
European Journal of Clinical Nutrition (2022) 76:288–296
https://doi.org/10.1038/s41430-021-00946-x

ARTICLE

Prevention of Non Communicable Diseases

Development and cross-validation of predictive equations for
fat-free mass and lean soft tissue mass by bioelectrical impedance
in Brazilian women

Roberto Fernandes da Costa 1
● Kalina Veruska da Silva Bezerra Masset1 ● Analiza M. Silva 2

●

Breno Guilherme de Araújo Tinoco Cabral1 ● Paulo Moreira Silva Dantas 1

Received: 28 May 2020 / Revised: 7 May 2021 / Accepted: 17 May 2021 / Published online: 6 July 2021
© The Author(s), under exclusive licence to Springer Nature Limited 2021

Abstract
Background/Objectives Bioelectrical impedance is one of the most used clinical techniques to assess body composition;
however, it is necessary that the available predictive equations are valid for the evaluated subjects. This study aimed to
develop and cross-validate equations for fat-free mass (FFM) and lean soft tissue mass (LSTM) by bioelectrical impedance
for Brazilian women, in addition to test the validity of other available equations.
Subjects/Methods Cross-sectional study with 222 women aged 20–59 years, randomly divided into two groups: develop-
ment and cross-validation. The standard technique for assessing fat mass, FFM and LSTM was dual energy X-ray
absorptiometry. Paired t test, multiple regression, and Bland–Altman plots were used to test the validity of the proposed
models, as well as to perform cross-validation of the models.
Results The equations derived in this study were: FFM= 16.284+ 0.442 × (Height2/Resistance)− 0.13 × age+ 0.302 ×
Weight− 0.121 ×Waist Circumference; r2= 0.86; SEE= 2.32 kg; and LSTM= 14.732+ 0.427 × (Height2/Resistance)−
0.125 × age+ 0.291 ×Weight− 0.115 ×Waist Circumference; r2= 0.92; SEE= 2.29 kg. In addition, the new equation for
FFM showed better agreement when compared to another equation developed for a Brazilian population.
Conclusions The newly developed equations provide a valid FFM and LSTM estimation and are recommended for Brazilian
women with similar characteristics.

Introduction

Body composition assessment is becoming increasingly
important for monitoring weight loss. It is crucial for the
prescription of personalized nutritional programs, physical
exercise programs, and accurate adjustments of drug dosage
for optimizing and preserving health with progressive
weight loss [1].

Bioelectrical impedance (BIA) is a commonly used
method to assess body composition in clinical practice and
field research. Recent studies on BIA technology involve

systems that incorporate multiple frequencies and multiple
body segments. It is a quick and simple technique, which
estimates total body water (TBW) for determining fat-free
mass (FFM) and fat mass (FM), assuming a constant
hydration of 73.2% in FFM [2, 3]. However, different
population groups may present different amounts of FFM
hydration, depending on sex, age, and ethnicity, suggesting
the need for specific equations addressing these differences
[4, 5]. Currently, there are also equations developed based
on the BIA to estimate FFM without going through the
assumption of hydration [6–8]. However, at the molecular
level of body composition analysis, models thas provide fat-
and free- bone mass models, usually refered as lean-soft
tissue mass (LSTM) are absence with several papers pro-
viding BIA-appendicular lean mass or appendicular skeletal
muscle mass derived equations, as described in a recent
systematic review [9]. The prediction of LSTM can provide
additional information that may detect changes resulting
from malnutrition and sarcopenia as FFM does not dis-
criminate lean tissue from bone quantity and quality.
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To perform these estimates, BIA measures resistance (R)
and reactance (Xc), which, in combination with other
variables such as height, body mass, sex, and age, are used
in specific predictive equations for the studied population
[10, 11]. Thus, when these equations are used to assess the
body composition of different populations than the original
ones, the results are inconsistent, indicating that they cannot
be generalized to several populations [10].

