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Abstract

The present study was performed to develop regression-based prediction equations for fat mass by ultrasound in Japanese children and to

investigate the validity of these equations. A total of 127 healthy Japanese pre-pubertal children aged 6–12 years were randomly separated

into two groups: the model development group (fifty-four boys and forty-four girls) and the validation group (eighteen boys and eleven

girls). Total body, trunk, arm and leg fat masses were initially determined by dual-energy X-ray absorptiometry (DXA, Delphi A-QDR

whole-body scanner; Hologic, Inc., Bedford, MA, USA). Then, fat thickness was measured by B-mode ultrasound (5 MHz scanning

head) at nine sites (arm: lateral forearm, anterior and posterior upper arm; trunk: abdomen and subscapular; leg: anterior and posterior

thigh, anterior and posterior lower leg). Regression analyses were used to describe the relationships between the site-matched fat

masses (total body, arm, trunk and leg) obtained by DXA and ultrasound in the development group. When these fat mass prediction

equations were applied to the validation group, the measured total and regional fat mass was very similar to the predicted fat mass

(mean difference calculated as predicted 2 measured fat mass ^2 SD; total body 0·1 (SD 0·5) kg, arm 0·1 (SD 0·3) kg, trunk 20·1 (SD

0·3) kg, leg 0·1 (SD 0·5) kg for boys; total body 0·5 (SD 1·3) kg, arm 0·0 (SD 0·3) kg, trunk 0·1 (SD 0·8) kg, leg 0·3 (SD 0·6) kg for girls),

and the Bland–Altman analysis did not indicate a bias. These results suggest that ultrasound-derived prediction equations for boys and

girls are useful for estimating total and regional fat mass.
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The prevalence of obesity in children has increased world-

wide; however, the pattern of fat distribution rather than

total fat mass may be more closely related to the risk of devel-

oping the metabolic syndrome and other related diseases. In

fact, it has been reported that abdominal fat distribution is

associated with cardiovascular risk factors independent of

overall adiposity(1,2). Unfortunately, there are very few

simple, effective and affordable field methods to accurately

and non-invasively estimate total and regional fat mass in

children.

The method of dual-energy X-ray absorptiometry (DXA) can

provide precise, reliable and safe measurements of regional

and whole-body fat mass in children, and is debatably con-

sidered the ‘gold standard’ for measuring fat and fat-free

body mass. However, DXA methods for estimating fat mass

require expensive equipment and specialised facilities.

Because of these limitations and the need to be able to

measure large groups of subjects, a field technique is war-

ranted for being able to assess total and regional fat mass in

children.

Our previous research has allowed the development of

ultrasound-derived prediction equations for estimating total

and regional (i.e. arm, trunk, thigh and lower leg) fat mass

in adult males and females(3). Ultrasound itself is a non-invasive,

safe measure of fat thickness of the extremities and trunk,

even in children(4). Additionally, a compact-type ultrasound

machine is easily portable to use during field research when

assessing fat mass for large groups of subjects. However,

there are currently no developed prediction equations for esti-

mating total and regional fat mass in children by ultrasound.

*Corresponding author: T. Midorikawa, fax þ81 42 797 8426, email taishi@obirin.ac.jp

Abbreviations: CCC, Lin’s concordance correlation coefficient; DXA, dual-energy X-ray absorptiometry.
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Therefore, the present study was performed to develop

regression-based prediction equations for fat mass by ultra-

sound in Japanese children and to investigate the validity of

these equations.

Methods

Subjects

A total of 127 healthy Japanese pre-pubertal children, aged

6–12 years (as determined by completed years since birth),

who were not approaching Tanner stage 2 and peak height

velocity, were randomly separated into two groups: the

model development group (fifty-four boys and forty-four

girls, which included four overweight boys, one obese boy

and six overweight girls(5)) and the validation group (eighteen

boys and eleven girls, which included two overweight boys

and three overweight girls(5)) (Table 1). The maturational

level of the subjects was assessed using the Tanner scale(6)

of pubertal stage development questionnaire. All subjects

were physically active (i.e. play outside every day) and did

not include any athletes. None of the subjects reported any

known pathologies or current medication use. All subjects

and their guardians received a verbal and written description

of the study, and gave their informed consent to participate

before testing. The study protocol was approved by the Ethi-

cal Committee of Waseda University, and the present study

was conducted according to the guidelines laid down in the

Declaration of Helsinki.

