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ABSTRACT

Introduction: Approximately 70% to 80% of breast cancers
are hormone receptor-positive, and hormonal therapy is an
important pillar in their treatment. Nevertheless, any cancer
itself as well as the treatment with hormonal therapy is
frequently related to physical and psychological side-effects
that compromise quality of life. Pilates, a mind-body exercise
therapy, has emerged as a possible supportive intervention to
counteract these complications.

Aim: To assess the efficacy of Pilates in enhancing physical
function, symptom control, and psychological well-being in
breast cancer patients treated with hormonal therapy.

Materials and Methods: A systematic review was conducted
based on the recommendations by Preferred Reporting ltems
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.
Moreover, the protocol was registered on the International
Prospective Register of Systematic Reviews (PROSPERO)
(CRD42024568245). Scholarly databases and search engine;
PubMed, Cochraine library, Physiotherapy evidence database
(PEDro) and Google Scholar were extensively searched for
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Randomised Controlled/Clinical Trials (RCTs) published between
January 2018 and December 2024. Studies that enrolled
women (=18 years) with stage O-lll breast cancer receiving
hormonal therapy and undergoing a Pilates-based intervention
were included. Data extraction and quality assessment were
independently done by two reviewers. The PEDro scale and
Cochrane Risk of Bias tool (RoB 2) were employed to evaluate
methodological quality.

Results: Five RCTs were found to meet the inclusion criteria
among the 2,852 articles identified. Pilates interventions
differed in format and duration across the included studies.
Methodological quality was fair to good, with PEDro scores of 5
to 7. Most of the studies demonstrated a low RoB; however, a
few presented some concerns related to outcome measurement
and participant adherence.

Conclusion: Pilates seems to be a useful adjunctive intervention
for enhancing physical outcomes and managing fatigue in
patients with breast cancer receiving hormonal therapy. Its
psychological benefits, however, continue to lack conclusive
evidence.

Keywords: Cancer patients, Exercise therapy, Female, Hormonal therapy, Oestrogen Receptor Modulators

INTRODUCTION

Breast cancer is a prevalent form of cancer that primarily originates
in breast tissue [1], affecting predominantly women, while also
occurring in men. It is marked by the uncontrolled growth of cells,
which may metastasise to other parts of the body if left untreated.
Key contributors influencing the risk of developing breast cancer
include age, genetic factors, family history, hormonal influences, and
lifestyle choices such as alcohol consumption and obesity [2]. Early
detection through screening methods can significantly improve the
chances of recovery, as many patients remain asymptomatic in the
early stages [3].

Its treatment options are tailored to each individual and vary widely
based on determinants such as the cancer’s stage and type,
along with the patient’s health and personal preferences. Standard
treatments include surgery to remove the tumour and sometimes
nearby tissue; chemotherapy, which uses potent drugs to destroy
cancer cells; radiation therapy, which applies high-energy rays to
eliminate the cancer cells [4]; hormone therapy, utilised for hormone
receptor-positive breast cancers, to block hormones production that
fuel cancer growth; targeted therapy, that employs drugs targeting
specific molecules involved in the development and survival of
cancer cells; and immunotherapy, which helps the immune system
fight cancer. The healthcare team determines the optimal treatment
plan for a breast cancer patient after careful consideration of these
factors [5,6].

Hormonal therapy, by blocking or reducing the production of
hormones like oestrogen and progesterone, helps prevent cancer
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cells from growing and spreading. Some of the therapeutic agents
include Selective Oestrogen Receptor Modulators (SERMs) [7],
aromatase inhibitors, and Gonadotropin-Releasing Hormone
(GnRH) agonists [8]. Menopausal status, tumour characteristics,
and patient-specific factors further influence the optimal choice
for hormonal therapy. While offering substantial clinical benefits
like reduced risk of cancer recurrence, improved disease-free
survival, and better long-term prognosis, hormonal therapies are
associated with potential side-effects, necessitating careful patient
monitoring [3].

Post-treatment complications following hormonal therapy can
significantly impact a patient’s quality of life and overall well-being. It
can contribute to decreased bone density, thus increasing the risk
of fractures and osteoporosis. Weight fluctuations can also occur,
impacting body image and self-esteem. Psychological effects such
as mood swings, anxiety, and depression are not uncommon due to
hormonal fluctuations during treatment [9]. Lastly, some therapies
may also elevate cardiovascular risks, including hypertension and
elevated cholesterol levels. These complications vary based on
the specific condition being treated, the type of hormonal therapy
administered, and individual patient factors [10].

