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Abstract: A body composition analysis has been used to investigate alterations on body tissues in
children and adolescents diagnosed with human immunodeficiency virus (HIV) infection, such as
low bone mineral content (BMC). The study aimed to developed equations to estimate the BMC
in children and adolescents diagnosed with HIV based on a bioelectrical impedance analysis (BIA)
using dual energy X-ray absorptiometry (DXA) as a reference method. This is a cross-sectional study
conducted with children and adolescents diagnosed with HIV infection. Their body composition
was evaluated by BIA and DXA. Linear multiple regression models were constructed to estimate
the BMC. Sixty-four children and adolescents aged 8–15 years (12.22 ± 2.13) who were diagnosed
with HIV infection participated in the study. The models were substantially correlated with the BMC
values, and they explained 82–91% of the BMC, with no differences between DXA and values as
estimated by the models. The model with the highest estimate of the BMC (91% of explanation) and
the lowest error (SEE of 0.011 kg) included the following variables: body mass, fat mass, total 50 kHz
reactance, TCD4 lymphocytes, antiretroviral therapy type, and %TCD4 lymphocytes. The models
had a clinically acceptable correlation and low SEE values. The BIA was suitable to estimate the BMC
in children and adolescents diagnosed with HIV.

Keywords: acquired immunodeficiency syndrome; body composition; linear models; bone mass;
validity; measurement error; youth

1. Introduction

Body composition analyses, in children and adolescents diagnosed with human im-
munodeficiency virus (HIV), have been used to investigate complications related to HIV
infection or to the alterations on body tissues associated with HIV treatment [1–3]. Regard-
ing bone loss, it has been reported that children and adolescents diagnosed with HIV have
a low bone mineral content (BMC) and bone mineral density (BMD) caused by an altered
bone metabolism [4–6]. Despite the knowledge of the occurrence of low BMC and BMD in
this population, the consequences and pathogenesis of these body tissue alterations are still
unclear [5].

Dual energy X-ray absorptiometry (DXA), the most commonly used method to eval-
uate the BMC and BMD, is considered to be a precise technique to evaluate the body
composition in children and adolescents, providing whole-body and regional estimates
of the BMC, fat-free mass (FFM), and fat mass through the X-ray attenuation of the body
tissues [7–10]. In spite of its usability, the body composition evaluation using DXA equip-
ment are costly and not widely available or accessible in underdeveloped countries such as
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Brazil, this limiting the use of this method in clinical practice [10,11]. Therefore, reliable,
easy-to-use, and non-invasive techniques, such as bioelectrical impedance analysis (BIA),
have been developed and validated to investigate the body composition in children and
adolescents due to their greater accessibility to clinical practice [7,9,12].

The BIA is based on the values of resistance and reactance that allow us to make an
estimate the total body water (TBW) and FFM [7,12,13]. Those estimations are based on
the assumption that 73% of the FFM is composed by water [7,12,13]. The BIA has been
commonly used to evaluate the TBW, intracellular and extracellular body water, FFM, and
fat mass using tetrapolar single-frequency equipment [9,13]. Recently, the BIA has also
been used to estimate lean soft tissue mass (LSTM) and BMC by the division of the values
of the FFM [9,12]. Despite the knowledge regarding the BIA usability to estimate the FFM,
there is not any substantial information on the use of the BIA to access the BMC [9]. In a
non-systematic review developed within this study, only two studies that investigated the
BIA’s usability to estimate the BMC in children and adolescents were found [14,15].

Considering the need for BMC research in children and adolescents diagnosed with HIV
and the lack of studies regarding the BIA’s usability to estimate the BMC, the present study
aimed to develop equations to estimate the BMC by BIA using DXA as a reference method.

2. Materials and Methods
2.1. Study Design

The cross-sectional study was part of the ‘Saúde PositHIVa Study’, which was de-
veloped in the city of Florianópolis, Brazil. The study had the approval of the Ethics
Committee in Research with Human Beings of the Universidade Federal de Santa Catarina
(protocol No. 49691815.0.0000.0121).

2.2. Population and Sample

Children and adolescents aged 8–15 years, who were diagnosed with HIV by vertical
transmission, who were in a clinical follow-up study at the Joana de Gusmão Children’s
Hospital were recruited for the study.

The ideal sample size was calculated based on previous studies that evaluated the va-
lidity and reproducibility of the BIA [9], where the correlation coefficient (CC) was 0.59–0.98.
For the present study, a CC of 0.59 was used. The ideal sample size was calculated using
the software G*POWER, version 3.1.9.2 (Universität Düsseldorf, Düsseldorf, Germany)
with the parameters of the effect size (5%), α (5%) and β (95%) [16]. To make up for the
potential losses and refusals (subjects that did not attend data collection or that refused
invitation, respectively), 30% extra of the recommended sample size was added, which
added up to a total of 41 subjects (130% of the ideal sample size).

Eligibility Criteria

The subjects that met the following requirements were included in this study: (i) had
these data presented in their medical record, a confirmation of HIV infection by vertical
transmission, and the composition and duration of use of antiretroviral therapy (ART),
viral load (HIV RNA), CD4+ lymphocytes cell count (TCD4); (ii) were currently taking part
in a clinical follow-up study at the Joana de Gusmão Children’s Hospital, regardless of the
therapy regimens.

