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The present study was performed to develop regression based prediction equations for fat mass from skinfold
thickness in Japanese children, and to investigate the cross-sectional and longitudinal validity of these equations.
A total of 127 healthy Japanese prepubertal children aged 6-12 years were randomly separated into two groups:
the model development group (54 boys and 44 girls) and the cross-sectional validation group (18 boys and 11
girls). Fat mass was initially determined by using DXA (Hologic Delphi A-QDR whole-body scanner) to provide
reference data. Then, fat thickness was measured at triceps and subscapular using an Eiken-type skinfold calipers.
Multiple anthropometric and DXA measures were obtained one year later for 28 of the original 127 subjects
(longitudinal validation group: 14 boys and 14 girls). Strong significant correlations were observed between total
fat mass by DXA measurement and the skinfold thickness X height measures by caliper in the model develop-
ment group of boys and girls (R>=0.91-0.92, p<0.01). When these fat mass prediction equations were applied to
the cross-sectional and longitudinal validation groups, the measured total fat mass was also very similar to the
predicted fat mass. In addition, there were significant correlations between the measured and predicted total fat
mass for boys and girls, respectively, although Bland-Altman analysis indicated a bias in cross-sectional valida-
tion group. Skinfold-derived prediction equations underestimate for obese children but are generally useful for

estimating total fat mass in field research.

Key Words: DXA, fat mass, children, skinfold, prediction equation

INTRODUCTION

Skinfold thicknesses obtained from hand held skinfold
calipers have been the most common field technique for
estimating fat mass in children. However, there are a
number of controversial points in previous studies. First,
skinfold-derived prediction equations for children were
based on body densities obtained from underwater weigh-
ing as the criterion measure, even though there are many
difficulties using this technique with children. Another
problem is that the representative skinfold equations for
children were developed in the 1980°s and 1990's,"* even
though the prevalence of obesity and the secular change
of height and weight for children has changed.’”

In fact, recent previous studies have indicated that the
validity of skinfold methods for estimating body compo-
sition were poor in children and adolescents.*” Moreover,
the current representative skinfold equation of Slaughter
et al." when applied to the Japanese subjects resulted in
substantial differences between the skinfold equation and
the criterion measurements obtained by DXA (boys; n=72,
DXA 22.0+7.0%, Slaughter et al 19.1+£7.2%; girls; n=55,
DXA 25.8+6.1%, Slaughter et al 21.3+6.8%).* Similar
problems exist when comparing Chinese children.’

Therefore, the present study was performed to develop
regression based prediction equations for fat mass from
skinfold thicknesses in Japanese children and to investi-
gate the cross-sectional and longitudinal validity of these
equations. The major original point of this study was
‘longitudinal validity’ which had not been reported in
previous studies when developing equations for pediatric
body composition.

MATERIALS AND METHODS

Subjects

A total of 127 healthy Japanese prepubertal children, aged
6-12 years, who were not approaching Tanner stage 2 and
peak height velocity (PHV), were randomly separated into
two groups: the model development group (54 boys and
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44 girls included 4 overweight boys, 1 obese boy, and 6
overweight girls) and the cross-sectional validation group
(18 boys and 11 girls included 2 overweight boys and 3
overweight girls) (Table 1)."° Multiple anthropometric
and DXA measures were obtained one year later in 28 of
the 127 original subjects (longitudinal validation group:
14 boys and 14 girls included 2 overweight boys and 1
overweight girls) (Table 1)."° The prediction equations
were developed by using data from the model develop-
ment group based on skinfold thicknesses and standing
height. The equations developed were then validated both
on the cross-sectional and longitudinal validation groups.
All subjects were recruited through friends and ac-
quaintances that lived in the Tokyo area. There were no
criteria for inclusion to this study at the enrollment. They
and their guardians received a verbal and written descrip-
tion of the study and gave their informed consent to par-
ticipate prior to testing. All subjects did not include any
athletes. None of the subjects reported any known pa-
thologies or current medication use. The study protocol
was approved by the Ethical Committee of Waseda Uni-
versity, and this study was conducted according to the
guidelines laid down in the Declaration of Helsinki.

Anthropometric and skinfold thickness measurements
Body mass was measured on a digital balance to the near-
est 0.1 kg wearing only leggings and underwear, and
height was measured on a stadiometer to the nearest 0.1
cm. Body mass index (kg/m®) was calculated as body
weight in kg/(height in m)®. Skinfold thickness was
measured to the nearest 0.5 mm using an Eiken skinfold
caliper (MK-60, Yagami, Japan) at the triceps and sub-
scapular sites by authors TM and MO who specialized in
body composition."!

