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Abstract

Purpose The aims of this study were to analyze the effects of a 12-week exercise intervention on bioelectrical impedance
analysis-derived phase angle (PhA), resistance (R), and reactance (Xc) in breast cancer survivors (BCS) and analyze the
relationship between changes in bioelectrical impedance variables and changes in functional capacity and muscular strength.
Methods This was a prospective cohort study. Potentially eligible patients were recruited from the Medical Oncology Unit
of the hospital. Female BCS older than 18 years were offered to participate in the study if they had previously undergone
surgery for their primary tumor and there was no evidence of recurrence at the time of recruitment. A 12-week exercise pro-
gram including resistance and endurance training was performed, including two weekly sessions led by a physical therapist.
Measurements were performed at baseline and after 12 weeks, including PhA and function-related outcomes. The relationship
between changes in PhA and function-related outcomes was assessed using the Pearson r correlation coefficient.

Results Sixty-seven BCS women were included in the analysis. A significant increase was found in PhA and functional
outcomes after the intervention, as well as a significant decrease in R. Bivariate correlations showed a significant positive
correlation between PhA and functional tests (Hand grip, r=0.37 [p=0.002], 30-Sit to Stand, r=0.39 [0.002], respectively).
Conclusion A 12-week concurrent exercise program may be effective to improve PhA and R. Additionally, there appears to
be a correlation between PhA and Xc with functional capacity outcomes. Finally, baseline PhA, Xc, and R values explained
part of the 30-STS and hand grip tests variance at 12 weeks, which could suggest its importance in the prognosis.

Keywords Bioelectrical impedance analysis - Functional capacity - Reactance - Resistance

Abbreviations Xc Reactance
BIA Bioelectrical impedance analysis 30-STS 30-Second sit-to-stand test
BCS Breast cancer survivors
PhA Bioelectrical impedance analysis-derived phase
angle Introduction
R Resistance

Breast cancer is the most commonly diagnosed cancer in the
world, accounting for 11.6% of all new cancer cases, and
remains the leading cause of cancer-related deaths among
females [1]. Over the past three decades, medical advances
have increased survival rates for this type of cancer by
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for clinicians [5], as these alterations may be closely related
to prognosis, diagnosis, and treatment outcomes [5].

Bioelectrical impedance analysis (BIA) has become one
of the most widely used methods to study body composition,
largely due to its non-invasive nature, affordability, port-
ability, high reliability, and low inter-observer variability
[6-8]. This evaluation technique works by passing a weak,
alternating electrical current through the body, capitaliz-
ing on the fact that different tissues offer varying levels of
impedance, which is defined as the resistance to the flow of
electrical current [6, 9]. However, BIA is an indirect evalua-
tion method that uses several regression equations to obtain
various body composition parameters and that can gener-
ate errors in the estimation of the resulting values, being
a limitation mainly in the case of those devices that do not
offer raw parameters and use algorithms owned by manu-
facturers [10]. Conversely, the analysis of raw parameters,
when these are provided by the device, allows for greater
qualitative and quantitative analysis. Thus, the availability
of BIA raw parameters allows analyzing these parameters
themselves limiting the use of equations, calculating derived
parameters (such as the BIA-derived phase angle [PhA]), or
using specific formulas and equations for populations with
special characteristics [10].

In this context, the use of the raw parameters’ resist-
ance (R) and reactance (Xc) and the derived parameter PhA
has gained popularity, also in patients with breast cancer
[11-15]. The raw parameter R represents the opposition of
tissue to the flow of electric current [16]. Differently, Xc rep-
resents cell membrane capacitance and can be interpreted as
an indirect measure of intracellular volume [16]. Thus, PhA
is calculated as the ratio between R and Xc, and it represents
the angle between the impedance vector (formed by R and
Xc) and the X-axis [9].