The subjects that presented the following conditions during the data collection were
excluded from this study: (i) the inability to stand or move; (ii) a full-speech and/or hear-
ing impairment; (iii) the presence of diseases, unrelated to HIV, that changed their body
composition, such as, paralysis, renal or hepatic insufficiency, hyper or hypothyroidism;
(iv) an altered motor pattern or contraindication for physical activity, such as, advanced
immunodeficiency in the presence of opportunistic infection, systemic arterial hyperten-
sion, type II diabetes mellitus, and high cardiovascular risk; (v) made continuous use of
diuretic medication.
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2.3. Study Variables
2.3.1. Body Composition Assessment

The BMC, FFM, LSTM, fat mass, and body fat percentage (%BF) were evaluated by
the BIA and DXA. The following BIA preliminary measurements were also collected: total
and right-side impedance and reactance at 50 kHz (measured frequency for most BIA
equipment), TBW, and intra and extracellular body water estimates. The total impedance
and reactance at 50 kHz were calculated using the sum of the values provided by the
BIA equipment of the right and left limbs and trunk values. Additionally, the right-side
impedance and reactance (50 kHz Impedance or Reactance) were calculated using the sum
of the values provided by the BIA equipment of right leg (impedance or reactance), right
arm (impedance or reactance) and trunk (impedance or reactance) [17].

The BIA procedures were conducted using BIA octapolar multi-frequency equipment
(BIA8MF) InBody 720 (Biospace, Los Angeles, CA, United States), and daily Warm Up
and internal calibrations were made to ensure quality control following manufacturer
instructions [17]. The BIA procedure recommendations were: (i) do not eat or drink 3 h
before the procedure; (ii) do not participate in moderate or vigorous physical activity within
12 h before the procedure; (iii) urinate less than 30 min before the procedure; (iv) do not
consume alcohol within 48 h before the procedure; (v) do not take diuretic medications
within 7 days before the procedure; (vi) wear light clothes for the procedure; (vii) be
barefoot; (viii) do not wear any kind of metal adornments (earrings, rings, and belts) [12].

The DXA procedures were performed using GE Lunar Prodigy Advance equipment
and encore 2004, version 8.10.027 (GE Lunar Corporation, Madison, WI, USA). To guarantee
the internal quality control, daily calibrations were made with a standard block provided
by the manufacturer [15]. The DXA procedures recommendations were: (i) wear light
clothes; (ii) be barefoot; (iii) do not wear any kind of metal adornments [15].

2.3.2. Anthropometric Measurements

The body mass was measured using the digital scale of the BIA equipment. The height
was measured using an stadiometer (AlturaExata, Belo Horizonte, Brazil). The body mass
index (BMI) was calculated using the BMI = body mass/height2 equation.

2.3.3. Confounding Variables

Information about their age, sex, and skin color were obtained with interview ques-
tionnaire. Their skin color was self-determined and categorized based whether they were
on White or Brown/Black. Their sexual maturation was determined by a self-assessment
of the secondary sexual characteristics as defined by Tanner [18] after the participants were
instructed by a researcher of the same sex about each stage. Their viral load (log), use and
type of ART (with or without protease inhibitor), and TCD4 (cell mm−3) were obtained
from the medical records. The TCD4 percentage (%TCD4) was calculated based upon the
cell count as follows: >25% (>500 cell mm−3), 14–25% (200–499 cell mm−3), and <14%
(<200 cell mm−3). The immunosuppression categories based on %TCD4 followed the Center
for Disease Control parameters: category 0 (Stage 1), non-immunosuppressed—>25% CD4+;
category 1 (Stage 2), moderate immunosuppression—15–25% CD4+; category 2 (Stage 3),
severe immunosuppression—<15% CD4+ [19].

The Impedance Index was calculated using the following equations: Impedance
Index = height2/impedance at 50 kHz (Impedance Index 50 kHz) and Impedance
Index = height2/right-side impedance at 50 kHz (Right-side Impedance Index 50 kHz) [20].

2.4. Statistical Analysis

For the continuous variables, the subjects’ physical and biological characteristics
were presented as the mean and standard deviation. For the categorical variables, the
characteristics were presented as number of occurrences per group and percentage of the
total occurrences.
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The data distribution was evaluated by histograms and dot plots comparing the data
from this study to a theoretical normal distribution, as recommended by Zuur et al. [21].

To investigate the differences between the males and females, t-tests for independent
samples were conducted for each of the variables measured. Pearson and Spearman
correlation tests were performed to investigate the independent variables with the potential
to estimate the DXA BMC. The linearity of these correlations were assessed through
graphical analyses.

To estimate the DXA BMC, linear regression models were constructed through a
backward selection procedure, and the variables with p ≥ 0.05 were removed in decreasing
order until the final model (higher adjusted R2 value and/or lower root mean square error
of the estimate) was achieved. To investigate whether the adjustments at different stages of
the BIA estimates resulted in better BMC estimates, three sets of models were constructed:
(1) based on the BIA BMC estimate (to provide an adjustment to the BIA equipment);
(2) based on the assessment of the total body composition (to investigate the appropriate
equation for BIA8MF); (3) based on body composition assessment by a half-body evaluation
(to investigate the equation suitable for BIA8MF and tetrapolar equipment).

