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Abstract

Background Breast cancer is the leading cancer type among women, accounting for 24.5% of female cancer cases worldwide.
Objective The purpose of this study is to systematically review and conduct a meta-analysis to evaluate the effects of exercise
interventions on breast cancer patients at different stages of treatment.

Methods Databases including PubMed, Cochrane Library, and Embase were searched for English-language randomized
controlled trials (RCTs) published since 2000. The study included data from women aged 18 and above with breast cancer,
either undergoing treatment or after treatment. Effect sizes were calculated using the standardized mean difference.
Results Out of 2845 studies, 40 met the inclusion criteria, with 17 studies focusing on patients undergoing treatment and
23 on after treatment patients. Exercise significantly reduced fatigue both undergoing (d= — 0.20) and after treatment
(d= —1.11). After treatment exercise interventions resulted in improvements in lean mass (d=1.27), fat mass (d= —1.33),
percentage body fat (d= — 1.22), and waist circumference (d = — 0.69). Additionally, biomarkers such as IL-6, HDL, LDL,
glucose, systolic blood pressure (SBP), and diastolic blood pressure (DBP) showed improvements after treatment.
Conclusions Exercise interventions are effective in reducing fatigue and enhancing fitness while undergoing treatment and
have positive effects on body composition and biomarkers after treatment. Low-to-moderate intensity exercise is recom-
mended undergoing treatment, while moderate-to-high intensity exercise is beneficial after treatment.

Implications for Cancer Survivors.

Personalized exercise programs should be incorporated as a standard part of care in clinical settings to alleviate fatigue
undergoing treatment and improve body composition and biomarkers following treatment.

Keywords Breast cancer - Exercise - Meta-analysis - Fatigue - Body composition - Biomarkers - Personalized exercise
programs

Introduction

Breast cancer is the most common cancer among women,
accounting for approximately 24.5% of all female cancer
cases worldwide [1]. According to the most recent 2022
estimates by GLOBOCAN, breast cancer remains the most
prevalent cancer globally, with approximately 2.3 million
new cases, emphasizing the urgent need for effective inter-
ventions [1]. In addition, breast cancer is the second leading
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cause of cancer-related deaths among women, with approxi-
mately 685,000 global deaths attributed to this cancer in
2020.

Breast cancer stages are categorized based on tumor
size, lymph node involvement, and metastasis, with treat-
ment options including chemotherapy, radiation, and immu-
notherapy [2—4]. The treatment methods, symptoms, and
side effects vary by stage. Managing breast cancer during
and after treatment to reduce recurrence rates and mitigate
side effects is crucial. Breast cancer treatment includes
chemotherapy and radiation therapy, with treatment dura-
tion ranging from several months to a year, depending on
the patient’s condition, cancer stage, and medication used.
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Physical fitness is essential for breast cancer patients because
it helps them endure the rigors of treatment and recover
more effectively. Consequently, personalized exercise pro-
grams tailored to each patient’s fitness level, health status,
and cancer stage are needed to optimize treatment outcomes
and improve overall well-being.

Exercise training has been supported by several previous
studies for its role in improving health and fitness mark-
ers, as well as cancer-related indicators, in breast cancer
patients [5-8]. It has been shown to be safe and effective,
enhancing physical fitness and quality of life, and reduc-
ing cancer-related fatigue among these patients. Previous
studies have reported that combining aerobic and resistance
exercises during adjuvant chemotherapy can reduce fatigue
and improve the quality of life for breast cancer patients [12,
13]. Additionally, research has shown that exercise can miti-
gate the negative cardiovascular effects of early breast can-
cer treatment [11]. Weight training, in particular, has been
found to significantly improve fitness and reduce fatigue in
women at risk of lymphedema post-treatment [12]. Moreo-
ver, studies have highlighted that exercise interventions can
positively impact body composition and biomarkers associ-
ated with breast cancer prognosis [13—16]. Exercise has been
linked to reductions in body fat and improvements in lean
body mass, both of which are crucial for long-term health
outcomes [13, 14]. Furthermore, regular physical activity
has been associated with favorable changes in biomarkers,
such as insulin, inflammatory markers, and oxidative stress
indicators, which play a role in cancer progression and recur-
rence [15, 16]. The increasing popularity and applicability
of exercise among breast cancer survivors emphasize the
importance of integrating physical activity into survivorship
care plans [5, 6]. Therefore, participating in scientifically
evidence-based personalized exercise programs, tailored to
address specific needs related to fatigue, body composition,
physical fitness, and biomarkers during and after treatment,
is essential.

