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Abstract

Objectives: This randomized controlled pilot study aimed
to investigate the therapeutic effects of Baduanjin exer-
cise — a traditional Chinese mind-body practice integrating
gentle movements, diaphragmatic breathing, and mindful-
ness — on alleviating aromatase inhibitor-induced meno-
pausal symptoms, reducing cancer-related fatigue, and
modulating systemic inflammatory markers (IL-6, IL-1f,
TNF-a) in breast cancer patients.

Methods: 70 patients undergoing aromatase inhibitor
therapy were recruited from Guangdong General Hospital
and randomly assigned to either a Baduanjin exercise group
(n=35) or a usual-care control group (n=35). The Baduanjin
exercise group completed a supervised 12-week Baduanjin
exercise regimen (three sessions weekly, 90 min/session),
while controls maintained habitual activity. Menopausal
symptoms were assessed using the Kupperman Index, fa-
tigue severity via the Piper Fatigue Scale, and serum in-
flammatory markers (IL-6, IL-1B, TNF-a) through enzyme-
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linked immunosorbent assays at baseline and post-
intervention.

Results: 39 participants (55.7 %) completed the trial (inter-
vention: n=24; control: n=15). The Baduanjin exercise group
demonstrated significant reductions in arthralgia severity
(p<0.05) and fatigue subdomains (affective: p<0.05; cognitive/
mood: p<0.05) compared to controls. Notably, IL-6 levels
increased significantly in the Baduanjin exercise group vs.
the control group (p<0.05), while IL-1 and TNF-a showed no
intergroup differences.

Conclusions: Baduanjin exercise may ameliorate aroma-
tase inhibitor-induced menopausal symptoms and fatigue
in breast cancer patients, with distinct modulations in in-
flammatory biomarkers. Its low-intensity, culturally
tailored design supports feasibility as an adjunctive ther-
apy, warranting further investigation into IL-6-mediated
mechanisms.

Keywords: Baduanjin exercise; breast cancer; menopausal
symptom; cancer-related fatigue; inflammatory biomarkers

Introduction

Breast cancer is the most prevalent malignancy among
women globally and the leading cause of cancer-related
morbidity in China [1]. Advances in multimodal therapies,
including surgery, endocrine therapy, and targeted treat-
ments, have significantly improved survival rates, particu-
larly for hormone receptor-positive cases, which constitute
over 50 % of diagnoses [2—4]. Aromatase inhibitors, as a core
treatment modality for adjuvant endocrine therapy in post-
menopausal hormone receptor-positive breast cancer pa-
tients, reduce the overall recurrence risk by 27 % compared
with no extended treatment after the initial 5-year therapy,
underscoring their long-term recurrence prevention value
[5]. However, their clinical benefits are negated by a high
discontinuation rate (36.9% within five years) due to
treatment-emergent adverse effects such as arthralgia, vaso-
motor symptoms, and fatigue, which impair quality of life and
increase mortality risk among non-adherent patients [6, 7].
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Non-pharmacological interventions, particularly exer-
cise, are increasingly recognized for mitigating therapy-
related toxicities. Aerobic and resistance training demon-
strate efficacy in reducing symptoms, yet their high-intensity
protocols often exclude patients with functional limitations
or comorbidities [8-11]. In contrast, Baduanjin exercise — a
traditional Chinese mind-body exercise that integrates
gentle, rhythmic movements, diaphragmatic breathing, and
mindfulness meditation — offers a low-intensity, accessible
alternative [12-14]. Preliminary evidence suggests its po-
tential in alleviating cancer-related fatigue and modulating
inflammatory pathways [15-17], but rigorous evaluation in
aromatase inhibitor-treated populations remains lacking.
This single-center randomized controlled pilot study focused
on verifying intervention feasibility and preliminary
efficacy.

