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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.
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Abbreviations

BIA  Bioelectrical impedance analysis
BCS  Breast cancer survivors
PhA  Bioelectrical impedance analysis-derived phase 

angle
R  Resistance

Xc  Reactance
30-STS  30-Second sit-to-stand test

Introduction

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 
approximately 40% [2]. However, due to both the disease 
and the treatments used, breast cancer patients and survivors 
often experience an increase in body fat mass and a reduc-
tion in fat-free mass, particularly in skeletal muscle, which 
negatively affects their overall health [3, 4]. In this context, 
current research indicates that monitoring changes in body 
composition in this population can provide valuable insights 
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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 

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  Page 3 of 9   398 

University Clinical Hospital Virgen de la Victoria in Málaga 
(Spain). The study received ethical clearance by the Portal 
de Ética de la Investigación Biomédica de Andalucía 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 10–12 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 μA. 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°/π.

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 t-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 

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, R2 = 0.240, adjusted R2 = 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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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, R2 = 0.314, 
adjusted R2 = 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.

Table 1  Participant descriptive 
and clinical variables (n = 67)

Mean (SD) Min–max

Age (years) 51.88 (9.51) 32–70

BMI (kg/m2) 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)

Table 2  Baseline and 
post-intervention values of 
bioimpedance analysis, hand 
grip strength, and functional 
capacity, including mean 
differences and results of the 
Student’s t-test

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

Outcomes Baseline 12 weeks (post) Difference (12 
weeks – base-
line)

t p

Mean (SD) Mean (SD)

Bioelectrical impedance analysis

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) 25.9 (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

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

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

Hand grip test 30-STS test

Pearson’s 
correlation 
(r)

p Pearson’s 
correlation 
(r)

p

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
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Discussion

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] 

and an unsupervised 6-month resistance and aerobic train-
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 

Table 4  Results of multiple 
regression analyses between 
functional variables and age-
adjusted bioimpedance analysis 
variables

* p < 0.05, **p < 0.01

Dependent variables Predictor variables Standardized β R R2 Adjusted R2 p

Hand grip strength test

(12 weeks)

0.490 0.240 0.214  < 0.001

Phase angle (baseline) 0.415  < 0.001

Age  − 0.234 0.046

Hand grip strength test

(12 weeks)

0.278 0.077 0.046 0.097

Resistance (baseline)  − 0.094 0.478

Age  − 0.290 0.031

Hand grip strength test

(12 weeks)

0.378 0.143 0.113* 0.012

Reactance (baseline) 0.277 0.030

Age  − 0.205 0.105

30 sit-to-stand test

(12 weeks)

0.560 0.314 0.288  < 0.001

Phase angle (baseline) 0.388 0.001

Age  − 0.381 0.002

30 Sit-To-Stand test

(12 weeks)

0.416 0.173 0.141** 0.007

Resistance (baseline) 0.098 0.453

Age  − 0.384 0.004

30 sit-to-stand test

(12 weeks)

0.537 0.289 0.261**  < 0.001

Reactance (baseline) 0.358 0.004

Age  − 0.345 0.005
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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.

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



 Supportive Care in Cancer          (2025) 33:398   398  Page 8 of 9

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.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00520- 025- 09443-4.

Author contribution All authors met the criteria recommended by 
the International Committee of Medical Journal Editors. AIC-V and 
EA formulated the idea for the study. All authors made substantial 
contributions to the conception and design. BP and EA recruited the 
participants. CR-J carried out the assessment. AE-E, MT-F, and AIC-V 
analyzed the resulting data. AE-E, CR-J, and AIC-V drafted the article. 
AIC-V, JMG-A, IMV-A MT-F, BP, EA critically revised the draft for 
important intellectual content. All authors agreed on the final version.

Funding Funding for open access publishing: Universidad de Málaga/
CBUA.

Data availability The data are available from the authors upon reason-
able request.

Declarations 

Ethical approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Portal de 
Ética de la Investigación Biomédica de Andalucía Ethics Committee 
(2804/2016).

Consent to participate Written informed consent was obtained from 
all individual participants included in the study.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 

indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

 1. Bray F, Laversanne M, Sung H et al (2024) Global cancer sta-
tistics 2022: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 
74:229–263. https:// doi. org/ 10. 3322/ caac. 21834

 2. Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. CA 
Cancer J Clin 69:7–34. https:// doi. org/ 10. 3322/ caac. 21551

 3. Deluche E, Leobon S, Desport JC et al (2018) Impact of body 
composition on outcome in patients with early breast cancer. 
Support Care Cancer 26:861–868. https:// doi. org/ 10. 1007/ 
s00520- 017- 3902-6

 4. Demark-Wahnefried W, Campbell KL, Hayes SC (2012) Weight 
management and its role in breast cancer rehabilitation. Cancer 
118:2277–2287. https:// doi. org/ 10. 1002/ cncr. 27466

 5. Iwase T, Wang X, Shrimanker TV et al (2021) Body compo-
sition and breast cancer risk and treatment: mechanisms and 
impact. Breast Cancer Res Treat 186:273–283. https:// doi. org/ 
10. 1007/ s10549- 020- 06092-5