In this way, several studies have proposed BIA pre-
dictive equations for different population groups [6, 12–15]
or have tested their validity in different populations [8, 16].
In Brazil, few studies have developed BIA equations to
estimate FFM of adult women using dual energy X-ray
absorptiometry (DXA) as a reference technique, and there is
no evidence of their validity in different regions of the
country that present marked morphological differences
related to the ethnic miscegenation [8]. Therefore, the
objective of the present study was to develop and to cross-
validate predictive equations of FFM and LSTM for Bra-
zilian adult women, as well as to test the validity of other
commonly used equations.

Materials and methods

This is a descriptive study with a cross-sectional design for
the development and cross-validation of regression equa-
tions to estimate body composition.

Sample

The convenience sample consisted of 222 women, aged
20–59 years, from the northeast region of Brazil, who were
recruited through dissemination among the participants of
university extension projects from the Physical Education
Department of the Federal University of Rio Grande do
Norte (UFRN), nomination by participants, or social media
(Fig. 1). After the inclusion in the study, the sample was
randomly divided into two groups, development of pre-
dictive equation for FFM (111) and cross-validation (111),
as previously described [13, 14]. For the sample size cal-
culation, we considered a medium to small effect size (0.12)
with four predictors (independent variables), with a type I
error of 5% and a power of 82%. Using these parameters, a
total of 111 participants would be required.

Inclusion criteria were women aged 20–59 years, with a
body mass index (BMI) between 16.5 and 39.9 kg/m2,
without any medical condition that could interfere with
body composition results. Exclusion criteria were preg-
nancy; hypo or hypervolemic conditions, including diet,
diuretic, or corticoid use; oedema; individuals with any
physical disability; or individuals who had prosthesis that
could alter the results of the body composition assessment.

Instruments and procedures

All data collections were conducted in a single visit by each
participant to the laboratory to perform anthropometric
measurements and BIA and DXA assessments. All partici-
pants were informed about the study protocol and signed a
free and informed consent form (FICF). The research pro-
ject was approved by the Research Ethics Committee of the
University Hospital Onofre Lopes – HUOL/UFRN (proto-
col n°. 34804414.7.0000.5292).

Anthropometric measurements

Anthropometric measurements were performed by one
physical education professional, who was properly trained
in accordance with international recommendations [17].
Weight was measured using a digital scale with resolution
of 0.1 kg of the brand Sanny®, model BL200PP (American
Medical do Brasil, São Bernardo do Campo, Brazil), with
the participants barefoot and wearing light clothes. Height
was measured using a stadiometer of the brand Sanny®
with resolution of 0.1 cm, model Caprice (American
Medical do Brasil, São Bernardo do Campo, Brazil),
with the participants barefoot and in orthostatic position.

Fig. 1 Flowchart of the study protocol, showing the women eligible
for the study, those who met the criteria and attended the assessments,
randomly selected for the development group and cross-
validation group.
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Waist circumference (WC) was measured at the midpoint
between the iliac crest and the lower border of the last rib,
using an anthropometric metal tape measure of the brand
Sanny® with resolution of 0.1 cm, with the participants
standing and the tape measure over bare skin at the mea-
surement site. BMI was calculated by dividing body mass
(kg) by the square of height (m).

BIA

Assessment by BIA, for the determination of resistance (R),
reactance (Xc), and phase angle (PhA), was conducted with
single frequency tetrapolar equipment (50 kHz) and 800 µA
current, of the brand Sanny®, model BIA1010 (American
Medical do Brasil, São Bernardo do Campo, Brazil). BIA
equipment validation was periodically performed with a
calibration device provided by the manufacturer. Validity
values were considered normal if the resistance was not
higher than 500 ± 5 ohm (Ω), and reactance was not higher
than 52 ± 0.5Ω, according to the manufacturer’s instruc-
tions. The choice of the Sanny bioimpedance equipment was
made because it is the only one manufactured in Brazil,
meaning easy access in the country and relatively low
operating cost. In addition, a previous study developed
equations to estimate the FFM of 20–59-year-old men, with
high validity, using DXA as a reference technique [18].

In order to verify the quality of the measurements
obtained by the equipment, reproducibility was calculated
for a subgroup of 46 subjects from the population of this
study: coefficient of variation (CV) of 0.17% and 0.72% for
R and Xc, respectively, and technical error of measurement
(TEM) of 0.76 Ω (0.22%) and 0.35 Ω (0.92%) for R and Xc,
respectively.