Breast cancer patients treated with aromatase in-
hibitors frequently experience persistent menopausal-like
symptoms (e.g., fatigue, hot flashes, arthralgia), which
reduce treatment adherence and impair quality oflife (QOL).
For QOL assessment in this population, existing studies using
standardized questionnaires have confirmed a significant
burden: the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire-Core 30
(EORTC QLQ-C30) shows patients have notably lower scores
in physical function, emotional function, and global QOL,
with physical discomfort scores negatively correlated with
treatment adherence [18-20]; the Functional Assessment of
Cancer Therapy-Endocrine Symptoms (FACT-ES) (designed
for endocrine therapy populations) accurately captures the
interference of aromatase inhibitor — specific symptoms
(e.g., joint pain, hot flashes) on QOL, where the magnitude of
score reduction is directly associated with symptom severity
[21-23]; the Breast Cancer-Specific Module 23 (BR23) reveals
disease-specific concerns (e.g., body image distress, fear of
recurrence) further exacerbate QOL impairment [24-26].
Thus, based on the existing evidence, we suggest that future
exercise intervention studies for this group consider
including these three questionnaires pre- and post-
intervention to allow for a comprehensive evaluation of
QOL improvements. While exercise interventions are
increasingly recommended to manage therapy-related side
effects, evidence shows that regular physical activity across
various forms effectively alleviates menopause-associated
symptoms [27, 28]. Existing protocols, however, primarily
focus on aerobic or resistance training, which may not
adequately accommodate the functional limitations com-
mon in this population. The aim of this randomized
controlled pilot study was to first verify the feasibility of a 12-
week supervised Baduanjin program in this cohort, and
second, to explore its preliminary efficacy in alleviating
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menopausal-like symptoms (assessed via the Kupperman
Index and Piper Fatigue Scale) and modulating serum in-
flammatory biomarkers among patients treated with aro-
matase inhibitors. The summary of this article is presented
in Figure 1. By integrating culturally rooted, low-intensity
exercise with objective biomarker analysis, this study sought
to address critical gaps in current supportive care strategies,
particularly how mind-body exercises distinct from con-
ventional aerobic or resistance training may regulate
inflammation to improve symptom outcomes [29, 30]. Such
insights could inform tailored interventions to enhance
therapeutic adherence and survivorship experiences in
breast cancer patients treated with aromatase inhibitors.

Materials and methods
Study design

This single-center randomized controlled pilot study was
implemented at Guangdong Provincial People’s Hospital
following Ethical Approval from the Institutional Review
Board of Guangdong General Hospital (Approval No.
GDREC2016424H-R1). The research protocol strictly complied
with the ethical principles outlined in the Declaration of
Helsinki. Prospective registration was completed at
ClinicalTrials.gov (Identifier: NCT03162133; Registration
Date: 12 May 2017). Written informed consent was obtained
from all participants before commencement of the trial. As a
pilot study, its primary objectives were to assess the feasi-
bility of the 12-week Baduanjin intervention (including
adherence rates and safety) and explore preliminary effi-
cacy signals to inform future large-scale trials.

Participants

Participant recruitment was systematically conducted at the
breast surgery clinic of Guangdong General Hospital be-
tween November 2017 and April 2018. Inclusion criteria
included: 1) age ranging from 18 to 75 years; 2) histologically
confirmed stage I to III breast cancer diagnosed between 0.5
and 8 years prior to enrollment; 3) continuous aromatase
inhibitor therapy for more than six months; 4) menopausal
syndrome severity confirmed by a modified Kupperman
Index score of 6 or higher [31]; and 5) no prior Baduanjin
exercise practice within the preceding six months. Exclusion
criteria encompassed: i) severe comorbidities (e.g., uncon-
trolled cardiovascular disease, severe o0steoporosis) or
planned surgical interventions during the study period;
and ii) participation in high-intensity physical activities
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menopausal symptoms in patients with breast
cancer treated with aromatase inhibitors
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There is a lack of research on culturally tailored mind-
jil ise for
managing these specific treatment-related issues.

Objectives: To investigate the
therapeutic effects of Baduanjin
exercise on alleviating menopausal
symptoms, reducing cancer-related
fatigue, and modulating systemic
inflammatory markers in breast
cancer patients receiving
aromatase inhibitors.

a®

RESULTS

A significant reduction in arthralgia severity was
noted in the Baduanjin group compared to the

control group.

Compared to the control group, the Baduanjin group
exhibited significant reductions in both affective
meaning and cognitive/mood.

|

Ch in serum infl y markers were
observed in the Baduanjin exercise group, with
ial links to symp t that require
further investigation.

