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Abstract

Aromatase inhibitor-induced musculoskeletal symptoms (AIMSS), espe-
cially joint pain, have been widely reported in postmenopausal women un-
dergoing endocrine therapy for hormone receptor-positive breast cancer
and are a major cause of treatment termination. Aerobic exercise has
emerged as a promising nonpharmacological intervention to counteract
AIMSS in this population. This study aimed to perform a systematic review
and meta-analysis to assess the effect of aerobic exercise on aromatase
inhibitor-induced worst joint pain in postmenopausal breast cancer. A sys-
tematic literature search was performed using ClinicalTrials.gov, PubMed,
and the Cochrane Library that yielded 1415 records. Studies comparing the
effect of aerobic exercise with usual care on the worst joint pain through
brief pain inventory (BPI) scoring in postmenopausal women with breast
cancer receiving aromatase inhibitor therapy were included. For each
group, the mean change from baseline and standard deviation (SD) of worst
joint pain (BPI score) were calculated. Mean differences (MDs) with 95%
confidence intervals (Cls) were pooled using a random-effects model.
Subgroup analyses were conducted to explore heterogeneity based on
exercise intervention. Three randomized controlled trials (n=297) were
included. Pooled analysis showed no significant overall effect of exercise
compared with control (standardized mean difference [SMD] = -0.16; 95%
Cl [-1.45, 1.14]; p=0.65; [* =74%). Subgroup analysis indicated a signifi-
cant difference by exercise type (p =0.003), suggesting exercise modality
influenced outcomes. Aerobic exercise, evaluated in two RCTs, significantly
reduced worst joint pain (SMD =-0.41; 95% CI [-0.50, —-0.32]; p =0.01;
I? = 0%), indicating consistent benefit across studies. In contrast, the single
study assessing Nordic walking showed no significant improvement
(SMD =0.56; 95% CI [-0.08, 1.19]; p=0.08). Risk-of-bias assessment
revealed variability across studies, with one trial rated low risk, one with
some concerns, and one at high risk, which may partly explain the observed
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heterogeneity (/> =74%). Aerobic exercise interventions did not show an
overall significant effect on the worst joint pain. However, subgroup analysis
revealed that multi-component aerobic exercise programs were associated
with significant pain reduction, while the study with only Nordic walking
intervention was not. Considering the clinical burden of aromatase inhibitor-
induced musculoskeletal symptoms, aerobic exercise can be a potentially
useful non-pharmacologic adjunct to endocrine therapy. However, given the
variation in the assessed risk of bias among the included studies, these
outcomes should be interpreted with due caution. To confirm these results
and determine the optimal exercise type and duration for managing aro-
matase inhibitor-associated musculoskeletal symptoms in breast cancer

KEYWORDS

INTRODUCTION

Breast cancer (BC) remains the most commonly diag-
nosed malignancy among women worldwide, with an
estimated 2.3 million new cases reported globally in
2020, accounting for nearly a quarter of all female
cancers [1]. Advances in early detection and endocrine
therapy (ET) with agents like tamoxifen and aromatase
inhibitors (Als) have significantly improved survival
rates, especially in postmenopausal women with hor-
mone receptor-positive tumors [2]. Over 80% of BC
cases receive ET, which, despite being the backbone
therapy, negatively affects quality of life, treatment
adherence, and overall oncological outcomes [2, 3].
These musculoskeletal side effects are known as
Al-associated musculoskeletal syndrome (AIMSS),
which affects up to 50% of postmenopausal women
and is a frequent reason for dose reduction or dis-
continuation [4]. Joint pain and stiffness are the most
common and debilitating adverse events of Als, that is,
anastrozole, exemestane, and letrozole. Other condi-
tions include myalgias, tendinopathy, carpal tunnel
syndrome, and bone mineral density decline [5]. A
meta-analysis of 21 studies including 13,177 partici-
pants reported that the prevalence of arthralgia among
women receiving Al therapy varied between 20% and
74%, with an overall pooled rate of 46% [6]. Risk fac-
tors found to increase the likelihood of developing
AIMSS include being within 5 years of menopause,
having received taxane-based chemotherapy, obesity,
and a prior history of arthritis or osteoporosis [4]. The
precise mechanism underlying this syndrome remains
unclear. However, the leading theory suggests that
estrogen deprivation plays a central role in producing
these symptoms, as it causes bone and cartilage
degradation. This idea is reinforced by studies showing
that variations in the CYP19A71 gene, responsible for
encoding aromatase, may influence an individual's
susceptibility to developing AIMSS [5].

