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Abstract
Background

The determination of body composition is an important method to investigate obese patients and to evaluate the e�cacy of
medical interventions. Bioelectrical impedance-based methods are convenient, non-invasive and widely applied for this
purpose, but need to be validated for their use in young obese patients.

Methods

We compiled data from three independent studies on different aspects of obesity in children and adolescents, measuring
body composition with two bioelectrical impedance-based devices (TANITA and BIA). Further, for a small patient group
additional data were collected with air displacement plethysmography (BOD POD) and DXA.

Results

Both, the combined data of the entire study population of 123 patients (age: 6-18 years, BMI: 21-59 kg/m²) and the data of
each individual study, showed that TANITA and BIA yield signi�cantly different results on body composition, with TANITA
overestimating body fat percentage and fat mass relative to BIA and underestimating fat-free mass (p < 0.001 for all three
parameters). A Bland-Altman plot revealed that both methods show little agreement and produce clinically relevant
differences for all three parameters. In addition, we detected gender-speci�c differences with both methods, body fat
percentage being signi�cantly lower (p < 0.01) and fat-free mass signi�cantly higher (p < 0.001) in males than females. A
comparison of bioelectrical impedance-based methods with BOD POD and DXA on a small patient group indicated no
signi�cant difference between methods.

Conclusions

Both bioelectrical impedance-based methods provide signi�cantly different results on body composition in young obese
patients and the data thus cannot be used interchangeably. Routine clinical practice may nonetheless use these devices but
must adhere to a speci�c device for repetitive measurements to ascertain comparability of data.

Trial registration: Study#2, Children`s KNEEs study, ClinicalTrials NCT02545764. Registered 10 September 2015,
https://clinicaltrials.gov/ct2/show/results/NCT02545764

What Is Already Known?
Obesity in children is a health issue of increasing relevance, with early obesity enhancing the risk for multiple diseases
later on.

Diagnosing obesity and evaluating the e�cacy of medical interventions require accurate and reproducible determination
of body composition.

Body composition changes during juvenile development and thus body composition assessment methods require
validation for their use in children and adolescents.

What Is New?
Previously detected differences between body composition measurements with different devices based on bioelectrical
impedance could be reproducibly con�rmed in independent studies on a larger patient population.

The TANITA scale consistently overestimated body fat percentage and fat mass relative to BIA-BIACORPUS device and
vice-versa underestimated fat-free mass.

https://clinicaltrials.gov/ct2/show/results/NCT02545764
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A comparison of bioelectrical impedance-based methods with BOD POD and DXA on a small patient group indicated no
signi�cant differences in body fat percentage, fat mass and fat-free mass, and showed the best agreement in these data
between TANITA and DXA.

Given the ease of use, the TANITA scale may be applied to obtain data on body composition in young obese patients, but
must be adhered if repetitive measurements over time are required to assess the impact of interventions.

Background
Obesity is a health issue of world-wide relevance and of increasing prevalence, considered to have reached the level of a
pandemic disease over the past 50 years [1]. Besides the often-perceived general reduction of quality of life, obesity is known
to profoundly increase the risk for numerous diseases such as diabetes [2], cardiovascular diseases [3], cancer [4], and, as
became recently evident, the severity of viral diseases such as Covid-19 [5, 6]. Importantly, the enhanced prevalence of obesity
is already detectable in children and adolescents and a recent study found that 90 % of obese children at the age of 3 years
have overweight at adolescence [7], and almost 60 % with obesity at 2 to 19 years were predicted to be obese at an age of 35
years [8]. Thus, the early detection of signs indicating enhanced risk of developing obesity such as unusually high body fat or
body fat percentage during childhood and adolescence appears of critical importance to allow to take preventive measures or
to initiate medical interventions before the development of obesity-related diseases is triggered.