CONCLUSION

Baduanjin exercise is a feasible, culture-specific intervention for
alleviating aromatase inhibitor-induced menopausal symptoms and
fatigue in breast cancer patients, with observed inflammatory

marker changes meriting further study.
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Figure 1: Graphical representation of this study. Key points: (1) breast cancer patients on aromatase inhibitors often experience menopausal symptoms
(e.g., arthralgia) and cancer-related fatigue, which hinder treatment adherence, while culturally tailored mind-body interventions like Baduanjin are
under-researched for these issues. (2) a randomized pilot study enrolled 39 breast cancer patients on aromatase inhibitors, with 24 in a 12-week
supervised Baduanijin exercise group and 15 in control group, assessing symptoms via the Kupperman index/piper fatigue scale and serum inflammatory
markers. (3) the Baduanjin group showed reduced arthralgia severity, improved fatigue dimensions, and altered serum inflammatory markers,
supporting its feasibility as a culture-specific intervention with further investigation needed on inflammation-symptom links. Figure created with

BioRender.

exceeding 5h per week. Diagnostic verification was per-
formed through comprehensive medical record review.
Baseline assessments were systematically collected to char-
acterize participants, including: 1) demographic characteris-
tics (age, marital status, employment status); 2) clinical profiles
(breast cancer stage, time since initial diagnosis, duration of
aromatase inhibitor therapy); 3) health status indicators
(comorbidities, treatment-related complications); and 4) pre-
interventional physical activity profiles. Participants were
randomly assigned to the Baduanjin exercise or control group
via a computer-generated simple randomization sequence (1:1
allocation) managed by an independent statistician not

involved in participant recruitment or outcome assessment.
Allocation concealment was ensured using sequentially
numbered, opaque, sealed envelopes. Baseline characteristics
and attrition rate are presented in Results (Table 1).

Study interventions

The intervention protocol for the Baduanjin exercise group
consisted of a 12-week supervised regimen involving three
structured sessions per week, each lasting 90 min. Each
session was conducted in a group format at the Sports
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Table 1: Baseline characteristics of patients.?

Characteristics Control group  Exercise group p-Value®

(n=35) (n=35)
Age, years 54.43 (8.68) 54.31 (7.24) 0.95
Marital status, no. (%)
Married 29 (82.9) 25 (71.4) 0.25
Divorced/separated 1(2.9) 0 (0)
Single 1(2.9) 3(8.6)
Unclear 4(11.3) 7 (20)
Employment status, no.
(%)
Employed full or part- 17 (48.6) 13(37.1) 0.32
time
Unemployed 3(8.6) 3(8.6)
Retired 15 (42.8) 19 (54.3)
Unclear 0(0) 0 (0)
Time since diagnosis, 2.91(1.7) 3.17 (2.64) 0.63
years
Time since initiating Al, 2.42 (1.85) 2.77 (2.37) 0.50
years
Overall stage, no. (%)
I 6(17.1) 7 (20) 0.57
1I 20 (57.1) 21 (60)
111 9 (25.8) 7 (20)
Missing/NA 0(0) 0(0)
Attrition 20 (57.1) 11 (31.4) 0.32

SD, standard deviation; AL, aromatase inhibitors. Data are presented as the
mean (SD) for continuous variables and frequency (percentage) for
categorical variables. °p-Value for difference between groups.

Medicine and Rehabilitation Center of Guangzhou Sport
University, with on-site supervision by certified coaches to
ensure the accuracy of movements. Each session was sys-
tematically divided into three phases: a 10-min preparatory
warm-up, a 70-min standardized Baduanjin exercise
regimen (comprising eight foundational postures executed
eight times per session), and a 10-min cooldown period.
Movement execution was synchronized with diaphragmatic
breathing techniques (inhalation during postural extension
phases, exhalation during relaxation phases). Instruction
was provided by certified Qigong instructors with a mini-
mum of five years of professional experience, adhering
strictly to the 2017 National Fitness Qigong Baduanjin Stan-
dardized Guidelines [32]. The control cohort received
routine clinical care without additional exercise in-
terventions. Regarding blinding procedures, while it was not
feasible to blind participants or Baduanjin instructors to the
group allocation due to the physical nature of the interven-
tion, blinding was rigorously implemented for both scale
assessments (e.g., Kupperman Index, Piper Fatigue Scale)
and blood sample analysis. Trained research assistants
conducting scale evaluations and laboratory technicians
responsible for cytokine detection (TNF-q, IL-6, IL-1B) were
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kept unaware of participant grouping to prevent subjective
bias. Additionally, an independent statistician uninvolved in
data collection performed all analyses using de-identified
data, and all assessors underwent standardized training to
ensure consistent operational procedures. These measures
were collectively implemented to minimize potential
measurement bias.

