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The use of bioelectrical impedance to detect excess
visceral and subcutaneous fat

Romulo A. Fernandes,! Clara S. C. Rosa,? Camila Buonani,? ArliR. de Oliveira,3
Ismael F. Freitas Janior*

Abstract

Objective: To analyze bioelectrical impedance performance in detecting the presence of excess visceral fat and

overweight/obesity in young Brazilians and how its values are related with them.

Methods: Study sample consisted of 811 adolescents of both genders (11 to 17 years of age). Nutritional status
was determined based on triceps skinfold thickness (TSF), relative body fat (bioelectrical impedance), and excess
visceral fat as determined by waist circumference. Statistical analysis was performed using means, standard deviations,

linear correlation, Student’s t test, and ROC curve.

Results: Bioelectrical impedance achieved good performance in identifying excess visceral fat associated with
overweight/obesity in both genders, and was found to be more specific (male 92.4% and female 93.8%) than sensitive

(male 86.1% and female 71.8%).

Conclusion: Our findings support the use of bioelectrical impedance to identify the presence of excess visceral

and subcutaneous fat in adolescents.

J Pediatr (Rio J). 2007,83(6):529-534: Abdominal circumference, nutritional status, obesity, adolescents, bioelectrical

impedance.

Introduction

Over the last three decades, the prevalence of over-
weight and obesity has increased at alarming rates around
the world.! Because obesity is associated with the develop-
ment of risk factors for metabolic syndrome,?3 elevated
health care costs,* and reduction of life expectancy,® this
increase has been a source of concern to health care profes-
sionals and must be monitored closely. Following this world-
wide trend, overweight and obesity are already highly
prevalent among young people in Brazil.!-® Special attention
must be paid to identification and management of childhood
obesity, since it tends to persist into adulthood.” Therefore,

given the importance attached to obesity, the development
of useful and reliable techniques for its accurate identification
among children and adolescents also becomes relevant.

Because anthropometry (ANT) and bioelectrical imped-
ance analysis (BIA) are relatively simple techniques that show
significant correlations with body fat,®1° they have been
widely used in epidemiological studies.®"*> However, in Bra-
zil, although BIA has become more popular over the last years,
no studies to date have analyzed the effectiveness of body fat
values measured by BIA and how they relate to excess vis-
ceral and subcutaneous adipose tissue in young Brazilians.

Thus, the aim of this study was to analyze, in a sample
made up of adolescents, the relationship of body fat assessed
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by BIA with excess visceral and subcutaneous fat, as deter-
mined, respectively, by waist circumference (WC) and tri-
ceps skinfold thickness (TSF), and the effectiveness of this
method in identifying its presence.

Methods

This is a cross-sectional study conducted in the city of
Presidente Prudente (population ~180,000) in 2006. The
sample size of 805 subjects was calculated to detect a preva-
lence of overweight and obesity of 28.5%,* with a sample
error of 3.1%, and statistical significance level of 5%. Based
on data from a pilot study, the loss rate was estimated in 6%.
Hence, data were collected from 853 subjects.

For selection of the sample in the initial stage of the
research project, data were collected and the municipality of
Presidente Prudente was subdivided into five separate regions
(North, South, East, West, and central). Base on the informa-
tion thus obtained, it was noted that the central region was
served by the greatest number of streets and throughways,
and the most easily accessible from anywhere in the city by
the main urban transport lines. Consequently, it was also the
region with the largest portion of educational institutions of
the private school network. Five schools were randomly
selected for this study from within the universe of private
schools located in that region.

All adolescents enrolled in middle and high school classes
at the five schools chosen were invited to take part in the
study. Of these, a total of 860 agreed to participate in the
study, declared that they had never been diagnosed with any
metabolic disease and returned an informed consent form
duly signed by their parents or guardians. However, 49 sub-
jects were excluded from the sample (30 male and 19 female)
due to absences in the course of evaluations. Because they
had been absent from evaluations it was impossible to detect
possible differences in the variables analyzed between the
excluded group (n = 49) and the sample studied (n = 811).
The final sample thus comprised 811 healthy adolescents of
both genders from 11 to 17 years of age (365 male and 446
female), which represents more than 15% of the total num-
ber of students in this age bracket enrolled in the municipali-
ty’s private school network.