Among the different methods to diagnose overweight and obesity, the determination of body fat and of total body
composition is of particular relevance. Different approaches for correct classi�cation include measurements with bioelectrical
impedance [9], air displacement plethysmography [10], and dual x-ray absorptiometry (DXA) [11], all of which are reportedly
used in clinical practice. However, although these methods are well established for the application with adult patients, data on
their use in obese children and adolescence are associated with considerable uncertainty, since several assumptions
underlying these methods may be valid in adults but not in children. For example, changes in protein, water and mineral
content occur during growth and maturation and affect the estimates of percent fat and fat-free mass [12]. Also, the share of
different body compartments is not a constant from childhood to adulthood [13]. Thus, methods applied to determine body
composition in adults need to be validated for their use in children [12, 14]. In addition, as different methods may produce
variable results, it is important to know how these methods compare with each other to be able to set into perspective data
generated using a particular methodology.

Recently, we could publish differences related to body composition in obese children with two methods based on bioelectrical
impedance, TANITA and BIA [15]. These data were based on a small study population, but still indicated that TANITA
overestimated body fat percentage and fat mass and underestimated fat free mass compared to BIA [15]. Therefore, we
wanted to reevaluate these results in a larger study population and with several devices for determination of body
composition in children and adolescents. Data on body composition assessments of obese children were obtained with
TANITA and BIA and these bioelectrical impedance-based data were compared to air displacement plethysmography BOD
POD and DXA.

Methods
Patient recruitment

Data from patients of three different studies performed at the Medical University Vienna were analyzed. The patients were in
medical control of the outpatient clinic of pediatric obesity, dyslipidemia and nutritional medicine at the Department of
Pediatrics and Adolescent Medicine, Vienna.

Study#1, the BODCOP study – a retrospective study between August 2015 and May 2016, included 67 children and
adolescents. All patients were aged under 18 years and had a body mass index (BMI) exceeding the 97th percentile according
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to the recommendations given by Kromeyer-Hauschild and colleagues [16]. The study was approved by the local Ethics-
Committee of the Medical University Vienna (EC Nr: 1357/2016).

Study#2, Children`s KNEEs study – a randomized controlled trial between September 2015 and May 2017, data from 44
patients were collected during a 12-week strength and neuromuscular exercise program for the lower extremity on knee load,
pain and function in pediatric patients with obesity [17]. Patients were aged between 10 and 18 years and exceeded the 97th

percentile described by Kromeyer-Hauschild [16]. The study was approved by the local Ethics-Committee of the Medical
University Vienna (EC Nr: 1445/2013) and was registered at clinicaltrials.gov NCT02545764.

Study#3, the MotiMove Study – a pilot for an intervention study on movement in obese adolescents between October and
December 2019, included 12 patients aged between 14 and 18 years with a BMI exceeding the 90th percentile according to
Kromeyer-Hauschild [16]. The Ethical-Committee of the Medical University of Vienna approved the study (EC Nr: 1572/2019).
In study#2 and #3, written informed consent was obtained from all parents and children.

Anthropometric measurements

Anthropometric parameters included body height and weight, and circumference at the waist, hip abdomen, and mid upper
arm. These latter measures of circumferences, however, were not included in the present analysis. Procedures were as
outlined previously [15], but a TANITA scale instead of a SECA scale. In brief, body weight was measured within 0.1 kg
precision in an upright position and in underwear. These values were also applied for calculation of BIA-based body
composition determination. Body height was measured in an upright facing position with feet together and the back against
the wall to the nearest 0.1 cm as the maximum distance between the �oor and the highest point on the head.

Measurements of body composition

The present study applied four different methods for the assessment of body composition, two of these based on
bioelectrical impedance (TANITA, BIA), one on air displacement plethysmography (BOD POD), and one on dual x-ray
absorptiometry (DXA). The main parameters determined and analyzed were body fat percentage (BFP, %), fat mass (FM, kg)
and fat-free mass (FFM, kg). To reduce measurement variability, all measurements in each patient were conducted by the
same trained team member, at the same daytime, and the same condition like an empty bladder.

TANITA and BIA

The assessment of body composition with the devices is following standard procedures [15]. Patients were measured with
the TANITA scale (Type BC-418MA, TANITA Corporation, Tokyo, Japan) and immediately afterwards with the BIA device
(BIACORPUS RX 4000, Medical Healthcare GmbH, Karlsruhe, Germany).