PhA has been shown to provide useful clinical informa-
tion about the general health status of individuals and is
considered an important prognostic indicator of survival
and quality of life in cancer survivors [11, 17, 18]. It offers
insights into cell membrane integrity, body fluid distribu-
tion, nutritional status, and functional capacity [9], and there
seem to be clear differences between the values found in
healthy and health-compromised individuals [16]. Higher
PhA values are typically observed in healthy individuals and
are suggestive of elevated Xc, which is associated with intact
cell membranes, or lower R, related to higher body water
and electrolyte levels [19]. In contrast, lower PhA values are
indicative of low Xc, which is associated with compromised
cell membrane integrity or cell death, or high R, which may
signal malnutrition [20]. As a result, reduced PhA values are
linked to poor health, reduced quality of life, and an unfa-
vorable prognosis, particularly in patients with cancer [12,
15, 21]. It has been suggested that cancer and its treatments
contribute to cell membrane damage [22], inflammation, and
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cancer-related cachexia [18], all of which result in a decrease
in body cell mass [23]. These factors could directly trans-
late into a decrease in PhA, which is consistent with current
evidence showing significantly lower PhA values in cancer
patients or survivors compared to their healthy, age-matched
peers [18].

Previous literature has suggested that exercise and nutri-
tional interventions may help reverse these adverse changes
in cancer patients and survivors: On the one hand, it is
hypothesized that nutritional approaches may reduce R by
increasing electrolyte-containing water [24]; on the other
hand, exercise may potentially produce adaptations that
enhance cell membranes integrity, leading to an increase
in Xc [18].

In this context, previous studies have analyzed the effects
of exercise programs on cancer patients [9, 18]. In general,
evidence suggests that resistance and/or endurance training
can increase PhA in cancer survivors [9]. However, the lit-
erature remains limited and insufficient to discern the most
effective training methods for this purpose, the superiority of
specific exercise modalities (such as resistance versus endur-
ance exercise programs), or the suitability of these programs
for different cancer types [9].

In breast cancer, a recent study by Short et al. [18] evalu-
ated the impact of a 12-week concurrent program (including
resistance, endurance, and flexibility training) on PhA in
breast cancer survivors (BCS). The study found a statisti-
cally significant increase in PhA, which was weakly but
directly related to improvements in muscular strength [18].
These results suggest a potential positive effect of exercise
in this population, highlighting the need for further studies
to expand our understanding and facilitate the integration of
these findings into clinical practice.

Additionally, analyzing the correlation between PhA and
other BIA parameters and key health outcomes, such as
functional tests, could provide insights into how changes in
BIA are related to functional improvements, which would be
valuable for the introduction of PhA evaluation into clinical
settings.

The main aim of this study was to analyze the effects
of a 12-week therapeutic exercise intervention on PhA, R,
and Xc in BCS. The secondary aim was to investigate the
relationship between changes in BIA variables and changes
in functional capacity and muscular strength.

Methods
Study design and setting
This was a prospective cohort study involving BCS. The data

were obtained from a larger clinical trial (NCT03879096)
conducted between May 2017 and January 2020 at the

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Supportive Care in Cancer (2025) 33:398

Page3of9 398

University Clinical Hospital Virgen de la Victoria in Malaga
(Spain). The study received ethical clearance by the Portal
de Etica de la Investigacion Biomédica de Andalucia Eth-
ics Committee (2804/2016). The CONSORT checklist was
followed to ensure transparent and standardized reporting
of the study.

All participants were fully informed about the purpose
and content of the investigation and signed a written con-
sent prior to the start of the study. They were informed that
they could leave the study at any time and no explanations
would be necessary. The study adhered to the principles of
the Declaration of Helsinki.

Participants

Potentially eligible patients were recruited through oncol-
ogists from the Medical Oncology Unit of the hospital.
Female patients over the age of 18 were offered to participate
in the study if they were BCS who had previously undergone
surgery for their primary tumor and showed no evidence
of recurrence at the time of recruitment. Participants could
be under hormonal treatment or undergoing radiotherapy
or antiHER therapy. Contrarily, potential participants were
excluded if they had a previous history of any cardiovascular
event diagnosed as cardiac rhythm disorders, stable or unsta-
ble angina, acute pulmonary edema, or syncope of unrelated
etiology in the previous year.

