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COMPARATIVE ASSESSMENT OF SELECTED BODY COMPONENTS FROM
BIOELECTRICAL IMPEDANCE OR SKINFOLD MEASUREMENTS
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Body composition was assessed by two methods: from 3 skinfolds (SF, brachial, pectoral
and crural), and by bioelectrical impedance (BIA). The absolute and relmtive values of
body fist content and of lean body mass (LBM) were determined in 110 healthy men aged
231412 wears; their boady mass index (BMI} wos 227214 I-:g'm':. [ fo case the negres-
sion equations differed significantly from idemtity lines, The computed total errors wene
equal to 118 kg or 1.61% for body fat and 1.26 ke or 1.70%% for LEM. Both methods can
thus be used interchangeably, {Biol Sport 15:205-212, 1998)
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Introduction

The assessment of proportions between body components is of greal importance e.g. in
sports, particularly those involving weight categories. It 15 also useful in recreational ac-
tivities for the purpose of monitoring the effects of training on body composition, The only
factor which limits such monitoring is the practical availability of a fast and reliable meas-
urement method.

The use of diverse methods of determining body components has been criticised because
of non-uniformity of results they render [1,3.13,15]. The most modern methods employ
computer tomography, dual photon absorptiometry, or nuclear magnetic resonance. These
methods, however, cannot be wsed in routine determinations due to high costs and sophis-
ticated equipment.

In recent vears, 2 method based on bioelectrical impedance {(BIA) has been introduced
[16.22]. That non-invasive method 15 fast and rehiable and mav be apphied to athletes, also
under field conditions. It has been widely used in medical research [1.2,11,17.28). The in-
creasing popularity if BIA implies the necessity of comparing the results obtained by that
method with those obtained by skinfold measurements and this constituted the aim of the
present study.
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Material and Methods

Measurements of body composition by bioelectrical impedance (BIA) and by skinfold
thickness (SF) were conducted in 110 healthy men aged 22.141.2 vears, Their mean char-
actenistics and results of measurements are presented in Table 1. All measurements wene
conducted in the morming. The subjects were informed about the aim of the study,

Bioelecirical impedance measurements (BIA); A computerised BIA analyser and sofi-
ware Weight Manager 2A (RIL Svstem Inc., USA) were used. The measurements were con-
ducted on the subject in supine position with arms pronated by the side of the body. Two
clectrodes measuring the resistance were placed in the midpoint of the 3rd metacarpal
bone and two other ones in the madpoint of the 2nd and 3rd metatarsal bones, Duplicate
measurements were performed, mean values being used for determining lean body mass
(LBM). fal, water content, body mass index (BMI) and LBM-fat ratio.

Skinfold measuremenis (SF): Three skinfolds were measured: brachial (over the triceps,
al the mudpoint of the arm; X:), pectoral (at the level of the 10th nb: X,) and crural (shghtly
outwards from the popliteal fossa: Xi). The measurements were performed with Harpen-
den's caliper on the left side of the body. From these values, body density was compurted
according to the formula D=1.124 - 0.00012 <log X, - 0.000167 -log X; - 0.000075 <log X,
This, in turn, served to compute the percentage of body fat and lean body mass [ 19).

Dgrrg amalvsis: The distributions of all variables proved normal by Shapiro-Wilks test,
For all data, means (#5D) and coefficients of variability (CV) were computed as well as re-
gressions of BIA vs, the SF data, Moreover, for each comparison the total error was com-
puted, i.e. the mean square difference between the corresponding values (BIA - SF). The
tevel of P<0.05 was considered significant.

Hesults

Mean values (£5D and CV) of all variables studied are presented in Table 1. The group
studied was rather uniform regarding bodv height and mass; more-over, about 96% of sub-
Jects could be classified as having normal body Bt content, 1.e between 10 and 18%. A slightly
but consistently higher variability of results was observed for the BIA method, compared with
the 5F measurements. Mean BIA results of fat content were slightly but highly significanthy
higher than in case of the SF method and corresponding opposite changes were noted for LBM.

The regression equations comparing the results obtained by both methods are presented in
Table 2. In no case the slope differed significantly from unity or the intercept from zero. There-
tore, individual results were plotted (Figs. 1 and 2) and identity lines (v=x) were chosen as re-
gressions. Accordingly, the errors of the method were expressed as the so-called total errors
(TE) and presented in Table 2 together with the standard deviations in the computed regressions
(“residual errors™). The total error for the relative fat content is 1.61%, irrespectively of the
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method applied, i.e. SF or BIA. Since the body mass index (BMI) is widely used and fre-
quently regarded as reflecting the body fat content, its values were correlated with those of
fat determined by both methods - BIA and SF. The coefficients of correlation were equal to
0.48 and 0.50, respectively.