survivors, further large-scale trials are necessary.

aerobic exercise, joint pain, breast cancer, post menopausal women, aromatase inhibitors

Aerobic exercise (AE) has emerged as a promising
nonpharmacological intervention to counteract AIMSS
in these individuals [7]. Randomized controlled trials
have demonstrated that women receiving Als who
participated in supervised exercise programs experi-
enced a significant reduction in worst joint pain and
attenuation of overall AIMSS progression, with
improvements in Al-induced arthralgia severity com-
pared with worsening in control groups [7, 8]. The
mechanism behind exercise relieving Al-induced joint
pain is similar to its proven benefits in osteoarthritis [8].
AE strengthens muscles, improves joint flexibility,
increases blood flow, and reduces inflammation. It also
promotes endorphin release and lowers inflammatory
markers such as C-reactive protein and IL-6, which
enhances the movement of synovial fluid within joints.
These beneficial processes work together to ease pain
and support joint function [9].

The growing burden of AIMSS emphasizes the
urgent need for an effective intervention such as AE;
however, a substantial gap persists in the existing
literature regarding their relationship, emphasizing
the necessity for rigorous evidence synthesis. This
meta-analysis aims to evaluate the effect of aerobic
exercise on worst joint pain, a major AIMSS compo-
nent, in postmenopausal women undergoing ET
for breast cancer. This will generate evidence to
inform clinical guidelines on the role of exercise in
managing AIMSS, guiding the selection of effective
exercise modalities and intervention strategies in this
population.

MATERIALS AND METHODS
Protocol and registration

This systematic review was registered in PROSPERO
(CRD) and has been conducted following the 2020
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Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and the PRISMA
checklist for abstracts.

Search strategy and information sources

A systematic literature review was performed using
three major databases (PubMed, Cochrane, and
Clinicaltrials.gov) for all studies published until June
1st, 2025. This search was conducted with no
restrictions on publication year, type, or status. The
MeSH terms were combined related to breast cancer
and its survivors (“breast neoplasms,” “breast cancer,”
“breast tumor,” “pbreast carcinoma,” “breast malig-
nancy,” “breast cancer survivors,” etc.), endocrine and
hormonal therapies (“endocrine therapy,” “hormonal
therapy,” “tamoxifen,” “aromatase inhibitors,” “selec-
tive estrogen receptor modulators,” “estrogen an-
tagonists,” and related MeSH terms), and physical
exercise interventions (“aerobic exercise,” “physical
activity,” “exercise program,” “high-intensity training,”
“resistance training,” and associated MeSH descrip-
tors). Boolean operators (AND/OR) were applied to
titles, abstracts, keywords, and subject headings
across multiple databases to maximize the retrieval of
relevant literature. No filters or restrictions on lan-
guage or publication status were imposed. After initial
retrieval, reference lists of included studies, reviews,
and clinical guidelines were manually screened for
additional pertinent articles. Three independent re-
viewers conducted title and abstract screening with
subsequent full-text assessment against predefined
eligibility criteria, resolving any disagreements
through discussion until consensus was reached.
(Supplementary File 1).

” W« ” o«

Eligibility criteria
Inclusion criteria

The inclusion criteria were formulated based on the
PICOS (population, intervention, comparison, out-
come, and study design) framework. Participants
(P): Postmenopausal women with breast cancer
receiving endocrine therapy with Als; Intervention
(I): Aerobic exercise programs such as walking or
treadmill training, alone or as part of multi-
component regimens where aerobic activity was the
primary component. Comparison (C): Usual care;
Outcomes (O): Worst joint pain measured by the
Brief Pain Inventory (BPI); Study design (S): Ran-
domized Controlled Trials (RCTSs), clinical trials, and
observational studies. Language was restricted to
English.