Outcome measurements

Menopausal symptom severity was quantified through
standardized instruments (Kupperman Index and Piper
Fatigue Scale) during baseline and post-intervention (48 h
after the final exercise session) to avoid acute exercise-
induced fluctuations in cytokines.

The Kupperman index

The modified Kupperman index, validated for evaluating
menopausal symptoms in Chinese breast cancer survivors
[31], comprises a cumulative score derived from 11 symptom-
specific subscales: hot flashes, paresthesia, insomnia,
nervousness, melancholia, vertigo, fatigue, joint and muscle
pain, headaches, palpitations, and formication. Each sub-
scale employs a scoring range from 0 to 3, where 0 indicates
absence of symptoms, 1 represents mild symptoms, 2 cor-
responds to moderate symptoms, and 3 denotes severe
symptoms. The total score is calculated by applying differ-
ential weighting coefficients: hot flashes are assigned a
fourfold weighting, paresthesia, insomnia, and nervousness
receive double weighting, while all remaining symptoms are
assigned single weighting. This calculation method yields a
maximum possible total score of 45.

The piper fatigue scale

Fatigue severity was quantified using the validated revised
Piper Fatigue Scale [33], a widely used tool with established
reliability in cancer populations [30, 34] which comprises 22
items systematically structured across four clinically
recognized fatigue dimensions: behavioral manifestation/
severity, affective interpretation, sensory perception, and
cognitive-emotional impact. Each item utilized an 11-point
Likert scale (0=no fatigue; 10=extreme fatigue), with domain-
specific composite scores calculated as arithmetic means of
constituent items. The global fatigue index was subsequently
derived from averaging these four domain scores, providing
a comprehensive fatigue assessment metric.
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Serum inflammatory biomarkers assay

Fasting venous blood samples were collected under stan-
dardized morning conditions during both baseline and post-
intervention phases (minimum 48-h interval after the final
session). Serum separation was performed through centri-
fugation at 5,000 revolutions per minute for 10 min under
controlled temperature conditions (4 °C). Quantitative mea-
surement of interleukin-1f (IL-1B; R&D Systems catalog
DLB50), interleukin-6 (IL-6; catalog D6050B), and tumor ne-
crosis factor-a (TNF-q; catalog DTA00D) was conducted using
validated enzyme-linked immunosorbent assay Kkits (R&D
Systems, Minneapolis, MN, USA) according to established
protocols. All samples underwent duplicate testing with
averaged results to ensure analytical precision, while labo-
ratory analysts remained blinded to group assignments.

Statistical analysis

Statistical analyses were performed using SPSS Statistics
version 25.0 (IBM Corp., Armonk, NY). Prior to analyses,
normality of continuous variables was verified using the
Shapiro-Wilk test, with all outcome measures meeting
normality criteria (p>0.05). Baseline characteristics were
presented as mean with standard deviation (SD) for
continuous variables and frequency (percentage) for cate-
gorical measures. Intergroup comparisons of continuous
parameters were analyzed via independent two-sample
t-tests, whereas categorical variables were examined using
Pearson’s chi-square tests. Longitudinal outcome measures
were expressed as mean + SD. Between-group differences
across timepoints (baseline vs. post-intervention) were
evaluated through independent t-tests, while within-group
temporal changes were assessed using paired-sample t-tests.
Statistical significance was defined as two-tailed p values
<0.05. Given the pilot nature of this study, no correction for
multiple comparisons was applied to prioritize detection of
preliminary efficacy signals, with results interpreted
cautiously.

Results
Subject baseline characteristics

The participants flow through all stages of the study is
comprehensively depicted in Figure 2. Of the 70 participants
initially enrolled and randomized, a total of 39 individuals
(55.7 %) successfully completed the full 12 — week interven-
tion protocol. The attrition rate was 31.4% (11 out of 35
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participants) in the Baduanjin exercise group and 57.1 % (20
out of 35 participants) in the control group. Statistical anal-
ysis revealed no significant difference in attrition rates be-
tween the two groups. For the control group, which began
with 35 randomized participants, 9 participants were lost to
follow-up due to a lack of sustained interest in the study
procedures. Additionally, 11 participants chose to discon-
tinue the intervention prematurely. As a result, 15 partici-
pants in the control group completed all aspects of the study.
In the Baduanjin exercise group, starting with an equal
initial cohort of 35 randomized participants, 3 participants
were lost to follow-up because of diminished interest, and 8
participants discontinued the intervention. Ultimately, 24
participants in the Baduanjin group fulfilled the entire study
protocol. Demographic and clinical characteristics of the
included patients at baseline are presented in Table 1,
revealing no statistically significant intergroup differences
in baseline parameters including age distribution, marital
status, employment status, disease duration (range: 0.5-
8 years post-diagnosis), duration of aromatase inhibitor
therapy, or tumor staging classification.

