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Predicting fat-free mass in children using bioimpedance analysis

Abstract Body composition assessment is a useful proce-
dure for the study of nutritional status and water distribu-
tion. In adults, it is a predictor of morbidity and mortality,
since body fatness is associated with risk factors for cardio-
vascular disease. Bioelectric impedance analysis (BIA) is a
simple, safe, and inexpensive method for assessment of
body composition both in pediatric and adult subjects. The
aim of our study was to validate the impedance index, ZI
(H?/Z, height in cm®*/impedance), as a predictor factor of fat-
free mass (FFM) and fat mass (FM) in a sample (n=75) of
normal children. Dual-energy X-ray absorptiometry (DXA)
was chosen as reference method. Despite some minor bias,
DXA is considerably less expensive and easier to administer
in pediatric subjects than other established gold standard ref-
erence methods for assessing body composition. ZI values
were highly correlated with FFM measured with DXA. The
following equations were obtained from the regression
analysis: (a) male subjects, FFMpxa=0.6375 (ZI)+5.9913,
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r2=0.897, p<0.0001; (b) female subjects, FFMpxa=0.7597
(Z)+ 3.5853, r2=0.903, p<0.0001. These data support the
notion that BIA alone can be used as a surrogate to measure
FFM in a pediatric sample.
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Introduction

Body composition assessment is a useful procedure for the
study of nutritional status and water distribution in children.
In adulthood, it is a predictor of morbidity and mortality,
since body fatness is associated with risk factors for cardio-
vascular disease [1, 2].

It is important to have a reliable and accurate estimate of
body composition when studying the various health corre-
lates of diseases. Several methods are available, each with
some advantages and limitations [3]. Underwater weighing
(UWW), isotope dilution, and “°K measurements are the
established reference methods for body composition assess-
ment [4]. However, all of them are very expensive, time-
consuming, and need trained operators. In fact, UWW is not
bias-free in young people, because the hydration of fat-free
mass (FFM), which is assumed to be constant in the two-
component model [5], can be different from the assumed
value in young and very old subjects, thus impairing the
reliability of FFM assessment [6, 7]. Therefore, FFM assess-
ment from isotope dilution and *°K could be biased in young
people, because of hydration level variations [6].

Magnetic resonance imaging [8, 9] and computed
tomography [10] are two additional established methods
that are available for pediatric body composition research.
However, their application is limited because of the high
costs, and with computed tomography, the considerable
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exposure to ionizing radiation. Another alternative for pedi-
atric body composition analysis is dual-energy X-ray
absorptiometry (DXA). Whole-body and regional body esti-
mates in children and adolescents are possible with DXA
system and radiation exposure is minimal. However, there
are some concerns about the measurement under certain cir-
cumstances [11, 12].

A simple, safe, and inexpensive method is bioimpedance
analysis (BIA). The direct evaluation of total-body imped-
ance (Z) is possible following the standard tetrapolar proce-
dure [13, 14]. The Z index (ZI, height*/body impedance,
cm?/Wsp) is a validated predictor of body fatness used in
epidemiological research [15].

The aim of this study was to compare the accuracy of BIA
measurement and DXA for predicting FFM in children aged
7—-14 years. A predictive equation for FFM was developed.

Methods

Subjects

A total of 75 childrens aged 7—14 years were included in the study.
Children were recruited during routine physical examinations.
None had a history of endocrine, nutritional, growth, or renal prob-
lems. Clinical characteristics of the study population are shown in
Table 1. Informed consent was obtained from parents and children,
and ethical approval for the study was granted by the Ethical
Committee of Tor Vergata University.

Each subject underwent an overnight fast. Body weight and height
were measured to the nearest 50 g and 0.5 cm, respectively, on an elec-
tronic beam scale with a stadiometer (Invernizzi, Italy). Body mass
index (BMI) was calculated as weight (kg)/height(m)2. BIA was per-
formed according to the standard tetrapolar procedure [13] using a
Human-Im BIA (DS Medigroup, Milan, Italy). The direct evaluation of
total-body impedance (Z) was performed at 50 kHz frequency, and ZI
(height?>/body impedance, cm?Wso) was calculated for each child.