The American College of Sports Medicine (ACSM) [17]
provides exercise guidelines for breast cancer patients, rec-
ommending 3-5 sessions of aerobic exercise per week at
50-70% of maximum heart rate, lasting 20-60 min, and 2-3
sessions of resistance exercises per week, with 8—15 rep-
etitions and 2-3 sets. However, understanding the specific
effects of exercise at different treatment stages and effec-
tive exercise programs is necessary. This systematic review
and meta-analysis addresses the gap in the current literature
regarding the specific effects of exercise interventions at var-
ious stages of breast cancer treatment. Understanding how
tailored exercise programs can enhance patient outcomes is
crucial, as highlighted by previous studies that have demon-
strated improvements in fatigue and quality of life through
combined aerobic and resistance exercise. Therefore, the
purpose of this systematic review and meta-analysis is to

@ Springer

evaluate the effects of exercise interventions during the
active treatment phase and post-treatment phase in breast
cancer patients.

Methods
Search strategy

This meta-analysis adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [18]. A comprehensive search for relevant stud-
ies published in English from January 2000 to August 2024
was conducted using PubMed, the Cochrane Library, and
EMBASE. The search strategy included the terms “breast
cancer,” “exercise,” and “randomized controlled trial,”
which were combined to identify pertinent studies. The
search was primarily conducted in the titles and abstracts
of articles. Additionally, the reference lists of previously
published review articles and meta-analyses were scruti-
nized to identify further relevant studies. Two researchers
independently screened and selected relevant articles. Any
disagreements during the selection process were resolved
through discussion between the researchers.

The terms “during treatment” and “‘after treatment” are
defined as follows: “during treatment” refers to the period
when patients are actively receiving chemotherapy or radia-
tion therapy, while “after treatment” refers to the period fol-
lowing the completion of all treatments, typically ranging
from several months to years depending on individual recov-
ery and follow-up care. This study employed the Quality
Assessment of Controlled Intervention Studies tool to eval-
uate the methodological quality, focusing on criteria such
as random sequence generation, allocation concealment,
blinding of participants and personnel, incomplete outcome
data, selective reporting, and other potential sources of bias
[19]. Additionally, the Cochrane Collaboration’s Risk of
Bias Tool was used to assess the risk of bias in randomized
controlled trials, examining aspects such as selection bias
(random sequence generation and allocation concealment),
performance bias (blinding of participants and personnel),
detection bias (blinding of outcome assessment), attrition
bias (incomplete outcome data), reporting bias (selective
reporting), and other biases [20].

s

Inclusion and exclusion criteria

The inclusion criteria focused on randomized controlled tri-
als involving breast cancer patients aged 18 and older, under-
going or having completed treatment, to assess the impact
of exercise interventions on physical fitness and biomarkers.
The inclusion criteria also required that the outcomes of
the intervention be reported with mean =+ standard deviation
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(SD). Studies were excluded if they were reviews, case—con-
trol studies, or did not focus on exercise interventions.

Data extraction

Data extracted and summarized included author, publication
year, country and ethnicity of study participants, participant
age and number, exercise intervention duration and methods,
and main findings (Table 1 for under treatment and Table 2
for after treatment). Data extraction was meticulously per-
formed by two independent reviewers, with discrepancies
resolved through consensus discussions to ensure data integ-
rity and reliability.

Statistical analysis

The standardized mean difference statistic that measures the
difference between the means of the treatment and control
groups divided by the pooled standard deviation was used
to compute the effect size for outcome variables that showed
comparable results in at least two studies. The interpreta-
tion of effect size magnitude was classified as follows: a
small effect size ranged from 0.2 to 0.5, a medium effect size
from 0.5 to 0.8, and a large effect size was greater than 0.8.
Heterogeneity was assessed using the /2 statistic, with fixed-
effects models applied for 12 values <50% and random-
effects models for 12> 50%, aligning with best practices in
meta-analytic methods. Sensitivity analysis systematically
excludes specific studies, particularly those of lower qual-
ity, to assess their impact on the overall results; this often
involves removing studies one at a time or based on qual-
ity assessments to see how these exclusions affect conclu-
sions. Funnel plots, meanwhile, are used to detect publica-
tion bias by plotting study effect sizes against their standard
errors; a symmetrical plot suggests minimal bias, whereas
asymmetry may indicate underrepresentation of smaller or
negative studies. All analyses were conducted using Com-
prehensive Meta-Analysis Version 1.25 software (Biostatic
Inc, Englewood, NJ, USA). The inter-rater reliability of this
study, which describes the level of agreement between two
raters on the quality of selected studies, was assessed using
Cohen’s Kappa coefficient calculated with SPSS software.