Exclusion criteria

Studies were excluded if they (1) assessed joint pain
using tools other than the BPI, (2) did not report worst
joint pain as an outcome, (3) lacked sufficient data,
(4) were published repeatedly or were duplicated ar-
ticles, (5) had no full text available, (6) were of the
study types: comments, reviews, case reports, and
technical reports, or (7) did not compare with the usual
care group.

Intervention

The intervention assessed in this analysis was aerobic
exercise, defined as any structured physical activity
designed to improve cardiovascular fitness. It included
structured walking-based aerobic exercise programs
(e.g., brisk walking, treadmill walking, Nordic walking)
as well as multi-component exercise regimens (e.g.,
aerobic plus resistance or flexibility training), provided
the aerobic component was a major component. These
physical activity interventions may vary in frequency,
duration, and supervision.

Outcomes

The primary outcome of this meta-analysis was the
worst joint pain reported by postmenopausal women
with breast cancer undergoing Al therapy. It was
assessed using the BPI, which employs a 0-10
rating scale, with higher scores indicating great-
er pain.

Data extraction and statistical analysis

A comprehensive data collection process was carried out
independently by two reviewers. Data on the study's
characteristics (author, country, year of publication, sample
size, mean age, BMI, follow-up period, exercise type, and
cancer stage) and outcomes were extracted. All relevant
data were extracted and compiled using an Excel sheet
designed for the study. Data discrepancies between re-
viewers were resolved through discussion with a third
reviewer.

Statistical analysis was performed using Review
Manager 7.2.0 software (Cochrane Collaboration,
Oxford, UK). For the primary outcome, the mean
change from baseline and standard deviation (SD)
of worst joint pain (BPI score) were obtained. When
they were not reported, data for medians and inter-
quartile ranges were converted to means and SDs
using standard formulas. Pooled standardized mean
differences (SMDs) with 95% confidence intervals
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(Cls) were calculated using a random-effects model,
and heterogeneity was assessed using the /? sta-
tistic. Subgroup analyses were conducted to explore
heterogeneity based on exercise intervention.

Risk of bias assessment

The Cochrane Risk of Bias Tool (ROB-2) was used to
assess the methodological quality of each included
randomized controlled trial. Judgments were made
independently by two reviewers, and disagreements
were resolved through discussion. The overall
ROB-2 judgment for each study was recorded and
included in the data extraction table. This assess-
ment helped determine the confidence level in each
study's results and informed the interpretation of
pooled findings.

RESULTS
Study selection

A total of 1415 records were identified from three da-
tabases: PubMed (n=548), Cochrane (n=556), and
ClinicalTrials.gov (n=311). After removing 403 dupli-
cate records, 1012 records were screened, out of which
875 were excluded. From the remaining 137 reports
sought for retrieval, 61 were not retrieved, leaving 107
reports for eligibility assessment. Due to various rea-
sons, including mixed intervention (n = 40), full text not
being available despite meeting PICO criteria (n=13),
mention of aerobic exercise without the worst joint pain
(n=16), and aerobic exercise not being the main
intervention (n =8), 77 were excluded. Ultimately, only
3 RCTs met all inclusion criteria and were included in
the final review [10-12]. A PRISMA flow diagram
summarizing the study selection process is provided in
Figure 1.

Study characteristics

The three included RCTs enrolled a total of 297
postmenopausal women with hormone receptor-
positive breast cancer who were receiving Al ther-
apy. All studies evaluated the effect of aerobic ex-
ercise interventions on worst joint pain scores
associated with AIMSS, using the BPI. The first
study [10] assessed aerobic plus strength training
over a period of 12 months, while the second study
[11] assessed the aerobic exercise type over a
period of 6 months. The third study [12] had Nordic
walking as an intervention followed over a period of

12 weeks. Full population characteristics are pro-
vided in Table 1.

PRIMARY OUTCOMES
Effects of aerobic exercise on worst joint pain

A combined analysis of three RCTs, all utilizing the BPI
to measure worst joint pain, revealed that the overall
effect was not statistically significant (T=0.52, df=2,
p =0.65) between participants in the exercise and
control groups, suggesting that the studies varied in
their results. The standardized mean difference (SMD)
was -0.16 with a very wide 95% CI (-1.45 to —-1.14),
showing a wide range of possible effects and a
high degree of heterogeneity across studies (/° = 74%).

