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Multicomponent training is suggested as an efficient way to address the side effects of long-term
treatment in breast cancer survivors and reduce the age-related relapse risk in these patients.

This study aimed to evaluate the impact of a multicomponent training intervention on breast

cancer survivors’ physical fitness and body composition. This experimental and controlled study
included 19 breast cancer survivors with 64.0 + 8.6 years, to evaluate long-term effects (32 weeks) of
multicomponent training on body composition [body weight (kg), body mass index, body fat (%), lean
mass (kg), body water (%), basal metabolism (Kcal) and visceral fat (index)] and physical fitness [Upper
limb strength (repetitions), lower limb strength (repetitions), upper limb flexibility (cm), lower limb
flexibility (cm), dynamic balance (seconds), and aerobic fitness (repetitions)]. Bayesian statistical tests
were employed to analyze the reduced dataset size, considering a Bayes factorz10 as the cutoff for
significant differences. Hierarchical clustering identified participant improvements using Manhattan
distance, and clusters were ranked by responsiveness. After 32 weeks, the experimental group
showed significant reductions in body weight (A=-1.67 kg; BF=15.15; Cohen’s d=0.19) and body fat
percentage (A=-3.99%; BF =34.87; Cohen’s d =0.73), while no relevant changes were observed in the
control group. Improvements were also observed in upper limb strength (A= +14.14 reps; BF =1022.02;
Cohen'’s d =3.45), strength in the surgically affected arm (A= +13.57 reps; BF =121.39; Cohen's
d=2.37), lower limb strength (A= +7.86 reps; BF =206.55; Cohen’s d =2.24), and aerobic fitness

(A= +97.57 reps; BF=157.28; Cohen’s d =0.10). Flexibility and dynamic balance also improved, with
moderate to large effect sizes. The multicomponent physical exercise program effectively improved all
physical fitness variables but was limited in body composition, exposing improvements only in body
weight and % body fat. The intervention did not cause any side effects or injury to the participants
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Breast cancer is the most prevalent form of cancer worldwide, characterized by the development of malignant
cells in the mammary glands, which can invade surrounding tissues and metastasize to other areas of the
body!. This disease is highly heterogeneous, with a complex etiology influenced by genetic predispositions,
behavioral (lifestyle) and environmental factors. In 2020, an estimated 2.3 million new cases of breast cancer
were diagnosed globally®. In 2022, the disease led to approximately 670,000 deaths!, solidifying its position as the
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leading cause of cancer-related mortality among women®. The survival rates for breast cancer vary significantly
across the globe. The 5-year survival rate in developed countries is approximately 80%, while in developing
nations, it drops to below 40%?°. Limited resources and infrastructure in developing countries often impede
efforts to improve outcomes, particularly in early detection, diagnosis, and treatment®.

Over the past few decades, the breast cancer rate has increased by 0.5% annually, driven by disease stage at
diagnosis, aging populations, and overall population growth’~°. Projections suggest that by 2040, there will be
more than 3 million new cases of breast cancer annually'"!2. The current breast cancer treatment and management
includes targeted therapies, hormonal treatments, radiotherapy, chemotherapy, and surgery*. However, survivors
often face heightened risks of comorbid conditions such as sarcopenia, osteoporosis, and cardiovascular disease,
which can adversely affect their quality of life, cardiorespiratory fitness, muscle strength, and bone health!3.
The treatments can also lead to fatigue, insomnia, nausea, vomiting, neuropathy, cardiotoxicity, and reduced
muscle strength, resulting in both physiological and psychological challenges*!*-1°. Additionally, significant loss
of upper limb mobility, strength, and muscle mass in the arms, compromised or not by neoplasms, can further
compromises life satisfaction and quality of life for these patients!’-2!. For these reasons, behavioral strategies
based on active living and wellbeing have been promoted in cancer patients and survivors?>%,

Physical exercise complementary therapies have emerged as a powerful non-pharmacological strategy to
mitigate treatment side effects and enhance the quality of life, cardiorespiratory fitness, and muscle strength
among breast cancer survivors?, this is also supported by physical activity guidelines?®, and exercise can
improve cancer-related health indicators, support a healthy energy balance, and reduce the risk of cardiovascular
diseases, which are a leading cause of death among survivors®. Various studies have explored different exercise
modalities, including aquatic exercises?’, Pilates interventions?®, cognitive-behavioral therapy?, and aerobic
and resistance-based exercises®®. While substantial evidence supports the benefits of exercise interventions in
improving physical abilities and body composition among cancer survivors, research focusing specifically on
the long-term effects of multicomponent training programs—particularly those exceeding 24 weeks—remains
limited. Survivors often experience persistent psychological and physiological issues, as well as complications
from surgery®"¥2. Thus, understanding the long-term impact of exercise programs is crucial from a clinical
perspective for breast cancer survivors®’. Long-term analyses are hard to perform because of the difficulties
related to drop-in and -out>*. Strong evidence supporting physical activity and exercise-specific programs
like multicomponent training shows potential for improvements but currently lack sufficient robust evidence®.
The multicomponent training is an exercise program that integrate of strength, cardiorespiratory endurance,
flexibility, and balance into a single session, typically lasting about 60 min*’. As medical advancements extend
life expectancy, understanding the rehabilitation needs of older adults becomes increasingly important®%.
Establishing new theoretical, methodological, and analytical frameworks is essential for guiding cancer
research®. It is important to highlight that exercise programs that last more than 24 weeks are considered long-
term3®40-44and the research misses studies that have longer durations. In aged people there are studies with
multicomponent training of 24, 36 and 60 weeks?®3>%5, For this reason, the authors seek to explore the effects of
32 weeks of multicomponent training in the breast cancer survivors.

