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Abstract

Background: The bioelectric impedance analysis permits to estimate electrical parameters and body composition
of subjects who are either apparently healthy or sick with different pathologies. The aim of this study is to
individualize the analysis of body bioelectrical impedance parameters in newly diagnosed cancer children, by
means of the bioelectrical impedance analysis for each age group, gender and cancer histological variety.

Methods: This retrospective cross-sectional study consisted of 43 pediatric patients with different histological
varieties of cancer, ages from 2 to 17. The body electrical resistance and body capacitive electrical reactance were
measured with the Bodystat 1500-MDD analyzer. From these two electrical parameters the body electrical
impedance modulus and the body phase angle were calculated.

Results: The results showed that 93.02% of cancer children were outside reference rectangles according to age
groups and gender were showed. The values of body capacitive electrical reactance (72.5%) and body phase angle
(90.70%) of these patients were below the lower limits of their respective rectangles. These findings were
noticeable for patients who had solid tumors.

Conclusions: The BIA is feasible to individualize body bioelectrical parameters and body bioelectric state in newly
diagnosed cancer children and how differ from those in apparently healthy subjects, for the same age group and
gender. Additionally, the tumor electrical properties may have a noticeable role in changes of body bioelectric-
physiological parameters of these newly diagnosed cancer children.
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Highlights

� Body bioelectrical impedance parameters in newly
diagnosed cancer children.

� Body electrical capacity of the patient and net
electrical capacity of the tumor in newly diagnosed
cancer children.

� Total electrical capacity of the healthy tissue and
overall electrical capacity of the surrounding healthy
tissue-tumor interface in newly diagnosed cancer
children.

� Rectangular tolerance regions.

Background
The malignant tumor is the second cause of morbidity
and mortality in Cuba and worldwide. The number of
cancer patients is expected to increase progressively in the
next years [1]. In Cuba, cancer is the first cause of death
for patients ages 5 to 15 and the second cause of death in
children between 1 and 4 years old [2]. These statistics are
similar to those reported in other countries [1]. Around
400 children are diagnosed each year in Cuba and 35 of
them correspond approximately to Santiago de Cuba
province. This number has increased to 60 in the last tri-
ennium [2]. Acute lymphoblastic leukemia, central ner-
vous system tumors, lymphomas, bone tumors and renal
tumors are the most common malignant neoplasms in
pediatric patients (1–18 years old) [2–4].
Cancer in pediatric patients can be diagnosed by clinical

method and laboratory, pathologic and imaging tests [5].
Additionally, electrical impedance tomography, diffusion
tensor magnetic resonance imaging, magnetic resonance
electrical impedance tomography, magnetic induction tom-
ography, magnetoacoustic tomography, Hall effect imaging
and magnetoacoustic tomography with magnetic induction
techniques have been suggested to electrically differentiate
cancer from its surrounding healthy tissue based on differ-
ences between their electrical properties [6]. Tissue elec-
trical properties have also been used to estimate the body
composition, body water, among others in subjects who are
either apparently healthy or sick with different pathologies
by means of the bioelectric impedance analysis (BIA) [7, 8].
The BIA permits the estimation of different body bio-

electric parameters, such as the body electrical resistance
(R), body capacitive electrical reactance (Xc), body elec-
trical impedance modulus (|Z|) and body phase angle
(θ). Parameters R and Xc have been related to the body
hydration status and body cell mass of subjects who are
either apparently healthy or sick with different patholo-
gies. These relationships have been established by means
of different estimation equations [9–12]. The parameter
θ is associated with the pathology severity and the qual-
ity of life, survival and prognosis of the evolution of a
patient [8, 13–15]. In addition, BIA has been used to

establish the normal intervals (means ± standard devia-
tions) of R, R/H, Xc, Xc/H and θ of different populations
of apparently healthy subjects in different countries [16,
17]. The variables H, R/H and Xc/H are the height of
the subject, the body electrical resistance per unit of
height and the body capacitive electrical reactance per
unit of height, respectively.
Normal intervals of R/H, Xc/H and θ for a population

of apparently healthy subjects of Santiago de Cuba, Cuba,
by gender and age groups (2–80) are reported in [16]. For
this, the BioScan 98 BIA analyzer (Biológica Tecnología
Médica SL, Barcelona, Spain, available at http://www.bl-
biologico.es) is used. In addition, the Bland-Altman statis-
tical method is used to assess the agreement between the
BioScan 98 BIA analyzer and the Bodystat 1500-MDD
BIA analyzer (Bodystat Firm Inc., Tampa, Florida, USA,
available at http://www.bodystat.com) [18], as suggested in
other studies [19, 20]. Values of R, Xc and θ generated
with two devices are equals when correction factors for R
and Xc are introduced in the BioScan 98 (+ 14.7Ω for R
and + 22Ω for Xc) and Bodystat 1500 MDD (− 3Ω for R
and + 9Ω for Xc) BIA analyzers, as demonstrated in [18].
Consequently, these two BIA analyzers may be suitable in
clinics. When the corrected and uncorrected R and Xc
values are entered in any of total body water estimation
equations, non-significant differences are reported from
the statistical and clinical points of view [21]. This finding
has been also observed for the fat free mass when the cor-
rected and uncorrected R and Xc values are introduced in
each one their estimation equations [22]. In these two
studies, both BioScan 98 and Bodystat 1500-MDD BIA
analyzers are used to estimate these values of R and Xc.
It is well documented in the literature that the bivariate

analysis is one of the simplest forms of statistical analysis.
It consists of the relationships between pairs of variables
in a data set. This bivariate analysis usually involves the
variables X and Y [23, 24]. Bivariate statistics has been ex-
tended to different problems of the science [25], specific-
ally in the area of the bioelectrical impedance, known as
the bioelectrical impedance vector analysis (BIVA). Piccoli
is a pioneer of BIVA method [8, 26–28].
In BIVA plot, the variables X and Y are R/H (R) and