Body mass, wearing only minimal clothing, was measured

on a digital balance to the nearest 0·1 kg, and height was

measured on a stadiometer to the nearest 0·1 cm. BMI (kg/m2)

was calculated as body weight/height squared (Table 1).

Table 1. Subject characteristics and ultrasound measurements of fat thickness (cm)

(Mean values and standard deviations)

Development Validation

Boys (n 54) Girls (n 44) Boys (n 18) Girls (n 11)

Prediction model Mean SD Mean SD Mean SD Mean SD

Age (years) 10 2 9 2 9 2 9 2
Standing height (m) 1·38 0·11 1·37 0·13 1·37 0·13 1·35 0·12
Z score* 0·19 0·92 0·22 1·09 0·22 0·87 0·45 1·14

Body mass (kg) 32·8 9·0 31·9 9·6 31·7 10·3 30·8 8·6
Z score* 0·11 1·03 20·01 1·05 20·10 0·94 0·15 1·23

BMI (kg/m2) 17·0 2·5 16·7 2·5 16·4 2·6 16·6 3·2
Fat (%) 22·3 7·4 25·4 5·4 21·2 6·0 27·8 8·4
Fat thickness (cm)

Lateral forearm 0·4 0·2 0·5 0·1 0·5 0·2 0·5 0·2
Anterior upper arm 0·4 0·2 0·4 0·2 0·4 0·2 0·5 0·2
Posterior upper arm 0·9 0·3 1·0 0·3 0·9 0·3 1·0 0·3
Abdomen 1·1 1·1 1·1 0·8 0·9 0·8 1·3 0·9
Sabscapular 0·6 0·4 0·7 0·3 0·6 0·3 0·9 0·4
Anterior thigh 0·8 0·3 0·9 0·2 0·7 0·3 0·9 0·3
Posterior thigh 0·8 0·4 0·9 0·3 0·8 0·3 1·0 0·3
Anterior lower leg 0·4 0·1 0·4 0·1 0·4 0·1 0·5 0·1
Posterior lower leg 0·6 0·2 0·7 0·2 0·6 0·2 0·7 0·2

* Standing height and weight are calculated as Z score using the physical fitness standards of Japanese people(13).

Table 2. Predictive equations for dual-energy X-ray absorptiometry (DXA)-measured total body and regional fat
mass (FM) from fat thickness using B-mode ultrasound

FM (kg) Equations R 2 CCC SEE

Boys (n 54)
Total* FMDXA ¼ 0·9440 £ (FTHultrasound £ Ht) 2 1·7280 0·96 0·98 1·01
Arm† FMDXA ¼ 0·6311 £ (FTHultrasound £ Ht) 2 0·5691 0·89 0·94 0·24
Trunk‡ FMDXA ¼ 0·9953 £ (FTHultrasound £ Ht) þ 0·3257 0·91 0·95 0·67
Leg§ FMDXA ¼ 1·2487 £ (FTHultrasound £ Ht) 2 1·2526 0·92 0·96 0·55

Girls (n 44)
Total* FMDXA ¼ 0·9260 £ (FTHultrasound £ Ht) 2 1·4100 0·96 0·98 0·70
Arm† FMDXA ¼ 0·6523 £ (FTHultrasound £ Ht) 2 0·6224 0·84 0·92 0·22
Trunk‡ FMDXA ¼ 0·9622 £ (FTHultrasound £ Ht) þ 0·5257 0·92 0·96 0·44
Leg§ FMDXA ¼ 1·1747 £ (FTHultrasound £ Ht) 2 0·9620 0·92 0·96 0·42

CCC, Lin’s concordance correlation coefficient; SEE, standard error of the estimate; FMDXA, predicted DXA FM; FTHultrasound,
measured fat thickness by ultrasound in cm; Ht, height in m.