Pilates, a physical exercise system emphasising core strength,
flexibility, postural alignment, muscle tone, balance, and mental well-
being [11] presents a potential avenue for mitigating these challenges.
Developed by Joseph Pilates, it employs controlled movements and
proper breathing [12]. Key principlesinclude centering, concentration,
control, precision, breath, and flow [13]. It can be practiced on a
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mat (Mat Pilates) or using specialised equipment (Reformer Pilates).
Pilates can enhance physical function, particularly in the upper body,
enhancing shoulder mobility, neck mobility, bolstering strength,
flexibility, and overall functional capacity, crucial for daily activities,
regaining independence, and overall well-being [9,14,15]. Beyond
physical benefits, Pilates can improve mental health by reducing
stress and anxiety, positively impacting body image, and overall
quality of life [16]. Literature supports the effectiveness of Pilates
in improving pain management, physical function, and quality
of life across various conditions. Studies have shown significant
improvements in functional capacities among patients with chronic
pain when engaging in Pilates-based rehabilitation programs. Its
application in populations with neurological conditions has also
demonstrated benefits in balance and coordination [17].

Women undergoing hormonal therapy as a part of cancer treatment
frequently experience a decline in physical function, characterised
by reduced muscle strength, flexibility, and endurance, which can
significantly compromise quality of life. Pilates, emphasising core
strength, flexibility, and mind-body integration, presents a promising
intervention to address these challenges. However, despite its
potential, the role of Pilates in this specific population is fragmented
and inconsistent.

Research Question

Therefore, the current systematic review explores the critical
question, how effective are Pilates interventions at reducing post-
treatment complications and enhancing physical function and
quality of life among breast cancer survivors who are receiving
hormonal therapy?

MATERIALS AND METHODS

Protocol and Registration

The present systematic review was conducted following the
guidelines outlined by the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) [18]. Adhering to these
guidelines enhances the reliability and comprehensiveness of the
review process. The review was registered in PROSPERO [19] on
02/08/2024 with the PROSPERO ID CRD42024568245, which can
be accessed through PROSPERO (https://www.crd.york. ac.uk/
PROSPERQOY/).

Information Sources

The systematic review utilised a comprehensive primary search
across electronic databases, including PubMed, Cochrane Library,
Google Scholar, and PEDro, to identify relevant peer-reviewed
articles, exploring the effectiveness of Pilates in breast cancer
patients undergoing hormonal therapy. Additionally, the reference
list of the identified literature was hand-searched secondarily for
any other pertinent articles. Efforts were made to distinguish any
grey literature if deemed feasible and relevant. The search was
conducted by the primary author (JKG).

Search Strategy

The extensive search strategy was applied to the databases using
a combination of keywords and Boolean operators (AND, OR) to
find the most relevant literature. The central search terms included
“Pilates” (with variations such as “Mat Pilates” and “Pilates Method”),
“breast cancer” (and related terms like “mammary neoplasm”), and
“hormonal therapy” (along with “hormonal therapy” and “endocrine
therapy”). The “AND” operator joined these fundamental concepts,
and “OR” was applied to add synonymous terms within every
concept. The phrase “randomised controlled trial” or “RCT” was
also incorporated with the application of “AND” in filtering the
specified research design. Targeted search strings were modified
for every database, taking into account their indexing and search
functionalities, and the number of retrieved and included articles was
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recorded. A detailed search strategy according to the databases
has been illustrated in [Table/Fig-1].

Database/ Search Terms Articles Articles
search engines extracted | screened
Pilates, breast cancer, hormonal 15 8
therapy
Mat Pilates, breast cancer, 8 8
" hormonal therapy
Cochrane library Pilates, women, breast cancer, 8 7
hormonal therapy, Randomised
Clinical Trial (RCT)
Pilates, breast cancer 50 9
PEDro Pilates, breast cancer, hormonal 1 1
therapy
Mat Pilates, breast cancer, 1 1
hormonal therapy
Pilates, women, breast cancer, 1 1
hormonal therapy, Randomised
Clinical Trial (RCT)
Pilates, breast cancer 36 1
Medline/ Pilates AND breast cancer AND 9 8
PubMed hormonal therapy
Mat Pilates AND breast cancer 7 7
AND hormonal therapy
Pilates AND women AND breast 6 4
cancer AND hormonal therapy AND
Randomised Clinical Trial (RCT)
Google scholar Pilates, breast cancer, hormonal 969 4
therapy
Pilates, women, breast cancer, 1510 7
hormonal therapy, Randomised
Clinical Trial (RCT)
Wall Pilates, women, breast cancer, 231 3
hormonal therapy, Randomised
Controlled and Clinical Trial (RCT)
Total 2852 79

[Table/Fig-1]: Search strategy.