Recent evidence suggests that physical exercise interventions, including aerobic, resistance, and
multicomponent programs, are effective strategies to improve body composition and physical fitness in
individuals with overweight and obesity*%*”. Studies have demonstrated that structured exercise can lead to
significant reductions in body fat, improvements in lean mass, and enhancements in strength, balance, and
cardiorespiratory fitness in these populations*®. Moreover, multicomponent exercise programs—which combine
resistance, aerobic, balance, and flexibility training—have gained popularity for their holistic benefits, offering
effective, practical, and sustainable approaches to managing excess body weight and improving functional health
outcomes®”. Given the high prevalence of overweight among breast cancer survivors, as indicated by the mean
BMI in this sample, it becomes critical to explore interventions that can address both oncological recovery and
weight management concurrently.

The individual’s response to training programs can vary due to factors such as prior physical condition,
intensity and frequency of physical activity, and individual biological characteristics*®. Therefore, it is essential
to recognize that although everyone can show improvements, the magnitude of these changes tends to differ for
each person*>*,

That said, concerning the difficulties of long-term analysis in this type of population and the lack of research
regarding multicomponent exercise-based therapy. Thus, this study aims to evaluate the long-term effects of
multicomponent training on body composition and functional fitness among breast cancer survivors. We
propose the following hypotheses: (1) multicomponent training will improve body composition in breast cancer
survivors; and (2) it will enhance functional fitness.

Materials and methods

Study design

This is an experimental and controlled study, enrolling the long-term effects of a multicomponent training
program in the breast cancer survivors’ body composition and physical fitness. The training sessions had a
duration of 60 min, with evaluations conducted over the course of 48 h. Participants were also encouraged
to continue their daily activities throughout the study. Following the exercise guidelines for cancer survivors
by Campbell et al.>! which refers to the range of intensity, duration, and frequency of the exercise sessions
considering subjects’ responsiveness and adherence levels, we adjusted the exercise sessions to three sessions
per week, each lasting approximately 60 min. The total duration of the intervention was 8 months (32 weeks
of intervention) for the experimental group (EG), while the control group (CG) did not perform any regular
intervention for 5 months (20 weeks) because some participants needed to restart cancer treatment having a
shorter follow-up than EG. Furthermore, the intensity and volume of these sessions can vary, often incorporating
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multiple sets and repetitions to optimize physical fitness outcomes®?. Multicomponent training programs for
breast cancer survivors typically range from 20 to 90 min per session®®. Overall, the flexibility in session duration
allows for tailored programs that can accommodate the varying fitness levels and preferences of breast cancer
survivors, ultimately enhancing adherence and effectiveness of the training interventions®. Figure 1 illustrates
the timeline of the evaluation and exercise phases during the program.

Sample and sampling

A total of 19 breast cancer survivors were included in this study, 7 in the EG, and 12 in the CG. The participants
were conveniently included because the EG were breast cancer survivors who voluntarily enrolled in a physical
exercise program from the Polytechnic Institute of Braganca. The CG comprised participants without time to
participate in the physical exercise intervention. Nevertheless, the statistical power was calculated a priori in R,
computing language, and following Cohe’s guidelines where the minimal power of 0.80, a moderate effect size
for paired samples (Cohen’s d=0.5), and alpha of 95% to accept the alternative hypothesis®® Unfortunately, the
sample recruited of this study did not reach minimal statistical power. This way, alternative Bayesian statistical
procedures were applied to possibly reliable comparisons®**’, (see Statistical analysis section).

The following inclusion criteria were considered for participation in the multicomponent training sessions:
(i) previous diagnosis of breast cancer; (ii) having undergone definitive surgery, regardless of the type; (iii)
having undergone post-surgical treatment, such as chemotherapy, radiotherapy, immunotherapy, endocrine
therapy, or a combination of these; (iv) having finished treatment before starting the multicomponent training
program; and v) have not participated in any type of intervention one year before the start of the study The
established exclusion criteria were: (i) the presence of serious clinical conditions related to other chronic diseases
that would hinder participation in the multicomponent training sessions; (ii) the use of medications that could
compromise participation in the sessions; and (iii) the presence of severe cardiovascular, muscular, metabolic, or
articular complications that would impair the ability to participate in the program; and (iv) have participated in
any regular intervention one year before the study. At the end of the intervention, seven women completed the
program, with one dropout due to the need for a new surgical procedure.

The control group was composed of breast cancer survivors who did not participate in any intervention during
the experimental period. Unlike the group that underwent the multicomponent training, these participants were
not subjected to any exercise or specific protocol during the study. Unfortunately, due to the reduced personnel
of researchers and exercise coaches and the lack of time available by the subjects of CG, there was no possibility
of engaging these patients in an alternative physical exercise intervention in parallel to the EG subjects. However,
they were regularly (every 4 weeks) instructed to maintain their daily life routines, especially physical activity
levels. The absence of intervention allowed the results to be compared directly with the intervention group,
highlighting the possible effects of physical training on survivors’ recovery and quality of life. The study design
is illustrated in the flowchart (Fig. 2).
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Fig. 1. Timeline of evaluation and multicomponent training in the breast cancer survivors.