Intervention

A 12-week therapeutic exercise program was implemented,
including two weekly sessions, each comprising 30 min of
strength exercises and 20 min of endurance training led by a
physical therapist. The intervention took place in groups of
7-8 participants. To ensure the program was appropriately
individualized, each participant underwent a preliminary
functional capacity assessment, allowing for adjustments
to the exercise volume, intensity, and complexity accord-
ing to their specific abilities and needs [25]. In general, for
resistance training, the focus during the first 2 weeks was
on performing exercises with proper technique. Partici-
pants completed 3 sets of 15 repetitions using a load that
ensured correct execution. This load was adjusted using
dumbbells and/or elastic bands. In subsequent weeks, the
volume was increased to 4 sets of 10 repetitions, increasing
weights whenever participants could perform more than 12
repetitions with proper technique. In this way, an approxi-
mate effort of 1012 repetition maximum was sought to be
guaranteed. For endurance training, the initial 2 weeks were
dedicated to acclimating participants to the sensation of
fatigue during exercise. Low-intensity exercise (below 60%
of the maximum age-predicted heart rate) was employed
during this period. In the following weeks, participants

were instructed to maintain a consistent pace correspond-
ing to a heart rate range of 60 to 80% of their maximum
age-predicted heart rate, which was previously determined
through an incremental submaximal test. In case partici-
pants experienced any symptoms during exercise, they were
instructed to reduce intensity. Every 2 weeks, heart rate and
perceived exertion at the selected velocity were assessed to
adjust intensity levels in response to any improvements. Fur-
ther details about the exercise program have been published
elsewhere [25].

Measurements

Measurements were performed at baseline and after 12
weeks. Age, height, weight, and body mass index data were
collected as anthropometric information. Additionally, clini-
cally relevant disease-related data were gathered, such as
years since diagnosis, the modality of surgical intervention
(breast-conserving surgery or mastectomy), and details
about previous and current treatments (radiotherapy, chemo-
therapy, hormone therapy, or monoclonal antibody).

For the purposes of the study, body composition and
function-related outcomes were measured using BIA tech-
niques and strength and functional tests, respectively, all of
which are described in detail below. All measurements were
conducted in the same location and by the same evaluators.

Primary outcome: bioelectrical impedance analysis-derived
phase angle

Whole-body BIA was assessed using a phase-sensitive sin-
gle-frequency impedance analyzer (BIA 101 Whole Body
Bioimpedance Vector Analyzer (AKERN, Italy)). This
device operates as a tetrapolar BIA system, with electrodes
placed on the hand and foot, using a frequency of 50 kHz
and a measurement current of 800 pA. Body weight and
standing height were measured before the BIA procedure
using a Tanita TBF- 300 A (TANITA CORPORATION,
Tokyo, Japan) and a 2-mm sensitivity laser height rod,
respectively. Then, BIA measurements were performed
according to the manufacturer’s guidelines [26]. The par-
ticipant was positioned supine on a hospital bed, with legs
positioned 45° from the midline of the body and the upper
limbs at a 30° angle from the trunk. After cleansing the
skin with isopropyl alcohol, very low-impedance Ag/AgCl
electrodes (BIVAtrodes, AKERN, Italy) were placed on the
back of the right hand and the right foot (except in the case
of unilateral lymphedema on the right side, in which case
the electrodes were placed on the opposite hand and foot).
Each electrode included a sensor and injector area separated
by a distance of 5 cm [27]. To minimize fluid distribution
disturbances, participants were instructed not to eat or drink
for at least 2 h before the test [28]. Additionally, since fluid
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shifts occur when moving from a standing to a supine posi-
tion and can directly affect results, a 5-min waiting period
in the supine position was observed before performing the
BIA measurements.

Through this procedure, the Xc and R parameters were
obtained, and PhA was calculated as the arc-tangent of the
ratio Xc/R multiplied by 180°/x.

Secondary outcomes: function-related outcomes
(functional capacity and hand-grip strength)

Functional capacity was assessed using the 30-STS, in which
subjects were instructed to sit and stand from a 43-cm-high
chair as quickly as possible, completing the entire motion
range while keeping their arms crossed over the chest [29].
The number of repetitions performed in 30 s was recorded
as the test result.