* Arm FTH þ trunk FTH þ leg FTH.
† Lateral forearm FTH þ anterior and posterior upper arm FTH.
‡ Abdomen FTH þ subscapular FTH.
§ Anterior and posterior thigh FTH þ anterior and posterior lower leg.
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Dual-energy X-ray absorptiometry

Total and regional fat mass was measured using DXA (Delphi

A-QDR, version 12.4:3 Pediatric Whole body; Hologic, Inc.,

Bedford, MA, USA). Fat masses were separated into discrete

regions using DXA regional computer-generated default lines

on the anterior planogram view with manual adjustments.

The ‘head and neck’ region was defined as the area above

the line connecting bilateral acromions. The ‘arm’ region

was defined as the area distal to the line connecting the

axilla and the glenohumeral joint space. The ‘leg’ region was

defined as the area distal to the line tangent to ischium and

the upper edge of the greater trochanter. The remaining

area was defined as the ‘Trunk’. The total body fat mass

value was the sum of the arm, trunk and leg fat mass

values, which did not include the fat mass of head and neck

areas. The estimated CV for DXA fat mass measurements

from test–retest analyses was determined to be ,1 %.

Predicted fat mass by ultrasound

B-mode ultrasonographic fat thicknesses were scanned using

a real-time linear electronic scanner with a 5 MHz scanning

head (SSD-1000; Aloka, Tokyo, Japan). The scanning head

was prepared with water-soluble transmission gel that pro-

vided acoustic contact without depression of the skin surface.

The scanner was placed perpendicular to the tissue interface

at previously determined marked sites. Fat thicknesses were

obtained at nine sites from the anterior and posterior surfaces

of the body as described previously(4). The sites included the

lateral forearm, anterior and posterior upper arm; abdomen

and subscapular; anterior and posterior thigh, anterior and

posterior lower leg. The nine anatomical landmarks for the

chosen sites were defined as follows: ‘lateral forearm’ was

on the anterior surface, 30 % proximally between the styloid

process of the wrist and the head of the radius near the

elbow; ‘anterior’ and ‘posterior upper arm’ was on the anterior

and posterior surfaces of the upper arm, both 60 % distally

between the lateral epicondyle of the humerus near the

elbow and the acromial process of the scapula at the shoulder;

‘abdomen’ was at a distance 2–3 cm to the right of the umbi-

licus; ‘anterior’ and ‘posterior thigh’ was on the anterior and

posterior surfaces of the upper leg, midway between the

lateral condyle of the femur near the knee and the greater

trochanter at the hip; ‘anterior’ and ‘posterior lower leg’ was

on the anterior and posterior surfaces of the lower leg, 30 %

proximally between the lateral malleolus of the fibula near

the ankle and the lateral condyle of the tibia near the knee.

Fat thickness was measured directly from the screen using

calipers and was determined to be the distance from the

skin to the fat–muscle interface(7). The reliability of image

reconstruction and distance measurements was confirmed by

comparing the ultrasonic and manual measurements of

tissue thicknesses in human cadavers, with the CV from

test–retest analyses being about 1 %(8).

Based on previous research that developed regression-based

prediction equations for estimating muscle mass using ultra-

sound in adults(9), the parameters of the ultrasound prediction

equations for these different fat masses were determined as fat

thickness (in cm) £ standing height (in m) (i.e. ‘Arm’ ¼ lateral

forearm þ anterior and posterior upper arm fat thicknesses;

‘trunk’ ¼ abdomen þ subscapular fat thicknesses; ‘leg’ ¼

anterior and posterior thigh þ anterior and posterior lower

leg fat thicknesses; ‘total’ ¼ ‘arm’ þ ‘trunk’ þ ‘leg’). It may be

suitable for fat thickness2 £ height for the predicting variable.