Dual energy X-ray absorptiometry (DXA)

Total fat mass was measured using DXA (Delphi A-QDR,
Hologic Inc, Bedford, MA, USA; Version 12.4:3 Pediat-
ric Whole body). Head and neck areas were excluded
from the calculation of the total body fat mass value. The
estimated coefficient of validation (CV) for DXA meas-
urements from test-retest analysis was determined to be
<1%.

Statistical analysis

All results are presented as means and standard deviations
(SD). Simple linear regression analyses were calculated
between the DXA-measured fat mass and the skinfold
thicknessxheight measures and were performed sepa-
rately for boys and girls. The parameters of the prediction
equations for fat mass were determined as skinfold thick-
ness (ie triceps + subscapular) in centimeters
(cm)xstanding height in meters (m). Standing height was
used to express the length factor of the fat mass, since fat
thickness is only a predictor of fat area.

The difference between the measured and the pre-
dicted fat masses were examined using paired t-tests.
Agreement of fat masses between the measured and pre-
dicted values were further examined by plotting the dif-
ferences in predicted values against the means with limits
of agreement (mean difference + 2 SD of the differences:
the 95% limits of agreement, which gives an indication of
the precision of the method), as suggested by Bland and
Altman (1986)."% Lin’s concordance correlation coeffi-
cient (CCC) was used as a further measure of agree-
ment.”” McBride (2005) suggests the following descrip-
tive scale for CCC values: CCC <0.90 is poor strength of
agreement, 0.90-0.95 is moderate, 0.95-0.99 is substantial
and >0.99 is almost perfect.'* Statistical analyses were
performed using SPSS for Windows (version 17.0J; SPSS
Inc, Chicago, IL), and MedCalc for Windows (version
11.3.6; MedCalc Software, Broekstraat 52, 9030 Mariak-
erke, Belgium). Differences were regarded as significant
when the probabilities were <0.05.

RESULTS

The physical characteristics and fat thicknesses measured
by caliper were shown in Table 1. As mean height and
weight values were comparable to the nationwide statis-
tics for the physical development of Japanese children,"
this indicated that the mass and distribution of fat for sub-
jects in the present study should be representative of Jap-
anese prepubertal children.

Strong significant correlations were observed between
total fat mass by DXA measurement and the sum of fat
thickness by caliperxheight in the model development
group of boys and girls (Figure 1 and Table 2). When
these fat mass prediction equations were applied to the

Table 1. Physical characteristics of the development, cross-sectional validation and longitudinal validation groups

Development Cross-sectional validation Longitudinal validation
Boys(n=54) Girls(n=44) Boys(n=18) Girls(n=11) Boys(n=14) Girls (n=14)
Age (year) 10 £ 2 9+2 9+2 9+2 11 +2 10 £ 2
Standing height (m) 1.38 £ 0.11 1.37 £ 0.13 1.37 £ 0.13  1.35 £ 0.12 1.42 £ 0.11 1.36 £ 0.11
Z score 0.05+ 092 -0.02 + 1.02 0.07 £ 0.86 025 + 1.07 -0.15+ 089 -0.25 + 0.76
Body mass (kg) 32.8 £9.0 31.9 £ 9.6 31.7 £ 103 30.8 = 8.6 355 + 133 30.7 + 6.8
Z score -0.08 £ 092 -0.15+1.00 -0.26 +0.82 0.0l £1.20 -0.23 + 1.04 -0.33 + 0.78
BMI (kg/m?) 17.0 £ 2.5 16.7 + 2.5 16.4 + 2.6 16.6 + 3.2 17.2 + 3.7 165 £ 2.2
Y%fat (%) 223+ 74 254 £ 5.4 21.2 £ 6.0 27.8 + 84 21.8 + 7.4 259+ 73
Skinfold thickness (cm)
Triceps 1.3 £ 0.6 1.3 +£0.5 1.2 +£04 1.5+ 0.5 1.3 +£ 0.6 1.3+ 04
Sabscapular 0.9 + 0.6 1.0 £ 0.5 0.8 + 04 1.2 + 0.7 0.9 + 0.7 1.1 + 0.6

The data presented as mean + SD. %fat: measured by DXA.

z score: standing height and weight were calculated into z score using the nationwide statistics for the physical development of Japanese chil-
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Boys (n = 54)

Fat thickness (cm) x height (m)

Girls (n = 44)

Fat thickness (cm) x height (m)

Figure 1. Relationship between DXA measured fat mass and the skinfold thickness x height measures by caliper. ®: Boys (n = 54), o: Girls

(n = 44).