The final models were evaluated for their standard error of estimate (SEE), residual
analysis, multicollinearity, Akaike’s Inflation Criteria, Bayesian Information Criterion,
tolerance, and Variance Inflation Factor. The Bland–Altman method was used to assess the
dispersion of residuals, and the Breusch–Pagan/Cook–Weisberg test was used to evaluate
heteroscedasticity of the residuals. To examine the internal validity of the proposed models,
bootstrap validations (5000 bootstrap samples) were performed.

To confirm the correlation between the models of this study and the DXA BMC values,
the CC proposed by Lin (Rho) was calculated. The clinical acceptability of the models was
evaluated by considering Rho values ≥ 0.90 as clinically acceptable, and values < 0.90 were
considered to be clinically unacceptable [15]. To further investigate the average differences
between the BMC as estimated by models and DXA values, paired t-tests were used. All of
the statistical analyses were performed using the STATA 11.0 (Stata Corporation, College
Station, TX, USA) software package.

3. Results

A total of 64 children and adolescents, aged from eight to fifteen years (12.22 ± 2.13)
who were diagnosed with HIV participated of the study (35 females and 29 males). Of
these, 28 of them were White, and 36 of them were Brown/Black, with a prevalence of
Brown/Black subjects among the females (24 females and 12 males). Fifteen subjects
were in stage one of sexual maturation, nineteen subjects in stage two, nineteen subjects
were in stage three, eight subjects were in stage four, and three subjects were in stage
five. Comparatively, the females presented higher FM and BF% values than the males did
(8.46 kg/5.03 kg; 19.86%/12.95%, respectively) (Table 1).

Regarding the clinical characteristics, 38 subjects received ART with protease in-
hibitors, 15 received ART without protease inhibitors, and 11 did not receive ART. The
majority of the subjects (n = 44) had an undetectable viral load. Based on TCD4+ per-
centage, forty-eight subjects had no virus suppression (>25% TCD4+), twelve of them
presented moderate virus suppression (15–24% TCD4+), and four of them had severe virus
suppression (<15% TCD4+).

Due to the absence of significant differences between the sexes regarding the BMC, the
females and males were pooled for a subsequent correlation and linear multiple regression.
Their body mass, BIA BMC, BIA FFM, BIA LSTM, TBW, intracellular body water, and
extracellular body water were the most correlated variables with the DXA BMC (CC:
0.892–0.935) (Table 2). To avoid collinearity, highly correlated (r ≥ 0.75) variables were not
included in the same model (the correlation matrix for study variables can be found at
Table 3a,b).

Tables 4 and 5 describe the best three sets of linear multiple regressions developed to
estimate the DXA BMC. Model 1, representative of the first set of models, was constructed
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based on the BIA BMC estimates. and it explained 82% of the DXA BMC (SEE of 0.023 kg).
The construction of the second set of models, which included Models 2, 3A and 4A, was
based on the total body BIA evaluation (adequate to data from BIA8MF) as well as the
subjects’ physical and clinical characteristics. Model 2 explained 89% of the DXA BMC
(SEE of 0.013 kg), and it comprised the following variables: BIA BMC, BMI, Total 50 kHz,
TCD4 lymphocytes, ART type, and %TCD4 lymphocytes. Model 3A explained 90% of
the DXA BMC (SEE of 0.012 kg), and it included: extracellular body water, BMI, Total
50 kHz Reactance, %BF BIA, TCD4 lymphocytes, ART type, and %TCD4 lymphocytes.
Model 4A explained 91% of the DXA BMC (SEE of 0.011 kg), and it included the following
variables: BIA Body mass, BIA FM, Total 50 kHz Reactance, TCD4 lymphocytes, ART
type, and %TCD4 lymphocytes. For the third set of models, which included Models 3B
and 4B, the half-body BIA evaluation (adequate to data from both BIA8MF and tetrapolar
equipment) as well as the subjects’ physical and clinical characteristics were used. Model 3B
explained 90% of the DXA BMC (SEE of 0.012 kg), and it was based on: extracellular body
water, BMI, Right-side 50 kHz Reactance, %BF BIA, TCD4 lymphocytes, ART type, and
%TCD4 lymphocytes. Model 4B explained 90% of the DXA BMC (SEE of 0.012 kg), and it
included: BIA Body mass, BIA Fat mass, Right-side 50 kHz Reactance, TCD4 lymphocytes,
Categorized TCD4 lymphocytes, ART type, and Sex.

Table 1. Study subjects physical and biological characteristics.

Variables
Female

(n = 35) (55%)
Mean (SD)

Male
(n = 29) (45%)

Mean (SD)

Total
(n = 64)

Mean (SD)

Age (years) 12.19 (2.09) 12.26 (2.20) 12.22 (2.13)
Height (cm) 147.28 (12.73) 147.63 (14.08) 147.44 (13.25)
Body mass BIA (kg) 40.34 (10.80) 39.26 (12.37) 39.85 (11.46)
Body mass DXA (kg) 40.03 (10.75) 39.18 (12.61) 39.64 (11.55)
BMI (kg/m2) 18.24 (2.68) 17.53 (2.66) 17.92 (2.67)