However, the predicted accuracy (R 2 value) using fat

thickness2 £ height was lower than using the fat thickness £

height except for the arm region. Moreover, in the prediction

model, the R 2 value using the length of the forearm, upper

arm, thigh and lower leg was similar to the values that used

body height. Since it is easier to measure body height compared
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Fig. 1. Relationship between dual-energy X-ray absorptiometry (DXA)-

measured fat mass and fat thickness £ height measurements by ultrasound.

Boys (X, n 54; (a) total, (b) arm, (c) trunk, (d) leg). Girls (W, n 44; (e) total,

(f) arm, (g) trunk, (h) leg).
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with limb lengths, standing height was used to express the

length factor of the fat mass. Total body fat mass did not include

the head and neck areas.

Statistics

All results are expressed as means and standard deviations.

Regression analyses were used to describe the relationships

between the DXA-measured fat masses and the fat thickness £

height measurements at each regional area for boys and girls.

The difference between the measured and the predicted fat

masses was examined using paired t tests. Agreement of fat

masses between the measured and predicted values was

further examined by plotting the differences in predicted

values against the means with limits of agreement (mean

difference ^2 SD of the differences: the 95 % limits of agree-

ment, which gives an indication of the precision of the

method), as suggested by Bland & Altman(10). Lin’s concor-

dance correlation coefficient (CCC) was used as a further

measure of agreement(11). McBride(12) suggests the following

descriptive scale for CCC values: CCC ,0·90 is poor strength

of agreement; 0·90–0·95 is moderate; 0·95–0·99 is substantial;

.0·99 is almost perfect. Statistical analyses were performed

using SPSS for Windows (version 17.0J; SPSS, Inc., Chicago,

IL, USA) and MedCalc for Windows (version 11.3.6; MedCalc

Software, Mariakerke, Belgium). Differences were regarded

as significant when the probabilities were ,0·05.

Results

The physical characteristics and ultrasound fat thickness

measurements are summarised in Table 1. As mean height

and weight values were comparable with the physical fitness

standards of Japanese people(13), this indicated that the mass

and distribution of fat for the subjects in the present study

should be representative of Japanese pre-pubertal children.

Strong significant correlations were observed between the

site-matched fat masses (total body, arms, trunk and legs)

measured by DXA and the fat thickness £ height measure-

ments obtained by ultrasound in the model development

group of boys and girls (R 2 0·84–0·96, P,0·01; CCC ¼ 0·92–

0·98; standard error of the estimate ¼ 0·22–1·01 kg; Table 2

and Fig. 1). The Bland–Altman analysis for the development

group did not indicate a bias for either boys or girls (Fig. 2).

The mean difference ^2 SD between the measured and pre-

dicted fat masses for the development group was as follows:

for boys (n 54), arm 0·0 (SD 0·5) kg, trunk 0·0 (SD 1·4) kg,

leg 0·0 (SD 1·1) kg and total body 0·0 (SD 2·0) kg; for girls
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Fig. 2. Bland–Altman analysis for the development group. Values are means and standard deviations (^2 SD). Solid line for boys (X, n 54) and dotted line for

girls (W, n 44). (a) Total, (b) arm, (c) trunk, (d) leg.
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(n 44), arm 0·0 (SD 0·5) kg, trunk 0·0 (SD 0·9) kg, leg 0·0 (SD

0·9) kg and total body 0·0 (SD 1·4) kg (Fig. 2).

When these fat mass prediction equations were applied to

the validation groups, the measured total and regional fat

masses were also very similar to the predicted fat masses in

boys and girls, respectively (Table 3). CCC showed relatively

high agreement between the measured and predicted

fat masses except for the arm and trunk areas for girls

(Table 3). The Bland–Altman analysis for the validation

group did not indicate a bias for either boys or girls (Fig. 3).