The figure depicts the participant flow throughout the
study. Initially, 82 individuals were enrolled and screened
for eligibility. Among them, 10 were excluded: 2 had prior
Baduanjin training experience, 5 declined participation, and
3 met cancer-related exclusion criteria. The remaining 72
participants underwent pre-intervention evaluation, with 2
further excluded (1 due to ineligibility per medical records, 1
with mobility/functional limitations). A total of 70 partici-
pants were then randomized: 35 to the control group
(maintaining their usual lifestyle without Baduanjin inter-
vention) and 35 to the Baduanjin group (receiving the allo-
cated intervention). During follow-up, 9 control participants
were lost to follow-up (due to disinterest) and 11 dis-
continued the intervention; in the Baduanjin group, 3 were
lost to follow-up (disinterest) and 8 discontinued the inter-
vention. Finally, 15 participants from the control group and
24 from the Baduanjin group were included in the analysis.

Effects of Baduanjin exercise on the
Kupperman index

Table 2 presents the longitudinal changes in Kupperman
Index scores following the 12-week intervention. Baseline
assessments demonstrated comparable scores between the
Baduanjin exercise and control groups for all individual
symptom domains and total composite scores. Post-
intervention assessment revealed no significant between-
group differences in total Kupperman Index scores. How-
ever, the Baduanjin exercise group exhibited a statistically
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Assessed for eligibility (n=82)
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Excluded (n=10)

= Baduanjin training experience (n=2)
= Declined to participate(n=5)
=  Cancer-related exclusions(n=3)

Pre-intervention evaluation and treatment assessment (n=72)

Excluded (n=2)

= Ineligible based on medical records (n=1)
= Mobility/functional limitations (n=1)

Randomized (n=70)

Allocation
Allocated to control group (n=35)

= Received allocated intervention (n=35) .
= Did not receive allocated intervention (n=0) .

Allocated to Baduanjin group (n=35)
Received allocated intervention (n=35)
Did not receive allocated intervention (n=0)

l Follow-Up

|

Lost to follow-up (lack of interest) (n=9)
Discontinued intervention (n=11)

Lost to follow-up (lack of interest) (n=3)
Discontinued intervention (n=8)

l

j/ Analysis
Analysed (n=15) Analysed (n=24)

=  Excluded from analysis (n=0) .

Excluded from analysis (n=0)

Figure 2: Flow diagram showing participant
enrollment and grouping.

significant reduction in arthralgia severity compared to
controls (p<0.05). A clinically observable decrease in hot
flash frequency was also documented in the Baduanjin ex-
ercise group, though this difference did not achieve statis-
tical significance (p=0.059).

Effects of Baduanjin exercise on the piper
fatigue scale

Table 3 details the shifts in fatigue levels as indicated by the
Piper Fatigue Scale. At the outset, equivalence was noted be-
tween the groups. Post-intervention, however, the Baduanjin
exercise group exhibited a notably reduced level of affective
meaning compared to the control group, achieving statistical
significance (p<0.05). In comparing the control group, the
Baduanjin exercise group showed significant decreases of
both affective meaning and cognitive/mood (p<0.05).

Effects of Baduanjin exercise on serum
inflammatory biomarkers

Table 4 presents the longitudinal changes in serum in-
flammatory biomarkers. Baseline and post-intervention
comparisons showed no statistically significant between-

group differences in IL-6 concentrations. However, the
Baduanjin exercise group demonstrated a significant
elevation in IL-6 levels compared to the control group when
analyzing within-group changes across the intervention
period (p<0.05).