The hand grip strength was measured using a Jamar
Hydraulic Hand Dynamometer Model SH5001 (Lafayette
Instrument, Lafayette, USA), since hand grip dynamometry
is considered the gold standard for measuring this param-
eter [30]. For this purpose, subjects held the dynamometer
with their dominant hand (elbow flexed at 90° and wrist in
a neutral position) and performed three isometric maximal
voluntary contractions, each lasting 5 s, with a 1-min rest
between repetitions. During the test, subjects sat on a chair
without armrests with their feet on the floor and kept their
back straight. The mean of the three trials was recorded as
the result of the test (in kg).

Statistical analysis

Data were tabulated and analyzed using SPSS for Windows
(version 25.0, SPSS Inc., Chicago, IL, USA). Quantitative
variables were reported as means and standard deviations,
while qualitative variables were presented as absolute and
relative frequencies (%). In the case of quantitative out-
comes, a bivariate analysis was performed to assess mean
differences, using the two-tailed paired Student’s #-test for
dependent samples to compare pre- and post-intervention
outcomes. The normality of the data was verified with the
Kolmogorov—Smirnov test.

The relationship between changes in PhA and function-
related outcomes was assessed using the Pearson’s r cor-
relation coefficient. Two separate analyses were carried out,
evaluating, on the one hand, the existing correlation between
the values obtained at baseline and, on the other hand, the
correlation between the values obtained after the 12-week
intervention. The results of the post-intervention analysis
are presented in the “Results” section of this manuscript,
while baseline correlations are available in the Supplemen-
tary Appendix 1. The resulting correlations were considered
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poor (r< 0.49), moderate (r= 0.50-0.74), or strong (r>
0.75) [31].

Additionally, multiple and linear regression analyses were
carried out to identify the best model for predicting func-
tional test outcomes (Hand grip and 30-STS tests) based on
baseline BIA values (R, Xc, and PhA).

In all analyses, a 95% confidence interval was established,
and a p-value <(0.05 was considered statistically significant.

Results

A total of 67 women participated in this prospective study.
Treatment of most of the participants included breast-con-
serving surgery, chemotherapy, and radiotherapy, and most
of them were still under hormone therapy. Participants had
been diagnosed an average of 2.53 (2.32) years before the
onset of the study, with diagnosis ranging from 3 months to
13 years prior. Additional descriptive and clinical data can
be found in Table 1.

Table 2 presents the R, Xc, and PhA values obtained
through the BIA, along with the strength and functional
capacity values derived from the Hand grip and 30-STS
tests. Regarding BIA results, PhA and R improved signifi-
cantly after 12 weeks of intervention. In the case of func-
tional and strength tests, only the 30-STS test showed a sta-
tistically significant improvement.

Correlations

Regarding correlation analysis, bivariate correlations
revealed that PhA values showed the strongest associations
with functional outcomes. Specifically, PhA exhibited a sig-
nificant positive correlation with both hand grip strength
and 30-STS tests (r=0.37 [p= 0.002] and r= 0.39 [p=
0.002], respectively). Among the raw BIA parameters, Xc
also showed a significant positive correlation with both hand
grip strength and 30-STS tests (r= 0.28 [p=0.022] and r=
0.36 [p= 0.004], respectively). In contrast, R did not cor-
relate with any of the strength or functional capacity tests.
Expanded data is available in Table 3.