Participants were assessed lying in supine position on a
non-conductive stretcher. The skin was cleaned with 70%
alcohol before placing the electrodes, which were posi-
tioned on the dorsal surface of the wrist, hand, ankle, and
foot, in the right hemibody. The evaluated individuals were
asked to fast for at least 4 h prior to the assessment, not to
perform strenuous physical exercise in the previous 24 h,
and not to consume alcohol in the previous 48 h. In addi-
tion, they should empty their bladder 30 min before the
assessment. Resistance index (Ht2/R) was calculated by
dividing the square of height (m) by resistance (Ω).

Total-body water (TBW) was estimated from the BIA
model developed by Sun et al. [5].

DXA

DXA was performed with Lunar Prodigy equipment, model
NRL 41990 (GE Lunar, Madison, WI, USA). The scan was
conducted with the participants lying in supine position along
the longitudinal axis of the midline of the table. Feet were

positioned together and stuck at the level of the fingers to
immobilize the legs, while the hands were held in the prone
position within the scanning region of the equipment. The
participants remained still during the digitalization process.
Measurements were performed following the recommenda-
tions proposed by Nanna et al. [19]. Body composition was
determined using version 13.6 enCoreTM 2011 software (GE
Health Lunar). As described elsewhere, CV for FM, bone
mineral content (BMC), and lean soft tissue mass (LSTM)
using the current equipment were 0.74%, 0.28%, and 0.26%,
respectively. TEM were 0.25 kg, 0.02 kg, and 0.25 kg to FM,
BMC, and LSTM, respectively [8]. The FFM was obtained by
sum of the BMC and LSTM (FFM=BMC+LSTM).

Statistical analysis

The non-parametric Kolmogorov–Smirnov test was applied
to verify normal distribution of data, which was confirmed
for all variables. Descriptive analysis consisted of mean
and standard deviation of all study variables, and the
comparisons between groups were performed by Student’s
t test for independent samples. Stepwise multiple regres-
sion analysis was used to propose the predictive equations
for FFM and LSTM. Stepwise regression analysis was
conducted using FFM and LSTM obtained by DXA as
dependent variables, and age, weight, height, WC, BMI,
resistance, reactance, phase angle, and resistance index as
possible independent variables. During model develop-
ment, normality of residuals and homogeneity of variance
were tested. Significance at p < 0.05 was established as the
criterion for inclusion of a predictor whereas removal cri-
teria were set at p > 0.1. If more than one variable remained
in the model, and to assess multi-collinearity, a variance
inflation factor (VIF) and the tolerance (reciprocal of VIF)
were calculated for each independent variable [20], and a
VIF < 10 or tolerance higher than 0.1 was considered
appropriate [21]. To verify the validity of the proposed
equations, the estimated mean results were compared to the
mean results measured in DXA by paired t test. In addition,
Pearson correlation coefficient (r), coefficient of determi-
nation (r2), and standard error of the estimate (SEE) were
calculated. The approach proposed by Lin [22] was used
for the concordance correlation coefficient (CCC) analysis
in order to verify validity (Cb) and accuracy (ρ) between
estimated and measured FFM and LSTM values. For the
cross-validation of the equations proposed in the present
study, multiple regression analysis was performed.

Also, the new BIA equations accuracy were evaluated
using pure error (PE), which was calculated as the squared root
of the sum of squared differences between the measurement
and estimate of FFM and LSTM [5]. Bland–Altman plot was
used to verify bias and concordance between FFM measure-
ment and estimate, and between LSTM measurement and
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estimate, in which the limits of agreement (LOA) were
defined as the mean of differences ± 1.96 standard devia-
tions, including the analysis of the correlation between the
mean and the difference of the methods. In addition, the
same procedures were used to test the validity of two other
equations, one proposed for Brazilian women, based on a
sample from the south of the country [6], and another
developed for the Swiss population [23], previously vali-
dated for women in the Brazilian population [24]. Analyses
were carried out with the statistical package SPSS v.20.0
and MedCalc v.12.5.0. Statistical significance was con-
sidered as p < 0.05 for all tests.