 6. Bellido D, García-García C, Talluri A et al (2023) Future lines 
of research on phase angle: strengths and limitations. Rev 
Endocr Metab Disord 24:563–583. https:// doi. org/ 10. 1007/ 
s11154- 023- 09803-7

 7. Fang W-H, Yang J-R, Lin C-Y et al (2020) Accuracy augmenta-
tion of body composition measurement by bioelectrical imped-
ance analyzer in elderly population. Medicine (Baltimore) 
99:e19103. https:// doi. org/ 10. 1097/ MD. 00000 00000 019103

 8. García Almeida JM, GarcíaGarcía C, Vegas Aguilar IM et al 
(2021) Morphofunctional assessment of patient’s nutritional 
status: a global approach. Nutr Hosp 38:592–600. https:// doi. 
org/ 10. 20960/ nh. 03378

 9. Martins AD, Oliveira R, Brito JP et al (2022) Effect of exercise 
on phase angle in cancer patients: a systematic review. J Sports 
Med Phys Fitness 62:1255–1265. https:// doi. org/ 10. 23736/ 
S0022- 4707. 21. 12727-6

 10. Campa F, Toselli S, Mazzilli M et al (2021) Assessment of body 
composition in athletes: a narrative review of available methods 
with special reference to quantitative and qualitative bioimped-
ance analysis. Nutrients 13:1620. https:// doi. org/ 10. 3390/ nu130 
51620

 11. Amano K, Bruera E, Hui D (2023) Diagnostic and prog-
nostic utility of phase angle in patients with cancer. Rev 
Endocr Metab Disord 24:479–489. https:// doi. org/ 10. 1007/ 
s11154- 022- 09776-z

 12. Grundmann O, Yoon SL, Williams JJ (2015) The value of bio-
electrical impedance analysis and phase angle in the evaluation 
of malnutrition and quality of life in cancer patients–a compre-
hensive review. Eur J Clin Nutr 69:1290–1297. https:// doi. org/ 10. 
1038/ ejcn. 2015. 126

 13. Limon-Miro AT, Valencia ME, Lopez-Teros V et  al (2019) 
Bioelectric impedance vector analysis (BIVA) in breast cancer 
patients: a tool for research and clinical practice. Medicina (Kau-
nas) 55:663. https:// doi. org/ 10. 3390/ medic ina55 100663

 14. Matias CN, Cavaco-Silva J, Reis M et al (2020) Phase angle as 
a marker of muscular strength in breast cancer survivors. Int J 
Environ Res Public Health 17:4452. https:// doi. org/ 10. 3390/ ijerp 
h1712 4452

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



Supportive Care in Cancer          (2025) 33:398  Page 9 of 9   398 

 15. Toso S, Piccoli A, Gusella M et al (2003) Bioimpedance vector 
pattern in cancer patients without disease versus locally advanced 
or disseminated disease. Nutrition 19:510–514. https:// doi. org/ 10. 
1016/ S0899- 9007(02) 01084-5

 16. Kumar S, Dutt A, Hemraj S et al (2012) Phase angle measurement 
in healthy human subjects through bio-impedance analysis. Iran J 
Basic Med Sci 15:1180–1184

 17. Garlini LM, Alves FD, Ceretta LB et al (2019) Phase angle and 
mortality: a systematic review. Eur J Clin Nutr 73:495–508. 
https:// doi. org/ 10. 1038/ s41430- 018- 0159-1

 18. Short T, Teranishi-Hashimoto C, Yamada P (2022) Exercise-based 
cancer rehabilitation program improves phase angle in breast can-
cer survivors. Int J Exerc Sci 15:1444–1456

 19. Norman K, Stobäus N, Pirlich M, Bosy-Westphal A (2012) Bio-
electrical phase angle and impedance vector analysis–clinical 
relevance and applicability of impedance parameters. Clin Nutr 
31:854–861. https:// doi. org/ 10. 1016/j. clnu. 2012. 05. 008

 20. Selberg O, Selberg D (2002) Norms and correlates of bioimped-
ance phase angle in healthy human subjects, hospitalized patients, 
and patients with liver cirrhosis. Eur J Appl Physiol 86:509–516. 
https:// doi. org/ 10. 1007/ s00421- 001- 0570-4

 21. Schmidt ME, Chong M, Klassen O et al (2023) Longitudinal associa-
tions of bioelectrical phase angle and fatigue in breast cancer patients. 
Int J Cancer 153:1192–1200. https:// doi. org/ 10. 1002/ ijc. 34630

 22. Ammendolia DA, Bement WM, Brumell JH (2021) Plasma mem-
brane integrity: implications for health and disease. BMC Biol 
19:71. https:// doi. org/ 10. 1186/ s12915- 021- 00972-y