Total body composition
BMC BIA (kg) 1.81 (0.44) 1.89 (0.59) 1.85 (0.51)
BMC DXA (kg) 1.50 (0.51) 1.56 (0.48) 1.53 (0.49)
Fat-free mass BIA (kg) 31.88 (7.20) 34.23 (11.36) 32.95 (9.31)
Fat-free mass DXA (kg) 29.55 (6.54) 33.09 (11.10) 31.15 (9.00)
LSTM BIA (kg) 30.06 (6.76) 32.35 (10.77) 31.10 (8.81)
LSTM DXA(kg) 27.99 (6.12) 31.59 (10.62) 29.62 (8.58)
Fat mass BIA (kg) 8.46 (4.90) * 5.03 (2.57) 6.91 (4.34)
Fat mass DXA (kg) 10.48 (5.63) * 6.08 (3.18) 8.49 (5.15)
%BF BIA 19.86 (6.86) * 12.95 (5.64) 16.73 (7.18)
%BF DXA 24.85 (7.80) * 15.47 (6.50) 20.60 (8.59)

BIA measurements
Total body water (L) 23.41 (5.27) 25.15 (8.34) 24.20 (6.84)
Intracellular body water (L) 14.50 (3.27) 15.69 (5.30) 15.04 (4.31)
Extracellular body water (L) 8.91 (2.02) 9.46 (3.05) 9.16 (2.53)
Total 50 kHz Impedance 1463.96 (171.18) 1375.94 (255.33) 1424.08 (216.19)
Total 50 kHz Reactance 122.78 (17.69) 121.73 (18.12) 122.31(17.75)
Impedance Index 50 kHz 15.22 (3.51) 16.96 (6.18) 16.01 (4.94)
Right-side 50 kHz Impedance 744.88 (87.48) 698.43 (130.77) 723.83 (110.79)
Right-side 50 kHz Reactance 63.75 (9.10) 63.13 (9.28) 63.47 (9.11)
Right-side Impedance Index 50 kHz 29.92 (6.93) 33.45 (12.23) 31.52 (9.77)

HIV Infection parameters
TCD4 lymphocytes (cells/µ) 854.31 (375.72) 872.48 (365.92) 862.55 (368.48)
TCD4 lymphocytes (%) 32.08 (9.30) 28.35 (8.00) 30.39 (8.86)

SD = standard deviation; BIA = bioelectrical impedance analysis; DXA = dual energy X-ray absorptiometry;
BMI = body mass index; BMC = bone mass content; LSTM = Lean soft tissue mass; %BF = body fat percentage;
HIV = human immunodeficiency virus; TCD4 = total CD4+ lymphocyte cell count; * independent variables t-test
p-value ≤ 0.05; significant differences are in bold.
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Table 2. Subjects characteristics and dual energy X-ray absorptiometry (DXA) bone mass content
(BMC) correlation.

Variables CC p **

Biological characteristics
Sex * −0.091 0.475
Age (years) * 0.819 <0.001
Height (cm) 0.854 <0.001
Body mass BIA (kg) 0.935 <0.001
BMI (kg/m2) 0.796 <0.001
Skin color * 0.135 0.289
Sexual maturation * 0.824 <0.001

Body composition
BMC BIA (kg) 0.907 <0.001
Fat-free mass BIA (kg) 0.896 <0.001
LSTM BIA (kg) 0.894 <0.001
Fat mass BIA (kg) 0.545 <0.001
%BF BIA 0.204 0.106

BIA measurements
Total body water (L) 0.894 <0.001
Intracellular body water (L) 0.894 <0.001
Extracellular body water (L) 0.892 <0.001
Total 50 kHz Impedance −0.598 <0.001
Total 50 kHz Reactance −0.221 0.079
Impedance Index 50 kHz * 0.865 <0.001
Right-side 50 kHz Impedance −0.600 <0.001
Right-side 50 kHz Reactance −0.223 0.063
Right-side Impedance Index 50 kHz 0.837 <0.001

Clinical characteristics
Viral load (HIV RNA) −0.219 0.082
TCD4 (cells/µ) −0.192 0.129
TCD4 (%) 0.011 0.933
Categorized TCD4 (%) * −0.073 0.564
ART use * 0.017 0.895
ART type * −0.173 0.172

CC = Pearson correlation; p = p-value of variables independence test; BIA = bioelectrical impedance analysis;
BMI = body mass index; LSTM = Lean soft tissue mass; %BF = body fat percentage; HIV = human immunodefi-
ciency virus; TCD4 = total CD4+ lymphocyte count; ART = antiretroviral therapy; * Spearman test; ** dependent
variables are in bold (p-value > 0.05).

The six models were substantially correlated with the DXA BMC values (Rho: 0.90 to
0.96), and there was no difference between the DXA BMC and the BMC values as estimated
by the models (p > 0.5) (Table 5). Figure 1 shows the linearity of the DXA BMC and the
values estimated with the models. A random residual distribution was found in all of the
models (model 1: x2 = 1.66, p = 0.19815; model 2: x2 = 0.84, p = 0.43502; model 3A: x2 = 0.76,
p = 0.46982; model 3B: x2 = 0.78, p = 0.46452; model 4A: x2 = 0.71, p = 0.49637; model
4B: x2 = 0.79, p = 0.45952) (Figure 2). The internal validation of all of the selected models
through bootstrap sampling (n = 5000) resulted in the following R2 values: Model 1—0.82;
model 2—0.89; model 3A—0.90; model 3B—0.90; model 4A—0.91; model 4B—0.90. Addi-
tional models were built based on FFM, TBW, and ICBW estimates to investigate whether
the adjustments in the different stages of the BIA estimates resulted in better parameters.
These models did not provided values for Rho, as well SEE and others parameters, and
they were superior to the previously described models (Rho: 0.95, SSE: 0.012).
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Table 3. Correlation matrix for study variables (Spearman correlation test).

