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ARTICLE INFO ABSTRACT

Keywords: Accurate predictive tools are key factors for cancer care. Phase angle (PhA) has been proposed as a marker of

Cf"fcer patients cellular health, particularly of cell-membrane integrity. Cutoff values have been proposed, including for cancer

imcllmp?dance survivors. This study aimed to assess the usefulness of the proposed PhA cutoff, as a marker of bioelectrical
ydration

impedance analysis (BIA) assessed health-status, and functional capacity in breast cancer (BC) survivors. This
cross-sectional study included 25 women (50.6 + 8.6 yrs) survivors of BC, divided into two groups according to
the PhA reference value of 5.6° (group 1 [G1]: PhA < 5.6° [n=13]; group 2 [G2]: PhA > 5.6° [n=12]) (Gupta
et al. 2008). BIA-assessed health status parameters included: extracellular water (ECW), intracellular water
(ICW), total body water (TBW), PhA, body mass, fat-free mass, muscle mass, body cell mass (BCM). Four
functional tests were performed: 30 s chair-stand test, timed up and go test, ball throw test and 6-minute walking
test. Results showed G2 had lower ECW/ICW ratio (p=0.001; ES=1.2), ECW/BCM ratio (p=0.001; ES=3.2) and
ECW/TBW ratio (p=0.001; ES=4.8). There was no difference in functional capacity between groups. The results
of the present study show that patients with higher PhA values have a higher ICW values and preservation in the
ECW/ICW ratio, suggesting it’s a better cell membrane quality and integrity. Relation of both PhA and cell

Functional tests

membrane integrity with functional capacity warrants further research.

1. Introduction

Some of the most common side effects of both the disease and related
treatments in cancer survivors include: fatigue, loss of appetite, nausea,
pain, weight loss, loss of muscle mass, changes in the integrity of the cell
membrane, and changes in the balance of body fluids [1], mainly in
advanced stages [2], which contribute to morbidity and mortality [3].
Body composition assessment is an important tool to assess health status
of cancer survivors [4].

In this sense, bioelectrical impedance analysis (BIA) has been found
useful for cancer survivors [1] and provides information on patients’
body composition and nutritional status, such as muscle mass and fluid
status (balance of body water compartments) [5-7].

BIA analysis is an easy-to-use, non-invasive method that measures
the electrical properties of the patient’s tissues and has been used for
many years to assess body composition including fat-free mass [6,8,9].
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Previous studies have found that patients with a high fat-free mass index
(FFMI) (calculated from fat-free mass/weight) had a significantly better
prognosis than did patients with a low FFMI [9-11]. Recently, it has
been used for clinical assessment of the phase angle (PhA) [8-11],
extracellular water (ECW), intracellular water (ICW) [10,12], body cell
mass (BCM) [12,13] and different compartments ratios [4,14]. The PhA
is a non-invasive simple measure directly retrieved from resistance (R)
and reactance (Xc) raw data [9-11], which appears to be even more
interesting for cancer survival [9,11,15]. From a biophysical point of
view, PhA is calculated from the arctangent of the ratio between the R
and Xc, where R arises from ECW and ICW distribution, and, conversely,
Xc arises from the cell membrane’s ability to take an electric load and
liberate it at a later moment, after a brief delay [7,8,16]. BCM is highly
clinically relevant as it is defined as the total mass of all metabolically
active, living, and functional cellular elements [12,13]. Loss of BCM can
cause decreased functional capacity and immunological function [17].
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Commonly used ratios include the determination of the ECW/ICW
ratio that allows for the identification of changes in the PhA [18-20].
Changes in PhA observed in cancer survivors may be attributed to the
disease or related treatments [21,22]. A decrease in ICW, which also
reflects a loss of BCM, is often accompanied by an accumulation of ECW
[17,21,23]. Another relevant clinical indicator is the ECW/Total Body
Water (TBW) ratio, which has been recognized as an indicator of edema
[7]. Edema formation therefore results from fluid redistribution be-
tween ECW and ICW spaces and can compromise cell function [11]. An
ECW/ICW ratio greater than 0.4 has been suggested for early detecting
the onset of lymphedema [24].