Scientific Reports |

(2025) 15:33806 | https://doi.org/10.1038/s41598-025-01702-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

[ Enroliment J Assessed for eligibility (n= 20)

Excluded (n= 0)

+ Not meeting inclusion criteria (n= 0)
» + Declined to participate (n= 0)

+ Other reasons (n= 0)

Allocated (n= 20)

!

Y [ Allocation ] v
Allocated to intervention (n= 8) Allocated to control (n= 12)
+ Received allocated intervention (n= 8) + Did not receive allocated intervention (give
«+ Did not receive allocated intervention (give reasons) (n=0)
reasons) (n=0)
v [ Follow-Up ] v
A\ J
Lost to follow-up (give reasons) (n= 0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (dropped out) (n= 1) Discontinued intervention (give reasons) (n= 0)
\ 4 [ Analvsis ] v
Analysed (n=7) Analysed (n=12)
+ Excluded from analysis (give reasons) (n= 0) + Excluded from analysis (give reasons) (n= 0)

Fig. 2. Flowchart of the study.

Trial registration
This trial was retrospectively registered at OSF (https://osf.io/8apsm/) on April 29, 2025.

Data collection

For the data collection, a team of interns was systematically trained to ensure the standardized application of
research instruments and obtain reliable information on body composition, functional fitness, and quality of
life in breast cancer survivors. The training process included theoretical instruction on measurement protocols,
practical demonstrations, and supervised application to ensure consistency and minimize inter-rater variability.
The assessments were conducted in two stages: the baseline and at the end of the intervention after eight months.
To standardize the procedures, all measurements were performed within a 48-h window for all participants,
always at the same time of the day, between 7:00 and 11:00 PM, in the same laboratory setting, ensuring
controlled environmental conditions. The same evaluators performed the assessments at both pre- and post-
intervention time points to reduce measurement inconsistencies.

Body composition was assessed through the calculation of Body Mass Index (BMI) and bioelectrical
impedance analysis. BMI was determined using the standard formula, weight in kilograms divided by height
squared in meters (kg/m?)*. Height measurements were obtained using a stadiometer (SECA 213, Hamburg,
Germany) with a precision of 0.1 cm, while body weight was assessed using a digital scale (Tanita DC-430,
Illinois, USA) with a precision of 0.1 kg. The classification of BMI followed the standards established by the
World Health Organization (WHO), categorizing values between 18.50 and 24.99 kg/m? as normal weight,
between 25 and 29.99 kg/m? as overweight, between 30 and 34.99 kg/m? as Class I obesity, and between 35 and
39.99 kg/m? as Class II obesity™. In addition to BMI, body composition was assessed through bioimpedance
analysis, providing data on lean muscle mass in kilograms, body fat percentage, bone mass in kilograms, visceral
fat rating, basal metabolic rate in kcal/day, and total body water percentage. The bioimpedance measurements
were taken using a Tanita DC-430 digital bioimpedance scale, ensuring a precision of 0.1 g. To maintain
consistency in the conditions of measurement, all participants were instructed to avoid caffeine, alcohol, and
strenuous exercise for at least 24 h prior to the assessment. Measurements were conducted in a fasted state, with
participants wearing lightweight clothing and standing barefoot to ensure optimal electrode contact.
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Functional fitness assessments followed the validated Senior Fitness Test (SFT) battery developed by Rikli
and Jones®, which evaluates key physical components related to functional mobility. The assessment protocol
included six standardized tests measuring different aspects of functional fitness. Upper limb strength was
evaluated using the arm curl test, in which participants performed as many full biceps curls as possible within
30 s while holding a dumbbell weighing 2.27 kg for women or 3.63 kg for men. The number of correctly executed
repetitions was recorded. Lower limb strength was assessed using the 30-s chair stand test, in which participants
sat on a standardized chair with a height of 43 cm and performed as many complete sit-to-stand repetitions as
possible within 30 s, without using their arms for support. The total number of completed stands was recorded as
the final score. Upper limb flexibility was evaluated through the back scratch test, where participants attempted
to reach one hand over the shoulder and the other behind their back, trying to touch their fingertips. The distance
between the fingertips was measured in centimeters, with positive values indicating overlap and negative values
indicating a gap. Lower limb flexibility was measured using the sit-and-reach test in a seated position, where
participants extended one leg forward and reached toward their toes while keeping the other knee flexed at
90 degrees. The distance between the fingertips and the toes was recorded in centimeters, with positive values
indicating that the participant reached beyond their toes and negative values indicating an inability to reach the
toes.

Dynamic balance and mobility were assessed using the Timed Up and Go (TUG) test, which required
participants to stand up from a chair, walk 2.45 m, turn around, and return to a seated position as quickly as
possible. The total time taken to complete the task was recorded in seconds. Aerobic endurance was evaluated
using the 2-min step test, in which participants were instructed to march in place for two minutes while ensuring
that their knees reached a predefined height corresponding to the midpoint between their patella and iliac crest.
The total number of times the right knee reached the target height was recorded as the final score. To minimize
the effects of fatigue, rest intervals of one to two minutes were provided between each test. Standardized verbal
instructions and demonstrations were given before each test to ensure consistency in execution. All measurements
were taken under controlled conditions, using the same evaluators at both pre- and post-intervention time
points to ensure reliability.