(a)

BMC
DXA (kg)

Body Mass
(kg)

Intracellular
Body Water

(L)

Fat-Free
Mass BIA

(kg)
LSTM

BIA (kg)
Total
Body

Water (L)
BMC BIA

(kg)
Extracellular
Body Water

(L)
Height

(cm)
Right-Side
Impedance

Index 50 kHz

Impedance
Index

50 kHz

Sexual
Matura-

tion
Age

(Years)
BMI

(kg/m2)

BMC DXA (kg) 1.000
Body mass (kg) 0.931 1.000
Intracellular body water (L) 0.926 0.950 1.000
Fat-free mass BIA (kg) 0.925 0.953 0.999 1.000
LSTM BIA (kg) 0.925 0.953 0.999 0.999 1.000
Total body water (L) 0.924 0.953 0.999 0.999 0.999 1.000
BMC BIA (kg) 0.918 0.962 0.985 0.988 0.987 0.987 1.000
Extracellular body water (L) 0.913 0.949 0.994 0.997 0.997 0.998 0.986 1.000
Height (cm) 0.878 0.911 0.940 0.943 0.940 0.940 0.957 0.938 1.000
Right-side Impedance Index 50 kHz 0.867 0.918 0.976 0.978 0.978 0.980 0.954 0.985 0.893 1.000
Impedance Index 50 kHz 0.865 0.918 0.974 0.976 0.977 0.978 0.952 0.984 0.892 0.999 1.000
Sexual maturation 0.824 0.834 0.838 0.838 0.837 0.839 0.844 0.833 0.784 0.808 0.805 1.000
Age (years) 0.819 0.777 0.808 0.802 0.802 0.803 0.795 0.791 0.772 0.751 0.749 0.828 1.000
BMI (kg/m2) 0.787 0.872 0.764 0.766 0.769 0.768 0.763 0.762 0.633 0.754 0.755 0.688 0.594 1.000
Fat mass BIA (kg) 0.590 0.668 0.464 0.473 0.473 0.473 0.510 0.470 0.470 0.425 0.427 0.460 0.416 0.763
Right-side 50 kHz Impedance −0.561 −0.622 −0.697 −0.696 −0.701 −0.703 −0.630 −0.714 −0.473 −0.795 −0.796 −0.564 −0.445 −0.675
Total 50 kHz Impedance −0.548 −0.614 −0.685 −0.684 −0.689 −0.691 −0.617 −0.703 −0.459 −0.786 −0.789 −0.554 −0.429 −0.674
Right-side 50 kHz Reactance −0.291 −0.403 −0.411 −0.426 −0.427 −0.434 −0.393 −0.469 −0.291 −0.562 −0.568 −0.279 −0.174 −0.459
Total 50 kHz Reactance −0.288 −0.399 −0.409 −0.424 −0.424 −0.432 −0.394 −0.467 −0.295 −0.558 −0.565 −0.277 −0.180 −0.438
TCD4 (cells/µ) −0.191 −0.176 −0.131 −0.130 −0.134 −0.134 −0.133 −0.137 −0.139 −0.121 −0.118 −0.157 −0.125 −0.185
%BF BIA 0.175 0.257 0.004 0.015 0.014 0.014 0.064 0.013 0.054 −0.035 −0.034 0.053 0.049 0.449
ART type −0.173 −0.110 −0.062 −0.062 −0.060 −0.061 −0.083 −0.064 −0.136 −0.017 −0.010 −0.058 −0.077 0.000
Skin color 0.135 0.100 0.046 0.056 0.051 0.047 0.093 0.044 0.055 −0.017 −0.024 0.0936 −0.030 0.081
Viral load (HIV RNA) −0.117 −0.114 −0.153 −0.152 −0.152 −0.154 −0.119 −0.149 −0.091 −0.176 −0.176 −0.065 −0.083 −0.170
Sex −0.091 −0.074 0.044 0.036 0.036 0.040 0.031 0.041 −0.016 0.077 0.076 0.052 0.041 −0.139
Categorized TCD4 (%) −0.073 −0.036 −0.035 −0.040 −0.035 −0.037 −0.037 −0.038 −0.052 −0.058 −0.055 −0.050 −0.044 −0.042
TCD4 (%) −0.060 −0.093 −0.065 −0.060 −0.062 −0.062 −0.077 −0.062 −0.083 −0.035 −0.034 −0.079 −0.087 −0.043
ART use 0.017 0.019 0.085 0.084 0.086 0.084 0.053 0.075 0.000 0.102 0.100 0.097 0.023 0.076

(b)

Fat Mass
BIA (kg)

Right-Side
50 kHz

Impedance

Total
50 kHz

Impedance

Right-
side

50 kHz
Reactance

Total 50 kHz Reactance TCD4
(Cells/µ) %BF BIA ART

Type Skin Color
Viral
Load
(HIV
RNA)

Sex Categorized
TCD4 (%)

TCD4
(%)