Inclusion criteria: Only RCTs that assessed the efficacy of Pilates
exercise intervention for women with stage O-lll breast cancer on
hormonal therapy were included in the review. Full-text articles in
English published between January 2018 and December 2024,
peer-reviewed, were considered. Participants in these studies must
be women aged >18 years.

Exclusion criteria: Studies whose participants were receiving active
cancer treatment aside from hormonal therapy, had existing medical
conditions that are contraindicative to exercise, or had impairmentsin
cognition that might interfere with participation were not considered
for inclusion. Trials that were specifically concentrating only on highly
specialised or unavailable types of Pilates, those having a mixture of
populations from which data regarding women with breast cancer
on hormonal therapy cannot be isolated, and those in which Pilates
was a small part of an overall intervention were also excluded. Case
studies, observational studies, reviews, protocols, and trials for
which the full text is not available or published in any other language
were also excluded.

Selection criteria: The selection of the relevant studies adhered to
the Population, Intervention, Comparator, Outcomes, Study design
(PICOS) framework: comprising (P) women diagnosed with stage 0
to lll breast cancer and are under the treatment of hormonal therapy;
receiving (I) Pilates exercise intervention programs; compared to (C)
control groups with either no treatment or with usual or conventional
care or any other active treatments; reporting (O) on outcomes of
quality of life, physical fitness, self-esteem, balance, pain scores,
flexibility, or depression; and involving a (S) randomised clinical or
controlled trial. It has been depicted in [Table/Fig-2].

Screening process: Upon a thorough search, all the retrieved
titles and abstracts were uploaded into the Rayyan software, an
online application for systematic screening of the retrieved articles.
The titles and abstracts were individually screened against the
selection criteria by two independent reviewers (JKG and NB).
Disagreements between reviewers about whether or not a study
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Population (P)

Intervention (l)

Comparators (C)

Outcome measures (O)

Study design (S)

Women diagnosed with stage
O-Ill breast cancer and under
the treatment of hormonal
therapy.

[Table/Fig-2]: PICOS criteria.

Pilates exercises

Absolute control or Noninvasive
conventional or any other active
treatment option (exercise,
stretching, dance, or sham
group)

Quality of life, Physical fitness,
Self-esteem, Pain, Depression,
Flexibility, and Balance.

Randomised clinical or
controlled trial

is eligible were addressed by discussion and, as required, by
referral to a third reviewer (SP) for resolution. Studies considered
potentially eligible from the title and abstract screening were then
taken forward for full-text review. The full texts were obtained and
independently evaluated by the same two independent reviewers
(AS and KA) against the set inclusion and exclusion criteria. Again,
disagreements were settled by discussion or consultation with
another reviewer (SP). Reasons for study exclusion at the full-text
stage were recorded, and a PRISMA flow diagram was generated
to demonstrate study selection in detail.

Data Extraction: A piloted standardised form for data extraction
was created to maintain consistency among reviewers. Two
reviewers (JKG and NB) independently used this form to extract
data from the included full-text articles. The extracted data consisted
of study characteristics (such as author, publication year, study
design, sample size, participant demographics, hormonal therapy
details, and Pilates intervention), control intervention details, and
outcome data for all outcomes of interest (as per PICOS criteria),
including measurement tools and time points. Any disagreement
in the extracted data was recognised and resolved by means of
discussion with the other two reviewers (AS and KA). In the event
that a consensus was not achieved, another reviewer (SP) was
consulted. The data extracted was then systematically arranged
and prepared for a follow-up presentation.

Quality Assessment: AS, KA, and SM individually evaluated the
methodological quality of the chosen studies using the PEDro [20-
22]. It’'s important to note that the response to the first question was
not included while calculating the PEDro score, even though it was
acquired as per the PEDro guidelines. It was excluded because it
concerns external validity, while the PEDro score aims to reflect the
internal validity and statistical reporting quality of the trial. The PEDro
scale provides cut-off points to determine the quality of the studies,
with scores of 9-10 indicating excellence, 6-8 indicating good quality,
4-5 indicating fair quality, and scores below 4 indicating poor quality.

