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Introduction: Breast cancer survivors often face persistent inflammatory complications and
immune system dysfunction. Since resistance training is considered a promising non-
pharmacological intervention for managing these complications, yet the existing evidence
remains scattered, the present study aimed to systematically review the effect of resistance
training on the inflammatory and immune indices of these patients.

Materials & Methods: This study was conducted as a systematic review in accordance with
the PRISMA guidelines. Interventional studies investigating the effect of resistance training
on inflammatory factors in breast cancer survivors were identified and evaluated. In total,
four eligible studies were included in the review. Data extraction encompassed the type of
inflammatory factor, level of measurement (systemic or cellular), direction of change, and
statistical significance of the outcomes.

Results: The inflammatory factors reported in the reviewed studies included CRP, IL-6, IL-
10, TNF-a\alphaa, IL-1B\betaB, and TGF-B\betaB1. The results concerning systemic factors
did not reveal significant changes following the exercise intervention in most studies. In
contrast, some studies reported significant changes in certain inflammatory factors at the
cellular level or in specific markers. The types of measured markers, levels of assessment,
and statistical outcomes demonstrated heterogeneity across the studies.

Conclusion: The existing studies provide limited and heterogeneous evidence regarding the
effect of resistance training on inflammatory factors in breast cancer survivors. The diversity
in the types of investigated factors and their measurement levels complicates the direct
comparison of the results. Conducting future studies with more standardized designs and
comprehensive evaluations of inflammatory factors could help clarify this field.
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Introduction

care (2). Resistance training has shown promise in
improving physical function and mitigating side

Breast cancer remains a globally significant
malignancy, with many survivors facing persistent
physical and psychological complications—such as
chronic fatigue and impaired quality of life—long
after treatment completion (1). Emerging evidence
suggests that chronic low-grade inflammation, often
exacerbated by oncological treatments, is a primary
biological driver of these symptoms (1,2).
Consequently, there is growing interest in non-
pharmacological strategies to modulate these
immune-inflammatory pathways in survivorship
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effects in this population (3,4). However, the
existing literature regarding its effects on specific
inflammatory ~ markers—including  C-reactive
protein (CRP), tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), interleukin-1 beta (IL-1P),
interleukin-10 (IL-10), and transforming growth
factor-beta 1 (TGF-B1)—remains inconsistent (4).
Given these heterogeneous findings, this systematic
review aims to synthesize current evidence on the
effectiveness of resistance training in modulating
inflammatory and immune indices in breast cancer
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survivors (5).

Methods

This study was designed as a systematic review
and was conducted and reported in accordance with
the PRISMA guidelines. A systematic search of the
literature was performed in PubMed, Scopus, and
Web of Science, and an additional manual search
was carried out in Google Scholar to increase
comprehensiveness and reduce the possibility of
missing eligible studies. The search strategy
combined keywords related to the target population,
the exercise intervention, and inflammatory or
immune outcomes. The main search terms included:
(“Breast cancer survivors” OR “Breast cancer”)
AND (“Resistance training” OR “Resistance
exercise” OR  “Strength training”) AND
(“Inflammation” OR “Inflammatory markers” OR
“Cytokines” OR “Immune function” OR “Natural
killer cells”). Studies were included if they met the
following criteria: (1) involved female breast cancer
survivors; (2) used resistance training as the main
intervention; (3) reported at least one inflammatory
or immune-related outcome, including 1L-6, CRP,
IL-10, TNF-a, IL-1B, or TGF-B1; (4) employed a
randomized clinical trial design; (5) were published
in English; and (6) had accessible full texts. Studies
were excluded if they were animal or laboratory
studies, review articles, meta-analyses, conference
abstracts, case reports, or if resistance training was
combined with other interventions in a non-
separable manner or did not report the inflammatory
outcomes of interest. All identified records were
imported into EndNote X9 and duplicates were
removed. Due to heterogeneity in study design,
training protocols, inflammatory outcomes, and
reporting methods, meta-analysis was not feasible.
Therefore, the findings were synthesized narratively.
Risk of bias was assessed using appropriate tools
according to study design. Randomized studies were
evaluated using the Cochrane Risk of Bias 2 (RoB2)
tool, while quasi-experimental designs were
appraised using the JBI critical appraisal checklist.
Assessments were conducted independently by two
reviewers.

Results

TThe final review included four studies:
Hagstrom et al. (2016), Lee et al. (2022), Robbins et
al. (2022), and Martins et al. (2023). 118 breast
cancer survivors took part in the review. The sample
sizes ranged from 22 to 34 participants, with a mean
of approximately 29.5 per study. Participants were
primarily early to mid-stage breast cancer (stages I-
I or I-IIA) and recruited across a range of

geographical regions including Australia, South
Korea, the United States and Brazil. The average age
across studies was about 54.9 years, suggesting that
the population was mostly middle-aged or older
women, many of whom were likely peri- or post-
menopausal. The mean body mass index was
approximately 27.5 kg/m2, in the overweight range.
All interventions consisted of resistance training but
differed in duration, intensity and structure. Three
studies used 12-week programs and one used a 16-
week intervention, with an average of 13 weeks.
Training frequency was generally three times per
week, although one study reported two to three times
per week. Sessions consisted of 4 to 8 exercises,
typically performed in 3 sets per exercise, although
some protocols varied from 1 to 4 sets. Intensity was
between 40% and 80% of one-repetition maximum
(1RM) with 8-20 repetitions per set; one study used
a train to fatigue approach. Inflammatory
biomarkers measured were CRP, TNF-a, IL-6, IL-
10, IL-1p and TGF-B1, although there was
considerable heterogeneity in the biomarker choice
across studies. CRP was measured in three studies
and showed non-significant reductions in two
studies (Hagstrom et al., Lee et al.) and no effect in
one study (Robbins et al.), indicating a limited effect
on systemic inflammation. TNF-a was analysed in
two studies, Hagstrom et al. reported a significant
reduction especially at the cellular level and Martins
et al. reported a non-significant decrease. IL-6 and
IL-10 also showed non-significant reductions in two
studies, suggesting a trend towards reduced
inflammation, but without statistical significance.

Martins et al. reported more pronounced effects
for IL-1p and TGF-B1, where resistance training
significantly decreased both markers. These
modifications may be functionally relevant changes
due to their involvement in chronic inflammation
and tumour associated processes. Most classic
inflammatory markers were non-significantly
altered, but selective reductions suggest biologically
relevant immune modulation.  Risk of bias
assessment suggested a generally low to moderate
risk across studies, with mostly acceptable
methodological quality despite limitations in
randomisation and sample size.

Conclusion

The results of this systematic review appear to
suggest that resistance training does not have a
consistent or conclusive effect on all inflammatory
markers in breast cancer survivors. Classical
systemic inflammatory markers such as CRP, IL-6
and IL-10 generally did not show significant changes
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after resistance training interventions. This could be
due to the fact that these biomarkers are not very
sensitive to resistance training programs of moderate
length in this population, especially when there is
little inflammation at the beginning or when there are
not enough people in the study. In contrast, some
evidence suggest that resistance training may have
more selective effects on the immune-inflammatory
pathways. The marked reductions observed in TNF-
a at the cellular level and in IL-1p and TGF-B1 in
one study suggest that exercise-induced adaptations
may occur initially in specific immune
compartments or in pathways associated with
chronic inflammation and tissue remodelling, not
solely in circulating systemic markers. Therefore,
lack of significant changes in serum inflammatory
indices should not be interpreted as necessarily
indicating a lack of physiological benefit.
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