177
Hofmann SG, Asnaani A, Vonk 1JJ, Sawyer AT, Fang A.
The Efficacy of Cognitive Behavioral Therapy: A Review
of Meta-analyses. Cogn Ther Res. 2012;36:427-40.
https://doi.org/10.1007/s10608-012-9476-1

Xiao C, Miller AH, Felger J, Mister D, Liu T, Torres MA.
A prospective study of quality of life in breast can-
cer patients undergoing radiation therapy. Adv Radi-
at Oncol. 2016;1:10-6. https://doi.org/10.1016/j.
adro.2016.01.003

Firth J, Solmi M, Wootton RE, Vancampfort D, Schuch
FB, Hoare E, et al. A meta review of "lifestyle psychi-
atry": the role of exercise, smoking, diet and sleep
in the prevention and treatment of mental disor-
ders. World Psychiatry. 2020;19:360-80. https://doi.
org/10.1002/wps.20773

Lassale C, Batty GD, Baghdadli A, Jacka F, Sanchez-
Villegas A, Kivimaki M, et al. Healthy dietary indi-
ces and risk of depressive outcomes: a systemat-
ic review and meta-analysis of observational stud-
ies. Mol Psychiatry. 2019;24:965-86. https://doi.
org/10.1038/s41380-018-0237-8

Molendijk M, Molero P, Ortufio Sanchez-Pedrefio F,
Van der Does W, Angel Martinez-Gonzalez M. Diet
quality and depression risk: A systematic review and
dose-response meta-analysis of prospective stud-
ies. J Affect Disord. 2018;226:346—54. https://doi.
org/10.1016/j.jad.2017.09.022

SMD
Omitted study with 95% ClI p-value
Fraser 2023 ———— -0.25[-0.43, -0.07] 0.006
Vanvulpen 2016 -0.26 [ -0.45, -0.08] 0.005
Mok 2022 -0.26 [ -0.45, -0.08] 0.006
Fong 2012 e -0.24 [-0.42, -0.07] 0.007
Singh 2018 _— -0.29[-0.46, -0.11] 0.001
O'Neil 2020 —_— -0.26 [ -0.44, -0.08] 0.006
Mcneely 2006 @ ——————— -0.28 [ -0.46, -0.11] 0.002
Buffart 2012 _— -0.25[-0.43, -0.07] 0.007
Lee 2018 -0.26 [ -0.45, -0.08] 0.006
Pagola 2022 —_— -0.25[-0.43, -0.07] 0.007
Peng 2023 _— -0.25[-0.43, -0.07] 0.007
Lipsett 2017 —_——————— -0.25[-0.44, -0.07] 0.006
Lin 2020 s -0.22[-0.38, -0.05] 0.010
Jacobsen 2008 ———— -0.28 [-0.46, -0.09] 0.003
Cramer 2017 —_— -0.25[-0.44, -0.07] 0.006
Juvet2017 e -0.25[-0.43, -0.07] 0.007
Carayol 2014 ———+ -0.29[-0.46, -0.11] 0.001
peng 2022 B — -0.29[-0.46, -0.12] 0.001
lipsett 2017 —e———— -0.25[-0.44, -0.07] 0.006
Dong 2019 — -0.26 [ -0.44, -0.07] 0.006
Shen 2020 —_———— -0.25[-0.43, -0.07] 0.007
Huizinga 2021 ——m——— -0.28 [-0.46, -0.10] 0.002
Belloni 2021 -0.26 [ -0.44, -0.07] 0.006
Ehlers 2020 — -0.29[-0.46, -0.11] 0.001
Luo 2020 —_— -0.221-0.39, -0.05] 0.010
Zhu 2021 —_— -0.26 [ -0.44, -0.08] 0.004

-4 -2
Random-effects REML model

Figure S1. Sensitivity analysis for fatigue.
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Peng 2022 -0.78 [ -1.43, -0.14] 0.017

Zhu 2021 — -0.46 [ -0.86, -0.05] 0.028

Shen 2020 -0.76[-1.84, 0.12] 0.092
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Figure S2. Sensitivity analysis for pain.