Risk of Bias (RoB) Assessment: JKG and SP conducted a RoB
evaluation on the included studies to evaluate their internal validity
using version 2 of the Cochrane risk-of-bias tool for randomised
trials (RoB 2), specifically designed for effective practice and
organisation of care reviews. RoB 2 employs a predetermined set of
bias domains that target various facets of trial planning, execution,
and documentation. Each domain includes a set of ‘signaling
questions,” designed to extract details about trial features pertinent
to bias risk.

RESULTS

Studies selection: Out of 2852 initially searched articles, including
963 duplicates, only 79 were screened based on titles and abstracts.
Amongst them, considering the area of interest, a few articles were
excluded as 72 were not relevant to breast cancer or Pilates, or
didn’t include hormonal therapy as a treatment option, one was a
pilot study, and one was just the abstract. Therefore, upon scrutiny,
only five articles are included in this systematic review [Table/Fig-3].

Studies characteristics: The nature of studies within the systematic
review reveals a concentration on specific demographics: women
diagnosed with breast cancer who were also undergoing concurrent
hormonal treatment. The age range of the participants in these
studies was remarkably wide, ranging from 18 to 80 years, which
implies an examination of Pilates’ impact at different stages of life
within this patient population [23].
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| Identification of studies via databases and registers |

5 Records identified from*: E;:‘;ﬁ; g’,_‘*"‘”"e" Doloio
-] gomrane Lﬁ’raw (n=81) Duplicate records removed (n
ubMed (n =22) R = 963)
S‘EDODL:LE(EC_"];Q'?' (n=2710) Records removed for other
B reasons (n = 1810)
I
[ |
Records screened |—— | Records excluded as they were
(n=79) gither not related to cancer,
Pilates or using hormonal
l therapy as a treatment option
(n=72)

Reports sought for retrieval

(n=7)

Reports assessed for eligibility
(n=7)

Screening

—*| Reports excluded:
Pilot studies (n = 1)
Full text not accessible (n =1)

\d

Studies included in review
(n=5)

[Table/Fig-3]: Preferred Reporting ltems for Systematic reviews and Meta-Analy-

ses (PRISMA) flow chart.

The interventions under investigation in these studies were focused
on different types and uses of Pilates, all targeting the determination
of their influence on breast cancer patients undergoing hormonal
treatment. These were mostly mat Pilates programmes [9,24-
33]. Pilates was compared with circuit-based exercise in some
trials, and belly dance or educational programmes were used
as comparators in others. Control groups were mostly women
continuing with their usual practice or receiving educational
classes.

The measures studied across this literature were diverse, covering
prime aspects of well-being and physical functioning that are
pertinent to survivors of breast cancer. These were subjective
outcomes, including quality of life, self-esteem, and depression, in
addition to objective or objective assessment measures of physical
fitness, pain, flexibility, and balance, along with postural alignment,
muscle strength, fatigue, quality of sleep, sexual function, and
lymphoedema [25]. This broad range of assessment of outcomes
was undertaken to gain a global perspective of the potential benefits
of Pilates for this specific patient group. The details of the study
characteristics are illustrated in [Table/Fig-4] [9,23-26].

Results of Individual Studies

The studies included in this review produced mixed findings regarding
the impact of Pilates on women undergoing hormone therapy for
breast cancer. The studies demonstrated no consistent effect of
Pilates on depression or self-esteem, with most studies showing
no significant difference compared to either control or alternative
exercise interventions. For quality of life, Pilates had potential in
improving certain domains, particularly fatigue and emotional well-
being, while the overall physical activity level changes were modest
and influenced by adherence to the study intervention.
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[Table/Fig-4]: Study characteristic [9,23-26].

