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Abstract

Purpose Inflammation plays a key role in breast cancer recurrence and mortality by promoting tumor progression. Exercise
significantly reduces pro-inflammatory markers such as IL-6, TNF-a, and CRP, potentially reducing mortality risk. However,
it is yet to be determined whether exercise-induced changes in body composition can modulate inflammatory biomarker
responses in the breast cancer setting.

Methods We conducted a secondary mediation analysis based on the findings from our previously published systematic
review with meta-analysis. Randomized controlled trials examining the effects of exercise on IL-1f, IL-6, IL-8, IL-10, TNF-
a, and CRP and body composition and anthropometry measures such as lean mass (LM), fat mass (FM), body weight and
body mass index (BMI) were included. Random-effect meta-regression models were undertaken.

Results Sixteen studies were included in the secondary analysis (n=752). Increases in LM were significantly associated with
reductions in IL-6 (p =0.03) and there was a trend toward decreases in IL-8 (p =0.05). In addition, there were non-significant
trends suggesting that reductions in FM may be associated with decreases in IL-6 (p =0.08) and TNF-a (p =0.06), and that
decreases in BMI may be linked to changes in IL-8 (p =0.06).

Conclusions Changes in body composition following exercise were not consistently associated with inflammatory biomarker
responses in breast cancer survivors with only LM significantly associated with IL-6 while a trend in LM and FM existed
for some other inflammatory markers. Although these findings do not provide conclusive evidence, they highlight a possible
role of exercise-induced body composition changes in mediating inflammation. Further research is needed to clarify whether
targeted exercise interventions that improve body composition can contribute to reducing inflammation and, ultimately,
impact breast cancer progression, recurrence, and mortality.
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Introduction

Breast cancer is the most diagnosed and leading cause of
cancer-related death in women worldwide [1]. Chronic
inflammation plays a crucial role in breast cancer develop-
ment, progression, and recurrence [2, 3]. Indeed, a persistent
inflammatory state not only promotes tumor progression by
influencing cell proliferation, survival, invasiveness, and
metastasis [2-5], but also inhibits immune function [6].
Given that the cancer itself and the side-effects of treatments
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(e.g., chemotherapy) can elevate levels of inflammatory
biomarkers (i.e., interleukin 6 [IL-6], tumor necrosis factor
alpha [TNF-a], and C-reactive protein [CRP]) [7, 8], survi-
vors of breast cancer are at increased risk of cancer progres-
sion, recurrence and mortality [9-11]. As a result, strategies
are needed to ameliorate inflammatory status which may
provide a less supportive environment for cancer progres-
sion, leading to a lower risk of recurrence and mortality in
survivors of breast cancer.

Exercise is widely recognized as a key therapeutic strat-
egy in breast cancer management [12—14]. It is well known
that exercise is safe and effective before, during and after
treatment, improving physical fitness, body composition
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(e.g., lean mass [LM] and fat mass [FM]), and fatigue
while also reducing recurrence and mortality risk by ~ 40%
[12-16]. Although more research is needed, it has been pro-
posed that exercise may modulate inflammation [17-19].
This may be partly due to skeletal muscle acting as an
endocrine organ that releases anti-inflammatory cytokines
at rest and in response to muscle contraction [18-21]. These
myokines can exert systemic effects, including modula-
tion of immune function, inhibition of pro-inflammatory
cytokines, and promotion of an anti-inflammatory milieu
[22, 23]. For example, exercise-induced IL-6 stimulates the
production of anti-inflammatory cytokines such as IL-10 and
inhibits TNF-a, a key driver of chronic inflammation linked
to cancer progression [24]. Further, myokines can improve
insulin sensitivity, reduce adipose tissue inflammation, and
enhance the recruitment and activation of natural killer cells
and cytotoxic T-cells, which are critical for immune surveil-
lance and tumor suppression [19, 22, 23, 25]. In addition, it
appears that muscle mass levels may influence the magni-
tude and profile of myokine release, potentially contributing
to a less favorable environment for cancer progression [18].
In this regard, we recently examined the effects of exercise
on several inflammatory biomarkers in survivors of breast
cancer [26]. We observed that exercise programs, specifi-
cally combined exercise (i.e., resistance training [RT] and
aerobic training [AT]), effectively reduced the levels of
some pro-inflammatory biomarkers, such as IL-6, TNF-a,
and CRP, while other biomarkers (e.g., IL-1p, IL-8, IL-10)
were not significantly altered [26].