An informed consent was obtained from all participants
and their respective guardians before beginning the research,
and the study protocol was approved by the Research Ethics
Committee of the Universidade Estadual Paulista - UNESP
(Presidente Prudente).

The adolescents’ chronological ages were determined cen-
tesimally from birth and assessment dates. The main anthro-
pometric variables studied were body weight, height, TSF, and
WC. Body weight was measured using a portable digital scale
accurate to 0.1 kg and maximum capacity of 150 kg. Height
was measured using a wooden stadiometer accurate to 0.1
cm and with a measuring range of 200 cm. Body mass index
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(BMI) was calculated as body weight divided by squared
height (kg/m?). Body weight and height data were collected
following standardized procedures described in the litera-
ture,'® and all measurements were performed with subjects
standing barefoot and wearing light clothes. Triceps skinfold
thickness, used as an indicator of excess subcutaneous adi-
pose tissue, was measured using a Lange skinfold caliper
(Cambridge Scientific Industries, Inc., Cambridge, Mary-
land) according to recommendations found in the litera-
ture.® Waist circumference was used as an indicator of excess
visceral adipose tissue and measured in duplicate at the nar-
rowest point between the iliac crest and the lowest rib using a
flexible metal anthropometric tape graduated in millimeters
(mm).*”

Body resistance and reactance (ohm) were measured with
a portable body composition analyzer (BIA Analyzer - 101Q,
RIL Systems, Detroit, USA). The device was calibrated before
testing using a 500-ohm resistor provided by the manufac-
turer. Bioelectrical impedance analysis (BIA) was performed
in the morning after an overnight fast and the first urine void.
All procedures were performed with the subjects lying supine
on anonconductive flat surface (mat) after their shoes, socks,
and any kind of metal jewelry (earrings, bracelets, neck-
laces, etc) had been removed. The transmitting electrodes
were placed on the posterior surface of the right hand at the
distal end of the third metacarpal and on the anterior surface
of the right foot at the distal end of the second metatarsal, at
least 5 cm from the receiving electrodes, which were posi-
tioned between the radial and ulnar styloids and between the
medial and lateral malleoli of the ankle.*® Percent body fat
estimated by BIA (%BF-BIA) was calculated from the two sex-
specific BIA equations developed by Sun et al.'! The pres-
ence of excess body fat was assessed using sex-specific cutoff
points (= 25% for males and > >30% for females).'® The
presence of excess subcutaneous and visceral adipose tis-
sues was estimated using two sex- and age-specific cutoff
points: one for TSF (= 85th P), developed by Must et al.,2°
and one for WC, developed by Taylor et al.,?* respectively. All
subjects were classified according to these three cutoff points.

The Komolgorov-Smirnov (K-S) test was used for data dis-
tribution, and all variables were found to follow a Gaussian
distribution. Quantitative variables were expressed as means
and standard deviations, whereas qualitative variables were
expressed as percentages. Pearson's correlation coefficient
was used to examine the relationship between WC, TSF, and
%BF-BIA. The Student’s t test and chi-square test checked
differences between means and percentages, respectively.
The ROC curve and its associated parameters, namely, sen-
sitivity, specificity, area under the curve (AUC), positive pre-
dictive value (PPV), and negative predictive value (NPV), were
used to assess %BF-BIA performance in indicating excess vis-
ceral fat, as determined by WC, and also its ability to discrimi-
nate between the presence and absence of excess visceral
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adiposity associated with overweight/obesity (TSF >85th P).
Statistical analyses were performed using SPSS software ver-
sion 10.0 (Statistical Package for Social Science, SPSS Inc,
Illinois, USA), and the significant level was set at p < 0.05.

Results

Study sample characteristics are shown in Table 1. Women
accounted for 55% of the sample. Among anthropometric
variables, only age did not differ significantly between gen-
ders. Considering the entire sample, 15.4% of the subjects
had excess abdominal fat, as determined by WC (male 21.8%
and female 10.3%; p = 0.000), 17% had high levels of body
fat (male 23.2% and female 11.9%; p = 0.000), and 36.2%
had excess subcutaneous adipose tissue, as determined by
TSF (male 45.6% and female 29%; p < 0.000).