Study Place Objective Population Intervention Comparator Outcome measures
Boing L et al., | Florianopolis, To assess the effects of Pilates Women aged >18 Pilates Belly dance EORTC QLQ-C30, 6BMWT,
(2023) [23] Brazil and belly dance interventions on years, stages O-Ill (8x/week, 60 min/ (8x/week, 60 min/ Cycle Ergometer, Arm
the quality of life of women with breast cancer, session, 16 weeks; session, 16 weeks; Circumference, IPAQ-short
breast cancer undergoing clinical receiving adjuvant long-term follow-up long-term follow-up version, DASH, Goniometer
treatment, and to evaluate the hormone therapy planned (6, 12, 24 planned (6, 12, 24 test, Dynamometer test,
impact of these interventions on months)) months)) Sit & Reach, BDI, BIBCQ,
physical and psychological aspects Rosenberg, FACT-F, VAS,
related to breast cancer treatment. FSFI, PSQI
Leite Betal, Brazil To analyse the effect of belly Women with breast Mat Pilates Belly dance (3x/ BDI, EAR
(2021) [24] dance or mat Pilates on upper limb | cancer undergoing (8x/week, 60 min/ week, 60 min/
range of motion, self-esteem, and adjuvant hormone session, 16 weeks) session, 16 weeks)
depressive symptoms in women therapy Educational
with breast cancer receiving lectures and routine
hormone therapy. activities
(3x/week, 60 min/
session, 16 weeks)
Barbosa KP et | Brazil To investigate the effect of Pilates | Women aged >18 | Mat Pilates (2x/week, | Circuit-based training NPRS, BPI, DASH, Sit &
al., (2021) [9] compared with circuit-based years, stages O-lll 75 min/session, 8 (2x/week, 75 min/ Reach, PSQI
exercise in reducing arthralgia breast cancer, with weeks) session, 8 weeks)
and its consequences on upper hormone therapy-
limb function and quality of life in induced arthralgia.
women during hormone therapy.
Fretta TB et Florianopolis, To evaluate the effects of the Women aged >18 | Mat Pilates (3x/week, Routine activities SAPO, Mini-BESTest
al., (2021) [25] | Brazil mat Pilates method on postural years, stages O-Ill 60 min/session, 16 with stretching, Balance Assessment
adjustment and balance in breast breast cancer, on weeks) self-esteem, and
cancer patients undergoing hormone therapy lymphedema
hormone therapy. prevention
(8x/week, 60 min/
session, 16 weeks)
Bertoli J et al., | Brazil To determine the effects of Women aged >40 | Mat Pilates (3x/week, No intervention Shoulder abductor strength,
(2022) [26] adherence to a Pilates program years, stages O-lll 60 min/session, 24 Trunk extensor strength by
on muscle strength and flexibility breast cancer, weeks) isokinetic dynamometer,
in women with breast cancer receiving hormone Handgrip by hand-held
undergoing hormone therapy. therapy dynamometer, Physical
activity by accelerometer,
Flexibility by Sit & Reach

EORTC QLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire — Core 30; BMWT: Six-Minute Walk Test; IPAQ-short version — International Physical Activity

Questionnaire (short version); DASH: Disabilities of the Arm, Shoulder and Hand questionnaire; BDI — Beck Depression Inventory; BIBCQ: Body Image after Breast Cancer Questionnaire; FACT-F: Functional
Assessment of Cancer Therapy — Fatigue; VAS: Visual Analogue Scale; FSFI — Female Sexual Function Index; PSQI: Pittsburgh Sleep Quality Index; EAR: Rosenberg Self-Esteem Scale (Escala de Autoestima

de Rosenberg — Brazilian version); NPRS — Numeric Pain Rating Scale; BPI: Brief Pain Inventory; SAPO: Software for Postural Assessment; Mini-BESTest: Mini Balance Evaluation Systems Test

There was variability around pain-related outcomes. One study
showed there was no significant change in general pain, while
another showed improved joint pain resulting from hormone
therapy. Balance outcomes were also varied, where one of the
studies indicated a benefit in postural control and alignment, and
the other study had no significant effect. Flexibility showed the
most robust improvement, with participants with higher adherence
demonstrating more improvement.

In summary, Pilates may offer targeted benefits in select areas such
as fatigue, pain management, balance, and flexibility following breast
cancer treatment, but there may be limited and variable benefits with
respect to depression, self-esteem, and physical fitness in general.
A summary of the findings for each study is represented in [Table/
Fig-5] [9, 23-26].

Quality Assessment

The PEDro scores for all the studies included in the analysis fall
within the range of 5 to 7, indicating that the quality of the studies
varied from fair to good. It is important to note that only one study
by Leite B et al., implemented blinding for assessors [24]; studies
by Barbosa KP et al., and Bertoli J et al., were the only studies with
concealed allocation [9,26]. Regarding the allocation of subjects,
all the studies used random allocation methods. Three studies by
Boing L et al., Barbosa KP et al., and Bertoli J al., included measures
of at least one key outcome obtained from more than 85% of the
subjects initially allocated to groups [9,23,26]. The summary of the
quality assessment for each study is presented in [Table/Fig-6].