In the past two decades, the role of body composition in
relation to mortality risk has gained substantial attention
[27-29]. Several studies observed that low skeletal muscle
mass as well as increased adipose tissue are strong predictors
of mortality risk in breast cancer [27-29]. However, to date,
no studies have examined whether exercise-induced changes
in body composition can modulate inflammatory biomarker
responses in the breast cancer setting. Indeed, findings from
a mediation analysis may enhance our understanding of how
exercise and its effects on body composition may, conse-
quently, impact inflammatory biomarkers. Thus, the aim of
the present exploratory secondary analysis was to investigate
the role of exercise-induced changes in body composition on
biomarkers of inflammation (i.e., IL-1p, IL-6, IL-8, IL-10,
TNF-a, and CRP) in survivors of breast cancer.

Methods

Search strategy, eligibility criteria, and study
selection procedure

The present study is a follow-up analysis of our previous
systematic review and meta-analysis examining the effects

of exercise on inflammation in female survivors of nonmeta-
static breast cancer [26]. The procedures undertaken in the
present study were reported in accordance with the Cochrane
Back Review Group [30], and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement [31,
32]. This systematic review was prospectively registered at
the International Prospective Register of Systematic Reviews
(PROSPERO identifier: CRD42024575738). Briefly, a
systematic search was conducted in PubMed, CINAHL,
Embase, SPORTDiscus (via EBSCOhost), and Cochrane
Library (CENTRAL). The full search strategies are reported
in the supplementary materials (Supplementary Table 1)
[26].

For this secondary mediation analysis, we have included
only randomised clinical trials assessing the effects of exer-
cise on IL-1f, IL-6, IL-8, IL-10, TNF-a and CRP that also
examined body composition and anthropometry measures
such as LM, FM, body weight and body mass index (BMI).
The investigation of body composition and anthropometry
measures was not originally planned and this deviation from
the original protocol is characterised as an addition. The
systematic search was conducted from inception to August
2024. Further information on the methods and procedures
as well as the primary results have been reported elsewhere
[26].

Statistical analysis

A three-level mixed-effects meta-analysis with study
included as a random effect was performed to examine the
effects of exercise training on biomarkers of inflammation
and body composition and anthropometry measures [33].
Cluster robust point estimates and 95% CI were weighted
by inverse sampling variance to account for the within- and
between-study variance (t?). Statistical heterogeneity was
assessed using the Cochran Q test. High heterogeneity was
defined by a threshold p-value of 0.1 or I? values greater than
50%. The pooled effects estimated were expressed as stand-
ardised mean difference (SMD). Statistical significance was
set at a p value <0.05. SMD values of 0.0 to <0.5 indicate
small, 0.51 to 0.79, moderate, and > 0.8, large effects [34].
In addition, we considered results approaching statistical
significance (p value ranging from 0.05 to 0.15) when SMD
was above 0.50, with results reported as trend [35].

To assess the potential mediation effect of changes in
body composition and anthropometry measures on changes
in inflammation biomarkers, a series of random-effect
meta-regression models were undertaken treating the body
composition and anthropometry effect sizes as predictor
variables and inflammation biomarkers as the outcome vari-
ables, when at least two studies were found. These associa-
tion analyses examined if exercise-induced changes in LM,
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FM, body weight, and BMI were related to changes in IL-1p,
IL-6, IL-8, IL-10, TNF-a, and CRP.

Results

The number of studies retrieved, screened, and included
from our search have been previously reported [26]. From
the 22 articles included in our previous review, 16 met the
inclusion criteria for the mediation analysis on IL-6, IL-8,
IL-10, TNF-o, and CRP [36-51], while no studies were
found for IL-1p (Fig. 1). In this regard, we performed the
SMD on biomarkers based on the included studies in this
analysis.

Participants and intervention characteristics

Seven-hundred and fifty-two survivors of breast cancer,
median age of 53.3 years (interquartile range [IQR]: 49.1,
58.1) and BMI of 28.6 kg/m2 (IQR: 26.4, 32.6), partici-
pated in the included studies [36—51]. Characteristics of the
individual studies are reported in Supplementary Table 2.
Participants in the included studies were diagnosed with
breast cancer stage I-III. Four exercise arms employed RT
[40, 46-48], five AT [41, 43, 44], and nine combined RT
and AT [36-39, 42, 45, 49-51], with duration ranging from
8-52 weeks and frequency 1-6 days per week. The overall
risk of bias was moderate [26].

Body composition and anthropometry

There was a trend toward decrease in BMI (SMD =-0.13,
p=0.07) and body weight (SMD =-0.32, p=0.06) that
approached statistical significance in favour of exercise
compared to control groups. In addition, there was a signifi-
cant small increase in LM in favour of exercise compared to
control groups (SMD =0.32, p=0.02) with no significant
change for FM (Table 1).