Table 2. Skinfold equations for estimating total body fat mass in boys and girls

Equations R? SEE
Boys (n = 54) FMpxa (kg) = 2.7209 x (Skinfold x Ht) - 1.0913 0.91 1.54
Girls (n = 44) FMpxa (kg) = 2.2190 x (Skinfold x Ht) + 0.3191 0.92 0.99
FMpxa: Predicted DXA fat mass.
Skinfold = Triceps + Subscapular fat thickness by caliper in cm, Ht; Height in m.
SEE: standard error of the estimate.
Table 3. Measured and predicted total body fat mass for the cross-sectional and longitudinal validation groups
Boys Girls

Measured Predicted Mean difference p CCC Measured Predicted Mean difference p CCC
Cross-sectional 6440 63 +34 -0.1 £ 0.8 0.71 098 8.1+37 85+34 04+ 0.7 0.08 0.97
Longitudinal 7762 7.6 +57 0.1 £1.7 075 096 75+35 75+3.1 0.1 £1.0 0.81 0.96
Change 1.1+£16 1.6 +22 05+12 015 078 09+50 06+47 -04+1.0 0.36 0.95

The data presented as mean + SD. FM: fat mass. 'Cross-sectional': Boys (n = 18), Girls (n = 11). 'Longitudinal' and 'Change": Boys (n = 14),
Girls (n = 14). 'Change': the difference of values between first and second measurement.

Mean difference: calculated as (predicted - measured fat mass). P value for paired t-tests : Measured vs. predicted fat mass.
CCC: Lin's concordance correlation coefficient.
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cross-sectional and longitudinal validation groups, the
measured total fat mass was also similar to the predicted
fat mass (Table 3). Furthermore, there were not signifi-
cant differences between changes in the measured fat
mass by DXA and the predicted fat mass by skinfold equ-
ations for boys and girls. CCC shows relatively high
agreement between measured and predicted fat masses
except for change in measured and predicted fat mass for
boys. Bland-Altman analysis indicated a bias in cross-
sectional validation group (p<0.05) (Figure 2).

DISCUSSION

From the background of increasing pediatric obesity,
body composition research for pediatric use is critical.
Based on this situation, we have carefully developed and
verified prediction equations for total body fat mass in
both boys and girls using skinfold thicknesses by skinfold
calipers. An original aspect of this study is that DXA was
chosen as the criterion measure since DXA provides a
much simpler and more reliable technique for obtaining
fat mass of children in the current study, unlike underwa-
ter weighing that is largely affected by human body water
and an accurate measurement of residual lung volume. In
addition, we performed not only cross-sectional valida-
tion but also longitudinal validation of the skinfold devel-
oped prediction equations. This longitudinal validation is
absolutely imperative for growing children, although it
had not been reported in previous studies that developed
equations for pediatric body composition. Therefore, the
skinfold-prediction equations using calipers in the present
study seem to be more useful in estimating body compo-
sition specifically for children as a field method.

Moreover, the characteristic of the skinfold-prediction
equations in the present study included 'skinfold thick-
nesses' and 'standing height' as parameter of equations.
The previous studies use only the sum of skinfold thick-
nesses' or skinfold thickness with age® as parameter of
equations. In fact, the predicted accuracy when using the
fat thicknessxheight [boys, R*=0.91 and SEE (standard
error of the estimate)=1.54 kg; girls, R*=0.92 and
SEE=0.99 kg) were higher than when using only the sum
of skinfold thicknesses obtained from the triceps and sub-
scapular sites without the length factor (boys, R*=0.85
and SEE=1.93 kg; girls, R’=0.88 and SEE=1.32 kg), and
when using the fat thickness with age (boys, R*=0.87 and
SEE=1.83 kg; girls, R?=0.90 and SEE=1.14 kg). Since it
is relatively easy to measure body height, standing height
was the important factor to express the length factor of
the fat mass for the developing children.

On the other hand, one major problem with skinfold
method is that the error of estimation increases as body
fat increases.'® In fact, the results of the present study
indicated that skinfold-derived prediction equations using
calipers underestimated for overweight and obese chil-
dren (Figure 2). As a solution to this problem, we devel-
oped prediction equations for evaluating total and re-
gional fat mass in children using B-mode ultrasound.'’
Even though the ultrasound technique is much more ex-
pensive than the hand held skinfold caliper, ultrasound
can be used in a field setting with much greater accuracy,
reliability, and validity when compared to a criterion
method for determining total and regional fat masses in a

variety of body types and for different ages. When using
the skinfold method by calipers, it is necessary to recog-
nize this bias and use both calipers and ultrasound.

There are a number of limitations in the current study
that need to be addressed. First, since the equations were
created and validated using fat measurements from a Ho-
logic Delphi A-QDR, these equations cannot be applied
to other models or manufacturers of DXA machines as
the fat mass assessed by different DXA machines var-
ies.'"® Moreover, since these equations were developed
using healthy Japanese children, it might not apply to
other nationalities, or malnourished and obese children,
which warrant future investigation.

In summary, we have developed prediction equations
for evaluating total fat mass in children using skinfold
calipers, which are useful for determining group means.
Future research will focus on developing prediction equa-
tions for skeletal muscle mass in children using skinfold
calipers.
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