Results

A total of 4271 participants were included in this system-
atic review and meta-analysis. Among them, 2425 partici-
pants were undergoing treatment, and 1947 participants had
completed treatment. The study included women diagnosed
with breast cancer. All participants were over 18 years old.
The selection process for this systematic review and meta-
analysis is detailed in Fig. 1. From an initial screening of

1506 studies, 40 were included in the analysis: 17 in which
participants were undergoing treatment [21-37] and 22
involving patients after treatment [38—59]. The included
studies span various countries, primarily in North America
and Europe, with participant demographics predominantly
comprising women aged 18 and over. Sample sizes ranged
from 30 to 300 participants. The methodological quality
was assessed using the Quality Assessment of Controlled
Intervention Studies tool, as shown in Supplementary
Tables 1 and 2, which indicated that the studies met the
required standards. Each RCT’s quality was further evalu-
ated using the Cochrane Collaboration’s Risk of Bias Tool,
with detailed assessments provided in Supplementary Fig. 1,
confirming that the studies were of high qualitative stand-
ards. The analysis yielded a Kappa value of 0.75, indicat-
ing substantial agreement between the raters regarding the
quality of the selected studies. No adverse side effects were
reported for exercise interventions in breast cancer patients
undergoing treatment or after treatment. Studies on exercise
programs for breast cancer stages were selected for this sys-
tematic review and meta-analysis and analyzed separately
for patients undergoing treatment or who had completed
treatment. Figure 2 shows the effect size of exercise inter-
vention during and after therapy. The forest plot in this study
provides a visual representation of the effect sizes and their
corresponding confidence intervals for each included study.
Statistical significance was assessed by determining whether
the confidence intervals crossed zero. Confidence intervals
that do not cross zero indicate statistical significance. A
p-value of less than 0.05 was considered indicative of sta-
tistical significance. No studies were found that excluded
based on sensitivity analysis and funnel plot reviews.

Undergoing treatment
Fatigue

Nine studies analyzing the effects of exercise on fatigue in
breast cancer patients undergoing treatment showed a sig-
nificant reduction in fatigue (d= —0.20, 95% confidence
interval (CI); —0.32 ——0.08, p=0.00).

Body composition

To analyze the effects of exercise on body composition dur-
ing breast cancer treatment, three studies on body mass index
(BMI) and four studies on weight were included. Patients
undergoing treatment did not show a significant reduction
in BMI (d= -0.17, 95% CI,—0.35 - 0.01, p=0.07) and
weight (d= —0.10, 95% CI; - 0.27 - 0.06, p=0.22).
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Exercise interventions Discussion

Exercise training protocols for breast cancer patients, pri-
marily inactive women in their 50 s, include those post-
treatment and those undergoing treatment. Both protocols
include combined aerobic and resistance exercises with pro-
gressive intensity. Common aerobic activities include walk-
ing, cycling, and treadmill running, and examples of resist-
ance exercises are chest press and leg extension. Training
duration is typically 12 weeks during treatment and longer
for patients after treatment. Exercise frequency varies, with
subjects undergoing treatment often having 1-2 sessions per
week for aerobic and 2 days per week for resistance exer-
cises. Patients after treatment are recommended to engage
in 2-3 sessions weekly for both types of exercises. Aerobic
exercise intensity ranges from 50 to 80% HRmax for subjects
undergoing treatment and 55-85% HRmax after treatment.
Resistance exercises are performed at 60% of 1-RM for the
upper body and 80% for the lower body in both groups.
Combined exercise regimens including both aerobic and
resistance training are frequently used for enhancing physi-
cal health among breast cancer patients.