Pearson's correlation coefficient showed that %BF-BIA
was positively and significantly correlated (p < 0.001) with
TSF and WC, for both male (r = 0.76 and r = 0.82, respec-
tively) and female (r = 0.77 and r = 0.82, respectively).

Sensitivity and specificity are directly related to the per-
formance, or accuracy, of a test. Sensitivity is the ability of a
test to identify true positive cases, and specificity is the abil-
ity of a test to identify true negative cases.

In the male group, regarding the presence of excess vis-
ceral fat (Table 2), BIA has shown high accuracy in identifying
obese (81% sensitivity), and non-obese (92.9% specificity)
subjects, as well as elevated values in the other parameters
ofthe ROC curve: AUC (0.87), PPV (76.1%) and NPV (94.6%).
When compared with the male group, %BF-BIA was more
accurate in indicating non-obese (94% specificity) subjects
in the female group, but with lower sensitivity (63%).

When BIA effectiveness in identifying subjects with both
excess visceral fat and excess subcutaneous adipose tissue
was tested in both genders (Table 3), it showed specificity
greater than 90% and sensitivity greaterthan 70%, suggest-
ing that BIA is more specific than sensitive in this function.

Table 1 - Overall characteristics of the study sample
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Discussion

The identification and treatment of obesity during child-
hood and adolescence are strategies used to prevent it from
continuing into adulthood and, thereby, avert its harmful
effects on health and the world economy.®"2% Nevertheless, in
large population-based studies, the use of more accurate
techniques for assessing body composition and, as a result,
identifying the correct nutritional status becomes impracti-
cable due to the high costs involved. Because of this, and also
because of its consistent relationship with percent body fat
measured by more accurate methods,!-21:23-2% simple and
easy-to-perform procedures for identifying obesity and body
fat distribution have become widely used.

In young populations, WC is an effective indicator of
excess visceral fat,21:2426 which exhibits higher lipolysis rates
than subcutaneous fat and, therefore, causes the develop-
ment of components of the metabolic syndrome (hyperten-
sion, insulin resistance, and unfavorable lipid levels.27:28
Accordingly, the correlation coefficients found between %BF-
BIA and WC, which were similar to those reported by Eisen-
mann et al.?* for children from 3 to 8 years old (r = 0.84),
may be considered a positive indication of BIA’s potential for
identifying the presence of excess visceral fat in young
populations.

Triceps skinfold thickness is a widely used measure of sub-
cutaneous fat. Studies such as that conducted by Sardinha et
al.1° have suggested that its values are strongly correlated
with total body fat, and it has been successfully used as an
indicator of nutritional status.?® In our study, %BF-BIA has
shown a significant correlation with TSF, as was also observed
by Pecoraro et al.® in a sample of Italian children. This finding
confirms the existence of significant relationships between
body fat determined by BIA and visceral and subcutaneous
adipose tissues.

The high correlation values found between TSF, WC and
%BF-BIA are a good indicator of the viability of this method.

Male (n = 365)

Female (n = 446)

Variables Mean SD Mean SD p

Age (years) 14.1 2.0 14.4 1.9 0.063
BMI (kg/m?) 21.6 4.0 20.7 3.5 0.002
TSF (mm) 16.6 7.7 20.8 6.3 0.000
WC (cm) 72.3 10.1 67.2 7.9 0.000
%BF-BIA 19.2 7.7 21.6 7.1 0.000

%BF-BIA = percent body fat estimated by bioelectrical impedance analysis; BMI = body mass index; SD = standard deviation; TSF = triceps skinfold

thickness; WC = waist circumference.
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Table 2 - Sensitivity and specificity (%) of bioelectrical impedance for identifying the presence of excess visceral fat

Bioelectrical impedance and visceral fat - Fernandes RA et al.