Miura et al. [25] assessed ECW/TBW in survivors from different
types of cancer found higher prevalence of edema in patients with a PhA
below 5°, thus reporting a strong association between these two pa-
rameters. Additionally, during radiotherapy treatments, ECW/TBW
ratio values have been reported to increase [26].

A higher PhA value is positively associated with a higher capacitance
of cell membranes [10,16], while reduced PhA values suggest a deteri-
oration and can compromise all cell functions, namely poor integrity and
a high risk of cell apoptosis [9,16,27]. Several studies have shown that a
reduced PhA can indicate a reduced life expectancy in several types of
cancer, such as, breast cancer (BC) [11], and in survivors of other types
of advanced cancer [11,15,21].

Although clinical studies using these parameters have been previ-
ously conducted, the present study emerged from the need to increase
the robustness of the PhA cutoff values standardization [8,28]. This
study aimed at exploring the usefulness of proposed phase angle cutoff
[11], as a marker of BIA assessed health-status, and functional capacity
in BC survivors.

2. Methods
2.1. Participants and study design

The present study included 25 women (50.6 + 8.6 yrs) survivors of
BC. Participants were divided into two groups according to the PhA
reference value of 5.6° [11]. Group 1 (G1) was classified as those with a
PhA < 5.6° (n=13), and group 2 (G2) was classified as those with a PhA
> 5.6° (n= 12). The mean (+ standard deviation) values for height,
weight, and age for G1 was 1.6 + 0.6 m, 66.8 & 10.1 kg, and 50.5 + 8.6
years, respectively, and those for G2 were 1.5 + 0.6 m, 67.5 + 14.8 kg,
and 51.1 + 8.9 years, respectively.

All participants were volunteers and were being followed up in
different hospitals in the Lisbon region, Portugal. After eligibility
assessment and clearance from their oncologist, individuals were con-
tacted to schedule a face-to-face interview, to confirm the data. Before
providing written informed consent to participate, each participant was
informed about the study’s goals and potential benefits. The ethics
committee of the Polytechnic Institute of Santarém approved the study
(approval number: 042020) in accordance with the World Medical As-
sociation’s Declaration of Helsinki for human studies [29].

The inclusion criteria were as follows: i) women aged between 30
and 69 years; ii) primary diagnosis of BC confirmed by biopsy (stage I to
IIa); iii) no history of surgical or non-surgical treatment before the
cancer diagnosis; and iv) not pregnant. The exclusion criteria were as
follows: i) presence of active metastases; ii) presence of tumours; iii)
presence of cardiovascular problems (e.g., heart failure before tumor
diagnosis); and iv) presence of other diseases (e.g., diabetes, hyperten-
sion, depression).

2.2. Procedures

After consent, information about age, type of tumor, treatments
performed, year of tumor diagnosis, current medication, type of surgery
and tumor stage were recorded. The evaluations were carried out in the
morning, in a clinical facility with an ambient temperature and relative
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humidity of 22-23 °C and 50-60%, respectively. The measurements
were performed after a minimum of 8 hours of fasting and after
emptying the bladder. Participants were asked not to exercise nor ingest
caffeine or alcohol during the 12 hours prior to the assessment. All
evaluations were performed by the same researchers in order to mini-
mize possible measurement errors [30].

2.2.1. Anthropometric assessment

On their first visit to the laboratory, participants’ weight and height
were measured following standard procedures [31], using a scale and
stadiometer (SECA 220, Germany, Hamburg), to the nearest 0.01 kg and
0.1 cm, respectively. Body mass index (BMI) was calculated using the
standard formula (BMI= body mass [kg] /height2 [mD.