@ Springer

This study systematically analyzed the effects of exercise
interventions on breast cancer patients and the effects on
fatigue, body composition, physical fitness, and biomarkers
during and after treatment. The results demonstrated that
exercise significantly reduced fatigue and improved physical
fitness during treatment and significantly reduced fatigue,
improved physical fitness, and positively affected body com-
position and biomarkers after treatment.

The main findings indicate that exercise plays a crucial
role in alleviating fatigue and enhancing physical fitness
in breast cancer patients undergoing treatment. Exercise
was shown to significantly reduce fatigue, consistent with
the results of previous studies [10, 60]. In addition, exer-
cise significantly improved the results of the 12-min walk
test, indicating that breast cancer patients can maintain
and improve their physical fitness through exercise during
treatment. However, the effect on BMI and weight was not
significant, indicating limited effects on body composition.
Although similar findings have been reported [61], our
study more clearly highlighted the effectiveness of exercise



Journal of Cancer Survivorship

During Treatment

Study name Statistics for each study

Std diff Standard Lower  Upper

inmeans error Variance limit limit  Z-Value p-Value
Mock, 2005 -0.57 0.19 003 094 021 -3.06 0.00
Mutrie, 2007 0.38 0.14 0.02 0.10 0.66 269 0.01
Steindorf, 2014 -0.29 0.16 003  -0.60 0.03 -1.80 0.07
Husebo, 2014 0.00 0.24 006  -048 048 0.01 0.99
Ligibel, 2016 0.11 0.20 004 028 0.51 0.56 0.58
Ceseiko, 2019 -0.70 0.28 008 -125 -0.16 -2.52 0.01
Mijwel, 2019 aerobic -041 0.18 003 075 -0.06 -2.31 0.02
Mijwel, 2018 resistance -045 0.18 003 079 -0.10 -2.55 0.01
Schmidt, 2014 -042 0.20 0.04 -0.81 -0.02 -2.08 0.04
Pooled -0.20 0.06 0.00 032 008 -3.28 0.00

2
Test for heterogeneity: (Q = 32.00, P =0.00, I = 75.00%)

Fatigue
Study name Statistics for each study
Std diff Standard Lower  Upper
inmeans error Variance limit limit  Z-Value p-Value
Mutrie, 2007 -017 0.14 0.02 -045 0.10 -1.24 022
Mijwel, 2019 aerobic -0.24 0.18 003 058 0.11 -1.36 0.18
Mijwel, 2019 resistance -0.09 017 0.03 -043 0.25 -0.51 0.61
Pooled 017 0.09 0.01 -0.35 0.01 -1.80 0.07
. 2
Test for heterogeneity: (Q =0.37, P =0.83,1 =0.00%)
Body Mass Index
Study name Statistics for each study
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Ceseiko, 2019 0.22 027 0.07 -0.31 0.75 0.81 042
Sanft, 2023 -0.02 0.15 002 -0.31 0.28 -0.10 0.92
Mijwel, 2019 aerobic -0.28 0.16 003 -0.59 0.03 -1.77 0.08
Mijwel, 2019, resistance -0.14 0.16 0.03 -045 0.17 -0.87 0.39
Pooled -0.10 0.09 001 -027 006 -122 022
5 -1.00
Test for heterogeneity: (Q = 3.04, P =0.39, I = 1.20%)
Weight
Study name Statistics for each study
Std diff  Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Mutrie, 2007 -0.81 0.15 002 -110 -053 -556 0.00
Schwartz, 2007 aerobic 1.00 0.32 0.10 0.38 162 317 0.00
Schwartz, 2007 resistance 0.50 0.26 007 -001 100 192 0.06
Pooled -0.29 0.12 001 -052 006 -243 0.01

2
Test for heterogeneity: (Q = 38.70, P =0.15, 1 = 94.83%)

12-minute walk

Fig. 2 Effect size of exercise interventions during and after treatment
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After Treatment

Study name Statistics for each study

Std diff Standard Lower  Upper

inmeans error Variance limit limit  Z-Value p-Value
Pinto, 2005 -0.64 022 0.05 -1.07 020 -2.87 0.00
Dieli-Conwright, 2018 -240 0.26 0.07 291 -1.88 -9.15 0.00
Shobeiri, 2016 -145 0.29 0.08 202 088 -4.99 0.00
Courneya, 2003 -0.06 0.28 0.08 -0.62 049 -0.22 0.83
Pooled -1.11 0.13 0.02 -136 085 -8.55 0.00

