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Abstract Multiple skinfold anthropometry (MSA) and
bioelectrical impedance analysis (BIA) are useful as clini-
cally non-invasive, inexpensive and portable techniques,
although it is not clear if they can be used interchangeably in
the same patient to routinely assess her/his body composi-
tion. In order to compare BIA, MSA and DXA in the
estimation of lean body mass (LBM) of a pediatric obese
population, 103 obese [body mass index (BMI) > 97th
percentile] children (median age: 11 years; range: 5.4–
16.7 years) underwent nutritional evaluation. After an
overnight fast, the subjects’ anthropometric measurements
were performed by the same investigator: body weight
(BW), height, skinfold thickness (four sites); fat body mass
(FBM) using Brook or Durnin equations and dual X-ray
absorptiometry (DXA). BIA was performed using a bioelec-
trical impedance analyzer (Analicor-Eugedia, 50 kHz) and
Houtkooper’s equation to calculate LBM. Linear regression
analysis was performed to evaluate the relationship between
the prediction of LBM by MSA, DXA and BIA. The
differences between the three techniques were analysed
using Student’s t-test for paired observations and the Bland
and Altmann method. A considerable lack of agreement was
observed between DXA- and BIA-LBM (δ=−4.37 kg LBM;
δ−2σ=−11.6 kg LBM; δ+2σ=+2.8 kg LBM); between
DXA- and MSA-LBM (δ=−1.72 kg LBM; δ−2σ=−8.2 kg

LBM; δ+2σ=+4.8 kg LBM) and betweenBIA- andMSA-LBM
(δ=−2.65 kg LBM; δ−2σ=−10.5 kg LBM; δ+2σ=+5.2 kg
LBM). Conclusion: In obese children, DXA, BIA and
MSA should not be used interchangeably in the assessment
of LBM because of an unacceptable lack of agreement
between them. The discrepancies between methods increase
with the degree of obesity.
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Abbreviations
BIA Bioelectrical impedance analysis
BW Body weight
DXA Dual X-ray absorptiometry
FBM Fat body mass
LBM Lean body mass
MSA Multiple skinfold anthropometry

Introduction

In vivo estimations of various body compartments, rather
than just body weight, are of importance in a variety of
clinical and epidemiological situations [8, 24].

The body may be considered as two chemically distinct
compartments: fat body mass (FBM) and lean body mass
(LBM) [40]. There is increasing interest in LBM because of
its relationship to calorie needs [1], physical performance
and pharmacokinetics; moreover, such a model (FBM and
LBM) is widely used in pediatrics because it provides
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information on the quality of growth, identifying children
and adolescents whose health is at risk because of obesity
or abnormal body composition secondary to chronic disease
or medication use [15, 39].

Several methods are available for assessing body compo-
sition [29]; of these, hydro-densitometry, dual X-ray absorp-
tiometry (DXA) and 40K spectrometry are accurate and
reproducible but have the disadvantages of being uncom-
fortable for sick children and expensive and time consuming
to carry out as well as requiring extensive training of
technicians. Only multiple skinfold anthropometry (MSA)
and, more recently, bioelectrical impedance analysis (BIA)
are useful as clinically non-invasive, inexpensive and
portable techniques [27], although these are less sensitive
and less precise than the first-mentioned methods. While
MSA is routinely used by nutritionists, several technical
sources of error must always be taken into consideration,
such as inter- and intra-examiner reproducibility or the
compressibility of subcutaneous fat and calibration of
skinfold calipers [28]. Conversely, BIA does not require an
experienced examiner, is highly reproducible, is completely
free of discomfort and requires little subject cooperation.
This technique, which estimates total body water, following
which the appropriate equations are used to derive LBM and
FBM, has been shown to have potential for measuring body
composition and may be associated with less inter-observer
variation than traditional skinfold thickness measurements.

Validation studies have shown that BIA has a sensitivity
and precision that is at the very least highly correlated with
conventional MSA in both adults and children [22, 23, 30,
36], suggesting that these two techniques might be used
interchangeably to routinely assess body composition.
However, very little data are available in the literature on
the usefulness of these techniques for the assessment of
body compartments in pediatric obese subjects [10, 18, 25].

This study was conducted to compare BIA and MSA as
methodologies for estimating LBM of a pediatric obese
population, using DXA as the reference method, and to
evaluate the agreement between the three techniques with
the aim of using them interchangeably.

Population and methods

A total of 103 obese children (59 girls and 44 boys), whose
median age was 11 years (range: 5.4–16.7 years), were
included in our study. Obesity was defined as body mass
index (BMI) > 97th percentile of the reference values for
age and gender [33, 34]. Clinical history and physical
examination excluded health problems other than obesity.

After an overnight fast, the subjects’ anthropometric
measurements were performed by the same investigator at

the Necker-Enfants Malades outpatient clinic. Height was
measured to the nearest 0.5 cm on a standardized wall-
mounted height board. Body weight (BW) was determined
to the nearest 0.1 kg by a standard physician scale with the
child dressed only in light underwear and without shoes.
BMI was calculated as weight (in kg) divided by height
squared (in m2). The BMI z-score, calculated using the
method and the values in French children reported by
Rolland-Cachera et al. [33], have been used to make results
comparable across age-groups.