2.2.2. Bioelectrical impedance analysis assessment

All participants underwent BIA assessment using multifrequency
tetrapolar InBody S10 equipment (Model JMW140, Biospace Co, Ltd,
Seoul, Korea), following manufacturer’s and comprehensive guidelines
[32,33]. All metallic objects that were in contact with the skin were
removed, the skin was cleaned with ethyl alcohol and hydrophilic cotton
at the eight electrode placement sites, and the patients remained in the
supine position in a space without noise for 10 minutes. Then, eight
electrodes are placed in eight tactile points (thumbs, middle fingers and
ankles of both hands and feet, respectively) to assess multi segmental
frequency analysis. According to the manufactural instructions, InBody
analysis is highly accurate because the measured value of a certain part
does not affect the measurements of other segments. InBody presents
technology of segmental analysis and thus, it can exactly figure out
difference by gender, aging, disease and ethnic without any empirical
estimation. A total of 30 impedance measurements are obtained using 6
different frequencies (1, 5, 50, 250, 500 and 1000 kHz) at the five
following segments of the body: right and left arms, trunk, right and left
legs). In addition, 15 reactance, PhA measurements by using three
different frequencies (5, 50, 250 kHz) at the five following segments
(right and left arms, trunk, right and left legs) [32,33].

The following parameters were assessed: TBW, in litres (L); ECW (L);
ICW (L), fat mass (FM), in kilograms (kg); fat-free mass (FFM) (kg);
muscle mass (MM) (kg); BCM (kg); and the ECW/TBW ratio. Afterward,
the ECW/ICW ratio and the ECW/BCM ratio were calculated. PhA (50
kHz), in degrees (°) was also assessed but only data referring to 50 kHz
was reported [7,33,34].

2.2.3. Functional capacity tests

The assessment of functional capacity was conducted using stan-
dardized tests often used in breast cancer survivors [35,36], including:
30 s chair-stand test [37,38]; Timed Up and Go Test (TUG) [39]; Ball
Throw Test (3 kg) [40]; and 6-minute walking test [41,42].

2.3. Statistical analysis

In the present study data was analysed using the Statistical Package
for the Social Sciences version 23.0 (IBM-SPSS software, SPSS Inc.,
Chicago, IL, USA). Descriptive statistics (mean + standard deviation or
percentage) were used, and both normality and homogeneity were
verified for all variables using Shapiro-Wilk test and Levene test,
respectively. To analyze differences between groups, t test for inde-
pendent samples was performed. When differences were found, the ef-
fect size (ES) was calculated to determine the magnitude of the effects
through the standardization of the coefficients according to the standard
deviation between subjects, and the following criteria were used: { 0.2,
reduced effect; 0.2-0.6, small effect; 0.6-1.2, moderate effect; 1.2-2.0,
large effect; and ) 2.0, very large effect [43].

The relationship between continuous variables in each of the groups
was also verified using the Pearson product-moment correlation coeffi-
cient (r), thus determining the magnitudes of the associations
(r=0.10-0.29: small; r=0.30-0.49: moderate; r=0.50-1.0: strong) [44].



A.D. Martins et al.

The significance level considered for all tests was p < 0.05.
3. Results
3.1. General features

The main characteristics of BC survivors included in this study are
shown in Table 1. There were no significant differences found between
the groups for the referred variables. Also, in G1 Pearson correlations
were found for age with weight (r=-0.614; p=0.025); age with BMI (r=-
0.668; p=0.013); weight with BMI (r=-0.648; p<0.01); BMI with RHR
(r=0.559; p=0.047); SBP with DBP (r=0.629; p=0.021); SBP with time
after diagnosis (r=0.724; p=0.005); and DBP with time after diagnosis
(r=0.572; p=0.041). In G2, Pearson correlations were found for age
with time after diagnosis (r=0.950; p<0.01); weight with BMI (r=0.942;
p<0.01); and SBP with DBP (r=0.861; p<0.01).