DXA total-body analysis was performed immediately after
BIA measurement using a Lunar DPX-L scanner (Lunar Corp.,
Madison, WI, USA) equipped with pediatric software (version
1.5e). Technical details of DXA have been described previously
[16, 17]. Scans were performed with subjects in a supine position.
The entire body of each subject was scanned, beginning at the top
of the head and moving in a rectilinear pattern down the body to
the feet. Mean measurement time was 15 min; radiation exposure
was less than 8 mSv. Body fat was expressed in kilograms; lean
body mass was expressed in kilograms, and bone mineral content
was expressed as total mass in kilograms. FFM in kilograms was
evaluated as the sum of lean body mass (kg) and bone mineral con-
tent (kg). Daily quality-assurance tests were performed according
to the manufacturer’s instructions. All scans were performed and
analyzed by the same operator. Skinfold thickness measurement
was performed by a trainer operator using a Holtain caliper
(Holtain, Bryberian, UK), according to an established protocol
[18]. The triceps skinfold is measured in the midline of the poste-
rior aspect of the arm, over the triceps muscle, at a point midway
between the lateral projection of the acromion process of the
scapula and the inferior margin of the olecranon process of the ulna
[19]. The triceps skinfold is measured more commonly than any
other skinfold, and it is well correlated with percentage of body fat
both in children and in adults [19].

Statistical analyses

Correlation and regression analyses were used to assess the validi-
ty of our hypothesis. Zero-order correlations were performed first
to assess the unadjusted association between ZI, FFM, and FM.
Two sets of multiple regression analyses were also performed, one
using FFM as the criterion-dependent variable and the other using
FM as the criterion-dependent variable [20]. These analyses
allowed us to assess the association between ZI, FFM, and FM
with sex and other potential covariates. Significance levels were
based on two-tail tests; a value of p<0.05 was considered statisti-
cally significant. SSPS for Windows 6.0 statistics software was
used for all analyses.

Table 1 Physical characteristics of the study sample (data are shown as mean SD)

Variables Female (25) Male (50) Total (75) t (p)*
Age, years 10.2+1.6 9.7+1.3 9.9+1.4 t=1.45 (0.15)
Weight, kg 33.3x12.4 354184 34.7£9.8 t=-0.86 (0.38)
Height, cm 138.0+12.6 138.7+8.6 138.5+10.1 t=-28 (0.77)
BMI, kg/m? 16.9+3.4 18.2+2.5 17.7+2.8 t=-1.87 (0.06)
Z, Q50 737.0+£76.8 631.2+60.2 666.7+82.9 t=6.53 (<0.0001)
Z1, cm?/Qso 26.6+7.6 31.0+5.7 29.6+6.7 t=-2.81 (0.006)
Tricep, mm 7.2+4.1 10.5+5.8 9.4+0.4 t=-2.54 (0.01)
FM pxa, kg 8.5+7.1 9.6+6.3 9.2+6.5 t=-0.68 (0.49)
Lean pxa, kg 22.6+5.6 24.3+3.6 23.7+4.4 t=-1.59 (0.11)
FFM pxa, kg 23.8+6.1 25.7+3.8 25.1+4.7 t=-1.65 (0.10)

*Student’s ¢ tests comparing female versus male subjects
BMI, body mass index; FM, fat mass; FFM, fat-free mass
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Results

The characteristics of the study population are presented in
Table 1. Significance levels between mean values of the
sample were assessed using ¢ test. Male and female subjects
were similar in age, weight, and height. BMI, FM, and FFM
values were not significant. The male subjects in the sample
had a greater ZI (p=0.006) and triceps skinfold value
(p=0.01) than the female subjects. Table 2 shows the zero-
order correlation matrix for the study variables presented by
gender; a highly significant association was found between
FFM and ZI in male and female subjects. There was no rela-
tionship between triceps skinfold and ZI in male subjects
(p=0.09), whereas there was in female subjects (p<0.0001).
The regression model with FFM as a dependent variable
for male and female subjects is presented in Table 3 (model A).
FFM was regressed onto ZI and sex. Results indicated that ZI
was significantly associated with FFM (p<0.0001), with ZI
and sex explaining approximately 90% of between-subject
variance. The following equations were obtained from the
regression analysis separately for male and female subjects:

Table 2 Zero-order correlation matrix of study variables for male
(upper triangle) and female subjects (lower triangle)

Tricep FFM FM Z1

Tricep 1.00 0.15 0.91 0.24
(0.295) (<0.0001) (0.096)

FFM 0.69 1.00 0.35 0.95
(<0.0001) (0.012) (<0.0001)

FM 0.86 0.85 1.00 0.42
(<0.0001) (<0.0001) (<0.0001)

Z1 0.65 0.95 0.84 1.00
(<0.0001) (<0.0001) (<0.0001)

Male subjects, FFMpxa = 0.6375 (ZI) + 5.9913

r=0.897, p<0.0001 (Eq 1)
Female subjects, FFMpxa = 0.7597 (ZI) + 3.5853
r2=0.903, p<0.0001 (Eq 2)

The triceps skinfold measure was next added to the mul-
tiple regression model as a covariate, but because it did not
add significance to the model (p=0.89) we decided to main-
tain the most parsimonious model.

The regression model with FM as a dependent variable
for male and female subjects is presented in Table 3 (model
B). FM was regressed onto ZI, triceps skinfold, and sex.
Results indicated that ZI was significantly associated with
FM (p<0.0001), with ZI, triceps skinfold, and sex explaining
approximately 86% of between-subject variance. We also
analyzed male and female subjects separately. The following
equations were obtained from the regression analysis:

Male subjects, FMpxa = 0.330 (ZI) + 0.942 (triceps) -7.543
r2=0.879, p<0.0001 (Eq 3)

Female subjects, FMpxa= 0.441 (ZI) + 0.972 (triceps) - 10.234
r2=0.876, p<0.0001 (Eq 4)

Discussion

There are many methods available for pediatric body com-
position analysis in research laboratories. There is a need for
estimating adiposity in field settings such as private clinics
and epidemiology studies. BIA is a commonly used and val-
idated measure of FFM among adults [21] and children [22].
In a previous study on 43 adolescents with celiac disease and
30 matched healthy controls, De Lorenzo et al. [23] found
that BIA can be considered a valid alternative to DXA for the

Table 3 Fat-free mass regression model* (model A) and fat mass regression model* (model B)

Variable B SEg p Intercept 2 SE p model
Model A

ZI 0.694 0.812 <0.0001

Sex -1.097 0.398 0.007

Overall model 5.344 0.898 5.12 <0.001
Model B

71 0.330 0.047 <0.0001

Sex -3.542 0.636 <0.0001

Tricep 0.956 0.058 <0.0001

Overall model -7.1443 0.867 1.27 <0.001

* B, Unstandardized regression coefficient; p model, significance level for model; SE, standard error for model
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assessment of FFM. To expand on this previous study, we
used DXA as a reference method to assess FFM in a pediatric
age group. In our sample of healthy children, ZI value and
FFM were highly correlated (p<0.0001). We presented our
results separately for male and female subjects. However,
when using multiple regression analysis we pooled males
and females together, and when controlling for gender, we
found no differences. We also added the triceps skinfold
measurement to our model, but it did not improve the signif-
icance. Therefore, we maintained the most parsimonious
model. According to these results, we can conclude that BIA
alone can be used as a surrogate measurement of FFM in a
pediatric sample. Using an accurate measurement method as
reference (i.e., DXA), this study confirms prior investiga-
tions demonstrating a good association between FFM and ZI
in healthy Italian children. Thus, the technique appears to be
a reliable and robust indicator of FFM in children. On the
other hand, our results showed that BIA is a better measure-
ment of FFM than triceps skinfold in children, while the lat-
ter is a more reliable measurement of FM.

One of the limitations of BIA is that this approach pro-
vides an estimate of total body water, which must then be
transformed into FFM. A further limitation of our study was
that we had no access to specific hormonal measurements.
We are now extending our cross-sectional study results to a
broader sample with the aim of examining longitudinal body
fat changes in relation to specific developmental stages.
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