-2.00 0.00 1.00

Std diff in means and 95%Cl

2 -1.00 2.00
Test for heterogeneity: (Q =48.82, P =0.00, 1 = 93.15%)
Fatigue
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
inmeans error Variance limit limit  Z-Value p-Value
Schmitz, 2005 145 024 0.06 0.98 193 596 0.00
Dieil-Conwright 2018 113 0.22 0.05 0.71 155 525 0.00
Pooled 127 0.16 003 0.96 159 788 0.00
2
. -2.00 -1.00 0.00 1.00 2,00
Test for heterogeneity: (Q =0.99, P =0.32,1=0.00%)
Lean mass
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
inmeans error Variance limit limit  Z-Value p-Value
Schmitz, 2005 -0.40 022 005 -0.83 0.03 -1.82 0.07
Dieli-Conwirght, 2018 297 029 008 -354 240 -1024 0.00
Pooled -1.33 0.17 003 167 -099 -7.62 0.00
2
Test for heterogeneity: (Q = 50.02, P =0.00, I =98.00%) -2.00 -1.00 0.00 1.00 2.00
Fat mass (kg)
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
in means error Variance limit limit Z-Value p-Value
Pinto, 2005 -0.21 0.22 005 -064 021 -0.98 0.33
Dieli-Conwirght, 2018 -3.17 0.30 009 -376 258 -1055 0.00
Pooled -1.22 0.18 003 157 -0.88 -6.96 0.00
2
. -2.00 -1.00 0.00 1.00 2.00
Test for heterogeneity: (Q = 63.77, P = 0.00, I = 98.43%)
0
% Body fat
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Dieli-Conwirght, 2018 -1.18 022 005 -160 -0.75 -543  0.00 ——
Schmitz, 2005 0.07 0.22 005 036 050 032 0.75
Dolan, 2016 interval airobic -1.29 047 022 -221 -037 -274 0.01
Dolan, 2016 continuous airobic -1.50 049 024 -247 -053 -3.03 0.00
Pooled -0.69 0.14 002 -097 -042 -497 0.00 <>
2
Test for heterogeneity: (Q =21.59, P=10.00,1=281.10%) 200 -1.00 0.00 1.00 2.00

Fig.2 (continued)

@ Springer

Waist Circumference



Journal of Cancer Survivorship

Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Lahart, 2018 -0.09 0.22 005 -053 035 -040 0.69 +
Courneya, 2003 0.81 0.29 008 025 138 284 0.00
Dolan, 2016 interval airobic 048 043 019 -037 133 1.11 0.27 —
Dolan, 2016 continuous airobic 0.00 0.44 019 -086 086 0.00 1.00 —_—
Pooled 025 0.15 002 -005 055 163 0.10 <>
2
Test for heterogeneity: (Q =6.81, P =10.08, I = 55.97%) -2.00 -1.00 0.00 1.00 200
VO,
Study name Statistics for each study $Std diff in means and 95%Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Winters-Stonem, 2012 left 0.19 0.19 004 -020 057 0.95 0.34
Winters-Stonem 2012 right 0.07 0.19 004 -0.31 0.45 0.37 0.71
Rogers, 2009 left -0.36 0.31 010 -098 025 -1.15 0.25 L
Rogers, 2009 right -0.68 0.32 010 -131 -005 -212 0.03 L
Pooled -0.05 0.12 001 -028 0,18 -040 0.69
Test for heterogeneity: (Q =6.71, P =0.08, I = 55.31%) 1.00 0.50 0.00 050 1.00
Handgrip Strength
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
inmeans error Variance limit limit  Z-Value p-Value
Dieli Conwirght, 2018 -1.70 0.23 0.05 216 -1.25 -7.30 0.00
Dolan, 2016 347 0.32 0.10 285 4.10 10.97 0.00
Schmitz, 2005 040 0.22 0.05 -0.03 0.83 1.81 0.07
Pooled 0.24 0.14 0.02 -0.04 0.52 1.66 0.10
2
. .00 -2.00 0.00 2.00 4.00
Test for heterogeneity: (Q = 174.13, P =0.00, I = 98.85%)
Insulin
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
inmeans error Variance limit limit  Z-Value p-Value
Dieil-Conwright 2018 -3.15 0.30 0.09 -3.74 257 1053 0.00
Jones, 2014 0.39 023 0.05 -0.07 0.85 1.67 0.10
Pooled -0.95 0.18 0.03 -1.31 -0.59 -5.15 0.00
2
Test for heterogeneity: (Q = 87.09, P =0.00, I = 98.85%) -2.00 -1.00 0.00 1.00 2.00
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
inmeans error Variance limit limit  Z-Value p-Value
Dieli-Conwright, 2018 4.00 0.35 0.12 3.32 468 11.55 0.00
Lee, 2019 4.00 0.35 0.12 332 468 11.55 0.00
Fairey, 2002 -0.24 0.28 0.08 -0.79 0.31 -0.86 0.39
Pooled 216 0.18 003 180 282 1171 0.00 O
Test for heterogeneity: (Q = 130.350, P =0.00, I = 98.47%) -8.00 -4.00 0.00 4.00 8.00