Fat mass BIA (kg) 1.000
Right-side 50 kHz Impedance −0.182 1.000
Total 50 kHz Impedance −0.186 0.997 1.000
Right-side 50 kHz Reactance −0.288 0.700 0.720 1.000
Total 50 kHz Reactance −0.271 0.683 0.704 0.995 1.000
TCD4 (cells/µ) −0.275 0.019 0.036 0.039 0.033 1.000
%BF BIA 0.859 0.198 0.188 −0.060 −0.047 −0.217 1.000
ART type −0.237 −0.174 −0.171 −0.058 −0.044 0.438 −0.210 1.000
Skin color 0.118 0.193 0.191 0.220 0.225 −0.049 0.158 −0.014 1.000
Viral load (HIV RNA) 0.040 0.290 0.277 0.208 0.191 −0.537 0.092 −0.391 0.197 1.000
Sex −0.398 −0.186 −0.179 −0.047 −0.048 0.023 −0.487 0.040 −0.273 0.039 1.000
Categorized TCD4 (%) 0.085 0.135 0.124 0.166 0.173 −0.602 0.128 −0.310 0.081 0.650 0.121 1.000
TCD4 (%) −0.159 −0.067 −0.052 −0.102 −0.104 0.711 −0.134 0.399 0.041 −0.595 −0.249 −0.756 1.000
ART use −0.189 −0.228 −0.223 −0.019 −0.010 0.424 −0.251 0.743 0.016 −0.555 −0.001 −0.457 0.449

DXA = dual energy X-ray absorptiometry; BMC = bone mass content; BIA = bioelectrical impedance analysis; BMI = body mass index; LSTM = Lean soft tissue mass; %BF = body fat
percentage; TCD4 = total CD4+ lymphocyte count; ART = antiretroviral therapy; HIV = human immunodeficiency virus.
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Table 4. Three sets of linear multiple regression to predicted BMC in children and adolescents diagnosed with human immunodeficiency virus (HIV).

Variables R2 Adjusted SEE RMSE F AIC *n BIC’ T VIF

Dependent
variable
BMC by DXA (kg)
Model 1 0.821 0.023 0.209 289.15 −16.604 −106.822 0.179 1.00
Model 2 0.891 0.013 0.163 87.27 −44.170 −123.594 0.109 1.93
Model 3A 0.899 0.012 0.157 81.08 −47.867 −125.133 0.101 3.22
Model 3B 0.898 0.012 0.158 79.86 −46.989 −124.255 0.102 3.24
Model 4A 0.907 0.011 0.150 103.93 −54.335 −133.760 0.093 1.78
Model 4B 0.896 0.012 0.159 78.74 −46.164 −123.429 0.104 1.69

Equations
Model 1 y = −0.0841914 + (BMC BIA × 0.8751548)

Model 2 y = −1.467094 + (BMC BIA × 0.6954882) + (BMI × 0.0568026) + (Total 50 kHz Reactance × 0.0049804) + (TCD4 × −0.0001921) + (ART type × −0.0694619) + (%TCD4 ×
0.0115795)

Model 3A y = −1.634566 + (ECW × 0.1604651) + (BMI × 0.0379592) + (Total 50 kHz Reactance × 0.0064176) + (%BF BIA × 0.0070823) + (TCD4 × −0.0001863) + (ART type ×
−0.0786277) + (%TCD4 × 0.0126501)

Model 3B y = −1.655276 + (ECW × 0.1588884) + (BMI × 0.0403403) + (Right-side 50 kHz Reactance × 0.0124439) + (%BF BIA × 0.0064019) + (TCD4 × −0.0001913) + (ART type ×
−0.0770474) + (%TCD4 × 0.012685)

Model 4A y = −0.8134372 + (Body mass × 0.0451976) + (Fat mass BIA × −0.0148681) + (Total 50 kHz Reactance × 0.0043537) +(TCD4 × −0.0002016) + (ART type × −0.0615134) +
(%TCD4 × 0.0123221)

Model 4B y = −0.3915251 + (Body mass × 0.0453619) + (Fat mass BIA × −0.0186864) + (Right-side 50 kHz Reactance × 0.0075265) +(TCD4 × −0.0001174) + (Categorized %TCD4 ×
−0.1182194) + (ART type × −0.0520502) + (Sex × −0.0484919)

SEE = standard error of estimate; RMSE = root mean square error of estimate; AIC *n = Akaike’s information criterion; BIC’ = Bayesian information criterion; T = tolerance (1 – R2

adjusted); VIF = variance inflation factor; BMC = bone mass content; DXA = dual energy X-ray absorptiometry; BIA = bioelectrical impedance analysis; BMI = body mass index;
TCD4 = total CD4+ lymphocyte cell count; ART = antiretroviral therapy; %TCD4 = TCD4 percentage; %BF = body fat percentage; ECW = extracellular body water; Total 50 kHz
Reactance = (right leg reactance + left leg reactance) + (right arm reactance + left arm reactance) + trunk reactance; Right-side 50 kHz Reactance = right leg reactance + right arm reactance
+ trunk reactance.
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Table 5. Correlation analysis of bone mass content (BMC) dual energy X-ray absorptiometry (DXA) and predictive models in children and adolescents diagnosed
with human immunodeficiency virus.