Multicomponent training

The program was held at the Gymnasium of the School of Education at the Polytechnic Institute of Braganga,
with three sessions per week, on Mondays, Thursdays, and Fridays, lasting one hour per training session. The
multicomponent training sessions were divided into three stages: the first one, a general warm-up, aimed at
preparing the participants’ cardiorespiratory, joint, and muscular systems; the second stage, the main core of the
session, where exercises focused on resistance, aerobic activities, flexibility, and static and dynamic balance were
performed; and finally, the third stage, focused on relaxation, aiming to provide rest and recovery for the body
after training. The weight progression was individually adjusted based on baseline strength levels and gradual
overload principles. Figure 3 below shows the full multicomponent training protocol for breast cancer survivors.
To ensure adequate stimulus for neuromuscular adaptation, the load for strength exercises was individually
adjusted based on the gradual overload principle. Initially, the training load allowed participants to perform
10-12 repetitions with moderate difficulty, corresponding approximately to a perceived exertion of 12-14 on
the Borg RPE scale. Every two weeks, the load was systematically increased by approximately 5-10%, regardless
of individual performance, following a biweekly progression model to maintain continuous training stimulus.
Adjustments were made considering participant feedback and exercise tolerance, aiming to preserve the target
repetition range without inducing excessive fatigue or risk of injury.

Statistical analysis

The normality of the data was checked with the Shapiro-Wilk test. The statistical power was calculated a priori in
R, statistical computing language (34), to define the minimal sample size for this study. Due the reduced statistical
power, calculated a priori, the paired and two-sample Bayesian T-tests were employed>®*’. The Wilcoxon signed-
rank test for paired samples were employed for the non-parametric datasets”’. Bayesian paired and unpaired
statistical tests are well-described to work robustly in small datasets where assumptions such as statistical power
are broken®!. The main metric of significance® was used with the following cut-offs of (< 3 = Anecdotal evidence,
between 3 and 10 = Moderate evidence, >10=Strong evidence) a 95% confidence interval®’:2,

A hierarchical clustering method was employed considering the absolute pre-post differences to characterize
the participants with higher or smaller improvements based on a between/within-subjects comparison
(personalized clustering)®® by the Manhattan distance®® for small datasets where the individual differences
can bias the clustering results®’. The Silhouette score was calculated to check the best final number of clusters,
considering the cut-off<0.5 to consider a good separation for the determined number of clusters®®. All the
statistical clustering analysis and respective graphic creation were performed in R, a statistical programming
language®.

Results

Baseline comparison results

Table 1 shows the results of body composition and physical fitness at the study’s baseline originated from the
comparison between the experimental and control groups. The Bayesian tests showed that, after comparing prior
to post probabilities, EG had higher height, higher visceral fat concentration at the baseline, reduced upper limb
strength the arm surgically underwent, and smaller aerobic fitness than the control group.
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Multicomponent training sessions
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Fig. 3. Multicomponent training organization during the 9 months of study follow-up. Note: IR: interval rest;
KB: kettlebell; DB: dumbbell.

Variable EG (n=7) | CG (n=12) | Bayes factor Prob. Sig. 95% IC
Age (years) 64+8.66 56.3+10.3 | 1.016017+0% Anecdotal
Height (cm) 1.63+0.65 | 161+4.51 3.08049¢+20+0% | Moderate
Body weight (kg) 64.59+8.40 | 73.15+12.2 | 1.212361+0% Anecdotal
BF (%) 39(2.4) 35 (4.75) 0.6120044 + 0% Anecdotal
Lean mass (kg) 433+4.94 |41.1+£3.51 |0.6120044+0% Anecdotal
Body watter (%) 45 (1.5) 49 (5.09) 0.1315774 Anecdotal
Basal metabolism (Kcal) 1374.+£156 | 1291+108 | .7005798 +0% Anecdotal
Visceral fat (Index) 9 (3) 6(3) 3152.451% Strong
Upper limb strength (rep) 13.6+4.65 | 16.6+1.90 | 0.04737735 Anecdotal
Upper limb strength int. arm (rep) | 7£4.16 18.4+2.76 | 292.0518 +0%" Strong
Lower limb strength (rep) 17.6+3.69 |20.9+6.20 1.270417 +0% Anecdotal
Upper limb flexibility (cm) -4+3.70 -2.56£4.55 | 0.498694 +0% Anecdotal
Lower limb flexibility (cm) 4.57+3.74 |3.11+6.81 | 0.4690581+0% Anecdotal
Dynamic balance (sec) 4.96+0.866 | 4.14+0.502 | 3.637471+0.01% | Moderate
Aerobic fitness (rep) 37+14.7 112+£8.94 | 8899.25 Strong

Table 1. Baseline results of the comparison between body composition and physical fitness between the
control and experimental groups. Data is described in mean + standard deviation for parametric data and in
median (interquartile range) for non-parametric data. kg, kilograms; Kcal, kilocalories; %, percentual; rep,
repetitions; sec, seconds; cm, centimeter. #significant differences with strong level evidence provided by the
Bayes factor outputs.