Discussion

Contemporary advancements in oncological diagnostics and
therapeutics have significantly enhanced prognostic out-
comes for breast cancer [35]. However, treatment-induced
complications — particularly among patients undergoing
aromatase inhibitor therapy — persistently compromise
quality-adjusted life years through menopausal symptom
burden and cancer-related fatigue [36, 37]. This randomized
controlled pilot study provides novel evidence that a 12-week
Baduanjin exercise intervention protocol effectively atten-
uates menopausal symptomatology (particularly arthralgia
severity) and mitigates multidimensional fatigue parame-
ters in this clinical population. Mechanistically, the observed
IL-6 modulation suggests potential anti-inflammatory path-
ways underlying these therapeutic effects, though further
investigation is required to elucidate precise biological
mechanisms.
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Table 2: Effects of Baduanjin exercise on the Kupperman index.?

Hou et al.: Baduanjin exercise for menopausal symptoms in breast cancer patients —— 7

Baseline p-Value® Post-intervention p-Value® Change p-Value®
Control Exercise Control Exercise Control Exercise

Hot flashes 0.73+0.59 0.96 +0.91 0.400 1.33+0.62 1.08 + 0.77 0.298 0.60 + 0.63 0.13 +£ 0.80 0.059
Paresthesia 1.00+0.92 1.04 +0.62 0.867 1.00+0.85  0.79 +0.66 0.394  0.00+0.93 -0.25+0.79 0.375
Insomnia 0.93+0.70 1.00 +0.72 0.779 0.93 +0.70 0.96 + 0.75 0.918 0.00 £ 0.53 -0.04 + 0.91 0.873
Nervousness 0.87+0.52 0.92+0.58 0.787 0.67 + 0.61 0.67 + 0.64 0.657 -0.20+0.77 -0.17+0.70 0.890
Melancholia 0.47 £ 0.64 0.79 +0.83 0.205 0.60+0.63  0.50 + 0.66 0.643  0.13+0.52 -0.29+0.95 0.122
Vertigo 0.80 £ 0.56 0.88 +0.80 0.752 0.67 + 0.64 0.60 + 0.63 1.000 -0.13+0.74 -0.21+0.88 0.786
Fatigue 1.13+035 1.13+0.67 0.965 1.07 + 0.45 0.96 + 0.36 0415 -0.07+0.26 -0.17 +£0.82 0.649
Arthralgia and myalgia 1.87 +0.64 1.96 + 0.69 0.681 1.80+0.68 1.33+0.48 0.467 -0.07 +0.59 -0.62 +0.82 0.029%
Headache 0.67 +0.48 0.67 £0.70 1.000 0.87 £ 0.74 0.63 + 0.58 0.262 0.20 £ 0.68 —0.04 + 0.62 0.262
Palpitations 0.93+0.88 0.58+0.77 0.183 0.53+0.74 0.46 + 0.66 0.744 -0.40+0.83 -0.13+0.54 0.215
Formication 0.47 +0.52 0.46 + 0.51 0.961 0.40+0.51  0.42+0.65 0.933 -0.07+0.46 —0.04 + 0.69 0.902
Total score 149 +564 16.2 +£6.26 0.504 16.47 +5.08 14.29 +6.58 0.282 1.60 +3.68 -1.92 +6.99 0.081

SD, standard deviation. Data were presented as mean + SD; control group (n=15); exercise group (n=24). p-Value® for difference between groups at
baseline or post-intervention. p-Value® for change between groups from baseline to post-intervention.

Table 3: Effects of Baduanijin exercise on the piper fatigue scale.?

Baseline p-Value® Post-intervention p-Value® Change p-Value®

Control Exercise Control Exercise Control Exercise
Behavioral/severity 279237 3.07+2M 0727 286+231 225+1.89 0.378 0.07 +0.81 -0.82+1.84 0.088
Affective meaning 1.97+1.83 3.00 + 2.55 0.181 3.02+251 1.75+1.27 0.043 1.06 +1.83 -1.24+245 0.003
Sensory 429+231 4.23+2.46 0934 4.15+2.02 3.49+1.52 0.255 -0.15+2.61 -0.74+2.19 0.453
Cognitive/mood 316 +1.88 4.01 +2.66 0.283 3.88+212 324+1.49 0.275 0.72+134 -0.78 +2.15 0.021
Total score 3.04+0.1.79 357227 0.448 347+174 269+134 0.124 042+0.74 -0.89+1.75 0.009

PFS, piper fatigue scale; SD, standard deviation. ?Data were presented as mean + SD; control group (n=15); exercise group (n=24). p-Value® for difference
between groups at baseline or post-intervention. p-Value® for change between groups from baseline to post-intervention.

Table 4: Effects of Baduanijin exercise on serum inflammatory biomarkers.?