Xc/H (Xc), respectively. Additionally, the reference in-
tervals for any individual are represented in BIVA plots
as 50, 75 and 95% tolerance ellipses obtained from ap-
parently healthy population [8, 28]. This idea has been
extended to other BIA studies [16, 29, 30].
BIVA method is valid if the variables R/H and Xc/H

(R and Xc) are highly correlated, as reported in previous
studies [8, 23, 26–29]. In medicine, correlation strength
has been classified in perfect (r* = 1.0), very strong (0.8 <
r* < 0.9), moderate (0.6 < r* < 0.7), fair (0.3 < r* < 0.5), poor
(0.1 < r* < 0.2) and none (r* = 0.0), where r* is the correl-
ation coefficient of Pearson [31].
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Although BIA has been used in pediatric patients with
cancer [14, 32–35], we are not aware of its use to differ-
entiate bioelectric parameters of newly diagnosed cancer
children or untreated cancer children with those of ap-
parently healthy population, by gender, age group and
cancer type. The aim of this study is to individualize the
analysis of body bioelectrical impedance parameters in
newly diagnosed cancer children, by means of the bio-
electrical impedance analysis for each age group, gender
and cancer histological variety. Values of R/H, Xc/H and
θ of patients with solid tumor (Ts) and non-solid tumor
(Tns) are compared with those estimated in apparently
healthy pediatric subjects reported in [16].

Methods
General characteristics of the research
The retrospective clinical research was cross-sectional and
carried out in the Oncology and Hematology department
of the hospital Infantil Sur Antonio María Béguez César,
Santiago de Cuba, Cuba. The research period lasted one
year (7 September 2009–10 September 2010).

Ethical considerations
This retrospective clinical research was ruled by the eth-
ical standards of the World Medical Association Declar-
ation of Helsinki [36]. It was authorized by the Oncology
and Hematology department and approved by the Ethics
Committee (Current Controlled trials BIACAN-
CER12032009, 12 March 2009) and Scientific Board of
the hospital Infantil Sur Antonio María Béguez César,
Santiago de Cuba. This trial registry was conserved in
the Teaching Vice-direction of this hospital. The date of
enrolment of the first participant to the trial was 07 Sep-
tember 2009. Additionally, the code of ethics, good med-
ical practices and good clinical practices established by
the Health General Law of the Ministry of Public Health
of Republic of Cuba (Number 41, 13 July 1983 and up-
dated in 2010) were taken into account in this research.
Pediatric patients were included in this research once

their carers (parents, family or person in custody) read,
agreed and signed the written Informed Consent. This
written Informed Consent was signed by the parent/
guardian, medical oncologist and a psychologist (as a
witness). It is important to note that prior to the signing
of the written Informed Consent, aims, importance and
purposes of this investigation were explained to carers,
as well as all requirements for the measurements. These
requirements were empty bladder, 12 h of fasting and
12 h of no physical exercises before measurements.

Sample characteristics
The inclusion criteria were the free consent of carers,
the children with cancer at any stage confirmed by
pathological anatomy and oncological patients at the

Oncology and Hematology department in the Hospital
Infantil Sur Antonio María Béguez César. The exclusion
criteria were carers/patients who did not wish to partici-
pate in the research and/or children had significant al-
terations, such as amputees, with generalized skin
diseases, serious infections, symptomatic congestive
heart failure, body fluid disorders and hemostatic. The
interruption criteria were voluntary abandonment and
death of the cancer patient.
The sample consisted of 43 untreated cancer children,

ages 2 to 17. These patients were divided into two ex-
perimental groups. The first formed by 25 patients with
different histological varieties of Ts and the second con-
sisted of 18 patients with various types of Tns. The indi-
vidual analysis of each patient was performed by each
age group and gender, taking into account [16]. Each pa-
tient was assigned a numerical code from 1 to 43.

Measurement procedure with the Bodystat 1500-MDD
BIA analyzer
The Bodystat 1500-MDD BIA analyzer was used to esti-
mate R (in Ω) and Xc (in Ω) in patients with Ts and
Tns. Values of |Z| (in Ω) and θ (in o) were calculated
from R and Xc, using the expressions and θ = tg−1(Xc/R),
respectively. In this study, |Z| was not reported because
its values were similar to those of R and their contribu-
tions on θ were also comparable. Maximum difference
between R and |Z| values in cancer patients was ≤3Ω.
Additionally, maximum difference between θ values was
≤0.01o when R and |Z| are considered on the mathemat-
ical expression for θ. These differences had no signifi-
cance in the clinical order, as in [18, 21, 22].
Although this device operated at frequencies of 5 and

50 kHz, the body values of R, Xc, |Z| and θ were re-
ported only at 50 kHz. The amplitude of the sinusoidal
electric current applied was 800 μA. Additionally, the
calibrator (500.0 ± 0.1Ω) was supplied by the manufac-
turer of the Bodystat 1500-MDD BIA analyzer and used
to assess the stability of this device at the beginning and
at the end of measurement in each patient.
This study was governed by the same methodology

established in [18, 21, 22] and recommendations estab-
lished by the National Institutes of Health Technology As-
sessment Conference Statement for the measurement of
bioelectrical parameters [37]. For the measurement of Rp

and Xcp values (the subscript p was referred to the cancer
patient), the following methodology was followed [18, 21,
22]. First, H and the weight of cancer patient were mea-
sured with a medical mechanical scale with stadiometer
(model ZT-120, Zheiang, China) of accuracy ±0.1. The
minimum value of weight per division was 0.5 Kg and the
minimum value height per division was 0.5 cm.
Second, patients covered with light clothing were placed

in the supine position on a non-conductive surface, without
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a pillow under the head, with the arms separated at ap-
proximately 30° from the thorax and the legs separated ap-
proximately at an angle of 45° without contact between
them. The skin of each patient was first cleaned with water
and soap, and then 70% alcohol.
Third, the stimulating electrodes (or injection electrodes