Regression models

The multiple regression model for the hand grip strength
test (post-intervention values) was found to be statistically
significant (F= 9.174; p < 0.001). It revealed that baseline
PhA values adjusted by age explained 21.4% of the vari-
ance in post-intervention hand grip strength test scores (r =
0.490, R*>= 0.240, adjusted R>= 0.214). Similarly, baseline
Xc values adjusted by age explained 11.3% of the variance
in post-intervention hand grip strength test. However, the
regression model for baseline R values was not found to be
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Table 1 .Participant descriptive Mean (SD) Min—max
and clinical variables (n= 67)
Age (years) 51.88 (9.51) 32-70
BMI (kg/m?) 27.45 (5.39) 17.60—43.50
Years from diagnosis 2.53(2.32) 0-13
Surgical intervention Percentage (n)
Breast-conserving surgery 64.2% (43)
Mastectomy 34.3% (23)
Cancer treatment
Chemotherapy 86.6% (58)
Radiotherapy 78.4% (52)
Hormone therapy 77.6% (50)
Monoclonal antibody 32.8% (22)
Current treatment
None 23.9% (16)
Hormone therapy 59.7% (40)
Hormone therapy and monoclonal antibody 4.5% (3)
Chemotherapy 3.0% (2)
Hormone therapy and monoclonal antibody 4.5% (3)
Monoclonal antibody 3.0% (2)
Radiotherapy 1.5% (1)
TabIgZ Basel.ine and Outcomes Baseline 12 weeks (post) Difference (12 ¢ )4
post-intervention values of weeks — base-
biqimpedance analysis, 'hand line)
grip strength, and functional
capacity, including mean Mean (SD) Mean (SD)
differenf: es and results of the Bioelectrical impedance analysis
Student’s 7-test
Resistance (R) 576.13 (69.95) 563.82(68.14) —12.31(31.75) —3.17** 0.002
Reactance (Xc) 51.35(10.76)  52.19 (8.35) 0.83 (7.71) 0.89 0.378
Phase angle 5.08 (0.80) 5.29 (0.62) 0.21 (0.67) 2.64% 0.010
Functional assessments
30-STS (n) 18.9 (6.0) 259 (5.5) 7.1(5.0) 10.56**  0.000
Hand grip (kg) 21.6 (5.5) 22.5(4.9) 0.9 (3.8) 1.83 0.072

*p< 0.05; **p < 0.01; 30-STS 30 s sit-to-stand test

Table 3 Pearson correlations (r) between bioelectrical impedance
analysis (resistance, reactance, phase angle) and strength (hand grip
test) and functional (30-sit-to-stand test) outcomes after intervention

Hand grip test 30-STS test
Pearson’s P Pearson’s )/
correlation correlation
Q) )
BIA outcomes
Resistance, R (Ohm)  0.00 0.995 0.10 0.440
Reactance, Xc (Ohm) 0.28* 0.022 0.36%* 0.004
Phase angle (°) 0.37%%* 0.002 0.39%%* 0.002

“p< 0.05; **p< 0.01; BIA bioelectrical impedance analysis; 30-STS
30 sit-to-stand test

Content courtesy of Springer Nature,

statistically significant. Similarly, the multiple regression
model developed for the 30-STS test (post-intervention
values) also showed statistical significance (F= 11.896;
p < 0.001). This model indicated that baseline PhA val-
ues adjusted by age accounted for 28.8% of the variance in
post-intervention 30-STS test results (r= 0.560, R?>=0.314,
adjusted R*>= 0.288). Similarly, baseline R and Xc values
adjusted by age explained 14.1% and 26.1% of the variance
in post-intervention 30-STS test, respectively. Expanded
data is available in Table 4. Results from linear regression
models between functional and BIA variables, as well as
multiple regression models adjusted by body mass index,
are shown in Supplementary Appendix 1.
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Table 4 Results of multiple

. Dependent variables
regression analyses between

Predictor variables

Standardized B R R? Adjusted RZ p

functional variables and age- Hand grip strength test 0.490 0.240 0.214 <0.001
adjusted bioimpedance analysis (12 weeks)
variables Phase angle (baseline)  0.415 < 0.001
Age —-0.234 0.046
Hand grip strength test 0.278 0.077 0.046 0.097
(12 weeks)
Resistance (baseline) — 0.094 0.478
Age -0.290 0.031
Hand grip strength test 0.378 0.143 0.113* 0.012
(12 weeks)
Reactance (baseline) 0.277 0.030
Age —0.205 0.105
30 sit-to-stand test 0.560 0.314 0.288 < 0.001
(12 weeks)
Phase angle (baseline)  0.388 0.001
Age —0.381 0.002
30 Sit-To-Stand test 0416 0.173 0.141%* 0.007
(12 weeks)
Resistance (baseline) 0.098 0.453
Age —0.384 0.004
30 sit-to-stand test 0.537 0.289 0.261** < 0.001
(12 weeks)
Reactance (baseline) 0.358 0.004
Age —0.345 0.005
“p<0.05, *p < 0.01
Discussion and an unsupervised 6-month resistance and aerobic train-