Excess visceral fat (WC)

%BF-BIA
(OW/0B) Se Sp AUC PPV NPV
Male (n = 362)

BF > 25% 81 92.9 0.870+0.027 76.1 94.6
Female (n = 445)

BF > 30% 63 94 0.785+0.044 54.7 95.6

AUC = area under the ROC curve; BF = body fat; %BF-BIA = percent body fat estimated by bioelectrical impedance analysis; OW/OB= overweight and
obesity; NPV = negative predictive value; PPV = positive predictive value; Se = sensitivity; Sp = specificity; WC = waist circumference.

However, as pointed out by Sardinha et al.,*° these values by
themselves do not determine the effectiveness of BIA in
assessing the concomitant presence of excess visceral fat and
overweight/obesity. For this purpose, more specific statisti-
cal techniques, such as the ROC curve, should be used.

In regard to the ROC curve analysis, according to Vieira et
al.,*? choosing more sensitive or specific cutoff points has sig-
nificant implications on the desired objectives. High-
sensitivity values mean that the method is more accurate in
identifying obese young people, making it an important tool
for stratifying and referring these patients to health care pro-
fessionals. Conversely, highly specific methods result in a
lower number of non-obese subjects being classified as obese
(false-positive), thus preventing health care systems from
becoming even more overburdened unnecessarily.

Overweight and obesity are increasingly prevalent!-®
among young Brazilians, as Ferreira et al.2” have also pointed
out, posing a real threat to their health. Therefore, methods

that are more sensitive to the identification of obesity seem
to be more appropriate to Brazilian reality.

Both the sensitivity and specificity values of %BF-BIA for
identifying the presence of excess visceral fat associated with
overweight/obesity were elevated, higher than those reported
by Neovius et al.?® for BMI, which is the anthropometric index
most commonly used throughout the world for identifying
overweight and obese adolescents.

In our study, 90.5% and 91.5% of the adolescents with
excess visceral fat and with combined excess visceral fat and
overweight/obesity, respectively, had a high percentage of
body fat measured by BIA. In addition, the AUC values, which
represent the discriminative power of %BF-BIA, were usually
high for indicating both excess visceral fat (male 0.87 and
female 0.78) and combined excess visceral fat and
overweight/obesity (male 0.89 and female 0.82). These high
values of the AUC are reflected in the high values of PPV, which
is the probability that a subject with a positive test will be a

Table 3 - Sensitivity and specificity (%) of bioelectrical impedance for identifying the presence of excess visceral fat associated with overweight/

obesity
OW/OB (TSF = 85th P) and excess visceral fat (WC)

%BF-BIA
(Ow/0B) Se Sp AUC PPV NPV
Male (n = 362)

BF = 25% 86.1 92.4 0.893+0.025 73.8 96.4
Female (n = 445)

BF > 30% 71.8 93.8 0.828+0.044 52.8 97.1

AUC = area under the ROC curve; BF = body fat; %BF-BIA = percent body fat estimated by bioelectrical impedance analysis; OW/OB = overweight and
obesity; NPV = negative predictive value; PPV = positive predictive value; Se = sensitivity; Sp = specificity; TSF = triceps skinfold thickness; WC = waist

circumference.
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true positive, and NPV, which is the probability that a subject
with a negative test will be a true negative. These results fur-
therindicate that, in population-based studies, %BF-BIA can
be used with reasonable success to detect the presence of
excess visceral fat alone or associated with overweight/
obesity in Brazilian adolescents.

Our data point to the viability of using BIA in population-
based studies; however, the lack of equations specifically
developed for the Brazilian population is a limitation of this
method, indicating that care must be exercised in drawing
inferences from these data. The authors believe that the need
for equations that are specific for the Brazilian population
should prompt further studies.

Conclusions

In sum, this study indicates that, overall, %BF-BIA is
highly correlated with visceral and subcutaneous adipose tis-
sue in both genders, being reasonably effective in discrimi-
nating the presence or absence of excess visceral fat alone or
associated with overweight/obesity.

Considering all the above, we conclude that %BF-BIAis a
good indicator of excess visceral fat in Brazilian adolescents
and that further studies aimed at developing equations that
are specific for the Brazilian population are needed.
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