Clinical characteristics of both G1 and G2 participants are detailed in
Table 2. All participants were submitted to surgery, and most benefited
from additional therapy approaches including radiotherapy, chemo-
therapy, and hormone therapy either alone or combined. Participants
who only underwent radiotherapy beside surgery could only be found in
G2. Participants who benefited from hormonal therapy in G1 were two-
fold that of G2. Participants who benefited from the three types of
treatment together, beside surgery, were more common in G1. Second-
ary lymphedema was not present in the majority of the participants from
both groups. In the analysis of comparisons between the dichotomous
variables Secondary Lymphedema and Surgery type of both G1 and G2
participants, no significant differences were found. In the remaining
variables, it was not possible to make comparisons due to the low
number of incidences of the factors and categories of the variables.

3.2. Functional capacity tests

Comparison between the results of functional tests obtain by both G1
and G2 can be found in Table 3. No differences were found in functional
capacity between groups. In G2, there were no Pearson correlations, but
in G1 they were registered, for 30 s chair-stand test with TUG (r=-0.651;
p=0.016) and TUG with ball throw test (r=-0.765; p=0.020).

3.3. Body composition analysis

Significant differences were observed between the groups for some
variables measured by BIA after performing the t-test for independent
samples (Table 4). Results for ECW/ICW ratio were lower in G2, as
compared with G1, with a large magnitude of effect. G2 had significantly

Table 1

General characteristics of the participants.
Variables G1 (n=13) G2 (n=12) P

PhA<5.6° PhA>5.6°

Age (years) 50.5 + 8.6™ ” 51.1 +8.9° .842
Weight (kg) 66.8 +10.1° 67.5 + 14.8" .888
Height (m) 1.6 £ 0.6 1.5+ 0.6 .0.54
BMI (kg/mz) 25.5 + 3.9¢ 27.3+5.6 .344
SpO, 97.2+1.3 97.1+1.6 799
RHR (bpm) 70.9 + 8.9 68.8 £9.2 .569
SBP (mmHg) 117.4 +13% © 118.6 + 15.1¢ .838
DBP (mmHg) 81.5 + 5.5° 80.4 + 8.3 711
Time after diagnosis (years) 6.2+ 5.5 7.5+5.9 .585
Tumor size (mm) 19.9 + 13.5 27.8 + 15.6 .182

BMI= Body Mass Index; SpO,= Oxygen Saturation level; RHR= Rest heart rate;
SBP= Systolic Blood Pressure; DBP= Diastolic Blood Pressure

? Denotes correlation with weight

® Denotes correlation with BMI

¢ Denotes correlation with RHR

4 Denotes correlation with DBP

¢ Denotes correlation with time after diagnosis; all p<0.05.
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Table 2

Clinical characteristics of participants, n (%).
Variables G1 (n=13) G2 (n=12)

PhA<5.6° PhA>5.6°

Treatments
Surgery 13 (100) 12 (100)
Radiotherapy 0(0) 2(16.7)
Chemotherapy 2 (15.4) 3(25)
Hormonal Therapy 0 (0) 1(8.3)
Radiotherapy + Chemotherapy 3(23.1) 3(25)
Radiotherapy + Chemotherapy + Hormone Therapy 8 (61.5) 3(25)
Surgery type
Mastectomy 12 (92.3) 10 (83.3)
Quadrantectomy 1(7.7) 2 (16.7)
Hormonal Therapy
Aromatase Inhibitors 2 (15.4) 2 (16.7)
Tamoxifen 5 (38.5) 2 (16.7)
Aromatase + Tamoxifen Inhibitors 1(7.7) 0 (0)
Did not perform 5 (38.5) 8 (66.7)
Tumor Stage
1 2 (15.49) 6 (50)
11 7 (53.8) 4 (33.3)
I 3(23.1) 2 (16.7)
v 1(7.79) 0 (0)
Type of Breast Carcinoma
Ductal carcinoma in situ 2(15.4) 5(41.7)
Non-Special Invasive Type 6 (46.2) 5(41.7)
Invasive Lobular Carcinoma 4(30.8) 2(16.7)
Invasive Papillary Carcinoma 1(7.7) 0 (0)
Secondary Lymphedema
Yes 5 (38.5) 3(25)
No 8 (61.5) 9 (75)