of alternating electric current) were placed in the medial
areas of the dorsal surfaces of hands and feet, near the
metacarpal and metatarsal phalangeal joints, respectively.
The sensing electrodes (or receiving electrodes the body
electrical voltage) were placed between the distal epiphyses
of the radius and the ulna, at the level of the pisiform emi-
nence, as well as at the midpoint between both malleoli,
respectively. The distance between the sensing and stimu-
lating electrodes was 5 cm and measured with a standard
measuring tape (Lotus model, Ningbo Sunshine Company,
Ningbo, China) of 0.1 cm precision. Electrocardiogram elec-
trodes (model APR-020, All Pro Corporation Company,
Quingdao, China) were used. The material of each elec-
trode was Silver/Silver Chloride (Ag/AgCl).
Fourth, Rp and Xcp measurements were carried out in

controlled environmental conditions of temperature
(25.0 ± 1.0 °C), relative humidity (60 to 65%) and free en-
vironment of devices generating field and electromagnetic
radiation. These two physical quantities were measured
with a digital humidity and relative temperature meter
Testo (model 608-H1, Shanghai, China). The accuracy of
this instrument was ±0.5 °C and ± 3% for temperature and
relative humidity, respectively. In addition, Rp and Xcp
measurements in each patient were between 8 and 9 am,
by a previously trained nurse.

Comparison between apparently healthy and sick
subjects
Average values of (R/H)r, (Xc/H)r and θr were taken as ref-
erences. This was argued because BioScan 98 and Bodystat
1500-MDD BIA analyzers were electrically equivalent, as
demonstrated in [18]. The subscript r was referred to the
apparently healthy subjects. This population was used as
reference. The means ±2 standard deviations of (R/H)r,
(Xc/H)r and θr of apparently healthy children by age group
and gender were reported in [16]. These ranges were dis-
played in Table 1 to facilitate the reading of this study. Data
shown in this table were provided by MSc. Alcibiades Lara
Lafargue (researcher in charge of the population study in
apparently healthy subjects). The latter was conducted at
the Centro Nacional de Electromagnetismo Aplicado, Uni-
versidad de Oriente in Santiago de Cuba, Cuba (this institu-
tion will keep the original data of this population study for
15 years, according to the regulations established by the
Ministry of Public Health of the Republic of Cuba).
The interval 17–59 was added in this study because a

cancer infant was 17 years old (Table 1). (R/H)p and (R/
H)r, (Xc/H)p and (Xc/H)r, and θp and θr were compared.

This comparison allowed us to know if a population of
pediatric patients with cancer differed from that of the
apparently healthy subjects, for each age group, gender
and experimental group.
Since the Xc/H versus R/H plot was a two-

dimensional Euclidean space, the ordered pair (R/H, Xc/
H) was interpreted as the body bioelectric state of any
subject from the bioelectrical point of view. In this study,
body bioelectric states of the apparently healthy subject
were represented by the ordered pair ((R/H)r, (Xc/H)r).
Body bioelectric states of the patient with Ts/Tns were
denoted by the ordered pair ((R/H)p, (Xc/H)p). Addition-
ally, the body bioelectric state of each apparently healthy
subject could be symbolized by the ordered pair (Rr,
Xcr). The body bioelectric state of each untreated cancer
pediatric patient could be represented by the ordered
pair (Rr, Xcr). These two later asseverations were argued
because the measurement was made in the same subject.

Statistical analysis
Spearman’s rank correlation coefficient (or Spearman’s rho)
and Pearson correlation were used to know the lineal cor-
relation between two variables: Rp and Xcp, (R/H)p and
(Xc/H)p, θp and Rp, θp and Xcp, θp and (R/H)p, and θp and
(Xc/H)p for the solid and non-solid tumors. Probability (p-
value) was associated to each correlation analysis. Lineal
correlation was significant when p < 0.05 (significance
level).

Euclidean distance
The Euclidean distance, named dpr (Ω/m), between two
points ((R/H)p, (Xc/H)p) and ((R/H)r, (Xc/H)r) was cal-
culated by means of the following equation

Table 1 Means ±2 standard deviations of bioelectric parameters
per height unit for apparently healthy pediatric individuals, by
gender and age group

Age group
(years)

Gender (R/H)r
(Ω/m)

(Xc/H)r
(Ω/m)

θr
(o)

r(R,Xc)r

2–3 M,F (N = 61) 741.4 ± 79.2 70.9 ± 8.1 5.5 ± 0.5 0.67

4–5 M,F (N = 91) 651.2 ± 65.6 63.2 ± 6.4 5.6 ± 0.5 0.55

6–7 M,F (N = 165) 578.5 ± 52.4 57.5 ± 6.3 5.7 ± 0.5 0.60

8–9 M,F (N = 179) 513.0 ± 51.1 51.0 ± 5.2 5.7 ± 0.4 0.67

10–11 M,F (N = 196) 461.3 ± 59.6 47.0 ± 5.9 5.8 ± 0.6 0.59

12 M,F (N = 109) 419.6 ± 50.8 43.6 ± 5.0 5.9 ± 0.5 0.71

13–16 M (N = 101) 335.2 ± 48.7 37.0 ± 4.9 6.3 ± 0.5 0.71

F (N = 161) 413.0 ± 45.8 43.6 ± 4.7 6.1 ± 0.5 0.69

17–59 M (N = 1263) 292.3 ± 45.8 33.8 ± 3.6 6.6 ± 0.5 0.72

F (N = 1399) 398.0 ± 46.8 42.0 ± 5.2 6.0 ± 0.5 0.71

Height, male gender and female gender were represented by H, M and F,
respectively. (R/H)r, (Xc/H)r, θr and r(R,Xc)r (r(R,Xc)r = r*) were body electrical
resistance/height, body capacitive electric reactance/height, body phase angle
and correlation coefficient of Pearson, respectively [16] (courtesy of MSc.
Alcibiade Lara Lafargue and Centro Nacional de Electromagnetismo Aplicado)
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In eq. (1), dpr was calculated taking into account the

gender, age and experimental group.
As ((R/H)r, (Xc/H)r) represented the central point of

the reference rectangle and ((R/H)p, (Xc/H)p) the bio-
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From the mathematical point of view, dpr denoted the

ordinary distance between two points in the plane Xc/
H-R/H. Nevertheless, from the bioelectric point of view,
dpr meant how different the body bioelectric state of a
cancer child was with respect to that of a reference
population, for the same age group and gender. In other
words, dpr was a measure of how the body bioelectric
state of pediatric patient was affected by the presence of
Ts/Tns. From the biophysical-chemical-energetic-clinical
points of view, an increase in dpr was related to a greater
degradation, smaller survival and quality of life of newly
diagnosed cancer children. As dpr was reported for the
first time in the literature, a scale for dpr was suggested:
1–50; 51–100; 101–150; 151–200; 201–250; 251–300;
301–350 and > 350Ω/m, assuming that dpr ≥ 50Ω/m
could have significant implications on the body bioelec-
tric state of a cancer patient. The case of dpr = 0 corre-
sponded to the apparently healthy subject.