The aims of this study were to analyze the effects of a
12-week therapeutic exercise intervention on PhA, R, and
Xc in BCS and investigate the relationship between changes
in BIA variables and changes in functional capacity and
muscular strength. The main finding was the presence of sta-
tistically significant differences in PhA and R measurements
before and after the exercise intervention. Additionally, sta-
tistically significant correlations were found both for PhA
and Xc values with the 30-STS and hand grip strength tests.
Finally, baseline PhA, R, and Xc values, all age-adjusted,
explained part of the 30-STS variance at 12 weeks, while
baseline PhA and Xc values, adjusted by age, explained part
of the hand grip strength test variance post-intervention.
Concerning the changes observed after the intervention,
the statistically significant increase in PhA aligns with cur-
rent evidence, which suggests that this parameter increases
following this type of approach. Thus, previous studies also
reported similar PhA improvements with the implementa-
tion of a concurrent exercise program in this population
[18, 32]. This increase in PhA is similar to those found in a
study that applied a nutritional intervention in breast cancer
patients [13]. However, and in contrast, two studies reported
no changes in PhA after a 10-week yoga intervention [33]

@ Springer

ing program [34], respectively, despite improved fitness in
the second study. These data may indicate the need to reach
appropriate thresholds in intensity, volume, duration, and/
or adherence to the program to improve BIA parameters,
as has been previously suggested in a previous review in
patients with cancer [9]. This hypothesis may be supported
by the lack of significant differences in PhA in studies that
used lower intensities in other cancer survivors populations
[9]. Thus, as suggested by some authors, the application of
moderate to high training intensities may be a key factor
to obtaining positive results [18]. In this line, it has previ-
ously been proposed that higher volumes and intensities are
drivers of hypertrophy and metabolic stress, which would
ultimately improve membrane integrity, leading to enhance-
ments in Xc and PhA [18, 35].

Regarding the exercise modality associated with better
outcomes, the evidence remains unclear. However, a poten-
tial superiority of resistance training over endurance training
has been suggested. This hypothesis is also supported by the
findings of Short et al. [18], who observed changes in resist-
ance parameters but not in cardiorespiratory ones applying
a combined program in breast cancer survivors that resulted
in increased PhA [18]. In addition, evidence in other popu-
lations (e.g., athletes) has also shown a greater increase in
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PhA with resistance training compared to endurance train-
ing [36]. Considering the above, concurrent resistance and
endurance training programs with high intensity appear
feasible and beneficial for this population. However, future
studies should delineate the contribution of each training
modality to the observed effects.

Interestingly, in contrast to existing literature, our study
found a statistically significant decrease in R, but no sig-
nificant changes in Xc. It has been previously suggested
that exercise might increase Xc through adaptations that
improve cell membrane integrity, while nutritional inter-
ventions may have a greater impact on R by increasing of
electrolyte-containing water [24]. The results of our study
could suggest a systemic effect of exercise that indirectly
affects R or the participation of other factors in patients’
recovery that influence the observed changes, including a
possible change in diet and/or lifestyle. However, although a
trend toward improvement in Xc was observed in our study,
adjusting some intervention parameters could be necessary
to achieve significant results in this specific parameter. In
the case of the study by Short et al. [18], no statistically
significant changes were found in any of the two raw param-
eters (R and Xc) despite the increase in PhA. The data from
this study, showing improvements in PhA values accompa-
nied by functional gains without significant differences in
one or both raw parameters, may suggest that focusing on
PhA rather than raw parameters could be more informative.
Future research should therefore confirm whether our find-
ings regarding raw parameters are coincidental or have a
meaningful explanation in this specific population.