Scientific Reports|  (2025) 15:33806 | https://doi.org/10.1038/s41598-025-01702-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Experimental results

Table 2 shows the results of the moments (pre-post) comparison between CG and EG groups. The Bayesian
paired tests revealed significant post-intervention improvements in the EG after 32 weeks of physical exercise
training. Notably, there were reductions in body weight (pre=73.16 £2.22 kg, post=71.49+12.1 kg; BF=15.15;
Cohen’s d=0.19) and body fat percentage (pre=36.9+5.03%, post=32.91+5.86%; BF=34.87; Cohen’s
d=0.73). Improvements were also observed across all physical fitness variables, including upper limb strength
(pre=13.57+4.65, post=27.71 +3.45 repetitions; BF=1022.02; Cohen’s d=3.45), upper limb strength on the
surgically intervened arm (pre=7+4.16, post=20.57+6.92 repetitions; BE=121.39; Cohens d=2.37), lower
limb strength (pre=17.57+3.69, post=25.43+3.31 repetitions; BF=206.55; Cohen’s d=2.24), and aerobic
fitness (pre=37+14.65, post=134.57 £28.18 repetitions; BF=157.28; Cohen’s d=0.10). Additional positive
changes were seen in upper limb flexibility (Cohen’s d=1.85), lower limb flexibility (Cohen’s d=1.09), and
dynamic balance (Cohen’s d=1.56), although with varying levels of statistical evidence. In contrast, BMI, lean
mass, body water percentage, basal metabolism, and visceral fat index showed small or negligible effect sizes
(Cohen’s d<0.33) and were not statistically significant. No significant changes were observed in the control
group after 20 weeks, with all effect sizes being small (Cohen’s d <0.20), supporting the specificity of the training
effects observed in the EG.

Figure 4 shows the hierarchical clustering results from the variables with significant pre-post 32 weeks of
multicomponent training in the EG. In general, regarding the variables with statistically significant differences,
all participants have individual improvements. Specifically within the hierarchical cluster results, respective to the
body weight reductions (Silhouette score=0.77) (Fig. 4-A), there were two clusters, cluster 1 [higher responders
(28%)]: participant 1 [3.3 kg], and 5 [2.7 kg], and cluster 2 [lower responders (71%)]: participants 2 [0.8 kg], 3
[1.4kg], 4 [1.2kg], 6 [0.9 kg], and 7 [1.4 kg]. For body fat percentage reductions (Silhouette score=0.75) (Fig. 4-
B), the HC identified also two clusters, were cluster 1 [higher responders (57%)]: participants 1 [4.9%], 2 [4.8%],
3 [6.9%) and 4 [4.7%], and cluster 2 [lower responders (43%)]: participants 5 [2%], 6 [2%], and 7 [2.6%]. For
upper limb strength improvements (Silhouette score=0.68) (Fig. 4-C) there were three clusters, cluster 1 [high
responders (86%)]: participants 1, 3, and 4 [17 repetitions], cluster 2 [mild responders (43%)]: participants 2

Variable Group | Pre Post Cohen’s d | Bayes factor Prob. Sig. 95% IC

EG 73.16+2.22 71.49+12.1 0.19 15.15472 +0%* Strong
Body weight (kg)

CG 64 (9) 63 (11) 0.09 0.337071 Anecdotal

EG 27.43+2.51 26.86+3.02 0.20 1.175075+0.02% | Anecdotal
BMI (Index)

CG 25 (5) 25 (4) 0 0.2301768 Anecdotal
BF (%) EG 36.9+5.03 32.91+£5.86 0.73 34.86926 +0%" Strong

0

CG 31+6 31+6 0 1.075933+0.02% | Anecdotal

EG 43+5 44+5 0.20 1.729713+£0% Anecdotal
Lean mass (kg)

CG 41+4 41+3 0 0.4237328+0.01% | Anecdotal

EG 45.91+£3.05 45.8+3.78 0.03 0.3607712+0% Anecdotal
Body watter (%)

CG 49 (5) 50 (6) 0.18 0.1301105 Anecdotal

EG 1367 (179) 1350.14 (183) | 0.09 1.003316 Anecdotal
Basal metabolism (Kcal)

CG 1291+107.6 1296.38£95.28 | 0.05 0.3963878+0.01% | Anecdotal

EG 9(3) 8(3) 0.33 6.995007 Moderate
Visceral fat (Index)

CG 5(3) 5(2) 0 2.999471 Anecdotal

EG 13.57+£4.65 27.71£3.45 3.45 1022.022 +0%* Strong
Upper limb strength (rep)

CG 16.4+1.9 17.8+£2.94 0.56 0.800111+0.02% | Anecdotal

EG 7+4.16 20.57+6.92 2.37 121.3942 +0%* Strong
Upper limb strength int. arm (rep)

CG 18.43+2.76 16.71+3.64 0.53 0.5027359+0.01% | Anecdotal

EG 17.57 +£3.69 25.43+3.31 2.24 206.5508 +0%"* Strong
Lower limb strength (rep)

CG 23+6.96 23.78+4.52 0.13 0.3475993 £ 0% Anecdotal

EG -4 (5) 4(3.5) 1.85 0.003955486 Anecdotal
Upper limb flexibility (cm)