BOD POD

The determination of body composition with air displacement plethysmography was conducted with the BOD POD Gold
Standard Body Composition Tracking System (BOD POD COSMED Inc, USA), following instructions of the manufacturer. This
type of measurement applies the principles of whole-body densitometry to determine body composition. For this, a high-
precision weight assessment is combined with a body volume measurement and determination of the thoracic gas volume,
and then, based on densitometric equations BFP, FM and FFM are calculated.

DXA

The DXA-based method for the determination of body composition applies the fact that fat and non-fat tissue attenuate x-
rays to a different extent, allowing to calculate the proportion of each compartment following a whole-body scan.

Whole-body DXA was performed with a Hologic Horizon system A (Marlborough, MA, USA), release 2018, for estimating body
composition by the same trained technicians according to the prescriptions by the manufacturer and after daily calibration.
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All patients were placed in supine position with the limbs in standardized way according to the guidelines. The precision and
accuracy of DXA is reported as acceptable to de�ne body composition in children [18]. Fat mass, lean tissue mass, and bone
mineral content of the whole body were measured. Radiation dose, expressed as dose area product, was 7.9 cGy·cm². 

Statistics

Statistical analyses were performed with the SPSS software package (SPSS Inc., Chicago, IL, version 24.0). Results are
expressed as means ± SD unless otherwise indicated. Assumptions were checked before conducting parametric tests. Data
on body composition methods were analyzed with paired t-tests and a p-value of < 0.05 was considered as statistically
signi�cant. Further, data obtained with TANITA and BIA were compared by the Pearson correlation coe�cient, and the Bland-
Altman plot was used to assess the extent of agreement between the two methods [19]. The 95 % limits of agreement were
calculated as the mean difference ± 1.96 SD [20].

Results
General characteristics of the study population

The data obtained from three independent studies were either separately evaluated for each study or presented as a pooled
study population. As shown in Table 1, the common patient population consisted of 123 children and adolescents with 63 %
male participants and a mean age of 13.6 years, except study #3 including only adolescents aged 14 to 18 years. The overall
BMI was 35.2 kg/m2 and slightly higher in study group 3 with BMI of 37 kg/m2.

Comparison of bioelectric impedance-based methods

Values on body composition determined with the bioelectrical impedance-based methods, TANITA and BIA are summarized in
Table 2. In the overall study population with 123 patients, BFP amounted 41.4 % when determined with TANITA and 39.1 %
when assessed with the BIA device, a statistically highly signi�cant difference (p < 0.001). Similar effects were shown for the
FM with an average of 41.6 kg determined with TANITA and a signi�cantly lower value of 38.6 kg determined with BIA (p <
0.001), whereas the average FFM of 56.2 kg seen with TANITA was signi�cantly lower than that of 58.9 kg seen with BIA (p <
0.001). These differences were highly signi�cant in patients from study#1 and #2, while in study#3 the differences were not
signi�cant, presumably due to the lower patient frequencies.

In a recent study with a smaller population we detected less gender-speci�c differences. But here TANITA and BIA showed a
signi�cant difference in BFP (p < 0.01) and FFM (p < 0.001) between male and female participants, but not in FM (Table 3).
As a result, BFP was lower in males compared to females, and accordingly FFM was considerably higher in males than in
females. Therefore, most of these differences were also observed and remained signi�cant in study#1 and #2, except BFP in
the TANITA of study#2, and in the BIA of study#3. Moreover, total FM measured with TANITA was higher in males than
females, although this was not signi�cant, whereas FM measured with BIA was equal in both genders or even slightly
increased in females.