Fig.2 (continued)

HDL-C
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Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Lee, 2019 -3.36 0.31 010 -397 -275 -10.82 0.00
Fairey, 2002 0.01 0.28 0.08 -0.53 0.56 0.05 0.96
Pooled -1.49 0.21 0.04 -189 -1.08 -7.18 0.00 <>
2
Test for heterogeneity: (Q = 62.48, P = 0.00, I = 98.47%) -400  -200 000 200 400
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Dieli-Conwirght, 2018 -1.10 0.21 005 -152 -068 -5.14 0.00 |
Schmitz, 2005 0.08 0.22 005 -0.35 0.50 0.35 0.73
Dolan, 2016 interval airobic 0.32 043 019 -0.52 1.16 0.74 0.46 —
Dolan, 2016 continuous airobic ~ -0.10 044 0.19 -0.96 076 -0.23 0.82 —_—l
Pooled -0.39 0.14 002 -0.66 -0.21 3 289 0.00 <>
Test for heterogeneity: (Q = 18.80, P =0.00, I = 84.04%) -2.00 -1.00 0.00 1.00 2.00
Glucose
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
inmeans error Variance limit limit Z-Value p-Value
Dieli-Conwirght, 2018 -1.57 0.23 0.05 202 113 -6.88 0.00
Lee, 2019 -1.57 0.23 0.05 202 113 -6.88 0.00
Fairey, 2002 -0.19 0.28 0.08 -0.74 0.35 -0.69 049
Pooled -1.23 0.14 0.02 -150 095 5 -8.76 0.00
Test for heterogeneity: (Q = 18.37, P =0.00, I = 89.11%) -2.00 -1.00 0.00 1.00 2.00
Systolic Blood Pressure
Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower  Upper
in means error Variance limit limit Z-Value p-Value
Dieli-Conwirght, 2018 -1.40 0.22 0.05 -1.84 097 -6.28 0.00
Fairey, 2002 -0.05 0.28 0.08 -0.60 0.50 -0.18 0.86
Pooled -0.87 017 0.03 -1.21 -0.53 -5.01 0.00
2
Test for heterogeneity: (Q = 14.37, P =0.00, I = 93.04%) -2.00 -1.00 0.00 1.00 2.00

Fig.2 (continued)
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in reducing fatigue during treatment. Recent research indi-
cates that exercise may reduce inflammation and enhance
immune function, contributing to fatigue reduction [62, 63].
Although adverse effects were not reported in our study,
recent research indicates that exercise is generally safe and
does not cause severe side effects in breast cancer patients
[64]. Similar findings emphasize the positive effect of exer-
cise on fatigue and quality of life during breast cancer treat-
ment [65]. Therefore, exercising can be effective in reduc-
ing fatigue and enhancing physical fitness in breast cancer
patients undergoing or having undergone treatment.