Mean (SD) Rho SE 95% CI SD Limits of Agreement p

BMC DXA (kg) 1.53 (0.49)
Model 1 1.53 (0.45) 0.903 0.023 0.858 0.948 0.208 −0.407 0.407 1.00
Model 2 1.53 (0.47) 0.948 0.013 0.924 0.973 0.155 −0.303 0.303 1.00
Model 3A 1.53 (0.47) 0.953 0.012 0.930 0.976 0.148 −0.290 0.290 1.00
Model 3 B 1.53 (0.47) 0.952 0.012 0.929 0.975 0.149 −0.292 0.292 1.00
Model 4A 1.53 (0.47) 0.956 0.011 0.935 0.977 0.143 −0.280 0.280 1.00
Model 4B 1.53 (0.47) 0.952 0.012 0.928 0.975 0.150 −0.294 0.294 1.00

SD = standard deviation; Rho = Lin’s concordance correlation coefficient; SE = standard error; CI = confidence interval; p = t-test p-value; Model 1, BMC; Model 2, BMC + body
mass index + total 50 kHz Reactance + total CD4+ lymphocyte cell count + antiretroviral therapy type + total CD4+ lymphocyte cell count percentage; Model 3A, extracellular
body water + body mass index + total 50 kHz Reactance + body fat percentage + total CD4+ lymphocyte cell count + antiretroviral therapy type + total CD4+ lymphocyte cell
count percentage; Model 3B, extracellular body water + body mass index + right-side 50 kHz reactance + body fat percentage + total CD4+ lymphocyte cell count + antiretroviral
therapy type + total CD4+ lymphocyte cell count percentage; Model 4A, body mass + fat mass + total 50 kHz reactance + total CD4+ lymphocyte cell count + antiretroviral therapy
type + total CD4+ lymphocyte cell count percentage; Model 4B, body mass + fat mass + right-side 50 kHz reactance + total CD4+ lymphocyte cell count + total CD4+ lymphocyte cell
count percentage categorized + antiretroviral therapy type + sex.
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4. Discussion

The main finding of this study was the usability of BIA8MF to estimate the BMC with
82.1% to 90.7% of the DXA BMC explanation (with adjustments on the BIA BMC measure-
ment or by using BIA parameters and/or subjects physical and biological characteristics).
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The previous studies that investigated the BIA’s usability to estimate the BMC in adults
had inconsistent conclusions, showing agreement [11] and disagreement [22–26] between
the BIA estimates and values measured by DXA or inconclusive results [27]. That incon-
sistency between the studies that investigated the BIA’s usability to estimate the body
composition was previously shown at systematic reviews, and it was attributed to the
use of different types of BIA (BIA8MF or tetrapolar (single or multi frequency)) and an
intention to simultaneously validate the method and develop equations and the quality of
the research [9,13].

Regarding the BIA’s usability to evaluate the BMC in children and adolescents,
only two articles that investigated this association were found (non-systematic review
data) [14,15]. The results from de Castro et al. [15] were obtained from the same sample
of the present study, and they showed that the BIA equipment internal equation was
not suitable to estimate the DXA BMC (estimating 77.5% and 74.4% of DXA BMC with a
standard error of 0.035 and 0.038 kg for females and males, respectively). The BIA BMC
estimation is obtained by the division of the BIA FFM in the LSTM and the BMC, and while
FFM and LSTM values were in agreement with those measured by DXA, the equipment
internal equation showed in inability to accurately estimate the BMC [15,17]. Lee et al. [14]
developed equations to estimate the BMC in children and adolescents without an HIV
infection diagnosis using BIA parameters and/or the subjects’ physical and biological
characteristics which were able to estimate 88.6% to 93.2% of the DXA BMC (data regarding
SEE were not showed). Those results agreed with the present study that found that the
BIA was useful to estimate the DXA BMC also with adjustments to the BIA parameters
and/or the inclusion of the subjects’ physical and biological characteristics, showing that
the equations were able to estimate 82.1% to 90.7% of the DXA BMC (SEE from 0.023 to
0.011 kg, respectively). However, the assumption of the BIA’s usability to estimate the
BMC in children and adolescents, based solely on the results discussed above, should be
made cautiously, considering the limited number of studies on the matter, and the fact
that Lee et al. [14] did not show information regarding the SEE and internal or external
validation of the developed equations.

The BIA body composition estimates starts with the measurements of the resistance
and reactance, which are followed by impedance, to estimate the TBW and then, the FFM
values [7,12,13]. Based on those results, the FM is obtained by the subtraction of the FFM
values from the total body mass, and the LSTM and BMC are obtained by the division of
the FFM based on an equipment internal equation [12,13,17]. The different sets of models
of this study considered the estimation process of the BIA, described above, and they were
made with the purpose to investigate whether the adjustments in different moments of the
BIA estimation process can result in a better BMC estimate.

The results showed the improvement of the BMC estimate by the BIA with distinct
adjustments: 82.1% of the DXA BMC was explained with an adjustment in the internal
equation, but this was 89.9% when the model was based on the body water estimate and
the subjects’ physical and biological characteristics, and it was 90.7% when the model was
based on the body mass and the subjects’ physical and biological characteristics. Those
results confirm the hypothesis that adjustments using the BIA measurements (resistance,
reactance and/or impedance) and/or the initial BIA estimates (as TBW) can produce better
results than using the BMC estimate provided by the equipment internal equation. At
the same time, the results contradicted the findings of Lee et al. [14], where the authors
concluded that the BIA parameters were not able to produce better BMC estimates than the
simple indices could (body mass and height, or age and height). However, such conclusions
were drawn based on models generated with potentially highly correlated variables such
as body mass, height, and age without presenting the correlation values, thus hindering
further analysis to avoid the risk of overfitting in those models. The improvement on the
BIA BMC estimates using the BIA measurements and the subjects’ physical and biological
characteristics (as HIV infection parameters) found in this study can be related to the
variation of the FFM hydration over the years, decreasing from birth (when approximately
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80.6% of the FFM is composed of water), reaching 75.1% and 76.9% at 10 years of age (for
boys and for girls, respectively) [28]. Additionally, specific to the population that was
studied, the chronic exposure to HIV ART may result in tissue dehydration [7,12].