Association of changes in body composition
and anthropometry with changes in IL-6

A trend toward a decrease in IL-6 was observed in favour of
exercise compared to control groups (SMD =-0.89 SMD,
p=0.13) (Table 1). In the meta-regression, increases in LM
were significantly associated with reductions in IL-6 (esti-
mate=—2.74+0.61, p=0.03). The association between
reductions in FM and reductions in IL-6 approached sta-
tistical significance (estimate =1.08 +0.31, p=0.08), while
changes in BMI and body weight did not mediate changes
in IL-6 (Table 2).
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Association of changes in body composition
and anthropometry with changes in IL-8

There was no significant change in IL-8 between exercise
and control groups (SMD =-0.84, p=0.29) (Table 1). In
the meta-regression, the association between reductions
in BMI and reductions in IL-8 (estimate=10.08 +2.23,
p=0.06), as well as increases in LM and reductions in IL-8
(estimate=—4.61+1.13, p=0.05) approached statistical
significance, while changes in body weight and FM did not
mediate changes in IL-8 (Table 2).

Association of changes in body composition
and anthropometry with changesin IL-10

There was no significant change in IL-10 between exercise
and control groups (SMD=0.08, p=0.61) (Table 1). In
the meta-regression, there were no significant associations
between changes in BMI, body weight, LM, and FM and
changes in IL-10 (Table 2).

Association of changes in body composition
and anthropometry with changes in TNF-a

A trend toward a decrease in TNF-a was observed in favour
of exercise compared to control groups (SMD = —-0.45,
p=0.10) (Table 1). In the meta-regression, the associa-
tion between reductions in FM and reductions in TNF-a
approached statistical significance (estimate=—1.18 +0.28,
p=0.06), while changes in BMI, body weight, and LM did
not mediate changes in TNF-a (Table 2).

Association of changes in body composition
and anthropometry with changes in CRP

A trend toward a decrease in CRP was observed in favour
of exercise compared to control groups (SMD = —0.64,
p=0.15) (Table 1). In the meta-regression, there were no
significant associations between changes in BMI, body
weight, LM, and FM and changes in CRP (Table 2).

Discussion

In this exploratory mediation analysis, we investigated
whether exercise-induced changes in body composition and
anthropometry, mediated changes in inflammatory biomark-
ers in survivors of breast cancer. There were two important
findings. First, increases in LM were associated with specific
changes in IL-6 and showed a trend toward decreases in
IL-8, while reductions in FM were associated with a trend
toward reductions in IL-6 and TNF-«. Second, there was
a trend for decreases in BMI to mediate changes in IL-8.
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Table 1 Effect of exercise

T : Random-Effect Meta-Analysis Heterogeneity

training on biomarkers of

inflammation and body K Number of ES SMD 95% CI P 0 P P

composition
IL-6 10 12 —-0.89 —2.08 t0 0.30 0.13 59.3 86.4 0
IL-8 6 7 —-0.84 —2.66 to 0.98 0.29 44.9 87.8 0
IL-10 8 10 0.08 —0.29 t0 0.46 0.61 4.7 0 0.86
TNF-a 9 11 —-0.45 —1.00 t0 0.10 0.10 14.1 38.6 0.17
CRP 9 9 —0.64 —1.58 t0 0.30 0.15 36.1 39.2 0
BMI 11 12 —-0.13 —0.27 t0 0.01 0.07 1.3 0 1
Body weight 10 12 -0.32 —0.65 t0 0.02 0.06 11.7 0 0.38
Lean mass 8 11 0.32 0.07 to 0.57 0.02 35 0 0.96
Fat mass 6 8 —-0.73 —-1.721t0 0.26 0.12 15.8 65 0.02

K=number of studies; ES=effect size; SMD =standardized mean difference; CI=confidence interval,
Q=Cochran’s Q test of heterogeneity; I>=percentage of variation across studies that is due to heterogene-

ity; P=p-value

Table 2 Mediation analysis

. Biomarkers Estimate

between biomarkers of

inflammation and body BMI Body weight Lean mass Fat mass

composition changes after

exercise programs IL-6 6.55 12.57 0.7310.37 —2.7410.61 * 1.0810.31 A
IL-8 10.08 £2.23 ~ 0.53+0.55 —-4.61+1.137 0.56+0.65
IL-10 -037+1.42 —0.37+0.45 -0.56+1.75 —0.02+0.37
TNF-a 341+1.35 —0.01+0.87 -1.26+1.03 1.18+0.28 ~
CRP 1.96 +£2.65 0.61+1.25 -3.19+1.53 0.74+0.82

*=p<0.05;7=>0.5p<0.15

These findings provide initial evidence of the potential role
of body composition in modulating inflammation in patients
with breast cancer; however, given that most associations
were not statistically significant, these results should be
interpreted with caution.