Table 3

Results of functional capacity tests.
Functional capacity tests G1 (n=13) G2 (n=12) P

PhA<5.6° PhA>5.6°

30 s Chair-stand Test (reps) 15.1 + 3.9° 15.4+ 4.1 .835
TUG (5) 5.7 £0.7° 6.1+0.8 .264
Ball Throw Test (m) 1.8 +£0.7" 1.9+0.5 .451
6-min Walking Test (m) 804.9 + 119.14 787.9 £76.2 .678

TUG=Time Up and Go
2d penotes correlation with TUG
>d Denotes correlation with Ball Throw Test; all p<0.05.

lower ECW/BCM ratio values than G1 with a very large magnitude of
effect. Similarly, the ECW/TBW ratio was significantly lower in G2
compared to G1, with a very large magnitude of effect. Results for the
remaining body composition variables were not different between the
groups.

Pearson correlations between PhA and body composition variables
showed that PhA was correlated with all mentioned ratios in both groups
(Fig. 1). In G1 PhA was correlated with ECW/ICW ratio (r=-0.569;
p=0.043); ECW/BCM ratio (r=-0.577; p=0.039); and ECW/TBW ratio
(r=-0.636; p=0.020). In G2, PhA was correlated with TBW (r=0.717;
p=0.009); ICW (r=0.731; p=0.007); ECW (r=0.694; p=0.012); body
lean mass (r=0.722; p=0.008); muscle mass (r=0.731; p=0.007); and
BCM (r=0.732; p=0.007).

4. Discussion

The present study aimed at assessing the usefulness of proposed
phase angle cutoff, as a marker of bioelectrical impedance analysis (BIA)
assessed health-status, and functional capacity in breast cancer (BC)
survivors. Retrospective observational data on the studied topic has
been considered scarce in the studied population (8,28).

In this study PhA values of both G1 (5.2° + 0.26) and G2 (5.9° + 0.3)
were found very low compared to the reference values for the apparently
healthy population of 6.55° + 0.87 [45]. Current PhA results are,
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Table 4

Electrical bioimpedance parameters.
Variables Gl (n=13) G2 (n=12) p ES

PhA<5.6° PhA>5.6°

PhA (°) 52+026%>°  59+03%%behi o] 2.5
TBW (L) 31.7 £ 35 31.7 £ 5.9 .994 -
ICW (L) 195+ 2.1 19.7 + 3.6 .889 -
ECW (L) 122+ 1.4 12.0 £ 2.3 .840 -
Body fat (kg) 23.1 £ 8.9 25.5 + 10.5 543 -
Body lean mass (kg) 43.2+ 4.9 43.2+79 .999 -
Muscle mass (kg) 23.4+28 23.6 + 4.7 .885 -
BCM (kg) 279 £ 3.1 28.1 £5.2 .877 -
ECW/ICW 0.62 £+ 0.009 0.61 £+ 0.008 .01 1.2
ECW/BCM 0.44 £ 0.006 0.42 £ 0.006 .01 3.2
ECW/TBW 0.40+ 0.004 0.37 £ 0.004 .01 4.8

PhA=Phase Angle; TBW=Total Body Water; ICW=Intracellular
BCM=Body Cell Mass; (°)=degree; L=liter; Kg=kilogram

2 Denotes correlation with ECW/ICW

b Denotes correlation with ECW/BCM

¢ Denotes correlation with ECW/TBW

4 Denotes correlation with TBW

¢ Denotes correlation with ICW

f Denotes correlation with ECW

& Denotes correlation with body lean mass

" Denotes correlation with muscle mass

! Denotes correlation with BCM; all p<0.05.

water;

however, in line with previous research findings in similar populations
[8,9]. Accordingly, the reference of 5.6° has been proposed and vali-
dated to be used as a cutoff for PhA of BC survivors [11]. This cutoff has
also been described as a health marker and predictor of survival in
cancer patients [46], and was used in the present study to determine
higher and lower PhA groups, G2 and G1, accordingly.