Information processing
A database (in .txt) was created for information process-
ing. The results were presented in tables and graphs. A
computer program was implemented in GNU Octave
4.0 software (free software, License 2015-05-29, Univer-
sidad de Oriente, Santiago de Cuba, Cuba) to show fig-
ures. As part of the GNU Project, GNU Octave is free
software under the terms of the GNU General Public Li-
cense. The website was http://gnu.org/software/octave.

Free Software Foundation funds the GNU Project. De-
veloper(s): John W. Eaton and many collaborators. This
software was executed in a 256-core processor HPC with
256 GB RAM.
Pearson and Spearman’s rho correlation coefficients

were implemented in the statistical program Minitab 14
(Minitab Inc. for Windows, 2003, free software, National
Institute of Standards and Technology, Pennsylvania
State University, USA, https://www.minitab.com/en-mx/
products/minitabs). This program ran on a computer
(Departamento de Matemática, Universidad de Oriente)
with operating system Windows 8 con RAM 2.6 GB; 64
bits, processor 64, Inter R cor etm). The duration of the
statistical processing of data was approximately 2 s.
Data will be kept for 15 years in the Oncology and

Hematology department of the hospital Infantil Sur
Antonio María Béguez César.

Results
Pearson and Spearman’s rho correlation coefficients gave
similar results when two bioelectrical parameters of can-
cer patients were compared. For solid tumors, correl-
ation coefficients (p-value) between (R/H)p and (Xc/H)p,
θp and (R/H)p, and θp and (Xc/H)p were 0.49 (p = 0.001),
− 0.123 (p = 0.433) and 0.313 (p = 0.041), respectively.
The samples used for these correlations are shown in
Table 2. For non-solid tumors, correlation coefficients
(p-value) between (R/H)p and (Xc/H)p, θp and (R/H)p,
and θp and (Xc/H)p were 0.42 (p = 0.002), − 0.134 (p =
0.513) and 0.298 (p = 0.036), respectively. The samples
used for these correlations are shown in Table 3. For
both tumor types, similar correlation coefficients were
reported when the analysis included Rp and Xcp, θp and
Rp and θp and Xcp.
The code, cancer histological variety, age, gender,

height and values of Rp, (R/H)p, Xcp, (Xc/H)p, θp and dpr
for each patient with Ts and Tns were showed in Ta-
bles 2 and 3, respectively. Rp, (R/H)p, Xcp, (Xc/H)p and
θp were used to refer the values of R, R/H, Xc, Xc/H and
θ for these patients. 58.14% (25/43) corresponded to pa-
tients with Ts and 41.86% (18/43) related to patients
with Tns were revealed in these two tables. In addition,
Table 2 revealed that 76.00% (19/25) of Ts were distrib-
uted among non-Hodgkin lymphoma (12/25 = 48.00%)
and central nervous system (7/25 = 28.00%) tumors.
88.89% (16/18) of Tns corresponded to acute lymphoid
leukemia (Table 3). Of the total number of patients,
37.21% (16/43), 27.91% (12/43) and 16.28% (7/43) corre-
sponded to patients with acute lymphoid leukemia, non-
Hodgkin lymphoma and nervous system central tumors,
respectively. Of the 25 patients with Ts, 76.00% (19/25)
related to the male gender and 24.00% to females. Of the
18 patients with Tns, 61.11% (11/18) corresponded to
the male gender and 38.89% (7/18) to the female gender.
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Of the total number of patients, 69.77% (30/43) and
30.23% (13/43) belonged to the male and female gen-
ders, respectively.
The highest dpr value of all patients with Tns and Ts was

observed for Code 10 (Table 2) and Code 17 (Table 3), re-
spectively. Of the total number of patients, 39.53% (17/43),
25.58% (11/43), 6.98% (3/43), 4.65% (2/43), 13.95% (6/43),
2.32% (1/43), 4.65% (2/43) and 2.32% (1/43) were distrib-
uted on the scale of dpr 1–50, 51–100, 101–150, 151–200,
201–250, 251–300, 301–350 and > 350Ω/m, respectively.
33.33% (9/27), 22.22% (6/27), 7.41% (2/27), 7.41% (2/27),
18.53% (5/27), 3.70% (1/27), 3.70% (1/27) and 3.70% (1/27)
of the patients with Ts were distributed in the dpr 1–50
scales 51–100, 101–150, 151–200, 201–250, 251–300, 301–
350 and > 350Ω/m, respectively. For these respective dpr
scales, distribution percentages of patients with Tns were

50.00% (8/16), 31.25% (5/16), 6.25% (1/16), 0.00% (0/16),
6.25% (1/16), 0.00% (0/16) and 6.25% (1/16).
For each gender and age group shown in Table 1, all

possible combinations of (R/H)r and (Xc/H)r for a popula-
tion of apparently healthy pediatric subject were included
in delimited rectangles with continuous and dashed lines
for the male and female genders, respectively (Fig. 1). This
meant that body bioelectric-physiological states of these
subjects were only possible if they belonged to the interior
and contour of their respective rectangles. In other words,
these states were not possible outside of them. R/H and
Xc/H values outside the rectangle represented a subject
with some type of pathology (for example, cancer pa-
tients), for each gender and age group. Therefore, in this
study, this rectangle for apparently healthy subjects was
named the reference rectangle for body bioelectric states