CG -2.56+£4.55 -2.2+£5.82 0.06 0.3209674+0.01% | Anecdotal

EG 4.57+3.74 9.14+4.6 1.09 1.73919+£0% Anecdotal
Lower limb flexibility (cm)

CG 3.11+6.81 4+427 0.15 0.371723+0.01% | Anecdotal

EG 4.96+0.87 3.91+0.38 1.56 8.260729+0% Moderate
Dynamic balance (sec)

CG 4.14%0.5 4.35+0.61 0.37 0.8045248+0.02% | Anecdotal

EG 137+£14.65 134.57+28.18 | 0.10 157.2803 +0%* Strong
Aerobic fitness (Rep)

CG 122.11+19.33 | 122+18.53 0.005 0.3216269 £ 0% Anecdotal

Table 2. Results of pre-post comparison of body composition and physical fitness for the experimental and
control group. Data is described in mean + standard deviation for parametric data and in median (interquartile
range) for non-parametric data. Kg, kilograms; Kcal, kilocalories; %, percentual; rep, repetitions; sec, seconds;
cm, centimeter. #significant differences with strong level evidence provided by the Bayes factor outputs.
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Fig. 4. Hierarchical Clustering results of variables with significant pre-post differences after 32 weeks of
multicomponent training in the experimental group. Part. (participant), BW (body weight), BF % (body fat
percentage), ULS (upper limb strength), ULS - Interv. arm (arm which underwent surgical procedure), LLS
(lower limb strength), AF (aerobic fitness).

[13 repetitions], 5 [14 repetitions], and 7 [12 repetitions], and cluster 3 [lower responder (14%)]: characterized
by only the participant 6 [9 repetitions]. For the upper limb strength improvements of the arm underwent to
surgical procedure (Silhouette score=0.56) (Fig. 4-D), there were also two clusters, cluster 1 [higher responders
(71%)]: participants 1 and 7 [13 repetitions], 2 and 4 [16 repetitions], and 3 [21 repetitions], and cluster 2 [lower
responders (29%)]: participants 5 [9 repetitions], and 6 [9 repetitions]. For the lower limb strength (Silhouette
score =0.80) (Fig. 4-E) there were two principal clusters, were cluster 1 [higher responders (43%)]: participants
1 [11 repetitions], 6 and 7 [10 repetitions], and cluster 2 [lower responders (57%)]: participants 2 [7 repetitions]
3,4 [6 repetitions], and 5 [5 repetitions]. Regarding aerobic fitness (Silhouette score =0.62) (Fig. 4-F), there were
two clusters, were cluster 1 [higher responders (29%)]: participants 3 [154 repetitions], and 7 [124 repetitions],
and cluster 2 [lower responders (71%)]: participants 1 [70 repetitions], 2 [95 repetitions], 4 [72 repetitions], 5
[70 repetitions], and 6 [98 repetitions]. These results prove that all the participants improved similarly, and there
were fewer responder subjects, indicating that the intervention was positive, but not in the same meaningful for
all patients.

After outputting the clustering results, we developed a mind map (Fig. 5) to offer a structured approach
to guide clinical decisions after identifying each patient’s individual response to multicomponent training.
Based on the analysis of performance variables and each patient’s specific responses, the mind map suggests
personalized directions for the continuation of treatment, either through intensifying certain components of the
program or adjusting the training modality. This process ensures a more effective intervention adapted to the
needs and progress of each individual.

Discussions
Overview of the main findings
Regarding the objective of this study, based on the statistical results, weight and fat percentage reduction was
observed in the experimental group after the 36-week intervention. Additionally, improvements were noted
across all physical fitness variables.

The intervention was made based on the multicomponent training exercise program. Research indicates that
such training can lead to enhanced neuromuscular adaptations, including improved motor unit recruitment
and coordination, which contribute to increased strength independent of muscle mass changes®’. Additionally,
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multicomponent training has been shown to positively influence cardiovascular fitness, which is vital for
recovery and long-term health in cancer survivors. Enhanced cardiovascular fitness can lead to improved
oxygen delivery and utilization during physical activities, thereby reducing fatigue and enhancing exercise
tolerance®®. Furthermore, the psychological benefits of participating in structured exercise programs, such as
improved mood and reduced anxiety, can motivate survivors to engage more consistently in physical activity,
further amplifying the positive effects on physical fitness®. Finally, the incorporation of balance and flexibility
exercises within multicomponent training can help mitigate the risk of falls and improve functional mobility,
which is particularly important for older breast cancer survivors who may experience declines in these areas due
to treatment side effects®.

Body composition

As previously mentioned, both body weight and body fat percentage were reduced. Regarding body weight,
cluster analysis reveals that multicomponent training resulted in predominantly lower responses among the
patients in the study. In contrast, when analyzing the reduction in fat percentage, the clusters indicate that the
intervention had varying effects on individuals: 4 participants were classified as higher responders, while 3 were
lower responders, suggesting that the intervention had a moderate impact on the participants’ weight status.
Reductions in body weight are crucial for preventing cancer®, during’®, or after treatment®. Excess body fat
tissue releases inflammatory cytokines that contribute to low-grade chronic inflammation, commonly known
as “inflammaging” This process involves inflammation that disrupts cell cycle regulation, damages cells, and
impairs proteostasis, all of which promote the expression of carcinogenic genes and increase cancer risk’!. A
recent one-year intervention with multicomponent physical exercise highlighted reductions in body fat and
increased the mass of the patients*®. This prior evidence aligns with our findings and strengthens the positive
aspect of multicomponent exercise for the body composition of breast cancer patients*.

