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Introduction 
Excess weight and obesity become a growing problem 

amongst the developmental age population. Ng et al. re-
ported that between the years 1980 and 2013, the world-
wide prevalence of overweight and obesity in children and 
adolescents has increased by 47.1% in both developed and 
developing countries [1]. Approximately 43 million chil-
dren and adolescents are classified as obese, and 21-24% 
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Abstract 
Objective: The objective of the study was to establish a model that would reduce the bioimpedance measure-
ment error as compared with the densitometric result, in terms of total and segmental fatty tissue content in 
children. 
Material and methods: The study consisted of 56 children, aged 6-18. All subjects underwent a densitometry 
examination (DXA) to assess total fatty tissue mass (%, g), and percentage of fatty tissue on limbs and trunk. 
The bioelectric impedance (BIA) analyses were performed using a Tanita scale, considering identical measure-
ment parameters. 
Results: The average percent deviation between values obtained with densitometry and bioimpedance was 
14.23 ± 33.44% (median, 5.30; IQR, 1.35-10.9). The median of the mean absolute percentage error (MAPE) was 
18.55 (median, 28.13; IQR, 18.47-38.88%). The coefficient of determination (R2) of the simple linear regression 
of bioimpedance, as compared with densitometry, was 0.83 (p < 0.0001). The multi-factorial model significantly 
improved the estimation accuracy (p < 0.0001) – the mean estimation error was 6.11 ± 29.30 (median, –0.04; 
IQR, –7.97 through 10.96), while the MAPE median was 18.54 ± 23.38 (median, 9.89; IQR, 4.21-23.37). The 
final prediction model was based on percentage of parameters of overall fatty tissue content, percentage of fatty 
tissue on the right and left lower limb, and on the left upper limb. 
Conclusions: The use of a multi-factorial regression model reduces the differences between results obtained us-
ing densitometry and those achieved with bioelectric impedance, in terms of overall and segmental fatty tissue 
content evaluation in children, improving the measurement accuracy. 
Key words: body fat, densitometry examination, bioelectric impedance, children. 

individuals are overweight. This may mean that a  large 
number of the adult population may be at risk of obesi-
ty complications, such as metabolic syndrome, diabetes 
mellitus, cardiovascular diseases, various types of cancer, 
osteoarthritis, and even premature death from heart dis-
ease [2]. The most exposed to these complication risks are 
those children with abdominal obesity. In order to opti-
mize the assessment of incidence of the problem of obesity 
and abdominal obesity, and to further monitor therapeu-
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tic processes, it is advised to evaluate the amount of fatty 
tissue in the body, and the amount of abdominal fatty tis-
sue in children and youths. In everyday clinical practice, 
the assessment of obesity incidence is based mainly on 
anthropometric measurements of body height and weight 
as well as BMI calculation, whereas the evaluation of ab-
dominal obesity is based on the measurement of the waist 
circumference, waist-to-hip ratio, and waist-to-height 
ratio. However, these methods do not allow an accurate 
evaluation of the fatty tissue contents in the body [3,4]. 
Total body water (TBW), derived from deuterium oxide 
dilution space, is a method to accurate evaluate body fatty 
tissue contents. Imaging techniques, such as computed to-
mography (CT), magnetic resonance (MR) imaging meth-
ods, MR imaging (MRI) and MR spectroscopy (MRS), are 
also used for that purpose [4,5]. However, densitometry 
is considered in many studies as a reference method for 
determining the amount of fatty tissue in the body [6,7]. 
Dual energy X-ray absorptiometry measurements (DXA) 
are used mainly for evaluation of bone mineral density 
but also for detailed body composition analyses [7,8]. This 
method enables the fatty tissue contents to be determined 
in the whole body (in g and %) and in chosen segments, 
including limbs and trunk. 