Table 2 Different variables for each patient with solid tumor

C Histological variety Age
(years)

Gender W
(kg)

H
(m)

Rp
(Ω)

(R/H)p
(Ω/m)

Xcp
(Ω)

(Xc/H)p
(Ω/m)

θp
(o)

dpr
(Ω/m)

1 Nephroblastoma1 2 F 12 0.87 650 747.13 41.0 47.13 3.6 24.95

2 Testicle 2 M 11 0.88 705 801.14 51.2 58.18 4.2 61.08

3 Histiocytiosis* 2 M 13 0.96 804 837.50 60.2 62.71 4.3 96.45

5 CNS 3 F 17 1.03 833 808.74 76.7 74.47 5.3 67.43

6 NHL 3 M 11 0.88 837 951.14 56.2 63.86 3.8 209.85

11 NHL 4 M 21 1.07 726 678.50 57.8 54.02 4.6 28.81

12 NHL 4 M 20 1.02 872 854.90 57.3 56.18 3.8 203.82

13 Fibrosarcoma2 5 M 25 1.25 612 489.60 53.6 42.88 5.0 162.87

14 NHL 5 M 22 1.05 901 858.10 51.4 48.95 3.3 207.39

15 CNS 5 F 19 1.10 724 658.18 59.8 54.36 4.7 11.26

16 NHL 5 M 15 1.35 847 627.41 60.4 44.74 4.1 30.11

17 NHL 6 F 22 0.70 735 1050.00 36.3 51.86 2.8 471.53

19 CNS 7 M 24 1.20 740 616.67 60.8 50.67 4.7 38.77

20 CNS 7 F 19.5 1.19 1057 888.24 70.1 58.91 3.8 309.74

21 NHL 8 M 26 1.22 873 715.57 77.4 63.44 5.1 202.96

22 Histiocytiosis* 8 M 24 1.45 732 504.83 61.1 42.14 4.8 12.06

23 NHL 10 M 25 1.26 777 616.67 56.6 44.92 4.2 155.38

25 Osteosarcoma 11 F 29 1.38 1017 736.96 71.0 51.45 4.0 275.19

26 NHL 11 M 49 1.39 611 439.57 60.3 43.38 5.6 22.03

27 NHL 11 M 40 1.50 609 406.00 60.4 40.27 5.7 55.71

30 CNS 12 M 35 1.40 642 458.57 58.3 41.64 5.2 39.02

32 NHL 12 M 49 1.45 754 520.00 65.9 45.45 5.0 100.42

37 NHL 15 M 63 1.86 511 274.73 41.6 22.37 4.7 62.21

40 CNS 15 M 48 1.60 673 420.63 49.5 30.94 4.2 85.64

43 CNS 17 M 60 1.73 580 335.26 57.7 33.35 5.7 42.96
1Right kidney. 2Right gluteus. *Benign process with malignant behavior. Code (C), male gender (M), female gender (F), weight (W) and height (H) for each patient
were specified. CNS symbolized Central Nervous System. NHL denoted Non-Hodgkin Lymphoma. Rp, (R/H)p, Xcp, (Xc/H)p and θp were the body electrical
resistance, Rp per unit of height, the body capacitive electrical reactance, Xcp per unit of height and the body phase angle of each patient, respectively. dpr
represented the distance between the points ((R/H)r, (Xc/H)r) and ((R/H)p, (Xc/H)p), for each gender and age group. The subscript p was referred to the solid tumor
child while the subscript r to the population of apparently healthy children. Values of (R/H)r and (Xc/H)r were shown in Table 1 and reported in [16] (courtesy of
MSc. Alcibiade Lara Lafargue and Centro Nacional de Electromagnetismo Aplicado)
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(Rr). The normal intervals for each rectangle displayed in
Fig. 1 were made using ±2 standard deviations of refer-
ence source data [16], as displayed in Table 1.
In Fig. 1, the center circle in Rr delimited with a con-

tinuous line named (Rrc) represented the ordered pair
((R/H)r, (Xc/H)r) for the male gender. The unfilled tri-
angle in the center of the Rr delimited with dashed line,
named Rrd, symbolized the ordered pair ((R/H)r, (Xc/
H)r) for the female gender. In addition, Rrc, Rrd and the
body bioelectric state of each male and female patient
with Ts and Tns were displayed in this figure for 2–3
years (Fig. 1a), 4–5 years (Fig. 1b), 6–7 years (Fig. 1c), 8–
9 years (Fig. 1d), 10–11 years (Fig. 1e), 12 years (Fig. 1f),
13–16 years (Fig. 1g) and 17–59 years (Fig. 1h). Add-
itionally, Fig. 1 showed that 93.02% (40/43) of pediatric
patients with cancer were outside their respective Rr.
Three patients (Codes 24, 26 and 30) were only in their
corresponding Rr, according to the age group. Of these
40 patients, 72.5% (29/40) had (Xc/H)p < (Xc/H)r while
values of (R/H)p were distributed along the R/H axis.
90.70% (39/43) of all patients had a θp < θr, except those
labeled with Codes 5, 26, 27 and 42. This condition for
θp was observed in 88.00% (22/25) and 94.44% (17/18)
of patients with Ts and Tns, respectively.

In Fig. 2, Rrc and Rrd of all apparently healthy
pediatric subjects were shown. The set of these Rrc

and Rrd defined the entire region in which were most
likely present all bioelectric states of them. In
addition, the body bioelectric state of each male and
female cancer patient was illustrated in this figure in
order to know if the body bioelectric state of the
pediatric patient depended on gender, age group and
tumor histological variety.
Figure 2 revealed that 55.81% (24/43) of body bio-

electric states of cancer patients were distributed in
Rrc or their respective neighborhoods, by gender, age
group and experimental group. The body bioelectric
states of the remaining patients 44.19% (19/43) were
distributed regardless of gender and age group. These
findings were observed in 60.00% (15/25) and 50.00%
(9/18) of patients with Ts and Tns, respectively. Un-
like Fig. 1, the overlapping of the body bioelectric
states of patients with Tns (Codes 7 and 9, 24 and
34) and Ts (Codes 26 and 30, 13 and 22, 11 and 15)
was showed in Fig. 2. Furthermore, there was an
overlap of the body bioelectric states in some patients
with cancer (Codes 37 and 41; 38 and 43; 13 and 34;
24 and 32; 5, 22 and 36).