However, a subgroup analysis revealed a statisti-
cally significant difference between types of exercise
(Chi?=8.99, p =0.003), meaning the kind of exercise
(aerobic exercise vs. Nordic walking only) likely
affected the outcome. The forest plot summarizing
these findings is shown in Figure 2.

Aerobic exercise

In the subgroup analysis of two RCTs [10, 11], the
pooled results indicate that participants undergoing
a multi-component aerobic exercise program ex-
perienced significantly greater pain reduction
compared to controls. The SMD was -0.41 (95% CI
[-0.50, -0.32]; p=0.01), suggesting a moderate
beneficial effect of aerobic exercise. The test sta-
tistic was T =59.03 with 1 degree of freedom, indi-
cating strong evidence against the null hypothesis.

Heterogeneity across studies was negligible, with
I?=0%, Tau?=0.00, and Chi#=0.00 (p=0.96), sug-
gesting consistency in the effect of aerobic exercise on
joint pain between the included studies. Although both
studies measured the worst joint pain at different time
points, the findings consistently favored the exercise
intervention.

Nordic walking

In the Fields study [12], the results showed no sta-
tistically significant benefit (p=0.08) of Nordic
walking on the worst joint pain, and SMD =0.56
(95% CIl [-0.08 to 1.19]) suggests pain may
have worsened slightly as the direction of effect
actually favors control. Only one study was included
in this subgroup, so heterogeneity could not be
assessed.
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Identification of new studies via databases and registers

Records identified from:

Databases (n = 3): .
_ Rocords removed boefore scroening:
Pubmed (n = 548) =™ Duplicate records (n = 403)
Cochrane (n = 556)
Clinicaltrials.gov (n = 311)
Records scrooned : Records excluded
(n=1,012) (n=875)
Reports sought for retrioval Reports not rotrioved
(n=137) . (n=61)
‘g Reports excluded:
Mixed intervention (n = 40)
v Meets PICO but full text not
e TR available (n=13)
Roports ns(..::.:g_,f)or oligibiity - Walking is mentioned but arthralgia
not reported (n = 16)
walking not mentioned as
intervention (n = 4)
Arthralgia not reported (n = 4)
Y
Neow studies included in roview
(n=3)

FIGURE 1 PRISMA flow diagram of the screening process.

Risk of bias assessment

The risk of bias across the three included random-
ized controlled trials was evaluated using ROB-2
tool. As shown in Figure 3, the study by Irwin et al.
was judged to have a low risk of bias, Fields et al.
had some concerns, while Bender et al. exhibited a
high risk of bias, primarily due to deviations from the
intended interventions and incomplete outcome
data. Overall, this variation indicates that the
methodological quality of the included studies was
heterogeneous, which may influence the confidence
in the pooled results. Although the direction of effect
generally favored aerobic exercise, the presence of

studies with higher bias risk—particularly in out-
come measurement and reporting—warrants cau-
tious interpretation of the synthesized findings.

DISCUSSION
Summary of main findings

In three randomized controlled trials, the effects of
aerobic exercise on musculoskeletal symptoms caused
by Als in postmenopausal women with hormone
receptor-positive breast cancer were evaluated by
Irwin et al., Bender et al., and Fields et al. [10-12].
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These trials formed the foundation of this meta-

- b= 1 1
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Exercises Control Std. mean difference Std. mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight |V, Random, 95% CI IV, Random, 95% CI
1.1.1 Aerobic exercise
Bender -0.194 3.23 70 1177 3.29 66 37.8% -0.42[-0.76 , -0.08] -
Irwin -1.2 272 58 -0.1 268 49 36.0% -0.40[-0.79,-0.02] -2
Subtotal (HKSJ3) 128 115 73.8%  -0.41[-0.50, -0.32] |
Test for overall effect: T = 59.03, df = 1 (P = 0.01)
Heterogeneity: Tau? (DLb, 95% CI) = 0.00 [0.00 , 0.07]; Chi?=0.00, df = 1 (P = 0.96); 2 = 0%
1.1.2 Nordic walking
Fields -1.17 222 20 273 3.19 20 26.2% 0.56 [-0.08 , 1.19] —-—
Subtotal 20 20 26.2% 0.56 [-0.08 , 1.19] ‘
Test for overall effect: Z=1.72 (P = 0.08)
Heterogeneity: Not applicable
Total (HKSJ2) 148 135 100.0% -0.16 [-1.45 , 1.14] ‘
95% prediction interval [-2.21, 1.90]