Multiple skinfold anthropometry

Skinfold thickness was determined to the nearest millimeter
at the left biceps, triceps, subscapular and suprailiac sites
using a Holtain skinfold caliper calibrated to exert a
constant pressure of 10 g/mm2 (Holtain Ltd, Crymych,
UK). Triplicate readings were made at each site to improve
the accuracy and the reproducibility of the measurements.

The generalized equations of Brook and Durnin and
Rahaman (in accordance with different ages) for predicting
body density were used in this study [5, 9]. FBM was
derived according to Siri equation [40]. LBM was calcu-
lated as the difference between BW and FBM.

Bioelectrical Impedance analysis

Impedance was measured, after 10 min of resting, using a
bioelectrical impedance analyser (Analycor-2 Eugedia)
which applies a 50-kHz oscillating current of 800 μA.
The child was first invited to empty his/her bladder and
then, in dry underwear, was positioned to lie quietly supine
with arms slightly apart from the body; the legs were
separated so that the thighs were not touching. A tetrapolar
electrode placement was used, with electrodes placed on the
dorsal surface of the right hand and foot, at the distal

Table 1 Median values (range) of weight, height, BMI and LBM
in the evaluated population

Variables Boys (n=44) Girls (n=59)

Age (years) 11.1 (5.8–16.7) 10.6 (5.4–16.2)
Weight (kg) 52.1 (28.9–115.9) 52.7 (25.5–103.2)
Height (m) 1.47 (1.17–1.74) 1.43 (1.06–1.49)
BMI (kg/m2) 26.9 (20.9–39) 26.6 (21.7–36.5)
BMI z-score 3.52 (2–5.5) 3.88 (2.3–6.1)
LBM MSA (kg) 37.05 (22.3–78.6) 35.3 (17.7–64.6)
LBM DXA (kg) 35.9 (22–71.1)° 33.5 (16.7–68)*
LBM BIA (kg) 38.8 (23–80.8)° 36.8 (18.4–74.8)*

°* p<0.05
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metacarpals and metatarsal, respectively, and between the
distal prominences of the radius and the ulna at the wrist
and the medial and lateral malleoli at the ankle. New
electrodes were placed before each reading, and care was
taken that the distance between them was at least 3 cm to
avoid any possible interaction between electrodes which
can cause elevated resistance readings [14, 16].

The average of three resistance readings was recorded
for each subject. Houtkooper’s equation was used to
calculate LBM [21].

Dual X-ray absorptiometry

All of the subjects underwent total body DXA [31, 32] to
assess FBM. A Hologic QDR 1000/w model 5.35 was
utilized; this apparatus uses a dual-energy source of X-rays
that provides alternating pulses of 40 and 100 kV. The

radiation dose to each child was 1.5 mrem, which is
approximately one-tenth of the exposure from a standard
chest X-ray [2]. For each child, the DXA measurement and
the BIA and MSA evaluations were carried out the same
day and under the same conditions.

LBM was then calculated as the difference between BW
and FBM.

All parents gave their informed consent for their child to
participate in the study. The study was performed according
to the Declaration of Helsinki.

Statistics

Linear regression analysis was performed to evaluate the
relationship between the prediction of LBM by DXA, BIA
and MSA. The differences between the three techniques
were analysed using Student’s t-test for paired observations.

Fig. 1 Linear regression
between DXA-LBM
and BIA-LBM

Fig. 2 Linear regression
between DXA-LBM
and MSA-LBM
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Statistical significance was predetermined as p less than
0.05. The Bland and Altman method was used to assess the
agreement between DXA, BIA and MSA [3] as it analyses
the distribution of differences, for each child, between
LBM-assessing methods.

Results

Median values and ranges of weight, height, BMI, BMI z-
score and LBM are reported in Table 1.

LBM predicted by DXA was significantly different from
that predicted by BIA (BIA-LBM; p<0.05). There was no
significant difference in the assessment of LBM by DXA
and MSA, or by MSA and BIA.

As shown in Figs. 1 and 2, the assessment of LBM by
DXA (DXA-LBM) was highly correlated to BIA-LBM (y=
1.1071x + 0.4407; r2=0.9315; p<0.05) and the assessment
of LBM by MSA (MSA-LBM) (y=1.0267x + 0.7516; r2=
0. 9284; p<0.05). Figure 3 also shows a good correlation
between BIA-LBM and MSA-LBM (y=0.8854x + 2.0699;
r2=0.9084; p<0.05).

Discrepancies between the three methods are more
clearly expressed in Figs. 4, 5 and 6: according to the
Bland and Altman analysis, there is a a considerable lack of
agreement between DXA- and BIA-LBM (δ=−4.37 kg LBM;
δ−2σ=−11.6 kg LBM; δ+2σ=+28 kg LBM); between DXA-
and MSA-LBM (δ=−1.72 kg LBM; δ−2σ=−8.2 kg LBM;
δ+2σ=+4.8 kg LBM) and between BIA- and MSA-LBM
(δ=−2.65 kg LBM; δ−2σ=−10.5 kg LBM; δ+2σ=+5.2 kg
LBM). As shown in Figs. 7 and 8, the discrepancies between
methods increase with the degree of obesity.