Interestingly, and in line with the above, the changes
observed in our study using BIA were consistent with func-
tional improvements, as evidenced by a statistically sig-
nificant increase in post-intervention values for the 30-STS
test. This relationship must be interpreted in the context of
the results of previous studies like Mascherini et al. [34],
who, as described above, obtained an improvement in the
hand grip strength, 30-STS after a 6-month exercise pro-
gram, without achieving statistically significant changes in
the PhA. In any case, in the sphere of patients’ well-being
and regardless of the BIA data, the recovery of functional
capacity and muscular strength, which are often diminished
during disease and treatment, is particularly relevant as it
directly impacts prognosis and quality of life [14, 37, 38]. In
this regard, exercise programs clearly seem to play a crucial
role in this population in the recovery of these outcomes,
among other key health indicators [37, 39].

In our study, the positive correlations of PhA and Xc
found with hand grip strength and 30-STS tests provide
valuable insights into the impact of body composition
changes, as measured by BIA, on functional capacity.
Previous studies, such as that by Short et al. (2022), have

also found correlations between PhA and functional tests.
However, the tests used differ from those used in our study,
making direct comparison difficult. Nonetheless, these
relationships are consistent with current literature, which
proposes that PhA can be considered a marker of muscle
strength and functionality in BCS [14] and other cancer
patients [40]. It is worth nothing that these correlations
were not found to the same extent in the analysis of the
baseline values of our study, where only was found a cor-
relation between PhA and hand grip strength test (data
available in Supplementary Appendix 2). While these data
must be confirmed by other studies, it could be hypoth-
esized that patient’s recovery, aided by exercise, could
help normalize the state of body tissues, thereby improv-
ing their association with the patient’s functional capacity.
Finally, the multiple regression analyses revealed two
statistically significant models, with baseline PhA values
adjusted by age explaining 21.4% and 28.8% of the vari-
ance in the hand grip strength and 30-STS tests, respec-
tively. These models were similarly replicated for the
baseline Xc values adjusted by age (explaining 11.3% and
26.1% of the variances, respectively), while they could
only be replicated in the case of the baseline R values with
the 30-STS test (14.1%). These results align with other
studies that have suggested PhA as a predictor of maxi-
mal forearm isometric strength and a potential indicator of
disease-related functionality in breast cancer patients [14].
These data are of particular interest from a prognostic and
clinical prediction perspective, as they indicate that base-
line PhA, as well as the raw parameters Xc and R, could
reflect functional capacity response to intervention.

Strengths and limitations of the study

Some strengths and limitations of this study should be
considered. First, as a limitation, the single-group design
prevents the establishment of a cause-and-effect relation-
ship. Moreover, the dietary and physical activity behaviors
beyond the exercise sessions were not recorded, limiting
our ability to fully attribute the observed outcomes to the
intervention alone. Although the inclusion of participants
with lymphedema increases the generalizability of the
results, as this is a frequent sign in this population, it can
also be a limitation due to its influence on the results of
BIA measurements. Finally, our results cannot be gen-
eralized to populations other than BCS. A key strength,
however, is the inclusion of both raw parameters (R and
Xc) alongside PhA, which provides a more comprehensive
analysis of the mechanisms of action while eliminating
potential BIA-related bias from using predictive equations
based on reference models.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



398 Page 8 of 9

Supportive Care in Cancer (2025) 33:398

Future research

In light of the results obtained and current literature, fur-
ther research is warranted to confirm the observed effects of
exercise on PhA and specific raw parameters such as R and
Xc through controlled studies and to elucidate the underly-
ing mechanisms. Future studies should also investigate the
importance of different training modalities in the resulting
benefits.

Conclusions

The main finding of this study is that a 12-week exercise
program including resistance and endurance training may
effectively improve PhA and R. Additionally, statistically
significant correlations were observed both for PhA and Xc
values with functional and strength capacity outcomes (30-
STS and hand grip strength tests). Finally, baseline PhA, Xc,
and R values explained part of the 30-STS and hand grip
strength tests variance at 12 weeks, which could suggest its
potential prognostic value for these patients.
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