In contrast, BMI, lean mass, body water percentage, basal metabolism, and visceral fat did not present
significant changes after the follow-up. BMI is an overall indicator of nutritional status and is conventionally
used in healthcare settings due to its simplicity and low-cost application®. Nevertheless, a deeper analysis
considering another body compartment (muscle, fat, or even bone tissue) can enrich the quality of inferences
about the body composition changes”2.

In this study, the non-changes in the participants’ BMI were accompanied by manutention of lean mass, body
water percentage, basal metabolism, visceral fat index, and significant reductions in body fat percentage. This
finding is a positive factor for breast cancer patients in different phases of the treatment since body fat reduction
contributes to attenuating the body inflammation profile, a risk factor for cancer progression and relapse’>. On
the other hand, the non-change in lean mass is positive in preventing sarcopenia/cachexia in these patients’;
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nevertheless, the most idealistic scenario is increasing the participants’ muscle mass’>, which unfortunately was
not reached on our study.

Although weight and body fat percentage significantly decreased following the intervention, no significant
changes were observed in BMI, lean mass, body water percentage, basal metabolism, or visceral fat index. A
possible explanation is that while multicomponent training effectively reduced adiposity, the overall muscle
mass was preserved rather than significantly increased. As lean mass remained stable, there was no substantial
impact on body water content or basal metabolic rate, which are closely linked to muscle mass levels’.
Furthermore, visceral fat reduction may require longer or higher-intensity interventions, combined with specific
dietary control, to produce measurable changes. The preservation of lean mass without muscle wasting is still a
positive outcome for cancer survivors, given that sarcopenia is a common complication during and after cancer
treatment”’.

The findings of the present study align with prior evidence demonstrating the beneficial effects of
multicomponent exercise programs on body composition and physical fitness among overweight populations.
A previous study reported significant improvements in body composition and strength parameters in obese
women following a 40-weeks multicomponent training intervention’®. Similarly, recent investigations have
confirmed that multicomponent programs combining aerobic, resistance, flexibility, and balance exercises are
highly effective for improving cardiorespiratory fitness, muscular strength, and reducing body fat percentage in
overweight individuals, regardless of cancer’>*’. However, specific studies focusing on breast cancer survivors
with overweight remain limited. The present results add to this emerging body of evidence by demonstrating
that even in a clinical and aging population, multicomponent training can effectively enhance functional fitness
and induce moderate changes in body composition.

Physical fitness

Regarding the change in strength in the upper limbs of the study participants, there was a similar increase in
strength in the upper limb that underwent surgical intervention and in the one that was not submitted. The
cluster analysis for this variable was subdivided into three groups for increased strength in the upper limbs, in
which 3 patients were considered high responders, 3 patients were mild responders and only 1 patient was low
responder. This allows us to understand that multicomponent training tends to be efficient in improving the
strength of patients’ upper limbs after the intervention since 6 of the 7 participants analyzed were responsive,
whether high or light. In contrast, only one patient was slightly responsive, showing increased upper limb
strength. When analyzing the improvement in strength in the upper limb submitted to surgical intervention,
cluster 1 was observed with five patients as the greatest responders, and cluster 2, with two patients as the lowest
responders. This makes it clear that multicomponent training effectively improves the strength of the upper
limbs of patients undergoing the surgical process, given the characteristics of patients’ responsiveness to this
issue. This shows the relevance of this type of activity for improving the quality of life of patients recovering
from breast cancer, as it contributes to the return to routine instrumental activities of daily living which require
good control of the upper limbs such as managing finances or medications, food preparation, housekeeping, and
laundry, thus contributing to the recovery of their independence®.

Research indicates that resistance training can lead to improvements in muscle function and strength, even
in the presence of muscle atrophy®*#2. These adaptations can occur through various mechanisms, including
increased neuromuscular efficiency and changes in muscle fiber recruitment patterns, which can enhance
strength without necessitating an increase in muscle mass®’. For instance, a study highlighted that breast
cancer survivors who engaged in resistance training exhibited notable improvements in upper limbs strength,
despite not experiencing significant changes in lean body mass®*. This framework is based on neuromuscular
adaptations, where there is a notable increase of muscle even with an absence of increases in muscle mass, but
being still essential to presenve the patients’ functionality while muscle mass is preserved”*.

Two clusters were observed when analyzing the variability in the participants’ lower limb strength. The first
cluster was linked to higher responders, with three patients as group members. The second cluster covered
the lowest responders (four patients) submitted to the present study. This distribution allows us to understand
that multicomponent training presented a divergent impact on the individuals’ lower limb strength, showing
that the training did not evoke the same level of changes in the subjects. However, even at different levels, the
intervention proposed by the present study proved to improve the strength of the lower limbs, which is a positive
result, considering that this contributes to helping patients in their daily lives, facilitating their ambulation and
independence of performance during daily tasks such as climbing stairs, walking at the street and moving
carrying objects®!. This result is consistent with previous studies reporting strength gains with regular practice of
muscle resistance exercises, both for the lower and upper limbs, as evidenced by the meta-analysis of Hasenoehrl
et al.®*, where isolated aerobic and resistance training were effective in increasing muscle strength of lower
extremities of breast cancer patients. The study of Dong et al.’3, also finds improvements in the leg strength of
breast cancer patients after a one-year remote multicomponent intervention. Moreover, in support of the cluster
outputs, the study of Klassen et al.®>, warned about the possible variability of muscle strength responses in breast
cancer patients undergoing different treatments and at different stages of the pathology.