Results

Characteristics of both groups, the development group and
cross-validation group, are presented in Table 1. None of
the variables presented significant difference in the com-
parison between groups.

Table 2 shows the regression models for the prediction of
FFM (kg) and LSTM (kg), respectively. A preliminary
model was developed to estimate FFM and another to
estimate LSTM including anthropometric variables and BIA
—namely, age, weight (W), height (H), WC, BMI, resis-
tance (R), reactance (Xc), phase angle (PhA), and resistance
index (Ht2/R). Only the variables that contribute to the
estimates using a backward stepwise approach were used in
the model. The performance of the models developed can
be observed by the high coefficients of determination (FFM,
r2= 0.86; LSTM, r2= 0.92) and low standard errors of the
estimate (FFM, SEE= 2.32 kg; LSTM, SEE= 2.29 kg).

The resulting prediction models included are presented as
follows:

FFM ðkgÞ ¼ 16:284þ 0:442� ðHt2=RÞ � 0:13� age

þ 0:302�W� 0:121�WC

LSTM ðkgÞ ¼ 14:732þ 0:427� ðHt2=RÞ � 0:125� age

þ 0:291�W� 0:115�WC

Table 1 Characteristics of the
study groups (mean ± standard
deviation).

Development group
n= 111

Cross-validation group
n= 111

p value

Age (years) 38.5 ± 13.1 38.7 ± 13.2 0.917

Weight (kg) 65.6 ± 12.3 66.4 ± 12.8 0.628

Height (cm) 161.4 ± 7.1 161.4 ± 6.4 0.983

BMI (kg/m2) 25.2 ± 4.3 25.5 ± 5.1 0.556

Abdominal circumference (cm) 82.3 ± 11.7 83.8 ± 12.6 0.358

Resistance (Ω) 602.7 ± 86.7 605.9 ± 92.5 0.790

Reactance (Ω) 66.2 ± 11.4 66.8 ± 13.9 0.754

Phase Angle ° 6.3 ± 0.7 6.3 ± 0.9 0.937

Resistance Index 44.2 ± 7.7 44.0 ± 7.4 0.858

TBW (L) 30,9 ± 4.5 30,9 ± 4.4 0,989

FFMW (%) 75,6 ± 5.5 75,2 ± 5.1 0,645

FFM (kg) 40.7 ± 6.0 40.9 ± 5.7 0.837

BMC (kg) 2.26 ± 0.24 2.23 ± 0.30 0.544

LSTM (kg) 38.4 ± 5.8 38.6 ± 5.6 0.810

BF (%) 37.2 ± 7.3 37.5 ± 7.4 0.719

TBW total body water, FFM fat-free mass, FFMW FFM hydration, BMC bone mineral content, LSTM lean
soft tissue mass, BF body fat.

Table 2 Regression models for the prediction of FFM (kg) and
LSTM (kg).

Variables
included in
the model

Regression
coefficient

r2 SEE p value Collinearity
statistics

Tolerance VIF

FFM (kg)

Constant +16.284 <0.001

H2/R +0.442 0.700a 3.303 <0.001 0.417 2.400

Age −0.130 0.773b 2.883 <0.001 0.871 1.148

Weight +0.302 0.842c 2.418 <0.001 0.160 6.231

WC −0.121 0.856d 2.322 0.002 0.244 4.092

LSTM (kg)

Constant +14.732 <0.001

H2/R +0.427 0.699a 3.217 <0.001 0.418 2.391

Age −0.125 0.770b 2.825 <0.001 0.877 1.140

Weight +0.291 0.838c 2.378 <0.001 0.161 6.213

WC −0.115 0.851d 2.291 0.003 0.245 4.076

The r2 change was significant for a, b, c, and d.

SEE standard error of the estimate, VIF variance inflation fator.