Risk of Bias (RoB) Assessment
[Table/Fig-7,8] [9,23-26] provide a summary of the RoB in the
included studies. Overall, four studies demonstrate a low RoB.

Specifically, studies by Boing L et al., (2020) [23], Leite B et al,,
(2021) [24], Barbosa KP et al., (2021) [9], and Bertoli J et al., (2022)
[26] exhibit low overall bias. Barbosa KP et al.’s studies raise some
concerns regarding outcome measurement, and Bertoli J et al.,
raise some concerns about missing data [26]. A study by Fretta
TB et al., has some concerns about bias due to deviation from the
intended intervention and related to the measurement of outcome
measures [25].

DISCUSSION

The current systematic review of five RCTs examined the effects of
Pilates on women with breast cancer undergoing hormone therapy.
There was fair to good methodological quality of the studies included
in the review, as demonstrated by a PEDro score of 5-7, and the
majority of interventions involved mat-based Pilates treatment,
administered for 2 to 3 times per week for 8-24 weeks.

Physical Outcomes

Pilates produced significant positive effects on flexibility and other
areas of physical fitness. Bertoli J et al., (2022) found improved
shoulder abductor strength and trunk extensor strength, and
flexibility in the participants with adherence, who had greater flexibility
improvements [26]. Barbosa KP et al., (2021) also used the Sit &
Reach Test and found improved flexibility after an 8-week program
[9]. The findings of the current review is in accordance with the
prior literature, that suggest an improvement in flexibility and trunk
and shoulder strength could be attributed to the fact that, Pilates
emphasises low impact, controlled movements to exercise within
the body’s range of motion and has been shown to increase overall
joint mobility and endurance of the muscles used when moving with
control; these factors could reduce the likelihood of stiffness related
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Depression

Study Outcome Measures Result Conclusion

Both Pilates and belly dance groups showed reduced depressive Pilates did not show a superior effect
Boing L et al., (2023) [23] BDI symptoms post-intervention, but no statistically significant difference | over belly dance in reducing depressive

between groups (p>0.05). symptoms.

Depressive symptoms decreased in both groups after 16 weeks, Mat Pilates was not more effective than
Leite B et al., (2021) [24] BDI but the change was not statistically significant between groups belly dance in reducing depressive

(p=0.214). symptoms.

Quality of Life

Study Outcome Measures Result Conclusion

Pilates group showed significant improvement in fatigue and
Boing L et al., (2023) [23] EORTC QLQ-C30 emotional function compared to control (p<0.05); effects sustained
during 6- and 12-month follow-up.

Pilates positively influenced fatigue and
emotional domains of quality of life.

Physical Fitness

Study Outcome Measures Result Conclusion

Physical activity levels showed a modest increase in both groups, Pilates did not significantly outperform belly

Boing L et al., (2023) [23] IPAQ short form with no significant between-group difference (p=0.64). %z\:l/r;(l:se in improving overall physical activity
High training adherence significantly improved flexibility and left
Physical activity b shoulder abductor strength, while low adherence surprisingly High adherence to Pilates positively
Bertoli J et al., (2022) [26] Y y oy improved a broader range of strength parameters (trunk, both influenced physical activity levels in women
accelerometer : ) ) . . :
shoulders, handgrip, peak torque), with no difference in physical undergoing hormone therapy.
activity level between the groups.
Self-Esteem
Study Outcome Measures Result Conclusion
Leite B et al., (2021) [24] EAR Self-esteem scores changed minimally, with no significant difference | Mat Pilates did not improve self-esteem
between groups (p=0.276). compared to belly dance.
Pain
Study Outcome Measures Result Conclusion
Boing L et al., (2023) [23] VAS Pain scores decreased slightly, with no significant difference (o = Pllateg was not superior to belly dance in
0.41) reducing pain.
Arthralgia reduced significantly in the Pilates group compared to Pilates effectively reduced hormone
Barbosa KP et al., (2021) [9] | NPRS circuit exercise; between-group difference -1.3; (p=0.020) therapy-induced joint pain.
Balance
Study Outcome Measures Result Conclusion
Barbosa KP et al., (2021) [9] | Bioimpedance balance Blalance scores showed negligible change with no significant Pllatles gﬂd nlolt improve balance compared
difference (o = 0.62). to circuit training.