SMD
Omitted study with 85% CI p-value
Fraser 2023 0.28[0.20, 0.37] 0.000
Mok 2022 0.29[0.21, 0.37] 0.000
Fong 2012 0.27 [ 0.20, 0.35] 0.000
Singh 2018 0.25[0.18, 0.33] 0.000
O'Neil 2020 0.29[0.20, 0.37] 0.000
Mcneely 2006 0.28 [ 0.20, 0.36] 0.000
Buffart 2012 0.28 [ 0.20, 0.36] 0.000
Lee 2018 0.30[0.21, 0.38] 0.000
Lipsett 2017 0.28[0.20, 0.36] 0.000
Cramer 2017 0.29[0.21, 0.38] 0.000
lu 2019 0.28[0.20, 0.36] 0.000
Carayol 2014 0.31[0.25, 0.38] 0.000
Smits 2015 0.28[0.21, 0.36] 0.000
peng 2022 0.29[0.20, 0.37] 0.000
Zhu 2021 0.28[0.21, 0.36] 0.000
Dong 2019 0.29[0.20, 0.37] 0.000
Luo 2020 0.28 [0.20, 0.36] 0.000
2 3 4
Random-effects REML model
Figure S3. Sensitivity analysis for quality of life.
SMD
Omitted study with 95% CI p-value
Fraser 2023 S 0.28[0.21, 0.36] 0.000
Fong 2012 —_——— 0.30[0.22, 0.38] 0.000
Lee 2018 0.34[0.17, 0.52] 0.000
Peng 2023 ——— 0.28[0.21, 0.36] 0.000
Juvet2017 0.35[0.18, 0.52] 0.000
peng 2022 0.35[0.19, 0.51] 0.000
Shen 2020 — - 0.33[0.25, 0.40] 0.000

2 3 A4 5
Random-effects REML model

Figure S4. Sensitivity analysis for physical activity level.
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Singh 2018 —_— -0.25[-0.76, 0.26] 0.332

Lee 2018 ——— 0.18[-0.53, 0.88] 0619

Cramer 2017 0.15[-0.58, 0.88] 0.686

Carayol 2014 -0.07[-0.96, 0.81] 0.869
4 5 0 5 1

Random-effects REML model

Figure S5. Sensitivity analysis for anxiety.

SMD
Omitted study with 85% CI p-value
Mok 2022 -0.93[-2.23, 0.37] 0.160
Fong 2012 —— -0.26 [-0.65, 0.12] 0.176
Buffart 2012 -0.79[-2.23, 0.64] 0.280
Lee 2018 -0.83[-2.26, 0.60] 0.256
Carayol 2014 -0.94 [-2.15, 0.28] 0.133
i T y J
-2 -1 0 1
Random-effects REML model
Figure S6. Sensitivity analysis for depression.
SMD Weight

Study with 95% CI (%)
1

O'Neil 2020 ] 0.30[-0.60, -0.01] 4.24
Mcneely 2006 | 0.28[ 0.01, 0.55] 4.31
Buffart 2012 [ | -0.51[-0.80, -0.22] 4.28
Lee 2018 | -0.27[-0.44, -0.11] 4.62
Pagola 2022 | | 0.48[-0.69, -0.26] 4.49
Cramer 2017 [ ] -0.48[-0.95, -0.00] 3.57
Carayol 2014 | 0.31[ 0.16, 0.46] 4.65
Shen 2020 - -0.76[-1.52, -0.00] 2.56
Belloni 2021 [ | 0.33[-0.43, -0.23] 4.74
Ehlers 2020 [ ] 0.33[ 0.17, 0.48] 4.63
Luo 2020 [ ] -1.11[-1.53, -069] 3.78
Heterogeneity: 1 = 0.17, I = 94.07%, H’ = 16.85 () -0.27 [-0.53, -0.00]