Baseline p-Value® Post-intervention p-Value® Change p-value®

Control Exercise Control Exercise Control Exercise
IL-1B, pg/mL  67.41 +1534 66.34 + 15.82 0.835 80.49 +22.67 66.89 + 15.27 0.031 13.07 +25.71 0.56 + 16.64 0.072
IL-6, pg/mL 3.54 +0.42 3.60 + 0.56 0.717 4.56 + 0.72 6.15+ 1.29 0.000 1.02+047  254+1.25 0.000
TNF-a, pg/mL  49.00 +9.46  47.53 +6.94 0.577  56.35+6.57  49.80 +7.44 0.008 7.34+10.60 227 +5.79 0.061

IL-1B, interleukin-1B; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a; SD, standard deviation. Data were presented as mean + SD; control group (n=15);
exercise group (n=24). p-Value® for difference between groups at baseline or post-intervention. p-Value® for change between groups from baseline to post-

intervention.

Baduanjin exercise, a multimodal mind-body practice
rooted in traditional Chinese medicine, combines physical
postures with cognitive engagement and regulated breath-
ing techniques, demonstrating therapeutic benefits for
chronic conditions in female breast cancer patients [38]. This
low-complexity intervention, comprising eight biomechani-
cally optimized movements derived from historical wellness
traditions, exhibits high accessibility across diverse de-
mographics [17]. The efficacy of Baduanjin for improving

psychosocial well-being in breast cancer patients is sup-
ported by accumulating evidence from systematic reviews
and meta-analyses. These analyses have consistently
confirmed its benefits in enhancing health-related quality of
life and alleviating depressive symptoms [12-14, 32, 39]. The
present findings provide supportive evidence regarding the
potential of Baduanjin exercise in ameliorating vasomotor
disturbances, with particular reference to reductions in hot
flash frequency observed in aromatase inhibitor-treated
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patient cohorts [40]. These outcomes appear congruent with
established clinical recommendations advocating mind-
body interventions as therapeutic strategies for addressing
treatment-induced menopausal symptoms [41]. Notably, we
observed clinically meaningful reductions in arthralgia
severity — a prevalent complication affecting distal joints
that frequently compromises treatment adherence [42].
While previous meta-analyses report limited analgesic ef-
fects of Baduanjin exercise [13], our results suggest outcome
variability may stem from differences in pain etiology (e.g.,
postoperative vs. treatment-induced), intervention pro-
tocols, and population-specific adaptations, underscoring
the need for phenotype-stratified investigations.

Breast cancer survivors undergoing aromatase inhibitor
therapy frequently report elevated fatigue severity concomi-
tant with menopausal symptomatology. The fundamental
mechanism behind fatigue is often linked to inflammation, a
response typically triggered by standard cancer therapies,
including chemotherapy, or by the cancer itself [43]. Our
findings demonstrate Baduanjin exercise’s efficacy in atten-
uating multidimensional fatigue manifestations, particularly
affective and cognitive/mood dimensions, corroborating
existing evidence of its therapeutic potential against cancer-
related fatigue [39]. Contemporary randomized controlled
trial data substantiate these anti-fatigue effects across het-
erogeneous patient populations, though reduced effect con-
sistency is noted in cohorts aged over 55 years [15].
Mechanistic investigations implicate aromatase inhibitors as
potential contributors to fatigue pathophysiology through
inflammatory pathways [44, 45], with circulating biomarkers
like IL-6 exhibiting dual regulatory properties in inflamma-
tory cascades [46]. IL-6 exhibits context-dependent dual roles
in cancer, acting as either a suppressor or promoter of tumor
development. During exercise, IL-6 is primarily released from
skeletal muscles, whereas in inflammatory foci or the tumor
microenvironment, it is secreted by leukocytes and stromal
cells. Muscle-derived IL-6 exerts protective effects by
enhancing insulin sensitivity in glycogen-storing tissues,
stimulating anti-inflammatory cytokine production, mobi-
lizing cytotoxic immune cells, and reducing DNA damage in
cancer cells — hiological actions that may inhibit cancer
initiation and progression. Conversely, sustained IL-6
signaling within inflamed or tumor microenvironments
drives chronic low-grade inflammation and activates pro-
tumorigenic pathways, thereby promoting cancer advance-
ment [29]. Additionally, IL-6 has been implicated as a critical
mediator of pathological pain, including bone cancer pain,
through mechanisms such as nociceptor sensitization and
amplification of inflammatory signaling cascades [47].