As a marker of cellular integrity, PhA is expected to be discriminant
of health status and functional capacity. The PhA it is considered a
marker of cellular function [47] as reflects in one hand, the capacitance
behavior of tissues (reactance) and is associated with cell size and

A)

ICW (L)

ECW/ICW

15.004
G1:1=0.290 (p=0336)
. G2:1=0.731 (p=0.007)

© . 35,00

40.00

35.00

Muscle Mass (Kg)

BCM (Kg)

20.00-

2000 .

G1:r=0288 (p=0341)
. G2: r=0.732 (p=0.007)
1500~ T T T T T
4.50 5.00 5.50 6.00 6,50 7.00
PhA ()

. T
4.50 5.00 5.50 6.00 6.50 7.00 C.)
~

o L ’ 30,004
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integrity of the cell membrane [11,27]. As a marker of cellular integrity
[27], PhA is expected to be discriminant of health status and functional
capacity. The present study confirms a better health status in partici-
pants with a higher PhA, as assessed by a significantly lower ECW/TBW
ratio found these patients (G2) as opposed to patients with lower PhA
(G1). The ratio between ECW and TBW has been acknowledged as an
edema index [48] The study by Cho et al. [49] showed significant im-
provements in the ECW/TBW ratio in 29 female survivors of BC with
secondary lymphedema after participating in a rehabilitation program
(drainage massage, physical exercise, and use of elastic bands), with a
significant difference between baseline and follow-up (p=0.043) found
especially in the group with severe lymphedema (p=0.007). A better
ECW/TBW ratio results in a decrease in the edema state, which consists
of a decrease in the ECW [50]. The fact that ECW/TBW has been found
both modifiable and health-related, underlies this variable as an
important management and intervention target in the studied popula-
tion, and underscores the usefulness of PhA as a health status marker to
be assessed in clinical practice.

Participants of group G2 seem to have superior cell quantity, quality,
and vitality, expressed by the strong correlation between PhA and BCM
(r=0.732; p=0.007). Other studies have confirmed this finding, sug-
gesting that PhA can be used as a predictor of cell quality and quantity of
ICW [51]. Reductions in PhA may be explained by the reduction in
fat-free mass and the increase in ECW, which expresses the state of cell
hydration and the integrity of the cell wall [52]. Accordingly, Stefani
et al. [12] found that after a 12-month aerobic and strength training
program in 28 BC survivors, the PhA and BCM values increased signif-
icantly over the intervention period, whereas in the control group that
did not exercise, there were no such results. Again, the modifiable and
health-related nature of these variables underline their importance as
management and intervention targets and underscore the usefulness of
PhA as a health status marker to be assessed in clinical practice in the
studied population.

In the present study, differences were found between the groups for
ECW/ICW ratios (p=0.001; ES=1.2). Ellis [53] reported that a PhA

(B)

Gl:r=-0569 (p=0043)
G2: r=-0230 (p=0473)

D)

0o o
G1:r=0292 (p=0333)
G2:r=0.731 (p=0.007)
.
. T — T T T
4.50 5.00 5.50 6.00 6.50 7.00
PhA ()