Table 3 Different variables for each patient with non-solid tumor

C Type of tumor Age
(years)

Gender W
(kg)

H
(m)

Rp
(Ω)

(R/H)p
(Ω/m)

Xcp
(Ω)

(Xc/H)p
(Ω/m)

θp
(o)

dpr (Ω/m)

4 CML 3 M 15 1.09 751 688.99 39.2 35.96 3.0 62.99

7 ALL 3 M 12 0.95 824 867.37 37.7 39.68 2.6 129.78

8 ALL 3 F 16 0.95 674 709.47 80.3 84.53 4.3 34.71

9 ALL 3 M 12 0.95 825 868.42 37.7 39.68 2.6 130.80

10 ALL 3 M 20 1.45 607 418.62 39.1 26.97 3.7 325.76

18 ALL 6 M 29 1.10 623 566.36 48.9 44.45 4.5 17.82

24 ALL 10 M 33 1.50 752 501.33 67.4 44.93 5.1 40.09

28 ALL 11 M 35 1.48 701 473.65 46.5 31.42 3.8 18.88

29 AML 12 F 35 1.52 786 517.11 51.0 33.55 3.7 98.02

31 ALL 12 M 28 1.40 889 635.00 63.1 45.01 4.4 215.41

33 ALL 12 M 29 1.76 659 374.43 50.7 28.81 4.4 47.53

34 ALL 13 F 54 1.57 755 480.89 69.9 44.46 5.3 67.90

35 ALL 13 F 57 1.64 714 435.37 58.0 35.37 4.6 23.83

36 ALL 14 F 47 1.63 833 541.72 76.7 47.06 5.3 98.10

38 ALL 15 F 92 1.70 606 356.47 55.0 32.35 5.2 57.64

39 ALL 15 F 44 1.55 683 440.65 59.9 38.65 5.0 28.09

41 ALL 15 M 82 1.87 508 271.66 45.2 24.17 5.1 64.82

42 ALL 16 M 80 1.71 512 299.42 53.5 31.29 6.0 36.24

Code (C), male gender (M), female gender (F), weight (W) and height (H) for each non-solid tumor patient were specified. CML represented the chronic myeloid
leukemia. ALL denoted the acute lymphoid leukemia and AML the acute myeloid leukemia. Rp, (R/H)p, Xcp, (Xc/H)p and θp were the body electrical resistance, Rp
per unit of height, the body capacitive electrical reactance, Xcp per unit of height and the body phase angle of each patient, respectively. dpr symbolized the
distance between the points ((R/H)r, (Xc/H)r) and ((R/H)p, (Xc/H)p), for each gender and age group. The subscript p was referred to the non-solid tumor child while
the subscript r to the population of apparently healthy children. Values of (R/H)r and (Xc/H)r were shown in Table 1 and reported in [16] (courtesy of MSc.
Alcibiade Lara Lafargue and Centro Nacional de Electromagnetismo Aplicado)
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Discussion
The results of this study are valid for the research period
and the number of patients who fulfill the inclusion cri-
teria. These inclusion criteria and low prevalence of can-
cer children in the province of Santiago de Cuba may
explain why the sample size of this study is lower. In
addition, the race of cancer children in this study is the
same than the one reported in [16] because the ethnog-
raphy of Santiago de Cuba population is characterized
by a mixture of several race ethnicities (European whites,
aboriginal Indians and African blacks). Nevertheless, the
gender ratio of cancer children is different to that re-
ported in [16]. This difference may be explained because
gender ratio can be controlled/fixed in a population
study, but not in a study with cancer patients. Gender
ratio of cancer patients depends on disease prevalence
for gender and age group, and inclusion, exclusion and
interruption criteria.
On the other hand, results of this study confirm that

acute lymphoid leukemia, non-Hodgkin lymphoma and
cancer of the central nervous system are most frequently
observed in untreated pediatric patients, as in [2–4, 38–
41]. Additionally, this study confirms that acute lymph-
oid leukemia is more frequent than acute myeloid
leukemia, in agreement with [39, 41]. The predominance
of the male gender of these patients confirms the result

documented in [42] and contradicts that reported by
Toquica et al. [41].
For both tumor types, p-values indicated that correl-

ation between θp and (R/H)p was non-significant and
therefore non-lineal. Nevertheless, significant, lineal and
low correlations were reported for ((R/H)p and (Xc/H)p)
and (θp and (Xc/H)p).
Several reasons can be attributed to nearly 10% of can-

cer patient not satisfying the criteria of phase angle, such
as: the biological individuality, the phase angle does not
have to change once the cancer patients is diagnosed for
the first time, not all new diagnosed cancer children
have the same performance status and detected at the
same time and not all tumor type influences equally θp.
These reasons justify why the individual analysis of the
bioelectrical parameters is suggested in this study.
The finding that 90.70% of all cancer patients satisfy

θp < θr confirms that the phase angle may be used as an
indicator of disease severity and quality of life and loss
of body homeostasis of the cancer patient, a matter that
agrees with [14]. These findings have been confirmed in
adult patients with cancer [8, 42, 43] and in patients
with other pathologies [8, 13, 15, 34, 44]. Gupta et al.
[42] report an average survival less than 3 months in pa-
tients with lung cancer whose θp values are between 2
and 3°. This finding is confirmed in other studies [8, 13,