Another significant finding here is the positive effects of
exercise on fatigue, body composition, and biomarkers in
breast cancer patients after treatment. Similar findings in a
previous study also showed exercise interventions signifi-
cantly reduce fatigue, consistent with previous research [66].
Significant improvements in lean mass, fat mass, % body fat,
and waist circumference, as well as in biomarkers such as
IL-6, HDL, LDL, glucose, SBP, and DBP, were observed.
These results indicate that moderate-to-high-intensity aero-
bic and resistance exercises are effective in improving body
composition, cardiovascular health, and biomarkers in breast
cancer patients after treatment. The central message of our
findings emphasizes that exercise interventions not only
reduce fatigue but also play a significant role in optimiz-
ing body composition, particularly by decreasing fat mass
and increasing lean muscle mass. This highlights the holis-
tic benefits of exercise beyond mere weight loss. Similar
findings were reported in previous research [67], and our
updated meta-analysis further supports the effectiveness of
exercise interventions. As shown in recent studies, exercise
may exert anti-inflammatory effects and enhance insulin sen-
sitivity to positively influence body composition and meta-
bolic health [68, 69]. The meta-analysis revealed significant
reductions in fatigue and improvements in biomarkers such
as IL-6 and HDL, aligning with previous findings that sug-
gest exercise interventions can effectively manage treatment-
related side effects [70]. Similar findings in other studies
emphasize the positive effect of exercise on fatigue, body
composition, and cardiovascular health in breast cancer sur-
vivors after treatment [71]. The improvements in biomarkers
such as IL-6 and HDL are clinically relevant as they indicate
a reduction in systemic inflammation and improved cardio-
vascular health, respectively, which are critical for long-term
survivorship and reduced cancer recurrence.

This systematic review and meta-analysis provide valu-
able insights into the effects of exercise interventions for
breast cancer patients, comparing the undergoing treatment
and after treatment phases. During the undergoing treatment
phase, exercise significantly reduced fatigue (effect size
d= —0.20) and improved physical fitness, as demonstrated
by the 12-min walk test (d= —0.29). However, changes
in body composition, such as BMI and weight, were not

statistically significant. In contrast, after treatment exercise
interventions showed remarkable improvements across sev-
eral parameters. There was a substantial reduction in fatigue
(d= —1.11), along with significant enhancements in body
composition, including increases in lean mass (d=1.27) and
reductions in fat mass (d= —1.33), % body fat (d= —1.22),
and waist circumference (d= —0.69). Additionally, exercise
after treatment improved various biomarkers such as IL-6,
HDL, and LDL, indicating better metabolic health. Despite
these improvements, there were no significant changes in
cardiorespiratory fitness and handgrip strength during the
after treatment phase. These findings underscore the differ-
ential impact of exercise relative to the timing of cancer
treatment. While both phases offer benefits, the after treat-
ment phase appears to yield more pronounced improve-
ments in body composition and biomarkers, suggesting that
the physiological recovery stage may be more receptive to
exercise-induced changes. Therefore, tailored exercise pro-
grams should consider these temporal differences to opti-
mize therapeutic outcomes for breast cancer patients. Future
research should further explore the mechanisms behind these
differential effects and refine exercise recommendations
accordingly.

Effective exercise programs for breast cancer patients
should be tailored to the treatment phase. For patients under-
going treatment, suitable programs include low-to-moderate-
intensity aerobic and resistance exercises, performed 1-2
times per week, with each session comprising 20—40 min of
aerobic exercise and 15-20 min of resistance exercises. Aer-
obic activities may include walking, stationary cycling, and
swimming, and resistance exercises may involve light dumb-
bells or resistance bands [72]. Exercise intensity should be
gradually increased based on the patient’s fitness and condi-
tion. For patients who have completed treatment, suitable
programs include moderate-to-high-intensity aerobic and
resistance exercises, performed 2-3 times per week, with
each session comprising 30-60 min of aerobic exercise and
20-30 min of resistance exercises. Aerobic activities may
include jogging, cycling, and high-intensity interval training
(HIIT), and resistance exercises may involve weight training
or high-intensity resistance bands [73]. Exercise intensity
should be gradually increased, focusing on body composi-
tion and cardiovascular health.

Previous studies consistently emphasize the effi-
cacy of exercise interventions for breast cancer patients
[74-76]. They highlight that circuit training and hybrid
training are the most effective for improving cardiometa-
bolic health, reporting that a combination of aerobic and
muscle-strengthening exercises positively impacts body
composition and health indicators [74]. Furthermore, the
combination of high-intensity interval training (HIIT)
and resistance training has been concluded to result in
significant improvements in muscle strength and body fat

@ Springer
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reduction, as well as enhancements in biomarkers related
to inflammation and metabolic health [75]. Additionally,
a network meta-analysis has confirmed that circuit train-
ing is the most efficient exercise type for improving body
composition and cardiometabolic health [76]. These find-
ings suggest that exercise interventions play a crucial role
in managing fatigue, improving body composition, and
enhancing overall physical health in breast cancer patients.
Therefore, there is an emphasized need for personalized
exercise programs tailored to the treatment and recovery
phases of breast cancer patients to optimize both short-
term and long-term health outcomes.