Discrepancies between our findings and other Baduan-
jin studies likely stem from population-specific differences.
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For example, middle-aged women demonstrated reduced IL-
6 after 12-week Baduanjin, likely reflecting systemic anti-
inflammatory effects in metabolically intact populations
[48]. Post-stroke patients with depression similarly exhibited
decreased IL-6 following combined Baduanjin and psycho-
therapy, potentially via neuroendocrine-immune regulation
of stress-driven inflammation [49]. Conversely, cognitively
frail older adults showed non-significant IL-6 changes post-
24-week Baduanjin practice, possibly due to age-related
immunosenescence or baseline inflammatory lability [50].
Our cohort’s distinct characteristics — breast cancer survi-
vors receiving aromatase inhibitors — introduce critical
variables: these agents may disrupt muscle metabolic equi-
librium, potentially augmenting myokine IL-6 secretion
during rhythmic motor activity [42, 51]. This muscle-derived
IL-6 could represent a transient adaptive response promot-
ing glucose homeostasis and anti-inflammatory cytokine
synthesis [29], distinguishable from pathogenic IL-6
signaling within tumor microenvironments. The observed
elevation might therefore indicate beneficial “metabolic-
inflammatory” uncoupling, wherein exercise-induced myo-
kines mitigate therapy-related metabolic disturbances
without potentiating pro-tumorigenic cascades. Notably, our
observed IL-6 elevation post-Baduanjin exercise contrasts
with conventional exercise-induced anti-inflammatory re-
sponses [30], suggesting modality-specific immunomodula-
tory mechanisms requiring further elucidation.

This study provides novel insights into Baduanjin ex-
ercise’s therapeutic effects on aromatase inhibitor-
associated menopausal symptoms in breast cancer pa-
tients, while acknowledging methodological constraints. A
key limitation is the small completed sample size (total n=39),
which limits the feasibility of sensitivity analyses; multiple
imputation or subgroup analyses in such small samples may
introduce bias, so additional sensitivity tests were not per-
formed [52]. This underscores the necessity for future
studies with expanded sample sizes to verify the robustness
of the findings. Other limitations include the notable attri-
tion discrepancy (57.1 % in the control group vs. 31.4 % in the
Baduanjin exercise group, p=0.03) — likely due to the lack of
structured supervision in the control group — potentially
biasing results toward participants with milder symptoms or
higher adherence in the control cohort. From a patient
management perspective, these findings highlight the
importance of personalized support to enhance adherence:
clinicians should proactively identify patients at risk of
attrition (e.g., those showing early signs of disinterest or
perceived burden), use regular follow-ups and tailored
motivational counseling to improve retention, and integrate
peer-support systems (where experienced participants
share their journeys) to boost patients’ confidence and
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commitment to interventions like Baduanjin. Additionally,
the heterogeneous age range (36-70 years), absence of
neurocognitive assessments, and 12-week intervention
duration (insufficient to address chronic inflammation from
prolonged aromatase inhibitor use) further restrict the
generalizability of conclusions. In summary, this pilot study
suggests that Baduanjin exercise may serve as a feasible,
low-intensity adjunctive therapy for ameliorating aroma-
tase inhibitor-induced menopausal symptoms and fatigue,
with distinct immunomodulatory effects on IL-6. Further
research with larger samples, extended interventions,
comprehensive mechanistic assessments (including explo-
ration of IL-6’s dual roles), and refined methodologies (e.g.,
standardized retention strategies and age-stratified ana-
lyses) is needed to validate these findings and clarify the
underlying mechanisms.

Conclusions

This pilot study provides preliminary evidence that 12-week
Baduanjin exercise may alleviate specific aromatase
inhibitor-induced  menopausal symptoms (notably
arthralgia) and reduce multidimensional fatigue in breast
cancer patients, with concurrent modulation of inflamma-
tory markers such as IL-6, tentatively supporting its poten-
tial as a low-intensity complementary intervention for
managing treatment-related complications; however, due to
limitations including a small sample size (n=39), notable
attrition bias, and short intervention duration, these find-
ings should be interpreted cautiously, and further well-
powered trials with larger cohorts, extended follow-up, and
mechanistic assessments — particularly regarding IL-6’s
context-dependent role - are needed to validate its
therapeutic value.
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