Test for overall effect: T=0.52, df =2 (P = 0.65)
Test for subgroup differences: Chi?=8.99, df =1 (P = 0.003), 2 = 88.9%

4 2 0 2 4
Favours [Exercise] Favours [Control]

Heterogeneity: Tau? (DLP, 95% Cl) = 0.14 [0.00 , 12.25]; Chi?=7.74,df =2 (P = 0.02); = T74%

Footnotes
aCl calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by DerSimonian and Laird method.

FIGURE 2 Forest plot.
Study ID Experimental Comparator Outcome Weight

Irwin intervention usual care worst joint pain 0.265

Fields intervention usual care worst joint pain 0.35

bender intervention usual care worst joint pain 0.385

FIGURE 3 Risk of Bias (ROB-2) assessment for included studies.

et al. [17] showed that aerobic and resistance training
reduced cancer-related pain (SMD = —-0.38), consistent
with the multiple aerobic exercise regimen effect in our
study. Although the precise mechanisms remain
uncertain, this consistency speculates that aerobic
interventions may mitigate AIMSS through potential
biological pathways such as improving systemic circu-
lation, enhancing anti-inflammatory cytokine produc-
tion, and promoting endorphin release. These
mechanisms remain theoretical, as they are not directly
demonstrated by the included trials.

In elderly breast cancer patients, Nyrop et al. [18]
verified that short-duration exercise relieved Al-related
symptoms, but pain statistics were not disclosed, and
Wilson et al. [19] examined the effect of recreational
aerobic exercise after diagnosis on mortality and recur-
rence. Given that they are adapted to their functional

D1 D2 D3 D4 D5 Overall

&t ! + + . . + ' Lowrisk

o+ ! -i & . ‘ ! Some concerns
P 000 O O -

Randomisation process

Deviations from the intended interventions
Missing outcome data

Measurement of the outcome

Selection of the reported result

abilities, low-to-moderate aerobic exercises may be
advantageous for senior citizens. Compared to weight
training, which requires greater skill and effort, aerobic
exercise is more accessible and lasts longer. This could
improve adherence and increase the cumulative physi-
ologic reaction.

Contextual studies excluded from the meta-analysis
due to design or outcome limitations enriched inter-
pretation. Bender et al. [2] and Molina-Hidalgo et al.
[20] focused on cognitive and neurostructural effects of
exercise without assessing joint symptoms. De Sire
et al. [21] tested vibration-based formats lacking vali-
dated pain endpoints, and Bluethmann et al. [22]
(REJOIN trial protocol), with Nyrop et al. [23] investi-
gated adherence and feasibility in older Al users, but
AIMSS outcomes were not reported at the protocol
stage.
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Fields et al. [12] included, though did not demon-
strate benefit from Nordic walking, consistent with
Dong et al. [24], whose network meta-analysis ranked
aerobic modalities highest. One explanation for the
limited effectiveness of Nordic walking may be its dual
reliance on upper-limb coordination and brisk gait,
which can paradoxically increase joint strain or dis-
comfort in previously sedentary individuals with AIMSS.
Moreover, the unsupervised nature of the intervention
in Fields et al. [12] may have led to suboptimal tech-
nique or inconsistent intensity, diminishing its thera-
peutic value.

Lapidari et al. [25] emphasized that symptom
severity undermines Al adherence, adding urgency to
symptom-targeted strategies. Westphal et al. [26]
highlighted how supervised interventions support
emotional and adherence outcomes, a theme echoed
by Kim et al. [16]. This aligns with findings from Bender
et al. [2], where the supervised format may have
reinforced accountability and allowed individualized
progression, thereby enhancing both physical and
emotional gains.

Resistance-based protocols yielded mixed results.
Rasmussen et al. [27] observed analgesic effects from
resistance training, and Gerland et al. [28] summa-
rized long-term feasibility. However, findings were
sensitive to training format and baseline function. Tsai
et al. [29] evaluated yoga and massage, finding
symptom relief in both groups. While promising,
methodological constraints limit comparison with aer-
obic trials. Oza et al. [30] supported multimodal
rehabilitation, yet highlighted inconsistency across
frameworks.