BMLI, as a general indicator of body anthropometry, has
been associated with inflammatory responses, although it
does not distinguish between LM and FM [52, 53]. The
relationship between reductions in BMI and inflammatory
biomarkers may reflect that exercise-induced changes in
body weight may impact the levels of some pro-inflam-
matory markers (i.e., IL-8). Similarly, we observed that
reducing FM may attenuate the release of IL-6 and TNF-a.
While these associations did not reach statistical signifi-
cance, they align with existing evidence linking adipose
tissue as a major source of pro-inflammatory biomarkers
which, in turn, contribute to persistent chronic inflamma-
tion [52, 53]. This underlines the importance of target-
ing FM reduction in exercise programs or multimodal
programs comprising exercise and nutrition, although
further research is needed to confirm these effects [54].
Conversely, increases in LM induced significant reductions
in IL-6 and a trend toward decrease in IL-8. The underly-
ing reasons may be due to the role of skeletal muscle in
secreting myokines which have anti-inflammatory effects
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[18-21]. Indeed, myokines (e.g., IL-6, IL-10, irisin, and
SPARC), help regulate immune function by inhibiting pro-
inflammatory cytokines such as TNF-a and IL-1f, reduc-
ing macrophage infiltration in adipose tissue, and promot-
ing a shift from M1 to M2 macrophage phenotypes [20,
55]. Furthermore, myokines can modulate systemic inflam-
mation through pathways such as NF-kB, JAK/STAT,
and AMPK, all of which are involved in inflammation,
metabolism, and immune responses [22, 56, 57]. These
mechanisms may help explain the observed associations
between increased muscle mass and reductions in circulat-
ing inflammatory markers. This may indicate that targeted
exercise increasing skeletal muscle mass may drive lower
levels of pro-inflammatory biomarkers. Interestingly,
it should be noted that changes in IL-10 and CRP were
not associated with body composition changes. Although
speculative, this may be related to the half-life of these
biomarkers, the heterogeneity as biomarkers (i.e., involved
in several sources of inflammation), as well as to the indi-
vidual response of each marker to exercise, although more
research is needed [55, 58, 59]. Taken together, findings
from this analysis contribute to our understanding of how
exercise programs may influence biomarkers of inflamma-
tion and the potential mediating role of body composition,
although further research is required.
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Given the well-established association between body
composition and mortality risk in survivors of breast cancer
[27-29], such findings may be of clinical relevance. Excess
adiposity and low skeletal muscle mass are strong predictors
of mortality [27-29], highlighting the need for targeted inter-
ventions to promote favourable body composition changes.
From a clinical perspective, we highlight the need for tailored
exercise prescription designed to reduce FM while enhanc-
ing LM. Beyond this general recommendation, it would seem
important to assess muscle and fat mass in survivors of breast
cancer, preferably via dual energy x-ray absorptiometry (as it
provides a precise and reliable measurement of body composi-
tion, including lean and fat tissue distribution), and tailor exer-
cise prescription to address the greater imbalance as priority
[60]. For example, a patient with high fat mass and adequate
muscle mass requires emphasis on diet modification and high-
volume AT with some RT to prevent muscle decline while
driving fat loss [12]. A patient with low muscle mass requires
high volume RT to drive muscle hypertrophy, minimal AT, and
potentially protein supplementation [12]. Given that chronic
inflammation contributes to breast cancer progression, recur-
rence, and mortality [9-11], strategies aimed at modulating
inflammatory responses should be a key focus in survivors of
breast cancer. Thus, exercise-induced improvements in body
composition showed trends toward reductions in inflammation
[61, 62], which may have implications for lowering the risk of
disease progression and recurrence. However, these findings
were not consistently statistically significant, and the under-
lying mechanisms remain to be fully elucidated. Therefore,
further research is warranted to confirm these potential effects.

Limitations

This secondary analysis has several limitations that should
be acknowledged. Findings reaching statistical significance
or indicating a possible trend were limited, and thus inter-
pretations should be made cautiously. This may be partly due
to variability in biomarker responses, differences in assay
sensitivity, and the complex nature of inflammatory markers.
These factors can contribute to inconsistent findings across
studies and may have limited the ability to detect clear asso-
ciations between changes in body composition and inflam-
matory marker responses. Addressing these limitations will
be essential to strengthen the understanding of exercise’s
role in modulating inflammation and cancer outcomes.

Conclusion

Changes in body composition following an exercise program
may influence inflammatory biomarker responses in survi-
vors of breast cancer. Specifically, reductions in BMI and
FM were associated with a trend toward lower levels of IL-6,

IL-8, and TNF-a, while increases in LM were associated
with significant reductions in IL-6 and a trend toward lower
IL-8 levels, although most of these changes did not reach
statistical significance. From these results we highlight the
potential role of exercise-induced body composition to medi-
ate inflammation, which is a key factor in cancer progression
and mortality. Given the clinical relevance of inflammation
as well as body composition in breast cancer, targeted exer-
cise interventions that optimize FM loss while also enhanc-
ing LM, prioritized according to balance between the two,
may represent a promising strategy to potentially reduce the
risk of breast cancer progression, recurrence, and mortality.
However, further research is needed to confirm these effects.
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