Balance improved significantly in the Pilates group (+2.4 points;

MINI-BESTest Balance p=0.034), along with better postural alignment (iliac spine: p=0.039;

Fretta TB et al., (2021) [25] Pilates enhances balance and postural

Assessment acromion: p=0.016). control.
Flexibility
Study Outcome Measures Result Conclusion
Boing L et al., (2023) [23] Sit & Reach Test Fle><|b|I|ty‘|ncreasled‘§I|ghtIy in the Pilates group and belly dance Pilates did no_t ;l_gnlflcantly outperform belly
group, with no significant difference (p=0.12). dance for flexibility.
) T P . . Pilates improved flexibility in women with
Barbosa KP et al., (2021) [9] | Sit & Reach Test Flexibility improved significantly in the Pilates group (p<0.05).

hormone therapy-induced arthralgia.

High training adherence significantly improved flexibility and left
shoulder abductor strength, while low adherence surprisingly
Bertoli J et al., (2022) [26] Sit & Reach Test improved a broader range of strength parameters (trunk, both
shoulders, handgrip, peak torque), with no difference in physical
activity level between the groups.

Higher adherence to Pilates resulted in
greater flexibility improvement.

[Table/Fig-5]: Results of individual studies [9, 23-26].
EORTC QLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire — Core 30; BDI: Beck Depression Inventory; IPAQ: short version — International Physical

Activity Questionnaire (short version); EAR: Rosenberg Self-Esteem Scale (Escala de Autoestima de Rosenberg — Brazilian version); NPRS: Numeric Pain Rating Scale; VAS: Visual Analogue Scale; Mini-
BESTest: Mini Balance Evaluation Systems Test

Author/Year 1 2 3 4 5 6 7 8 9 10 11 Total Quality
Boing L et al., (2023) [23] 1 1 0 1 0 0 0 1 1 1 1 6/10 Good
Leite B et al., (2021) [24] 1 1 0 1 0 0 1 0 1 1 1 6/10 Good
Barbosa KP et al., (2021) [9] 1 1 1 1 0 0 0 1 1 1 1 7/10 Good
Fretta TB et al., (2021) [25] 1 1 0 1 0 0 0 0 1 1 1 5/10 Fair
Bertoli J et al., (2022) [26] 1 1 1 1 0 0 0 1 1 1 1 7/10 Good

[Table/Fig-6]: Quality assessment of the included studies using PEDro [9,23-26].
1. Eligibility criteria were specified; 2. subjects were randomly allocated to groups; 3. allocation was concealed; 4. the groups were similar at baseline; 5. There was blinding of
all subjects; 6. There was blinding of all therapists who administered the therapy; 7. There was blinding of all assessors who measured at least one key outcome; 8. Measures

of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; 9. intention to treat analysis; 10. Comparison between the groups;
11. The study provides measures of variability. Each positive point in studies is given a score of 1 on 0 to 10 scale. Interpretation of PEDro scores: 0-3 are considered ‘poor’,
4-5 *fair’, 6-8 ‘good’, and 9-10 ‘excellent’.
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[Table/Fig-7]: Traffic light plot [9, 23-26].
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to hormone therapy [3]. Moreover, hormonal therapies, especially
aromatase inhibitors, are known to contribute to musculoskeletal
degeneration and promote weakness, fatigue, and stiffness. Pilates,
in its controlled and low-level exercise movements, can potentially
overcome these negative effects through improved neuromuscular
function and maintenance of mobility [27].

Quality of Life

Considering the generalised quality of life, Boing L et al., (2020)
discovered important improvements in the fatigue and emotional
function domains of the EORTC QLQ-C30 within the Pilates group,
maintained for up to 12 months [23]. This is consistent with previous
evidence that mind-body exercises, such as Pilates, may reduce
cancer-related fatigue through better circulation, neuromuscular
activation, and greater regulation of stress [28]. Additionally, this
could be due to the mind-body relationship created by Pilates,
encouraging controlled breathing, concentration, and relaxation,
all of which can have beneficial effects on treatment-related fatigue
and daily functioning. The organised, rhythmical aspects of Pilates
can also improve mood and sleeping quality indirectly, thus leading
to a general improvement in quality of life [29,30].