For over ten years, due to the DXA costs and limit-
ed availability for evaluation of fatty tissue amount, body 
composition analysis has been increasingly performed by 
using the bioelectrical impedance method (BIA). BIA is 
based on the principle that the body’s electrical imped-
ance is a function of distribution of water and electrolytes 
among various compartments in the body, i.e. total body 
water (TBW), intra-cellular body water (ICW), extra-cel-
lular body water (ECW), body cell mass (BCM) in this 
body fat mass (FM), and fat-free body mass (FFM) [9]. 
It is a safe, non-invasive, and easy to perform procedure 
[7,9,10]. Our own results and other authors’ observations 
indicate that the BIA method underestimates the over-

all contents of fatty tissue in the body. Body segmental 
fatty tissue contents may be attained using BIA based on 
an eight-electrode measurement system. Contrarily to 
the DXA method, bioimpedance does not determine the 
fatty tissue contents on the trunk but estimates it based 
on measurements performed on limbs and trunk. Until 
present, there have been no comparisons of these two-
trunk fatty tissue evaluation methods in children. There-
fore, the objective of the study was to compare trunk fatty 
tissue evaluation results obtained using the DXA and BIA 
methods, and to design a model that would reduce the 
differences between BIA and DXA measurement results 
of overall and trunk fatty tissue contents in the develop-
mental age population. 

Material and methods 
The study was conducted on a group of 56 children 

aged 6 to 18, which consisted of 23 girls and 33 boys. 
While performing tests, no children were subjected to 
chronic disease treatments. The patients’ characteristics 
are summarized in Table 1. All subjects underwent an-
thropometric measurements of body weight and height 
as well as waist circumference (WC) according to accept-
ed methods. Body weight was measured with a 0.1 kg ac-
curacy, using a  medical scale (Seca), while body height 
was measured with a 0.1 cm accuracy using a Martin an-
thropometer. The body mass index has been calculated 
using the formula: body mass (in kg)/height (m2). The 
results were normalized. Waist circumference was mea-
sured twice using a  tape measure, with an accuracy of  
0.5 cm. All subjects underwent a densitometry examina-
tion using double energy X-ray absorption measurements 
(DXA), and total body program, using a GE Lunar Prod-
igy device (Madison, USA). The measurement time was 
12 minutes, the radiation dose was 1 mrem, and the mea-
surement repeatability was 1%. The study was conducted 

Table 1. Characteristic of studied group 

Factor Girls Boys

X ± SD Range X ± SD Range

Age (years) 14.1 ± 2.8 7.0-18.2 13.5 ± 2.9 6.0-17.8

Weight (kg) 47.0 ± 16.8 22.2-96.1 47.7 ± 2.9 18.1-81.7

Height (cm) 155.2 ± 13.7 120-174 158 ± 18 115-185

Waist circumference (cm) 66 ± 9 54.0-98.0 70.1 ± 10.0 54.5-96.5

BMI (kg/m2) 18.9 ± 4.1 12.5-31.7 18.7 ± 3.7 13.6-28.1

Weight SDS –0.12 ± 1.68 –2.09-5.65 –0.35 ± 1.05 –2.98-2.18

BMI SDS –0.19 ± 1.35 –1.77-4.44 –0.27 ± 1.05 –2.55-2.77

Waist circumference SDS 0.32 ± 1.48 –1.76-5.19 0.25 ± 1.40 –2.66-3.89
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at the Regional Centre for Menopause and Osteoporosis 
of the Clinical Hospital No 3 of the Medical Universi-
ty in Lodz. Overall and segmental (for each of the four 
limbs and trunk) fatty tissue contents were determined 
(in grams and percentage). The bioelectric impedance 
(BIA) analysis was performed using a Tanita Corporation 
(Body Composition Analyser BC-418MA) scale with 
a built-in eight-electrode, four-limb system (Tanita Cor-
poration, Tokyo, Japan). The test was performed 3 hours 
after meal and its duration was 2 minutes. The frequency 
of the current used was 50 KHz, with a 0.8-1 mA amper-
age. The tests were approved by the Bioethics Committee 
at the Medical University of Lodz. 