Fig. 1 Xc/H versus R/H plot for apparently healthy and cancer children for (a) 2–3 years, (b) 4–5 years, (c) 6–7 years, (d) 8–9 years, (e) 10–11 years,
(f) 12 years, (g) 13–16 years and (h) 17–59 years. The height of the patient was represented by H. Each reference rectangle was done by mean ± 2
standard deviation reported in [16] (displayed in Table 1, courtesy of MSc. Alcibiade Lara Lafargue and Centro Nacional de Electromagnetismo
Aplicado) and delimited with continuous line (for male) and discontinuous line (for female). Average values for male and female were
represented by the circle and the unfilled triangle, respectively. The body bioelectric state of each cancer child was displayed: male child with
solid tumor (Ts-M or filled square), non-solid male child (Tns-M or filled star), female child with solid tumor (Ts-F or filled triangle) and non-solid
female child (Tns-F or filled rhombus)
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15, 34, 42–44]. Nevertheless, the effect of θp on the sur-
vival is not discussed in this work because no patient
dies.
In this study, θp < θr may be explained because in the ma-

jority of cancer patients prevails that (Xc/H)p < (Xc/H)r for
all value of (R/H)p, for each age group, gender and experi-
mental group. This may suggest that component (Xc/H)p
of the ordered pair ((R/H)p, (Xc/H)p) prevails in the body
bioelectric state of the cancer patient. From the biophysical
point of view, (Xc/H)p cannot decrease until zero because
θp tends toward zero, which means the death of the cancer
patients. This occur for all values of (R/H)p, confirming that
(R/H)p and θp are not linearly correlated. This may suggest
that (Xc/H)p decreases until its minimum value that brings
about a quicker decrease of (R/H)p than (Xc/H)p so that θp
stays in its normal range. From the thermodynamic point
of view, a quick decrease of (R/H)p may mean the occur-
rence of different self-organized biophysical-chemical pro-
cesses in the organism that reduce the body bioenergetics
losses to guarantee its maximum survival and self-
preservation as a living system. One of the main character-
istics of the biological organisms, as open systems, is to
tend toward its maximum survival.

If net inductive effects of the patient [45] are
neglected, Xcp may be due to the different total
capacitive electrical reactance contributions of the tumor
(named Xct), healthy tissue (Xco) and tumor-
surrounding healthy tissue interface (named Xco-t). This
interface is the tumor micro-environment and consti-
tutes by the mixture of cancer cells, normal cells and
other components. Xcp may be expressed in a first ap-
proximation as Xcp ≅ Xct + Xcο + Xcο − t. As the capacitive
contribution predominates in each tissue, Xc = 1/(2πfC),
where C is the electrical capacity of the biological tissue
under consideration and f is the working frequency (50
kHz). For this reason, Xcp, Xct, Xco and Xco-t may be
substituted for their respective electrical capacities.
Therefore, Cp may be calculated approximately as Cp ≅
CtCοCο − t/(CοCο − t +CtCο − t + CtCο), where Cp, Ct, Co

and Co-t are the total electrical capacities of the entire
patient, the tumor, the healthy tissue and the surround-
ing healthy tissue-tumor interface, respectively.
It has been experimentally documented that Cο > > Ct

(e.g., Ct = 3.546 ± 1.931 pF for lung cancer and Co =
893 ± 572 pF for normal lung tissue) and the increase in
capacitance of normal cells when cancer cells are added

Fig. 2 Set of reference rectangles from 2 to 80 years of age (means ±2 standard deviations [16] were displayed in Table 1 (courtesy of MSc.
Alcibiade Lara Lafargue and Centro Nacional de Electromagnetismo Aplicado) and body bioelectric state of each child, for all age groups and
gender: male with solid tumor (Ts-M or filled circle), non-solid tumor male child (Tns-M or filled square), female with solid tumor (Ts-F or filled
triangle) and non-solid tumor female child (Tns-F or filled star)
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to them [46]. The first finding is confirmed by other au-
thors [47–50]. The second finding may mimic the mixture
of cancer and normal cells in the tumor surrounding
healthy tissue interface. These two findings may suggest
that CοCο − t > >CtCο >CtCο − t and therefore Cp ≅Ct.
In addition, Cp ≅Ct may also be obtained if contribu-

tions of Xco-t to Xcp (Co-t to Cp) are neglected with re-
spect to those of Xct and Xco (Ct and Co). In this case,
(Xc)p ≅ (Xc)t + (Xc)ο and Cp ≅CtCο/(Ct +Cο). Cp ≅Ct is
due to the fact as normal cells have dielectric constants
and membrane electrical capacities greater than those of
cancer cells [46–50]. In contrast, Frike and Morse [51]
report that Ct > Co. The fundamental contributions of
Xct and Xco to Xcp may be argued because electrical ac-
tivities occur mainly in the tumor and in healthy tissue
(distant from the tumor). This result is expected because
normal and cancerous cells are mainly confined in these
two tissues and not in the tumor-surrounding healthy
tissue interface. This aspect may explain in part why
there are differences in the electrical properties of the
tumor and healthy tissue, in agreement with others stud-
ies [47, 48, 52, 53].
The finding Cp ≅ Ct confirms that electrical properties

and biological characteristics of the cancer histological
variety significantly influence the body homeostasis,
quality of life, survival and body bioelectrical and physio-
logical parameters of a patient with Ts/Tns. Neverthe-
less, the tumor-surrounding healthy tissue interface
cannot be completely neglected because it influences the
electrical-chemical microenvironment of the tumor,
which is related to the aggressiveness and metastasis of
it [54–56] and its protection against the attack of cellular
and humoral elements of the immune system [57, 58].
Due to the close relationship between the electrical

and physiological parameters of a biological tissue [8, 21,
22, 34, 44, 58, 59], changes of Ct and Xct may be related
to those of the transmembrane potential and the mem-
brane permeability of cancer cells [47]. In turn, these
changes have been related to other alterations observed
in cancer cells as high mitotic activity, increase in the
electronegativity of the extracellular surface, changes in
intracellular and extracellular ionic concentrations,
breakdown of homeostasis of electronic transport in the
cell membrane, the depletion of adenosine triphosphate,
the failure of the contact inhibition mechanism, mor-
phological changes, aggressiveness, metastatic capacity,
among others [47, 56, 59]. This leads to an alteration of
the body homeostasis in cancer patients.
Loss of body homeostasis of a patient (child or adult)