Predictors: a(Constant), H2/R.
b(Constant), H2/R, age.
c(Constant), H2/R, age, weight.
d(Constant), H2/R, age, weight, waist circumference.
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As an example of using the FFM and LSTM equations,
we provided the actual values observed for the youngest
woman (age= 20.0 years; Ht2/R= 41.59; weight=
67.5 kg; and WC= 81.3 cm) and for the oldest woman
(age= 59.5 years; Ht2/R= 53.69; weight= 94.4 kg; and
WC= 103.0 cm) included in this sample, who presented
FFM of 42.6 kg (63.1%) and 48.3 kg (51.2%), respectively;
and LSTM of 40.3 kg (59.7%) and 45.8 kg (48.6%),
respectively. When measured by DXA, these women
obtained FFM of 41.6 kg (61.7%) and 46.8 kg (49.6%);
LSTM of 39.2 kg (58.0%) and 44.6 kg (47.3%), respectively.

From the results of FFM, it is possible to calculate FM in
kilograms by subtracting FFM from body mass (FM=
BM− FFM). Then, it is also possible to calculate body fat
percentage by the mathematical expression: FM%= (FM ×
100)/BM.

Estimated FFM and LSTM by the specific equations
developed in the present study did not present significant
difference in comparison with the values determined by
DXA for both the development and cross-validation
groups. All parameters used for proposing and validating
the equations confirmed their validity (Table 3). In addi-
tion, no association was found between the mean and the
difference of the methods (FFM, r=−0.021; p= 0.825;
LSTM, r= 0.111; p= 0.098).

Figure 2 presents the LOA for FFM and LSTM between
the standard method (DXA) and the BIA equations derived
in the present study. Mean difference in the Bland–Altman
plot was not different from zero in the cross-validation
group for FFM (p= 0.839) and to LSTM (p= 0.724). The
LOA of the FFM model ranged between −4.4 kg and
4.6 kg, and for the LSTM model ranged between −4.0 kg
and 4.4 kg indicating acceptable limits of agreement
between the developed equations and the reference method.
Then, the validity of two other equations commonly used in
Brazil, one developed in southern Brazil [6] and the other in
Switzerland [23], was tested for the total sample of the
present study, which demonstrated that both equations
showed a significant difference for FFM when compared to

the standard technique, in addition to lower validity para-
meters than the equation proposed in the present study for
FFM (Table 4).

Mean differences in the Bland–Altman analysis were
different from zero for both equations: Gonzalez et al. [6].
(p < 0.001) and Kyle et al. [23]. (p= 0.007). The LOA
obtained by both equations, through Bland–Altman plot, are
presented in Fig. 2 and demonstrate low agreement in FFM
estimation. In addition, there was an association between
the mean and the difference of the methods for both equa-
tions: Gonzalez et al. [6]. (r= 0.447; p < 0.001) and Kyle
et al. [23]. (r= 0.198; p= 0.038).

Discussion

In the present study, the BIA equations were developed to
estimate FFM and LSTM of Brazilian women aged 20–59
years, using the measurement obtained in DXA as refer-
ence. After its proposition, the equations went through a
cross-validation process in a group of women of the same
age group and with similar characteristics.

Among the variables obtained in the proposed models,
resistance index (Ht2/R) proved to be the most relevant
predictor, explaining 70% of the variability of both
equations, FFM and LSTM. The use of BIA for esti-
mating FFM by the resistance index is based on the
electric properties of the human body. Resistance (R) of
conductor is expressed by R= ρL2/V, so V= ρL2/R,
wherein ρ is the conductor resistivity, L is the length, and
V is volume [25, 26]. Therefore, as lean tissue contains a
large amount of water, it presents low resistance to the
flow of electric current, unlike FM. In this way, TBW
allows to estimate FFM.

In this sense, body composition estimates by BIA assume
that FFM has a fixed water amount of ~73.2%, when
hydrometric techniques are used as standard [2, 3, 27].
However, it has been shown that the amount of body water
can vary according to ethnicity, age, gender, physical
activity level, and health status, among other factors, sug-
gesting the need for specific equations according to the
population to be assessed [28–30].

Several studies have demonstrated that the inclusion of
age, sex, and anthropometric measurements significantly
improves the predictive value of FFM estimation equations
[8, 13, 15, 18, 31]. In the present study, the anthropometric
variable that entered the model was WC, which means
that for the sample studied, the larger this circumference,
the lower the FFM and LSTM. This can be explained by the
direct relationship between WC with visceral adipose
tissue (VAT) and whole-body FM [32]. This anthropo-
metric measure improved the proposed models, increasing
the r2 and decreasing the SEE (Table 2).