For further evaluation of differences in body composition determined with TANITA or BIA, Pearson correlation coe�cients
were used, and Bland-Altman plots generated. As shown in Fig.1, Pearson correlation was highly signi�cant between TANITA
and BIA-based determination of BFP (Pearson r = 0.817; p < 0.01, n = 123), of FM (Pearson r = 0.953; p < 0.01, n = 123), and of
FFM (Pearson r = 0.941; p < 0.01, n = 123). This contrasts with the result obtained with the Bland-Altman plot, which displays
the mean difference between the methods ± 1.96 SD. This analysis indicated important, potentially clinically relevant
differences between both methods for BFP, FM and FFM. Thus, the average difference and the 95 % limits of agreement
amounting to -2.27 % (average) and from -11.17 % to 6.62 % (range) for BFP, to -2.93 kg (average) and from -14.81 kg to 8.95
kg (range) for FM, and to 2.69 kg (average) and from -8.17 kg to 13.56 kg (range) for FFM.

Comparison of BOD POD- and DXA-based determination of body composition
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In study#3 the body composition from 12 individuals was obtained with TANITA and BIA, and 7 were also subjected to
comparative measurements using air displacement plethysmography and DXA-based assessments. In this sub-group, three
persons were male (43 %), the average age was 16.1 ± 1.5 years, and mean (± SD) values for height, weight and BMI were
166.9 ± 10.2 cm, 105.1 ± 17.3 kg, and 37.0 ± 4.7 kg/m2, respectively.

Despite of apparent differences, the most pronounced related to the determination of FM (ranging from 48.6 to 53.2 kg), due
to the small sample size, we could not detect signi�cant differences between methods (Table 4). Overall, there was a
satisfying agreement for the BFP values, only BOD POD determined somewhat higher values, and a greater variability for FM,
which was lowest with BIA, and a reasonably good agreement for values on FFM. Gender-speci�c differences for BFP and
FFM were similar for all groups, but never signi�cant.

Discussion
Bioelectrical impedance-based determination of body composition is a relatively simple method, not very time-consuming,
non-invasive, and does not exposure the patient to radiation [9]. Therefore, it is widely applied in clinical practice and appears
ideally suited for the use with children and adolescents. However, there are different devices available using bioelectrical
impedance measuring principles and limited data on young obese patients. Accordingly, we considered to evaluate different
devices and to compare these with each other to obtain insight into the accuracy of the methods for the determination of
body composition in obese patients during childhood and adolescence.

In line with a previous study [15], our current assessment, using a much larger sample size (N=123 as compared to 38),
con�rmed that body composition determination in young obese patients yields signi�cantly different results depending on
whether it is conducted using the TANITA or the BIA device. Thus, TANITA-based determination of body composition
overestimated BFP and FFM relative to BIA, and signi�cantly underestimated FFM. Importantly, this was con�rmed in three
entirely independent studies and only at very small sample sizes, data variability blurred this difference. Further, while
Pearson correlation indicated an expected association for all three parameters between both methods, Bland-Altmann plot
tests established clinically relevant differences. At an average BFP of around 40 % measured with both methods a difference
of -2.3 % may not seem excessive. However, as these differences ranged from -11 to 6.6 % which appears rather large. In
addition, the discrepancy between the methods increased at higher values of BFP, resulting in little agreement in the upper
range of the data. Similar discrepancies were determined for FM, which differed by ± 12 kg at a mean of around 40 kg and
displayed considerable skewness in the upper data range, and for FFM with a ± 11 kg range at a mean of around 57 kg. It
seems obviously that body composition should be measured with the same bioelectrical impedance-based method, TANITA
or BIA to obtain matching values and should not be changed during follow-up or for the study population group. This is in line
with �ndings on adolescent obese patients [21] and on obese adult women, the latter study comparing TANITA with yet
another device based on the same measuring principle [22].

We could also con�rm previously indicated gender-related differences in body composition [15]. Independent from the
bioelectrical impedance-based method, male patients had signi�cantly lower BFP and signi�cantly higher FFM, whereas FM
did not differ between genders. Similar differences were noted for BFP and FM, but not for FFM in the small study#3 group
consisting of seven patients examined with BOD POD and DXA. Physiologically, these differences may re�ect the larger
muscle mass in males and the enhanced fat deposition in developing females [23]. Overall, these data underline that gender
differences need to be taken into account when comparing different groups [24].