Statistical analysis 
Student t-test with independent variance estimation 

and paired Student t-test were used for comparisons 
of sex-depended values. For variables with an abnor-
mal distribution, non-parametric counterparts of the 
above-mentioned tests were used (Mann-Whitney U or 
Wilcoxon tests). Correlations were evaluated using the 
Pearson test, while the determination coefficient was cal-
culated using linear regression, based on the least square 
regression curve matching. Method and model estima-
tion accuracy evaluation was performed using the mean 
absolute percentage error (MAPE). Distribution normal-
ity for variables was tested using the Shapiro-Wilk test. 
The difference trends for various methods were deter-
mined using the Bland-Altman plot analysis. Statistical 
analyses were performed using the STATISTICA 8.0 PL 
StatSoft, USA) and Medcalc 9.3 (Medcalc, Mariekerke, 
Belgium) software suites. 

Results 
Table 2 presents the mean percentage of total and 

segmental fatty tissue contents in children, as recorded 
using the DXA and BIA methods. The p analysis indicates 
that bioimpedance overestimates the percentage values of 
fatty tissue of the upper body and underestimates these 
values for whole body and lower limbs evaluations. 

In terms of overall body fatty tissue contents, the aver-
age percent deviation between values obtained with den-
sitometry and with bioimpedance was 4.03 ± 5.93% (me-
dian, 5.30; IQR, 0.65-8.5). The mean absolute percentage 
error (MAPE), for unadjusted bioimpedance results was 
26.56 ± 10.07 (median, 23.10; IQR, 18.03-32.31%). The 
observed coefficient of determination for the simple lin-
ear regression of bioimpedance, as compared with densi-
tometry, was (R2 = 0.84; p < 0.0001). 

The measurement difference between DXA and BIA 
showed a  positive correlation with BMI SDS (r = 0.64; 
p < 0.0001), and standardized waist circumference (r = 
0.56; p < 0.0001). There was no correlation observed with 
patients’ sex (p = 0.152) and age (p = 0.236). Following 
a  multi-factorial regression analysis, the best result was 
achieved with a single factorial model (Table 3). 

The evaluation error was statistically significantly in-
ferior for the model, as compared with results obtained 
as BIA unadjusted values (p < 0.0001; Figure 1). Figure 2  
shows the correlation between unadjusted percentage re-
sults of total body fatty tissue contents, values obtained 
after modification based on the formula, and DXA results. 

When comparing trunk fatty tissue contents, the av-
erage percent deviation between values obtained with 
densitometry and with bioimpedance was 14.23 ± 33.44% 

Table 2. Mean percentage of fat mass, total, and segmental in children using DXA and BIA method 

DXA BIA p value

Total 25.16 ± 11.75 21.13 ± 7.12 < 0.0001

RL 28.42 ± 11.13 25.62 ± 7.90 0.0001

LL 28.41 ± 11.13 25.87 ± 7.76 0.01

RA 22.67 ± 12.89 28.99 ± 7.28 < 0.0001

LA 22.68 ± 12.89 29.67 ± 8.10 < 0.0001

Trunk 22.55 ± 12.05 16.91 ± 7.23 < 0.0001

RL – right leg; LL – left leg; RA – right arm; LA – left arm 

Table 3. Univariate regression results for total fatty tissue content evaluation basing on bioimpedance result. The B param-
eter corresponds to the slope of regression curve, while Beta is the partial correlation coefficient 

Beta B p value

Intercept – –8.11 0.03

BIA results 0.79 1.57 0.00001
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(median 5.30%; IQR, 1.35-10.9). The mean absolute per-
centage error (MAPE) for unadjusted bioimpedance 
results was 31.03% ± 18.55 (median, 28.13; IQR, 18.47-
38.88%). A high coefficient of determination was noted 
for the simple linear regression of bioimpedance, as com-
pared with densitometry (R2 = 0.83; p < 0.0001). 