Previous studies that investigated the BIA’s usability, suggested that multi frequency
equipment can produce better BMC estimates when compared to a half-body analysis with
single frequency (50 kHz) equipment [7,9,12]. Based on that, the third set of models was
generated with the purpose of investigating whether the BIA total body analysis using
multi frequency equipment was able to produce a better BMC estimate than the half body
analysis using single frequency (50 kHz) equipment could. The similar results obtained
by models 3B and 4B compared to those of models 2, 3A and 4A did not support this
hypothesis. However, based on the assumption that a total body analysis using multi
frequency equipment does not produce better results than a half analysis does using single
frequency (50 kHz) equipment, we need to consider that the results from this study were
obtained from a simulation and not directly from single frequency equipment. Models 3B
and 4B were generated as options to the researchers who wanted to investigate the BMC
estimate by the BIA with a half-body analysis using single frequency (50 kHz) equipment.

The interpretation and applicability of the results from this study should consider
the following limitations: (a) the use of only one reference method, (b) the construction of
half-body equations using BIA8MF, and (c) the lack of access to the equipment equations
to the measure the mineral content and estimate the BMC. The use of multiple reference
methods can be an useful strategy, considering that the methods have distinct accuracy
and limitations to evaluate the body composition components [9,12,29]. The selection of
DXA as a reference method was based on the credibility of the technic as the standard
reference method to evaluate the BMC [7,8,12] and its frequent usage in BIA validation
studies [9]. In addition, BIA BIA8MF and tetrapolar equipment produce total and half-body
estimates, respectively [12]. For this study, BIA8MF was used to provide results simulating
single-frequency tetrapolar equipment. This simulation can result in future interpretation
errors, and these should be investigated in future studies. BIA multifrequency equipment
estimates the mineral content, and it usually provide this value as the BMC, however, the
manufacture did not provide access to the equipment equations to researchers, limiting
the knowledge about which independents variables already were used to estimate the
mineral and BMC, and consequently, this could have resulted in the overfitting of the
models. Despite its limitations, the study greatly contributes to the knowledge regarding
the BIA’s usability to investigate the BMC in the pediatric population diagnosed with HIV,
presenting models with a high coefficient correlation value and low standard errors.

5. Conclusions

In conclusion, the three sets of models constructed to estimate the DXA BMC using BIA
estimates, as well as the subjects’ physical and clinical characteristics, showed acceptable
clinical correlation and low SEE values. Models 1 and 2 present adjustments for the
BMC investigation using the BIA equipment that provided the estimated BMC values.
Model 1 presents a simple adjustment for the investigation of the BMC only using the BMC
value estimated by the BIA equipment, which is more suitable for the studies that only
aim at monitoring the BMC in children and adolescents diagnosed with HIV infection.
However, Model 2’s adjustments resulted in better parameters. Thus, this model was the
most suitable one for the studies that aim to investigate the healthy levels of BMC using BIA
equipment which provide estimated BMC values. Models 3B and 4A present adjustments
for investigating the BMC using BIA equipment that does not provide estimated BMC
values, as well as tetrapolar equipment. Model 3B presents adjustments for the investigation
of the BMC through half-body estimates (right-side), which is more suitable for the studies
that aim to investigate the BMC in children and adolescents diagnosed with HIV infection
using tetrapolar equipment. Model 4A showed the highest correlation result and the lowest
SEE value compared to the other models, providing the best adjustment to estimate the
BMC by BIA. Thus, among all of the models, this was the most appropriate model for
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investigating the BMC in children and adolescents diagnosed with HIV infection. Through
these findings, the present study demonstrated a new approach and the suitability of an
easy-to-use technique to estimate the BMC in children and adolescents diagnosed with HIV.
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Abbreviations

ART: antiretroviral therapy; BIA: bioelectrical impedance analysis; BIA8MF: BIA octapolar multi-
frequency equipment; BMC: bone mineral content; BMD: bone mineral density; BMI: Body mass
index (BMI = body mass/height2); CC: correlation coefficient; DXA: dual energy X-ray absorptiome-
try; FFM: fat-free mas; HIV: human immunodeficiency virus; LSTM: lean soft tissue mass; Rho: CC
proposed by Lin; SEE: standard error of estimate; TCD4: CD4+ lymphocytes cell count; TWB: total
body water; %BF: body fat percentage; %TCD4: TCD4 percentage (>25% [>500 cell mm−3], 14–25%
[200–499 cell mm−3], <14% [<200 cell mm−3]; 50 kHz Impedance: right-side impedance (50 kHz
Impedance = right leg impedance + right arm impedance + trunk impedance); 50 kHz Reactance:
right-side reactance (50 kHz Reactance = right leg reactance + right arm reactance + trunk reactance).
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