Fig. 3 Linear regression
between BIA-LBM
and MSA-LBM

δ σ

δ σ

δ

Fig. 4 LBM assessment: limits
of agreement between DXA
and BIA
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Discussion

As expected, this study shows that among the subjects
evaluated there is a significant correlation between the
assessment of LBM by DXA, BIA and MSA. However, this
does not mean that the three methods provide the same values
of LBM for each child. Indeed, r2 measures the strength of a
relation between two variables and not the agreement
between them [3]. The discrepancies in the different methods
of LBM assessment are clearly expressed by the Bland-
Altman method, which demonstrates a considerable lack of
agreement between DXA and BIA (with discrepancies of up
to 11.6 kg), between DXA and MSA (with discrepancies of
up to 8.2 kg) and between BIA and MSA (with discrep-
ancies of up to 10.5 kg). Differences between LBM values
measured by BIA or MSA, and those measured by DXA are
likely to be more striking in subjects with a higher grade of
obesity, as measured by the BMI z-score (Figs. 7, 8). All of

these differences are not obvious from a linear regression
analysis, resulting in an unacceptable lack of agreement
between the three methods.

This study was performed on obese children, and the
results suggest that in order to better appreciate the
longitudinal variations of the body composition of a child,
the same assessing technique should always be performed.
The replacement of one method by another one during the
nutritional follow-up of a subject may lead to an over- or
under-estimation of FBM and changes in LBM. As the aim
of hypocaloric diets for obese children is to reduce weight
without affecting growth velocity, the preservation of LBM
should be assessed longitudinally by the appropriate
methods. Such methods should give reproducible results
and should also be applicable for use by inexperienced
examiners to avoid inter-observer differences.

A previous study from our group [6] showed that the
discrepancies between BIA- and MSA-LBM may be as

δ σ

δ σ

δ

Fig. 5 LBM assessment: limits
of agreement between DXA
and MSA

δ σ

δ σ

δ

Fig. 6 LBM assessment: limits
of agreement between MSA
and BIA
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great as 3.9 kg if the two techniques are performed in a
population of pediatric subjects without any limitations of
race, age, gender, disease or BMI.

MSA is the most utilized technique for the routine
estimation of body compartments [27], but its accuracy is
limited by practical errors – examiner- and/or patient-
related. Indeed, there is a large inter- and intra-observer
variance. Moreover, this method is based on the incorrect
assumptions that every person presents with the same
proportions between subcutaneous and total fat and that
there is no inter-individual difference in adipose tissue
composition and compressibility [29]. Multiple anthro-
pometric equations have been calculated to estimate body
density from multiple skinfold measurements; the predic-
tion equations of Brook [5] and Durnin and Rahaman [9]
were used in this study because they have been validated
for a pediatric population.

DXA was initially designed for assessing bone mineral
mass and may still be considered as a reference method for
measuring FBM. LBM can be easily calculated from the
difference between total body weight and FBM. For clinical
purposes, this technique is a good compromise between
cost, reproducibility and precision. In addition, it has been
used extensively in pediatric practice and validated for
nutritional uses in both adults and children [11–13, 20, 41,
43].

BIA is a new and relatively non-invasive technique [4,
26] which only requires the measurement of the subject’s
height, weight, electrical resistance and reactance between
two pairs of topically placed electrodes using an alternating
current, which reduces the influence of skin resistance in
the measurement [7]. This method relies on the principle
that LBM conducts electrical current, whereas FBM acts as
an isolator and conducts little of the current. Its usefulness
in estimating body composition is increasing because it
presents an excellent intra- and inter-observer reproducibil-
ity of estimates [18, 19, 35, 42]. BIA aims to measure both
intra-and extra-cellular water, while multiple regression
equations predicting LBM have been developed by com-
parison with reference methods [21, 26, 30, 37]. The
Houtkooper’s formula was used in the present study
because it has been validated for children and adolescents.

Although most of the research on conductivity techniques
has focused on their use to assess body composition, it has to
be stressed that BIA is not a direct measure of FBM or LBM.
LBM is accurately predicted by best-fitting formulas only
when there is a fixed relation between the water compartment
and LBM; this is not the case in a growing healthy subject,
especially if obese. The hydration of LBM, in fact, may
increase with increasing fatness from 72.6% to 73.5% [38].
This is the major limitation of BIA, at least in pediatric
patients.

Fig. 7 Agreement between
DXA and BIA plotted against
BMI z-score

Fig. 8 Agreement between
DXA and MSA plotted against
BMI z-score
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Based on our results, we conclude that DXA, MSA and
BIA, although highly correlated, are not interchangeable
techniques for assessing body composition in obese
children, thereby confirming previous data regarding
healthy children [17]. Discrepancies between methods
increase with the degree of obesity. In clinical practice
one should always use the same technique for studying a
given population.
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