The difference between the densitometry and BIA re-
sults was insignificantly dependent upon sex (M – 7.46 
± 5.89; M – 4.37 ± 6.49; p = 0.07) and was highly cor-
related with BMI SDS (r = 0.67; p < 0.0001) and waist 
circumference SDS (r = 0.60; p < 0.0001). There was no 
correlation observed with patient’s age (r = 0.1; p = 0.48). 
Table 3 presents parameters of the best multi-factorial 
regression model, as compared with the DXA method, 
for results obtained using the BIA method. When adjust-
ing the best model created using a  stepwise regression 
method, R2 was found to be 0.89, the mean estimation 
error was 6.11 ± 29.30 (median, –0.04; IQR, –7.97-10.96), 

while the MAPE was 18.54 ± 23.38 (median, 9.89; IQR, 
4.21-23.37). The final prediction model was based on per-
centage of parameters of overall fatty tissue content, per-
centage of fatty tissue on the right lower limb, percentage 
of fatty tissue on the left lower limb, and percentage of fat-
ty tissue on the left upper limb (Table 4). The evaluation 
error was statistically significantly inferior for the model, 
as compared with results obtained as BIA unadjusted val-
ues (p < 0.0001, Figure 3). Figure 4 shows the correlation 
between unadjusted percentage results of trunk fatty tis-
sue contents, values obtained after modification based on 
the formula, and DXA results. 

The correlation between values estimated using the 
multi-factorial regression model, unadjusted values, and 
effective values of trunk fatty tissue contents as deter-
mined upon densitometry, was statistically significant 
in both cases; however, the coefficient of correlation was 
superior for results obtained using the regression model 

Figure 1. Values of mean absolute percentage error of raw 
bioimpedance and model-adjusted bioimpedance values for 
total fatty tissue content 

Figure 2. Correlation of raw and model-adjusted bioimped-
ance values with densitometry results for total fatty tissue 
content
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Table 4. Best multivariate regression model for trunk fatty tissue content calculation basing on bioimpedance results 

Beta B p value

Intercept –6.37169 0.01

FAT% – BI 1.29743 2.19507 0.0001

RL_FAT% BI –1.15714 –1.76439 0.01

LL_FAT% BI 1.16177 1.80351 0.01

LA_FAT% –0.42816 –0.63720 0.0001

BMI SDS 0.16461 1.49696 0.2

Waist circumference SDS –0.10600 –0.89656 0.3

RA% FAT BI 0.13349 0.22108 0.4

Male gender 0.00942 0.22869 0.9
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(r = 0.95) than for unadjusted values (r = 0.90; Figure 3).  
Values of percentage difference between unadjusted bio-
impedance results, model estimation, and densitometry 
results are presented in Figure 4. For unadjusted bio-
impedance values, only 29% of the results were found to 
be within a ±20% error, while for results obtained using 
the regression method, this rate was found to be 70%. 

Discussion 
Due to the increasing problem of excess weight and 

obesity among the developmental age population, mon-
itoring bodily fatty tissue contents has become a neces-
sity. Anthropometric studies only allow an estimation of 
the fatty tissue content of the body. For a more accurate 
monitoring of therapeutic processes aimed at reducing 
the body fatty tissue contents, it is advisable to use more 
accurate diagnostic tools. Densitometry is considered to 
be one of the best methods for determining the amount of 
fatty tissue in the body [6,7]. In terms of determining the 
body composition, densitometry scans consider the total 
and segmental fatty tissue contents (including trunk fatty 
tissue), differentiate fatty tissue between android and gy-
noid type; therefore, densitometry is considered to be an 
optimal method [11-14]. However, its widespread use is 
not feasible. 

BIA is more and more widely used due to the low cost 
of the test, its accessibility, high accuracy, and the lack of 
exposition to radiation [15-17]. The above features allow 
the method to be used for patient monitoring. However, 
one must note that results of studies comparing the BIA 
method with DXA indicate that BIA in slim subjects will 
tend to overestimate body fatty tissue, while in overweight 
subject, the fatty tissue contents will be underestimated as 

Figure 3. Values of mean absolute percentage error of raw 
bioimpedance and model-adjusted bioimpedance values for 
fatty tissue content within the trunk 