Pain Management

Likely, findings related to pain varied. Boing L et al., (2023) did not find
meaningful reductions in general pain scores, [23] whereas Barbosa
KP etal., (2021) reported a meaningful decrease in hormone therapy-
related arthralgia in the Pilates group compared to the circuit training
group [9]. Variance may be due to the nature and specificity of pain
being targeted. Arthralgia, which is more inflammatory joint pain,
can be more responsive to the joint mobilisation and low-impact
quality of Pilates than more generalised or neuropathic types of pain
[31]. Also, variation in duration and intensity of intervention among
studies could account for the discrepancy. Maybe Pilates must be
supplemented by other modalities like pharmacologic management

25% 50% 75% 100%

| - Low risk D Some concerns |

or cognitive-behavioural therapy for more optimal pain relief. Such a
conclusion is consistent with prior research on exercise for arthralgia
related to aromatase inhibitors [32].

Balance

Fretta TB et al., (2021) determined improvement of balance, using
the Mini-BESTest [25], while Barbosa KP et al., (2021), using
bioimpedance, determined no difference [9]. The contrast found
between studies likely reflects differences in the capacities to
measure change and program design.

Psychological Outcomes

The findings of the effect of Pilates on depression and self-esteem
were limited. Boing L et al., (2023) and Leite B et al., (2021)
reported minor and non-significant improvements in depressive
experiences and no meaningful differences in self-esteem [23,24].
This finding aligns with previous review studies, which concluded
that exercise interventions may improve mood and reduce
depression, but finding measurable changes in psychological
burdens will rarely be feasible from exercising programs having
complexity and depth of contributors to the cancer survivorship
[83]. There may be various reasons for such findings. One is that
the length of the majority of Pilates interventions would have been
too short to effect measurable psychological change. Emotional
healing from breast cancer and its treatments is a multifaceted,
complex process frequently involving long-term psychosocial
intervention. Second, the modest number of participants in a
number of the studies might have resulted in inadequate statistical
power. Furthermore, Pilates alone might not possess the cognitive
and affective processing elements required to help the more
profound psychological burdens of cancer survivors, including fear
of recurrence, body image issues, and anxiety [34].

Notably, adherence to Pilates interventions seemed to play a major
role in influencing outcomes. Boing L et al., (2023) found that
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participants who had a previous exercise pattern were more likely
to comply with the Pilates program [23]. This implies that individual
motivation and initial level of physical fithess are important mediators
of treatment efficacy. Low adherence can dilute the benefits seen in
some trials, and this emphasises the importance of individualised,
motivating, and accessible exercise programs in this group.

Some methodological variables across the studies reviewed might
have contributed to the heterogeneity in outcomes. Variability in
Pilates protocols, intervention duration, frequency, and intensity
complicatesthe singling out of specificintervention effects. Inaddition,
comparator groups were highly variable, from belly dancing to usual
care, thus adding variability in control conditions. The studies also
employed varying measures of outcomes, from objective measures
of fitness to subjective self-reported questionnaires, making the
synthesis of results even more challenging.

Limitation(s)

The strength of the evidence base is limited by small sample sizes,
heterogeneous protocols, and different comparator interventions,
which may explain decreased between-group effects. Additionally,
most trials did not stratify participants based on type or length
of hormone therapy, to which musculoskeletal and psychological
symptoms are related. Lastly, all the trials were geographically
limited to Brazil, thus further limiting its generalisability. In their
clinical application, Pilates appears to be a safe and accessible
adjunct for women undergoing hormone therapy, particularly
in terms of flexibility, specific strength training for the affected
regions, and addressing the arthralgia related to hormone therapy.
Its place in the treatment of persons with depression, self-esteem,
or general physical activity levels remains unclear; differences may
require the integration of broader rehabilitation or psychosocial
programs.

Future Recommendations

Further research is required with larger-scale studies with longer
follow-up periods are necessary to provide more robust evidence
for the effectiveness of Pilates in this population. Additionally, it is
important to explore the optimal Pilates regimen for breast cancer
patients, including the ideal frequency, duration, and intensity of
sessions.

CONCLUSION(S)

Pilates could be an effective adjunct intervention to improve physical
function, flexibility, fatigue, and balance in breast cancer patients
receiving hormonal therapy, however, its effects on psychological
outcomes and general pain are inconsistent and need further
elucidation. The physiological effects that were found in the studies
are likely related to greater muscular control, joint mobility, and
mind-body associated capabilities, while the lack of psychological
improvements may be attributed to the multifactorial nature of
emotional rehabilitation, and variations in study design. Directly
related to further clarification of the benefits of a Pilates program,
future studies should highlight stronger methodological quality,
standardised Pilates protocols, larger sample sizes, and greater
length of follow-up, so the long-term effectiveness and delivery of
Pilates can be established.
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