For the same patient group the four methods for body composition, TANITA, BIA, BOD POD and DXA showed a good
agreement for BFP and FFM, but a higher variability for FM. DXA is described as a reference method for body composition
determination [11, 18] and agreed very well with the TANITA-based measurements in this study. The disadvantages of DXA
are the limited availability in centers and the exposure to radiation. It appears that TANITA could be appropriate to measure
body composition in young obese patients. However, although previous studies found that bioelectrical impedance-based
methods may be accurate enough to provide reliable measurements [25, 26], in other studies a more limited reliability was
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de�ned [21, 27, 28], except for obese, but not morbid obese patients [29], or a clear need of optimization for young obese
patients [30], highlighting the need to be cautious when applying it.

Conclusions
The evaluation of data from three independent studies in young obese patients could show that the body composition
differed signi�cantly for BFP, FM and FFM depending on the measurement with TANITA or BIA. A small-scale comparison
with air displacement plethysmography and DXA indicated that TANITA shows the best agreement with DXA, widely
considered a reference method. Thus, we suggest that the easily applicable and non-invasive TANITA device may be most
suitable for clinical routine in obese patients in childhood and adolescence but needs to be strictly adhered to in order to
receive reliable repetitive data.

List Of Abbreviations
BFP: Body fat percentage; BIA: Bioelectrical impedance analysis; BMI: Body mass index; DXA: Dual energy x-ray
absorptiometry; FFM: Fat free mass; FM: Fat mass
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Table 1. Demographic patient characteristics and anthropometric parameters
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Characteristics All patients (N=123) Study 1 (N=67) Study 2 (N=44) Study 3 (N=12)

Male (absolute; %) 78 (63) 43 (64) 28 (64) 7 (58)

Age (years) 13.6 ± 2.6 13.4 ± 2.6 13.3 ± 2.4 15.9 ± 1.4

Height (cm) 165.2 ± 12.1 165.0 ± 12.7 164.2 ± 11.4 169.8 ± 10.4

Weight (kg) 97.5 ± 27.6 98.0 ± 28.7 94.0 ± 27.1 107.4 ± 21.8

BMI (kg/m2) 35.2 ± 7.0 35.4 ± 7.5 34.3 ± 6.8 37.0 ± 4.7

Results are presented as means ± SD or as numbers of subjects (%); BMI body mass index authors declare that they have no
competing interests.

  

Table 2. Comparison of body composition parameters as determined with bioelectrical impedance-based methods.

   

All patients
(N=123)

   

Study 1 (N=67)

   

Study 2 (N=44)

   

Study 3 (N=12)

 

Parameter TANITA BIA p-
value

TANITA BIA p-
value

TANITA BIA p-
value

TANITA BIA p-
value

BFP (%) 41.4 ±
7.8

39.1
±
6.7

0.000 41.6 ±
8.1

39.4
±
6.8

0.000 40.7 ±
7.7

37.9
±
6.0

0.000 43.0 ±
7.0

42.1
±
8.2

0.481

FM (kg) 41.6 ±
17.8

38.6
±
14.3

0.000 41.8 ±
18.5

39.0
±
14.6

0.000 39.3 ±
17.4

36.3
±
13.8

0.001 48.6 ±
14.5

45.2
±
12.7

0.252

FFM (kg) 56.2 ±
14.2

58.9
±
16.2

0.000 56.2 ±
14.3

59.1
±
16.9

0.000 54.7 ±
13.6

57.7
±
15.4

0.001 61.3 ±
15.9

62.1
±
15.6

0.520

Results are presented as mean ± SD; bold values indicate signi�cant difference at the p < 0.05 level; comparison of the body
composition methods was made using paired samples t-test; BFP body fat percentage, FM fat mass, FFM fat free mass

 

Table 3. Gender-speci�c values of body composition parameters determined with TANITA and BIA
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All patients (N=123)

   

All patients (N=123)

 