The physiological mechanisms through which exercise
interventions positively affect fatigue, body composition,
and biomarkers in breast cancer patients are diverse.
Aerobic exercise improves cardiovascular health and reduces
inflammation [77], and resistance exercise enhances muscle
strength and maintenance [78]. Exercise also regulates the
secretion of cortisol, a stress hormone [79], and enhances
immune function, potentially reducing cancer recurrence risk
[69]. These physiological mechanisms explain how exercise
contributes to overall health improvement in breast cancer
patients during and after treatment.

There are several limitations to our systematic review and
meta-analysis study. First, despite the promising findings,
the systematic review and meta-analysis is constrained by a
limited number of studies and variability in intervention pro-
tocols, which may impact the generalizability of the result.
Future research should include a larger number of studies for
more comprehensive meta-analyses. Second, the variabil-
ity in exercise intervention types, intensities, and durations
across studies hindered comparative analyses. Standardized
protocols for exercise interventions should be used in future
studies to enhance comparability. Third, some heterogeneity
existed that may be associated with inconsistent measure-
ment methods. Fourth, a limitation of this systematic review
and meta-analysis is the inclusion of only English-language
publications, which may exclude relevant studies published
in other languages. Finally, this study concentrated on the
“under treatment” and “post-treatment” phases, but further
studies need to conduct additional analysis on potential mod-
erator variables, such as the duration or type of intervention.

This systematic review and meta-analysis study system-
atically analyzed the effects of exercise interventions on dif-
ferent stages of breast cancer and the effects on fatigue, body
composition, physical fitness, and biomarkers. The findings
emphasize the need for personalized exercise programs
tailored to the condition of breast cancer patients, supple-
menting ACSM guidelines with scientific evidence. Future
research should investigate the effects of different exercise
intensities and modalities on diverse biomarkers and long-
term outcomes, as this area remains underexplored.

@ Springer

Implications for practice

This systematic review and meta-analysis presents several
critical implications for the practice of implementing
exercise interventions among breast cancer patients.
Firstly, for effective integration into clinical practice,
exercise programs should be personalized according
to treatment stages, enhancing both safety and efficacy.
Such customization will address the distinct physiological
and psychological needs of patients during and after
their treatment. Secondly, given the significant reduction
in fatigue and improvement in physical fitness and
body composition, exercise should be integrated as a
standard component of care for breast cancer patients.
Healthcare providers should advocate for and facilitate
regular physical activity as part of the recovery process.
Thirdly, the findings confirm that exercise interventions
are generally safe and do not induce significant adverse
effects. Practitioners can confidently recommend exercise
to breast cancer patients, ensuring that the exercise
regimens are appropriately monitored and adjusted as
needed. Furthermore, the variability observed in exercise
types, intensities, and durations calls for the development
of standardized exercise protocols. Standardized
guidelines will improve the consistency and comparability
of exercise interventions across different clinical settings
and studies. Finally, beyond reducing fatigue, exercise
interventions have shown improvements in cardiovascular
health markers and body composition. These holistic
benefits highlight the importance of physical activity not
only for immediate recovery but also for long-term health
and reduced risk of cancer recurrence.

Conclusions

This systematic review and meta-analysis provides com-
pelling evidence for the beneficial effects of exercise inter-
ventions in breast cancer patients. The key findings are
that exercise significantly mitigates fatigue during and
after breast cancer treatment, enhancing patients’ quality
of life. Regular exercise leads to improvements in physi-
cal fitness, body composition, and cardiovascular health
markers, contributing to overall well-being. Exercise inter-
ventions are safe for breast cancer patients and can be fea-
sibly incorporated into their treatment and recovery plans.
Tailoring exercise programs to the treatment stages and
individual needs of patients is essential for maximizing
the therapeutic benefits of physical activity. Additionally,
there is a need for large-scale, randomized controlled trials
involving diverse patient populations to further validate
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the specific effects and optimal protocols for exercise
interventions in breast cancer care. These conclusions sup-
port the integration of exercise into the comprehensive
care plan for breast cancer patients, emphasizing its role in
improving both short-term and long-term health outcomes.
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