Discussion

Prediction equations for estimating fat mass using B-mode

ultrasound first appeared in the literature in the late 1980s

when Kuczmarski and colleagues(14,15) developed a regression

Table 3. Measured and predicted fat mass in total body and regional segments for validation boys and girls

(Mean values and standard deviations)

Boys (n 18) Girls (n 11)

Measured Predicted
Mean

difference* Measured Predicted
Mean

difference*

Fat mass (kg) Mean SD Mean SD Mean SD P† CCC Mean SD Mean SD Mean SD P† CCC

Total 6·4 4·0 6·5 4·2 0·1 0·5 0·80 0·99 8·1 3·7 8·5 3·6 0·5 1·3 0·66 0·93
Arm 0·8 0·6 0·9 0·6 0·1 0·3 0·13 0·91 1·1 0·5 1·1 0·5 0·0 0·3 0·92 0·84
Trunk 2·5 1·8 2·4 1·7 20·1 0·3 0·37 0·98 3·2 1·7 3·4 1·6 0·1 0·8 0·61 0·87
Leg 3·0 1·6 3·1 1·8 0·1 0·5 0·41 0·96 3·7 1·6 4·0 1·5 0·3 0·6 0·12 0·92

CCC, Lin’s concordance correlation coefficient.
* Calculated as (predicted 2 measured fat mass).
† P value for paired t tests: measured v. predicted fat mass.
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equation for body density using ultrasound in both non-obese

and obese adults. In Japan, prediction equations for body

density from ultrasound-measured fat thicknesses were also

obtained by multiple regression analyses in adult males and

females(4), as well as in Japanese Sumo wrestlers(16). However,

there have been no prediction equations published for

estimating body density or fat mass in children.

Many of the early studies that predicted body density have

used underwater weighing as the criterion measure; however,

there are many difficulties using this technique with children.

On the other hand, DXA provides a much simpler and more

reliable technique for obtaining fat mass of children in the

present study since underwater weighing is affected by

human body water and is an accurate measurement of

residual lung volume. Therefore, ultrasound-derived predic-

tion equations for boys and girls, using DXA as the criterion

measure, may be extremely useful for estimating fat masses

in children.

Our prediction equations for total body fat mass had a mod-

erate standard error of the estimate of 1·01 kg (3·1 % fat of

mean body mass) for boys and 0·70 kg (2·2 % fat of mean

body mass) for girls, and limits of agreement of ^2·0 kg for

boys and ^1·4 kg for girls. When compared with the field

methods of a previous study to predict fat mass using skinfold

calipers for children, the standard error of the estimate for the

present study was relatively low (e.g. about 4 % fat according

to the Slaughter et al.(17) equation, about 3–5 % fat according

to Deurenberg et al.(18)). Moreover, given the developed

equations for fat mass from triceps and subscapular skinfold

thicknesses using skinfold calipers for the same subjects in

the present study (T Midorikawa, unpublished results), the

standard error of the estimate (1·54 kg, 4·7 % fat for boys and

0·99 kg, 3·2 % fat for girls) and limits of agreement (^3·1 kg

for boys and ^2·0 kg for girls) were relatively high when com-

pared with the ultrasound-derived prediction equations. In

addition, CCC of the present prediction equation for total fat

mass was 0·98, which indicates a substantial strength of agree-

ment. Based on the estimation accuracy and the ease of

obtaining the measurements, the ultrasound-derived predic-

tion of total fat mass holds a great deal of potential as a tech-

nique for assessing fat mass in children, especially in a field

setting.

There are a number of limitations in the present study that

need to be addressed. First, since the equations were created

and validated using fat measurements from a Hologic Delphi

A-QDR, these equations cannot be applied to other models

or manufacturers of DXA machines because the fat masses

assessed by different DXA machines will vary(19). Second, it

is not possible to establish the cardiovascular risk factors

associated with the present levels of fatness in the present

study. Third, these equations were developed using Japanese

children and may not apply to other children.

In summary, we have developed prediction equations that

are useful for determining group means, for total and regional

fat masses in children using B-mode ultrasound. Future

research will focus on developing prediction equations for

skeletal muscle mass in children using ultrasound.
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