Fig. 1. Correlations between PhA and: (A) ICW; (B) ECW/ICW ratio; (C) BCM; (D) Muscle Mass.
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value below to 5° can indicate a significant increase in ECW and a
decrease in ICW. This seems to be the consequence of cell membranes
integrity damage, leading to cell catabolism, particularly in cancer pa-
tients [2] and a decrease in life expectancy [21]. An explanation for
these consequences may be that cancer and cancer treatment related
catabolism causes a marked loss of intracellular fluid, and with this, a
marked loss of muscle integrity [25]. The study by Nishiyama et al. [2]
also registered differences in the ECW/ICW ratio (p=0.019), showing
that a decrease in PhA reflects a loss in ICW, which causes an excessive
movement of liquid into the extracellular space, leading to increased
ECW/ICW ratio [54] and edema. The shift in water from the ICW to ECW
compartments was suggested to mask the age-related atrophy in muscle
mass, therefore leading to delayed identification of the need of inter-
vention, as assessed by clinical approaches [55], resulting in increased
risk and worse prognosis. The correlation found in G2 between the PhA
and the ICW (r=0.731; p=0.007) was also found in a study by Yoon et al.
[46] (r=0.98; p<0.01), where male cancer survivors showed lower PhA
values and lower ICW values than apparently healthy men, suggesting
that this correlation may serve as a health marker and a predictor of
survival [4,47].

Regarding the ECW/BCM ratio, considered a marker of physical
status [22], there is evidence that significant changes in the ECW/ICW
ratio promote changes in the ECW/BCM ratio accompanied simulta-
neously by a reduction in the PhA [22]. The majority of cell mass is
water so a reduction in intra-cellular water implies a reduction in cell
mass. The results of the present study support these findings since the
group with the lower PhA had higher ECW/BCM ratio values, with a
significant difference between the groups (p=0.001; ES=3.2). The au-
thors Matecka-Massalska et al. [14] found that the ECW/BCM ratio
values were significantly higher in 75 head and neck cancer survivors
compared to the apparently healthy population (r=-3.34; p=0.008).

For the functional capacity tests, there were no significant differ-
ences between the groups. No association between functional capacity
tests and the bioimpedance parameters of PhA was previously reported
[56]. However, in G2, there was a strong correlation between the ball
throw test and ICW (r=0.691; p=0.013), a result that does not match the
study by Reis [57], where no relationship between handgrip strength
and water compartments were seen. However, the same study presented
a correlation between the PhA and handgrip strength which supports the
findings of Norman et al. [58]. Reductions in ICW have been found to
reflect losses in PhA, which may lead to decreases in strength [59],
making it an important clinical parameter to consider [8]. However, no
correlations were found between the functional capacity tests and
overall water compartments [56], which warrants further research. The
results of the present study and those presented by other studies [8,57]
underlie the need to monitor functional capacity of cancer survivors,
particularly BC [60], from the moment of diagnosis to identify declines
in physical capacity and to see if they are experiencing side effects of
cancer treatments such as muscle weakness, mobility, and deficits in
cardiorespiratory fitness, which may increase the risk of falls [61] and
worsens the prognosis [62].

For future investigations, it is suggested to increase the sample size;
although the variables studied in both groups met the criteria for
normality, the number of patients in each group may not have allowed
for significant differences in certain statistical techniques. In addition,
more studies are required in order establish new PhA cut-off points or to
reinforce the usefulness of cut-off point used in the present study. Also, it
is recommended to include a handgrip strength assessment [8]. More-
over, the transversal nature of this study does not allow for the estab-
lishment of cause-effect relationships between variables.

5. Conclusions
In the present study, patients with a higher PhA had higher ICW and

preservation of ECW/ICW ratio, which is suggestive of a better cell
membrane quality and integrity. As has been shown, in BC and other
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types of cancer survivors, the present study supports PhA as a promising
marker of the health status. Albeit different cancer types may need
specific cutoffs, the present study suggests clinical relevance of reference
value used for PhA in BC survivors. This study also encourages the use of
functional tests in addition to PhA, as this was not able to predict
functional variations in these patients. In summary, this study endorses
the use of BIA parameters and functional capacity testing to analyze
health status of BC survivors.
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