Test of 8 = 6;: Q(10) = 135.22, p = 0.00

2

Fraser 2023 - -0.61[-1.53, 0.31] 2.07
Vanvulpen 2016 [ | -0.22[-0.38, -0.06] 4.62
Mok 2022 ] -0.28[-0.57, 0.00] 4.28
Fong 2012 - -1.00[-1.85, -0.15] 2.27
Singh 2018 [ ] 0.30[ 0.23, 0.38] 4.77
Peng 2023 ] -0.51[-0.83, -0.19] 4.14
Lipsett 2017 ] 0.46[-1.03, 0.11] 3.20
Lin 2020 [ ] -1.20[-1.62, -0.78] 3.78
Jacobsen 2008 | | 0.07[-0.03, 0.17] 4.74
peng 2022 | 0.56[ 0.12, 1.00] 3.72
lipsett 2017 | -0.46[-0.93, 0.00] 3.61
Dong 2019 | | 0.31[-0.52, -0.10] 4.51
Huizinga 2021 | 0.22[ 0.06, 0.38] 4.64
Heterogeneity: 1° = 0.19, I = 95.06%, H’ = 20.23 () -0.24[-0.51, 0.02)

Test of 8, = 6;: Q(12) = 138.31, p = 0.00

4

Juvet2017 [ ] -0.52[-0.95, -0.08] 3.72
Zhu 2021 ——————————————— 160[-5.74, 8.94] 0.6
Heterogeneity: ° = 0.00, I = 0.00%, H’ = 1.00 O -0.51[-0.95, -0.08]
Testof 8 =6;: Q(1) =0.32, p=0.57

Overall 0 -0.26 [ -0.44, -0.08]

Heterogeneity: 1° = 0.17, I = 94.24%, H* = 17.35
Test of 6, = 6; Q(25) = 314.62, p = 0.00

Test of group differences: Qy(2) = 1.16, p = 0.56

Random-effects REML model

Figure S7. Subgroup forest plot for the fatigue outcome, stratified by
methodological quality of the included reviews. Subgroups are defined as
follows: (1) critically low-quality review; (2) low-quality review; and (4) high-
quality review.
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Effect size Weight

Study with 95% CI (%)
1

O'Neil 2020 ] 0.27[ 0.08, 047] 862
Mcneely 2006 _— 458[ 0.35, 8.81] 0.03
Buffart 2012 ] 0.37[ 0.12, 0.63] 6.24
Lee 2018 u 0.16[-0.01, 0.33] 9.90
Carayol 2014 [ | 0.11[ 0.02, 0.20] 14.96
Heterogeneity: 1 = 0.00, I’ = 35.12%, H’ = 1.54 | 0.19[ 0.09, 0.30]

Test of 6, = 6; Q(4) = 9.21, p = 0.06

2

Fraser 2023 n 0.30[ 0.00, 0.60] 4.97
Mok 2022 - 0.18[-0.27, 0.63] 259
Fong 2012 — 2.75[ 1.50, 4.00] 0.38
Singh 2018 | ] 040[ 0.33, 0.47] 16.24
Lipsett 2017 —- 0.95[-0.03, 1.93] 0.61
Cramer 2017 [ ] 0.22[ 0.04, 0.40] 9.37
Lu 2019 e 224[ 027, 421] 0.16
Smits 2015 _ 1.16[-5.91, 8.23] 0.01
Peng 2022 n 0.26[ 0.03, 048] 7.32
peng 2022 ————————————————4.48[-219, 11.15]  0.01
Dong 2019 [ ] 0.37[ 0.15, 0.59] 7.52
Heterogeneity: 1° = 0.00, I’ = 12.41%, H* = 1.14 | 0.35[ 0.27, 0.44]

Test of 8, = 6;: Q(10) = 25.42, p = 0.00

4

Zhu 2021 ] 0.28[ 0.13, 0.43] 11.05
Heterogeneity: 1° = 0.00, I = %, H = . [} 0.28[ 0.13, 0.43]

Test of 8 = 6;: Q(0) =-0.00, p =

Overall | 0.28[ 0.21, 0.36]

Heterogeneity: 1 = 0.01, I’ = 46.15%, H’ = 1.86
Test of 8, = 6: Q(16) = 54.79, p = 0.00

Test of group differences: Qu(2) = 5.44, p = 0.07
Random-effects REML model

Figure S8. Subgroup forest plot for the quality of life outcome, stratified by meth-
odological quality of the included reviews. Subgroups are defined as follows: (1)
critically low-quality review; (2) low-quality review; and (4) high-quality review.
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Figure S9. Funnel plot assessing publication bias for the fatigue outcome.
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Figure S10. Funnel plot assessing publication bias for the quality of life outcome.
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