Figure 4. Correlation of raw and model-adjusted bioimped-
ance values with densitometry results for fatty tissue con-
tent within the trunk 
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compared with densitometry [6,17,18]. Studies conduct-
ed by Sluytera, Wan, Seo, and ourselves indicate that the 
rate of underestimation of body fatty tissue content, de-
termined using the BIA method, as compared with DXA, 
increased with the increased fatty tissue contents [18-21]. 
Such results were observed in both children and adults. 
When studying adult, obese women, Neovius has shown 
a significant underestimation of fatty tissue contents, as 
determined using the BIA method compared with DXA 
[22]. Considering the difference between measurements 
performed using BIA and DXA, a  mathematical analy-
sis has been performed as a part of this study to design 
a model that would reduce the differences between mea-
surements of total fatty tissue contents, obtained using the 
BIA method, as compared with DXA, with consideration 
of factors that impact the body’s fatty tissue contents. 

The fatty tissue distribution in the body depends on 
ethnic origin, sex, age, and pubertal phase, and its eval-
uation is considered a risk factor for obesity and its con-
sequences [11-15]. In studies performed by Henche, the 
trunk fatty tissue mass depended on age and sex (starting 
from the age of 10, girls have a  smaller muscular mass 
and a  greater fatty tissue mass than boys), while fatty 
tissue contents within the trunk may be a risk factor for 
obesity [23]. There have been racial differences noted in 
terms of the distribution of subcutaneous fat between 
White and Black girls as well as within ethnic groups re-
siding in New Zealand [24,25]. Sex and pubertal phase 
are factors that influence the trunk fatty tissue contents 
in other groups of children and youths [26,27]. In stud-
ies conducted by Sluyter, it has been noted that there is 
a correlation between the body fatty tissue contents per-
centage difference in DXA, BIA measurements, and BMI 
[20]. In a former study by the same authors, a correlation 
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has been shown between the body fatty tissue contents 
percentage difference, as measured using DXA and BIA, 
and age, standardized BMI, and standardized waist cir-
cumference [18]. These parameters have been taken into 
account in the multi-factorial regression analysis. How-
ever, following statistical analysis, it has been shown that 
results best correlated with DXA were obtained using 
a single-factorial model. 

A  substantially greater difference has been noted 
when comparing the trunk fatty tissue contents values, 
as measured using densitometry and bioimpedance. This 
may be related to different mathematical models defining 
various parts of the body in DXA and BIA examinations. 
It has been noted that BIA measurements underestimate 
the fatty tissue contents in the lower parts of the body and 
overestimate its contents in the upper part of the body. 
Therefore, the multi-factorial regression analysis of trunk 
fatty tissue takes into account not only individual patient 
features but also the fatty tissue contents in various parts 
of the body. 

As a result, statistical models reducing the bioimped-
ance measurement error have been presented, as com-
pared with the densitometric result in terms of total and 
segmental fatty tissue mass contents in children. In our 
studies, the use of a regression model reduces the differ-
ences between results obtained using densitometry and 
those achieved with bioelectric impedance, with regard 
to fatty tissue contents evaluation in children, thus im-
proving the measurement accuracy. 

There are no previous studies that would allow fatty 
tissue contents reference values to be determined for BIA. 
However, American researchers have determined refer-
ence values for DXA, including both total and segmen-
tal fatty tissue contents [28,29]. The use of mathematical 
models reducing the BIA measurement error, as com-
pared with DXA, will enable results of these measure-
ments to be referenced against DXA reference values. 

The evaluation of fatty tissue contents within the 
trunk using BIA and DXA is increasingly used in the de-
velopmental age. Each of these methods has its advantag-
es and disadvantages. Lately, BIA is increasingly used for 
the measurement of total and segmental fatty tissue mass 
for the evaluation of excessive weight and obesity thera-
py results. The use of the proposed statistical model may 
increase the accuracy of the measurement result using 
bioelectric impedance, thus reducing the measurement 
error, as compared with the result obtained with densi-
tometry. 

Conclusions 
Bioimpedance underestimates the total fatty tissue 

contents and fatty tissue contents within the trunk. Use of 
a multi-factorial regression model reduces the differences 

between results obtained using densitometry and those 
achieved with bioelectric impedance, in terms of segmen-
tal fatty tissue content evaluation in children, improving 
the measurement accuracy. 
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