According to Yu et al. [31], mixed aerobic and
resistance exercise programs were the most effective
in reducing arthralgia, most likely by modifying inflam-
matory pathways. This suggests that synergy between
modalities may optimize anti-inflammatory effects, but
only under carefully controlled protocols. In contrast,
heterogeneous or poorly integrated programs may
dilute individual benefits, potentially explaining the high
heterogeneity observed in our analysis.

When combined, these results support the idea
that assessing exercise interventions in AIMSS
requires modality-specific analysis. Prior literature
broadly favors physical activity but often lacks strati-
fication by symptom type or delivery format. By iso-
lating aerobic interventions and highlighting their
consistency, this meta-analysis adds clinically
actionable insight to a previously heterogeneous evi-
dence base.

Strengths and limitations

This review's strengths include the inclusion of rigor-
ously designed trials with validated pain outcomes and

the use of the adjustment for robust estimation. Sub-
group analyses, which separated the effects of par-
ticular exercise modalities, improved clinical
interpretability.

Among the limitations is the limited number of
included trials (n=3), which hindered formal bias or
sensitivity analyses and decreased power. Due to the
U.S. origin of all the investigations, generalizability was
limited. Variation in supervision, adherence, and
delivery constrained pooled interpretation. It's possible
that observational data were left out, missing insights
from a variety of populations, and that English lan-
guage limitations prevented pertinent non-English
studies.

Influence of study quality and risk of bias

The variability in methodological quality among the
included trials introduces an important limitation to
this meta-analysis. According to the ROB-2 assess-
ment, one trial demonstrated a low risk of bias, one
raised some concerns, and one showed a high risk of
bias. These findings suggest that bias related to
intervention adherence, outcome reporting, and
missing data may have affected internal validity and
potentially influenced the pooled estimate of treat-
ment effect. Consequently, although aerobic exercise
interventions showed trends toward improvement in
joint pain, the strength of evidence is moderate to
low, reflecting these methodological concerns.
Future trials should ensure rigorous randomization,
adequate blinding of assessors, and transparent
outcome reporting to enhance the reliability and
reproducibility of findings. Including bias-adjusted
sensitivity analyses in subsequent reviews may also
clarify the extent to which lower-quality studies
influence pooled results.

Clinical and research implications

The population most impacted by AIMSS is post-
menopausal women with hormone receptor-positive
breast cancer receiving Al therapy, to whom these
findings are most relevant. Both supervised (Irwin
et al. and Bender et al.) [2, 8] and home-based aer-
obic programs (Farajivafa et al. and Kim et al.) [15, 16]
showed consistent symptom reduction and practical
feasibility. Dong et al. and Nyrop et al. [22, 23] em-
phasize the significance of customizing treatments
according to functional state, weariness, and acces-
sibility. The recommendations for personal exercise
are supported by mechanistic data from Yu et al. [31],
whereas supervised forms seem to encourage
adherence and emotional well-being, as in data from
Westphal et al. [25].
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Future directions

Future studies should compare resistance, yoga, aer-
obic, and hybrid modalities using standardized pain
endpoints. Long-term outcomes, Al adherence, recur-
rence, and functional independence must be incorpo-
rated. Mechanistic studies should explore the biologic
underpinnings of exercise-induced relief [31]. Accessi-
bility will be enhanced by scalable forms such as digital
and home-based interventions, particularly for margin-
alized groups [18, 23]. Regional and demographic
diversity must keep increasing to increase general-
izability and equity.

CONCLUSION

This meta-analysis found that aerobic exercise inter-
ventions in postmenopausal women receiving Als did
not show an overall significant effect on the worst joint
pain. However, subgroup analysis revealed that multi-
component aerobic exercise programs were associ-
ated with significant pain reduction, while the study
evaluating the single intervention of Nordic walking
showed a non-favorable outcome. This shows that
structured and varied aerobic exercise programs may
be more effective for reducing AIMSS. Nonetheless, as
the included studies exhibited differing levels of risk of
bias, the findings should be viewed with measured
interpretation. Further research with larger randomized
trials is needed to confirm this, which will help in the
development of evidence-based exercise recommen-
dations for this population.
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