Table 3 FFM and LSTM values determined by DXA and estimated by
the BIA equations proposed in the present study.

DXA - FFM (kg) BIA - FFM (kg) p r2 SEE (kg)

DG 40.7 ± 6.0 40.7 ± 5.5 0.927 0.86 2.32

CVG 40.8 ± 5.7 40.8 ± 5.8 0.687 0.92 2.24

DXA -
LSTM (kg)

BIA -
LSTM (kg)

p r2 SEE (kg)

DG 38.4 ± 5.8 38.4 ± 5.4 0.857 0.92 2.29

CVG 38.6 ± 6.0 38.5 ± 5.6 0.479 0.92 2.22

DG development group, CVG cross-validation group, FFM fat-free
mass, LSTM lean soft tissue mass, SEE standard error of the estimate.
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In Brazil, only two studies were conducted to propose
predictive equations of BIA to estimate body composition
of women in the same age group of the present study. The
first study was conducted with 58 women aged 18–30 years,
university students of the state of Pernambuco, in which the
authors derived five equations and proposed as the best
results an equation that uses resistance, height, and body
mass in the regression model [33]. It is important to high-
light that the authors adopted hydrostatic weighing as
standard, without the direct measurement of pulmonary
residual volume, which can significantly compromise the
body density values obtained [34]. In addition, the valida-
tion was only based on Pearson linear correlation, SEE, and

Student’s t test for dependent samples, lacking a more
robust analysis to evidence the validity of the referred
equations.

More recently, in a second study [6], equations for men
and women were derived, in which 155 women aged 20–70
years participated in the female group, from the city of
Pelotas, southern Brazil. The equation developed in this
study proved to be valid and showed better results when the
authors compared it with other validated equations used in
Brazil [23, 35]. Considering that the study suggests that this
equation would be a good option to estimate FFM of the
Brazilian population, we tested its validity in the sample of
the present study, from the northeast region of Brazil.

Fig. 2 Bland–Altman plots for the concordance limits between values
determined by the reference method (DXA) and equations: (a) fat-free
mass (FFM) derived in this study; (b) lean soft tissue mass (LSTM)

derived in this study; (c) FFM proposed by Gonzalez et al. [6];
(d) FFM proposed by Kyle et al. [23].

Table 4 Fat-free mass values
determined by DXA and
estimated by equations of Brazil
—Gonzalez et al. [6] and
Switzerland—Kyle et al. [23].

FFM (kg) CCC analysis r2 PE (kg)

DXA BIA p CCC ρ Cb

Gonzalez 40.8 ± 5.9 40.3 ± 4.6 0.020 0.8564 0.8815 0.9688 0.78 2.85

Kyle 40.8 ± 5.9 42.6 ± 5.4 <0.001 0.8367 0.8865 0.9438 0.79 3.29

FFM fat-free mass, CCC concordance correlation coefficient, ρ accuracy, Cb validity, PE pure error.

FFM (%) [6]=−118.1866− (0.0556 resistance)+ (0.1378 reactance)+ (847.0996/√weight)+ (0.6153
height).

FFM (kg) [23]=−4.104+ (0.518 height2/resistance)+ (0.231 weight)+ (0.130 reactance).
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Our results demonstrated that the referred equation did
not meet the validity criteria to estimate FFM of the studied
sample (Table 4; Fig. 2), which can be explained by the
high miscegenation and ethnic differences found in the
different regions of the country [8]. The validity of an
equation developed for the Swiss population aged 20–94
years was also tested, which included 141 women and used
DXA as a reference technique [23]. Although a study pre-
viously conducted in Brazil [24] with 120 women aged
60–81 years demonstrated validity of this equation to esti-
mate FFM, in the sample of the present study, the equation
did not demonstrate to be valid (Table 4; Fig. 2).