Regarding changes in aerobic fitness, the clustering results revealed the presence of two clusters. The first
cluster is composed of higher responders, consisting of two individuals, while the second cluster comprises
lower responders, consisting of five individuals. These results indicate that the intervention primarily led to low-
grade improvements among participants. Despite this predominance of lower responders, the intervention still
resulted in increases in aerobic fitness for all participants, which is a positive outcome of the training. Our results
align with the prior meta-analysis of Ficarra et al., where aerobic, resistance or combined exercise interventions
were able to produce an overall effect of 65% increases in the patients’ VO2max. Strengthening the direction of
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this evidence, the study of Shinde et al.*> showed large effect size improvements in the aerobic fitness of breast

cancer patients after a one-year multicomponent exercise.

In addition, it is important to highlight the cluster analysis performed in this study as an efficient and
personalized way to understand the biological individuality for adapt to the training stimulus. It was crucial to
adjust the intervention when necessary. For example, if a patient is not responding well to the initial treatment,
cluster analysis can help identify what is happening and suggest changes, either in the approach or type of
exercise. This process is similar to medical practice, where doctors adjust a patient’s medication doses according
to the subject’s prognostic, always seeking a more effective and personalized treatment®.

In the present study, we had some relevant limitations that should be considered in future studies on this
field, given more realistic and concrete results. Among these points, we can mention our small experimental
sample, making it challenging to have a broader view of the population reality, which could be considerably
different and complex. Furthermore, another limiting factor was the shorter analysis period of the control group
(20 weeks) compared to the group undergoing the proposed intervention (32 weeks). Analysis for both groups
for at least the same period is necessary to acquire more equivalent comparisons. Additionally, the absence of
interim evaluations during the intervention period should be considered a limitation. Although the intervention
lasted several months (32 weeks), body composition and physical fitness were assessed only at baseline and after
the intervention. It is possible that significant changes in the measured variables could have occurred earlier
during the program. Without periodic assessments, it was not possible to track the timing, rate, or trajectory
of individual responses throughout the intervention, which could have provided more detailed insights into
the effectiveness and dynamics of the multicomponent training over time. The nutritional status, including
frequency of tobacco and/or alcohol use, was also not collected, and it can be a significant factor influencing
variability in the patients’ responsiveness levels®’, time and better understand.

For subsequent studies with larger samples from different ages, ethnicities, and income levels, followed by
the collection of data about lifestyle (fitness and nutritional habits), biochemical and molecular tests are relevant
to understand even more in-depth, the results of multicomponent training in the target groups of breast cancer
patients in different stages of the pathology. Moreover, the outputs provided by the clustering method also
highlighted that the multicomponent training did not provide equalized stimulus across the different physical
fitness components. Improving technical aspects of this intervention in future studies considering outputs from
clustering or other related methods will be essential to evaluate the effect of the maximized stimulus on breast
cancer patients’ physical fitness and body composition adaptations.

Future research should explore longer intervention durations, greater sample sizes, and more diverse
exercise protocols, including dose-response relationships, to optimize exercise prescription for breast cancer
survivors. Investigating potential mediators such as hormonal status, body composition trajectories, and quality
of life measures would also contribute to a more comprehensive understanding. From a practical perspective,
multicomponent exercise programs should be considered as a first-line non-pharmacological strategy to promote
functional recovery, improve physical fitness, and manage body weight in breast cancer survivors, particularly
those with overweight. Implementing these programs in community and clinical settings could significantly
improve survivorship outcomes and public health.

However, it is important to highlight some strengths of the present study: (i) This is a novelty approach with
32 weeks of duration using multicomponent training exercise-based therapy; (ii) this is a controlled trial with
a high level of evidence; (iii) the study incorporated a cluster of reactions to the physical exercise treatment,
helping identify individual variability in response to training, allowing for personalized exercise prescriptions;
(iv) it is possible to define strategies for treatment in agreement with the responders. The study suggests that each
participant reacts differently to the exercise-based therapy and should be reevaluated periodically to adjust the
treatment. The combination of these strengths makes this study unique when compared to the existing literature
about other types of exercise?, and specifically multicomponent training for breast cancer patients®*828388-91,

Conclusions

In conclusion, this study demonstrated that a 32-week multicomponent training program significantly improved
physical fitness parameters, including strength, flexibility, dynamic balance, and aerobic capacity, among breast
cancer survivors. Moderate improvements in body composition were also observed, particularly in reducing
body weight and body fat percentage. These findings reinforce the vital role of long-term multicomponent
exercise interventions as effective, safe, and sustainable strategies to support physical rehabilitation and body
composition management in aging and overweight breast cancer survivors. Finally, the intervention did not
cause any side effects or injury for the participants.

Data availability
Data is provided within supplementary information files.
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