Table 1
Mean values (50 and percent coefficients of variahility) of body components as determined
bw skinfold measurements (5F) and bioelectrical impedance (BIA)

Variable Method | Skinfold (5F) [19] BlA

Age (vears) 22.141.2 (5%)

Body height {cm) | T8 417.1 (4%)

Body mass (kg) 72.3E6.5 (12%)

Body mass index (BMI: kg m”) 22.741.9 (8%)

Body density (g -cm™) | 06240008 (§%4) -
Resistance (£1) 463450 (11%)
Reactance (£2) - 57.315.7 (10%)
Body fat content {BF; kg) 10,32 4 (23%) 0.8+2.6 (27%0)*
Relative hody fat content (%a) 14.34£3.2 (22%) 13.643.5 (26%)*
Lean body mass (LBM: kg) 62.0£7.7 (12%) 62.548.0 (13%)*
Relative lean body mass (%) B5.T43.4 (4%) 86,3135 (4%)*
LEBM/BF ratio 6.44+1.77 (27%) 6.87+1.94 (28%)
Body water content (kg) - 46.115.9 (13%)
Relative body water content (%) - 63.623.1 (3%)

* Significantly different from the respective SF value (P<0L001)

Table 2

Computed regression coefficients (terrors) of absolute or relative values of body fat con-
tent or lean body mass (LBM) determined by bioelectrical impedance (BLA) vs. skinfold
measurements (SF), as well as residual (from computed regressions) and total errors

Variahles Intercept Slope Residual error | Total error
Body fat (kg) BIA vs, 5F | -0.462+0.456  0.994+0.043 .06 kg .18 kg
Body fat (%) BIA vs. SF | -0.85240.643 | C0S400. 044 1.44%% 1.61%:
LBM (kg) BIA vs. SF 0314087 1.014+0.014 113 kg 1.26 kg
LBM (%) BIA vs. SF -0.04+4.01 I .O040.047 1.53% 1. 70%
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Discussion

In this study, a good agreement between the results obtained by two methods - bioglec-
trical impedance (B1A) and skinfold measurements (5F) has been demonstrated. The errors,
both in absolute or relative units, are small enough o enable using both methods inter-
changeably. Similar results of comparing both methods were also reported by Lohman [ 16].
On the other hand, Kaminsky er @ [12] found significantly higher values obtained by the
5F than by BIA method, the difference being as high as over 20%., although the resulls
were well correlated with cach other (r= 0.88), They found a much better average agree-
ment between BIA results and those determined hyvdrometrically but individual differences
were quite high (r=0.50). Very high correlations between BIA and SF methods were re-
ported by Jackson ef ol [11] for lean body mass (r=0.924) and by Jirnimée and Jiriso [ 10]
for body fat (r ranging from 087 to 0.97). Those authors have not, however, presented re-
ETession equations.

In many studies on the assessment of body compaosition by various methods, the corre-
lations between BIA and SF results ranged from 0.71 to 0.86. However, in groups where
the range of body fal percentage was large, e.g. 3 - 28%, the correlations were lower than
when differences in body fat content were smaller [7.8,10,18,21]. Similar observations
were also made by Riu er af. [20] who studied subjects highly differing in their BMI, from
below 1T to over 30 kg m,
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The slightly albeit significantly higher results of fat content obtained by the skinfold
method in this study, compared with BIA results, may have resulted from e.g. uneven dis-
tribution of adipose tissee, variability in body water content and in skin elasticity. In case
of BlA measurements, standardisation of the procedure, e.g. electrode positioning, body
position, defatting of the skin, etc., plays an important role [4.24,25],

Bioelectrical impedance measurements proved reliable and highly useful also in chil-
dren [4,5,21], or in adults in a 3 vear-interval, That method may, however, produce ques-
tionable results in subjects keeping to very low-calorse diets [11].

The differences in body fat content determined by BIA or from skinfolds, may result
from the fact that the bioelectrical impedance method measures total body fat while skin-
fold measurements are associated with the subcutaneous adipose tissue only. Mevertheless,
the high consistency of results obtained by both methods makes them useful in determin-
ing body composition.
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