It is important to note that in addition to ethnic character-
istics, differences in body size and shape between the
populations that originated the equations and different bioim-
pedance equipment can also generate bias in the results [3, 36].
However, studies usually compare equipment with different
evaluation characteristics, such as Foot-to-Foot and Hand-to-
Foot [37] or segmental and whole-body [38]. Although the
equation developed by Gonzalez et al. [6]. used BIA Quantum
(RJL Systems, Detroit, MI, USA) and the equation developed
by Kyle et al. [23]. used Xitron 4000B (Xitron Technologies,
San Diego, CA, USA), both are tetrapolar devices for whole-
body measurement, with the subjects in the supine position,
using a frequency of 50 kHz and current of 800 µA. Moreover,
Silva et al. [39] observed differences in raw BIA parameters
between single frequency and the multifrequency devices at
the frequency of 50 kHz. Nevertheless, the same character-
istics were reproduced in the present study.

BIA was used to evaluate the amount of body water, which
is extrapolated to FFM in some BIA devices assuming a
relative constant value for FFM hydration [8]. The relative
constancy for FFM hydration was proposed by previous
authors [27, 40], showing relative stability in mammals of
73.2%. However, several studies showed that this value may
vary according to age [41, 42], ethnicity [35, 43], obesity
status [44], and other conditions that affect fluid distribution
[26]. Indeed, in both the development and cross-validation
groups, mean values of 75.6% and 75.2% of FFM hydration,
assessed as the ratio between TBW/FFM based on a BIA
prediction model for TBW determination [5] and FFM from
DXA is slightly higher than the proposed value of 73.2%.
Therefore, the choice of the equation to be used should take
into account age, sex, ethnicity, and the health status of the
subjects [11, 45].

Another aspect that deserves attention is that many
devices do not allow the identification of the equations
available in their software, which may compromise a correct
identification of the most appropriate equation. If we con-
sider that even among the gold standard techniques, such as
DXA, there may be differences between the results obtained
by different brands and models [46, 47], we can expect that
the same occurs with bioelectrical impedance.

The best solution would be that manufacturers of bioim-
pedance equipment provide different predictive equations to
be chosen according to the characteristics of the evaluated
subjects. However, if the equipment does not have such a
possibility, the professional can use the results of resistance,
reactance, and other necessary variables obtained in a theore-
tically valid equation for the subject under evaluation. The lack
of body composition predictive equations by BIA produced in
Brazil, or validated in different regions of the country, justifies
the implication of the present study for this area, with regard to
research and its application in clinical practice.

A strength of this study included the development of a
LSTM equation in addition to FFM considering the use-
fulness of discriminating FFM from bone mass to better
assess and track interventions to manage malnutrition and
sarcopenia related conditions. The equations developed in
our study showed a high coefficient of determination and
good limits of agreement in relation to the reference
method, in addition to low VIF and high tolerance values;
and all parameters used for the proposition and cross-
validation of both models confirmed their validity for the
studied population [5, 21, 22, 48], which can be used to
monitor changes in FFM and LSTM resulting from dietary
programs and physical exercises [1, 9, 49].

To exemplify the use of the equations developed in the
present study, in the results we selected the minimum and
maximum ages to present the practical implications as age is
a variable that has a substantial impact on the biological
predictors used in these models and can be useful for
illustrative purposes.

However, several limitations should also be addressed.
DXA is not considered a gold standard method to determine
FFM at the molecular level. The four-compartment model
(4 C) is the criterion method for assessing FM and FFM at
the molecular level, given that the variability of the main
FFM components (water, protein, and minerals) is assessed
[50]. In addition, this study included a sample from only one
region of the country, and ethnicity was not assessed.
Therefore, miscegenation and ethnic differences suggest the
need to validate the equation proposed in the present study in
other regions of the country and with subjects of different
ethnic origins. It should be noted that the new equations are
only useful for Brazilian women with similar characteristics.
In addition, further research should be conducted to test the
accuracy of the new model in tracking FFM and LSTM.

Conclusions

The equations developed in the present study met the
validation criteria to estimate FFM and LSTM, while the
equations developed in the south of Brazil and in Switzer-
land for FFM were not considered valid for the studied
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sample. In this way, these new equations can be considered
as a good alternative for body composition assessment by
BIA of women with similar characteristics.
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