with cancer may lead to the decrease of the body cell
mass and changes of its cell metabolism, body compos-
ition and distribution of total body water, as reported in
[33, 60, 61]. This may explain the cachexia and modifica-
tions in (R/H)p, (Xc/H)p and θp observed in cancer

patients, explaining in part why (Xc/H)p < (Xc/H)r for all
(R/H)p value observed in the majority of patients with Ts/
Tns. This finding may suggest that losses of the body en-
ergy reserves of the patient with Ts/Tns (related to (Xc/
H)p) are faster than the body heat loss (related to (R/H)p).
This corroborates that θp < θr, as in [15, 43], and the body
metabolism and body composition alterations of these
cancer patients, as in [34, 60, 61]. It is important to note
that heat loss is noticeable as Rp increases.
The finding (R/H)p > (R/H)r observed in some patients

with Ts/Tns may be explained because body heat loss
and water and ions body imbalances in cancer patient
are noticeable compared to those in apparently healthy
subjects. In turn, these alterations may be related to the
biophysical-chemical-bioelectrical-energetic changes in
the cell membrane, as discussed above.
Despite the increase of (R/H)p in these cancer patients,

θp decreases slightly with respect to θr, for each gender
and age group. This may suggest that these patients still
have sufficient energy reserves to compensate the pos-
sible heat loss. If these losses prevail, θp would decrease
and therefore a low quality of life and short survival of
the patient with Ts/Tns, in agreement with [42]. This
statement would be noticeable when Xcp also decreases,
in accordance with [37].
In general, |Z| and θ fix the position of any bioelec-

trical state in the plane R-Xc (R/H-Xc/H). The Cuban
experience suggests that the simultaneous analysis of
these two bioelectrical parameters is a necessary but not
sufficient condition to absolutely differentiate one cancer
patient from another or patients with any pathology
from a population of apparently healthy subjects [30,
62]. This statement may be argued because cancer pa-
tients and apparently healthy individuals are inside 50
and 75% tolerance ellipses. Some of these patients evolve
unfavorably during and after the application of chemo-
therapy. Nevertheless, other cancer patients out 95% tol-
erance ellipse (3.5 < θp ≤ 5) evolve favorably after this
therapy [62]. Additionally, similar results are observed in
lung cancer adult patients treated with surgery, radio-
therapy, chemotherapy and/or immunotherapy (unpub-
lished data). On the other hand, patients with acquired
immune deficiency syndrome are also inside 50, 75 and
90% tolerance ellipses. In addition, there are no signifi-
cant differences in body bioelectric parameters and body
composition of these patients compared with those of an
apparently healthy individual population [63].
The above-mentioned is why dpr is proposed in this

study. dpr does not contradict |Z| or θ, but they comple-
ment each other. It should be expected that there is a
minimum value of dpr, from which a sick subject can be
differentiated from an apparently healthy subject, al-
though the patient is in any position inside the ellipse
95% tolerance ellipse. Other distance criteria for dpr may
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be used, such as Mahalanobis distance [22] or a Haus-
dorff distance [64]. For instance, Hausdorff distance may
be suggested to calculate this minimum distance. A lon-
gitudinal study is required to know this minimum value
of dpr.
From bivariate statistics, it is well known that toler-

ance ellipses can be applied if R and Xc (R/H and Xc/H)
are strongly correlated (r ≥ 0.8) [23, 31]. The values of r
show in Table 1 are less than 0.8 (correlation strength
between moderate and fair). Rigorously speaking, the
tolerance region should not be an ellipse but a rectangle
in this R-Xc (R/H-Xc/H) plot, in agreement with [23].
This and the low correlations of r* (fair-poor) among Rp,
Xcp and θp ((R/H)p, (Xc/H)p and θp) are why the rect-
angular tolerance region is used in this study. Rectangu-
lar tolerance region has been used in other studies [65–
67]. In some studies, elliptical and rectangular tolerance
regions are simultaneously analyzed [68, 69]. Addition-
ally, the representation of multiple rectangles in the
same XY plane is possible taking into account the work
published by Wald [70].
As ellipse tolerance and rectangular tolerance regions

(95%) are the same and the rectangle and the ellipse are
both centered at the same point, an ellipse can be
inscribed in a rectangle [24]. In this case, it is easy to
demonstrate that the ratio of the area of the rectangle/
area of the ellipse is 1.27 and the difference between
their respective areas is 0.21L1L2. As a result, both areas
are approximately equal. L1 (L1 = 2a1) and L2 (L2 = 2a2)
are the length and width of the rectangle, respectively.
The variable a1 is the length of the semi-major axis of
the ellipse whereas a2 is the length of the semi-minor
axis. L1 = 2a1 and L2 = 2a2 guarantee the biggest area of
an ellipse within a rectangle.
Unlike the studies reported in this area of knowledge, the

body bioelectric state of each cancer patient is individually
represented in this study. This will permit an individualized
integral diagnosis and the proposal of a personalized ther-
apy for each of them. In addition, the analysis on animals
or humans is suggested individually in a previous study
[71]. Therefore, each cancer patient is represented in the
Xc/H versus R/H plot, according to its age and gender.
Our results suggest performing a longitudinal study that

permits to know how bioelectrical and physiological pa-
rameters of these patients with Ts/Tns change over time
and what relationships can be established between them.
This longitudinal study will allow to establish prognostic
indicators of the possible evolution of a cancer patient
under the application of a therapeutic scheme.

Conclusions
In conclusion, the BIA is feasible to individualize body
bioelectrical parameters and body bioelectric state in
newly diagnosed cancer children and how differ from

those in apparently healthy subjects, for the same age
group and gender. Additionally, the tumor electrical
properties may have a noticeable role in changes of body
bioelectric-physiological parameters of these newly diag-
nosed cancer children.
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