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Introduction: Inflammatory changes participate in the development and progression of breast
cancer. In the management of inflammation, non-pharmacological interventions, especially
physical activities, are of great importance. The objective of this study is to systematically
review the literature on the effects of different types of exercise interventions (aerobic,
resistance, combined, and interval training) on inflammatory and anti-inflammatory markers
in women with breast cancer.

Materials & Methods: This systematic review aimed to evaluate the effects of exercise
interventions on inflammatory biomarkers in women with breast cancer. A systematic search
of the databases until the year 2025 was performed to identify different types of exercise
(aerobic, resistance, combined, and interval) affecting pro-inflammatory and anti-
inflammatory markers. Exclusion criteria: Non-breast cancer patient studies; irrelevant
biomarkers. Data extraction concentrated on key findings and study characteristics; articles
were categorized by exercise type to assess intervention effects.

Results: Sixteen articles were reviewed and examined different types of training in relation to
inflammatory and anti-inflammatory markers in women with breast cancer according to the
defined criteria. Five studies examined aerobic training, five examined resistance training,
three examined combined training, and three examined interval training. Results: The results
show that chronic physical exercise can modulate the inflammatory (TNF-a, IL-6, CRP, and
leptin) and anti-inflammatory (IL-10 and adiponectin) markers. However, the effect of these
exercises on such markers may differ based on exercise type and factors such as volume,
intensity, duration, and participant adherence.

Conclusion: Different types of exercise interventions can improve the inflammation of women
with breast cancer through mechanisms such as regulating cytokines, activating signaling
pathways, improving metabolic status, reducing oxidative stress, modulating hormones,
increasing fat metabolism, affecting the gut microbiome, enhancing mitochondrial function,
improving sleep quality, reducing stress, and increasing muscle mass and strength. Hence,
these interventions improve the therapeutic outcomes and quality of life of patients.
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Introduction

inflammation (2). Pro-inflammatory cytokines
(TNF-a and ILs (IL-1B, IL-6, IL-8, IL-17)) and

Breast cancer is the most common cancer
among women worldwide, and the high incidence
and mortality rates are serious health burdens (1). Its
progression is mainly due to the generation of a
tumor-favoring microenvironment and the inhibition
of immune response caused by chronic low-grade
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pathways (NF-kB, STAT3) are important factors
which have been correlated with tumor growth and
therapy resistance (3). High levels of CRP are a bad
prognostic factor while anti-inflammatory cytokines
such as IL-10 and IL-4 are not very protective (3).
Leptin and adiponectin have opposing effects on
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breast cancer, adding another level of complexity to
the inflammatory landscape (4). Recent studies have
demonstrated the potential role of structured
physical activity during and after treatment in
disease management and improvement of systemic
inflammation and quality of life (5). The objective of
this review is to evaluate the effect of different
exercise interventions on inflammatory biomarkers
in breast cancer and to improve exercise
interventions to enhance patient outcomes.

Methods

A systematic review was conducted of peer-
reviewed clinical trials examining the effects of
exercise interventions on inflammatory biomarkers
in women with breast cancer. A comprehensive
search was conducted in international (PubMed,
Scopus, Web of Science, Google Scholar, and
Elsevier) and national (SID, IranMedex, IranDoc,
and Magiran) databases up to 2025. Inclusion criteria
were randomized or non-randomized clinical trials
with human subjects evaluating the effect of one or
more exercise modalities (aerobic, resistance,
combined, or interval) on specific pro-inflammatory
(e.g., TNF-a, IL-6, IL-8, CRP) and anti-
inflammatory (e.g., IL-10, IL-4, IL-1ra) markers in
women with breast cancer. Studies on non-breast
cancer patients without measuring relevant
biomarkers, duplicate reports, and articles in
languages other than English and Persian were
excluded. The search strategy used Medical Subject
Headings (MeSH) and free-text terms such as
“exercise training,” “physical activity,” “aerobic
training,” “resistance training,” ‘“high-intensity
interval training,” “cytokines,” ‘“‘inflammation,”
“breast cancer,” and “anti-inflammatory. Additional
studies were also sought by screening the reference
lists of retrieved articles. Data extraction included
study characteristics (sample size, cancer stage,
intervention duration, frequency, and intensity),
inflammatory biomarkers measured, and main
results. Selected articles were classified by exercise
type, and content analysis was used to assess
consistency and magnitude of effects across
interventions.

9 ¢

Results

A total of 21 clinical trials were identified.
Sixteen of these were included and reviewed in
depth. These were 5 aerobic training studies, 5
resistance training studies, 3 combined modalities
studies and 3 high intensity interval training (HIIT)
studies. Overall, the results revealed that exercise
interventions had a significant impact on the
inflammatory status of breast cancer patients.

Aerobic training, typically performed continuously
at moderate intensity, was consistently associated
with reductions in systemic inflammatory markers,
especially TNF-o, IL-6 and CRP. The
antiinflammatory effects are proposed to be
mediated by amelioration of oxidative metabolism
and adiposity and downregulation of NF-kB and
AMPK signaling pathways. These changes help to
lower chronic inflammation and improve
cardiorespiratory fitness and fatigue resistance.
Local anti-inflammation effects were shown for both
moderate and progressive overload resistance
training protocols. Several studies reported
decreased serum levels of TNF-a and IL-6 and
increased IL-10 after the intervention, which may be
related to increased muscle mass, decreased visceral
fat, and activation of signaling pathways such as
PI3K/Akt and MAPK . More lean body mass also
improves immune regulation, metabolic efficiency
and reduces treatment-related sarcopenia. Combined
training produced synergistic benefits such as
improvements in cardiorespiratory fitness, muscular
strength and inflammatory profiles. The most
pronounced changes were observed in trials lasting
12 to 16 weeks, with decreased pro-inflammatory
cytokines and significantly increased anti-
inflammatory mediators. These results suggest that a
broad-sense  integrative approach may be
physiologically beneficial and may be particularly
appropriate for breast cancer survivors in treatment
or post-treatment in adjuvant therapy. The potential
of interval training, especially HIIT, to modulate
inflammation is increasing. This modality has been
less explored, but findings suggest HIIT can reduce
chronic inflammation by improving body
composition, stimulating mitochondrial biogenesis,
and decreasing immune cell infiltration in adipose
tissue. It has decreased circulating TNF-a, IL-6 and
IL-8 suggesting it as a time-efficient intervention to
decrease cancer-related inflammation.

Conclusion

This systematic review indicates that structured
exercise interventions are promising for reducing
systemic inflammation and improving clinical
outcomes among women with breast cancer.
Aerobic, resistance, combined, and interval training
have beneficial effects through different and
overlapping biological mechanisms, including
modulation of cytokines, hormonal balance,
improved mitochondrial function, and reduced
oxidative stress. These physiological changes are
associated with lower levels of tumor-promoting
inflammation as well as improved functional
capacity, psychological well-being, and quality of
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life. Exercise should therefore be considered a pillar
of integrative cancer care, and its application should
be personalized according to individual needs,
cancer stage, and treatment status. With the growing
evidence base, future guidelines should stress the
incorporation of exercise as an evidence-based, cost-
effective, and empowering approach to managing
inflammation and improving survivorship in women
with breast cancer.
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