Parameter Male (N=78) Female (N=45) p-value Male (N=78) Female (N=45) p-value

    TANITA     BIA  

BFP (%) 39.9 ± 8.1 43.9 ± 6.9 0.007 36.5 ± 5.3 43.6 ± 6.6 0.000

FM (kg) 42.6 ± 18.8 39.8 ± 16.1 0.408 38.2 ± 13.7 39.4 ± 15.3 0.638

FFM (kg) 60.8 ± 14.3 48.1 ± 9.7 0.000 64.9 ± 16.0 48.5 ± 10.1 0.000

   

Study 1 (N=67)

   

Study 1 (N=67)

 

Parameter Male (N=43) Female (N=24) p-value Male (N=43) Female (N=24) p-value

    TANITA     BIA  

BFP (%) 39.9 ± 8.4 44.5 ± 6.8 0.024 36.8 ± 5.6 44.0 ± 6.2 0.000

FM (kg) 42.5 ± 19.4 40.5 ± 17.1 0.682 38.5 ± 14.1 39.9 ± 15.8 0.700

FFM (kg) 60.9 ± 13.9 48.8 ± 10.8 0.000 65.0 ± 16.7 48.5 ± 10.3 0.000

   

Study 2 (N=44)

   

Study 2 (N=44)

 

Parameter Male (N=28) Female (N=16) p-value Male (N=28) Female (N=16) p-value

    TANITA     BIA  

BFP (%) 39.9 ± 8.2 42.1 ± 6.6 0.362 36.8 ± 4.9 41.4 ± 6.3 0.002

FM (kg) 40.8 ± 18.8 36.6 ± 14.7 0.443 36.4 ± 13.8 36.0 ± 14.3 0.912

FFM (kg) 58.8 ± 14.0 47.5 ± 9.3 0.006 63.3 ± 15.5 48.1 ± 9.5 0.001

   

Study 3 (N=12)

   

Study 3 (N=12)

 

Parameter Male (N=7) Female (N=5) p-value Male (N=7) Female (N=5) p-value

    TANITA     BIA  

BFP (%) 40.6 ± 5.4 46.5 ± 8.0 0.158 37.7 ± 5.1 48.3 ± 8.0 0.017

FM (kg) 50.0 ± 15.0 46.5 ± 15.2 0.698 43.2 ± 11.7 48.1 ± 14.8 0.528

FFM (kg) 68.2 ± 17.6 51.6 ± 5.5 0.072 70.8 ± 14.0 50.0 ± 7.8 0.014

Results are presented as mean ± SD; bold values indicate signi�cant difference at the p < 0.05 level; comparison of the body
composition methods was made using independent samples t-test; BFP body fat percentage, FM fat mass, FFM fat free mass

Table 4. Comparison of body composition data obtained with TANITA, BIA, BOD POD and DXA
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Parameter TANITA BIA BODPOD DXA

BFP (%) 46.3 ± 7.3 46.0 ± 8.0 48.5 ± 4.8 46.8 ± 3.4

FM (kg) 53.2 ± 16.3 48.6 ± 12.1 50.6 ± 8.0 51.5 ± 7.7

FFM (kg) 56.1 ± 11.2 56.6 ± 12.5 54.5 ± 12.2 56.6 ± 10.7

Results are presented as mean ± SD, n=7; bold values indicate signi�cant difference at the p < 0.05 level; comparison of the
body composition methods was made using paired samples t-test; BFP body fat percentage, FM fat mass, FFM fat free mass

 

Figures

Figure 1

Pearson correlation analysis and Bland-Altman plot of body composition data obtained with TANITA and BIA. Left panel:
Pearson correlation for body fat percentage (a), fat mass (c), and fat free mass (e), with R2 and the equation of the best linear
�t given for each correlation plot. Right panel: Bland Altman plots for body fat percentage (b), fat mass (d), fat free mass (f),
with the middle line indicating the mean difference and the upper and lower line representing limits of agreement. BFP = body
fat percentage, FM = fat mass, FFM = fat-free mass.