 23. Blum D, Omlin A, Baracos VE et al (2011) Cancer cachexia: 
a systematic literature review of items and domains associated 
with involuntary weight loss in cancer. Crit Rev Oncol Hematol 
80:114–144. https:// doi. org/ 10. 1016/j. critr evonc. 2010. 10. 004

 24. Cotogni P, Monge T, Fadda M, De Francesco A (2018) Bioelec-
trical impedance analysis for monitoring cancer patients receiv-
ing chemotherapy and home parenteral nutrition. BMC Cancer 
18:990. https:// doi. org/ 10. 1186/ s12885- 018- 4904-6

 25. Roldán-Jiménez C, Pajares B, Ruiz-Medina S et al (2021) Design 
and implementation of a standard care programme of therapeutic 
exercise and education for breast cancer survivors. Support Care 
Cancer. https:// doi. org/ 10. 1007/ s00520- 021- 06470-9

 26. Lukaski HC, Bolonchuk WW, Hall CB, Siders WA (1986) Valida-
tion of tetrapolar bioelectrical impedance method to assess human 
body composition. J Appl Physiol (1985) 60:1327–1332. https:// 
doi. org/ 10. 1152/ jappl. 1986. 60.4. 1327

 27. Dunbar CC, Melahrinides E, Michielli DW, Kalinski MI (1994) 
Effects of small errors in electrode placement on body composi-
tion assessment by bioelectrical impedance. Res Q Exerc Sport 
65:291–294. https:// doi. org/ 10. 1080/ 02701 367. 1994. 10607 631

 28. Dixon CB, LoVallo SJ, Andreacci JL, Goss FL (2006) The effect 
of acute fluid consumption on measures of impedance and percent 

body fat using leg-to-leg bioelectrical impedance analysis. Eur J 
Clin Nutr 60:142–146. https:// doi. org/ 10. 1038/ sj. ejcn. 16022 82

 29. Roldán-Jiménez C, Bennett P, Cuesta-Vargas AI (2015) Muscular 
activity and fatigue in lower-limb and trunk muscles during dif-
ferent sit-to-stand tests. PLoS One 10:e0141675. https:// doi. org/ 
10. 1371/ journ al. pone. 01416 75

 30. Roberts HC, Denison HJ, Martin HJ et al (2011) A review of the 
measurement of grip strength in clinical and epidemiological stud-
ies: towards a standardised approach. Age Ageing 40:423–429. 
https:// doi. org/ 10. 1093/ ageing/ afr051

 31. Shrout PE, Fleiss JL (1979) Intraclass correlations: uses in assess-
ing rater reliability. Psychol Bull 86:420–428. https:// doi. org/ 10. 
1037/ 0033- 2909. 86.2. 420

 32. Stefani L, Palmerini D, Corezzi M et al (2017) Total body water 
distribution in breast cancer survivors following cancer rehabili-
tation. J Funct Morphol Kinesiol 2:12. https:// doi. org/ 10. 3390/ 
jfmk2 020012

 33. Eyigör S, Apaydin S, Yesil H et al (2021) Effects of yoga on 
phase angle and quality of life in patients with breast cancer: a 
randomized, single-blind, controlled trial. Complement Med Res 
28:523–532. https:// doi. org/ 10. 1159/ 00051 5494

 34. Mascherini G, Tosi B, Giannelli C et al (2020) Adjuvant therapy 
reduces fat mass loss during exercise prescription in breast cancer 
survivors. J Funct Morphol Kinesiol 5:49. https:// doi. org/ 10. 3390/ 
jfmk5 030049

 35. Sardinha LB (2018) Physiology of exercise and phase angle: 
another look at BIA. Eur J Clin Nutr 72:1323–1327. https:// doi. 
org/ 10. 1038/ s41430- 018- 0215-x

 36. Di Vincenzo O, Marra M, Scalfi L (2019) Bioelectrical impedance 
phase angle in sport: a systematic review. J Int Soc Sports Nutr 
16:49. https:// doi. org/ 10. 1186/ s12970- 019- 0319-2

 37. Christensen JF, Jones LW, Andersen JL et al (2014) Muscle dys-
function in cancer patients. Ann Oncol 25:947–958. https:// doi. 
org/ 10. 1093/ annonc/ mdt551

 38. Ferrer RA, Huedo-Medina TB, Johnson BT et al (2011) Exercise 
interventions for cancer survivors: a meta-analysis of quality of 
life outcomes. Ann Behav Med 41:32–47. https:// doi. org/ 10. 1007/ 
s12160- 010- 9225-1

 39. Campbell KL, Winters-Stone KM, Wiskemann J et al (2019) Exer-
cise guidelines for cancer survivors: consensus statement from 
international multidisciplinary roundtable. Med Sci Sports Exerc 
51:2375. https:// doi. org/ 10. 1249/ MSS. 00000 00000 002116

 40. Norman K, Stobäus N, Zocher D et al (2010) Cutoff percentiles 
of bioelectrical phase angle predict functionality, quality of life, 
and mortality in patients with cancer. Am J Clin Nutr 92:612–619. 
https:// doi. org/ 10. 3945/ ajcn. 2010. 29215

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

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



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

