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tent (BMC) is smaller than that in adults, and pre-
pared a formula for the calculation of the body com-
position from this value and a stable fat density of
0.900 g/cm®,

However, densitometric formulas for puberty
have not been widely accepted, because the fat-free
part of the body changes rapidly with the develop-
ment of bones and muscles during this period
(Komiya et al., 1978; Matsuo, 1993). The develop-
ment of bone mineral density is closely related to me-
chanical stress applied to the bone. Frost (1987)
reported that bone remodeling is accelerated when the
exercise load exceeds the minimum effective strain of
the bone. In puberty, the minimum effective strain
can be obtained by a light exercise load, and exercise
promotes healthy skeletal development (Miyamoto et
al., 1993; Virvidakis et al., 1990). Since regular exer-
cise during puberty may cause changes in the body
composition including the BMC, it is important to
validate the formula of BrozZek et al. based on a 2-
compartment model by comparing it with the dual-
energy x-ray absorptiometry (DXA) based on a 3-
compartment model of body fat, BMC, and lean tissue
mass in adolescents.

This study was designed to evaluate the validity
of Brozek’'s formula for the estimation of the body
composition in comparison with DXA and whether
changes in the body composition after a 1-year inter-
vention can be assessed similarly by the two methods
on female junior high school students.

2 . Methods

2 .1. Subjects

The subjects were 18 regularly exercising female
junior high school students in Miyazaki City. They
were recruited according to the following 3 condi-
tions: (1) Age 13-15 years; (2) frequency of exercise
= 3 times/week, duration of exercise 1.5-3.0 hours/
time, the main kinds of exercise include stretching,
jogging, basic exercises, and games; and (3) no past
history of serious diseases. This selection was made
by teachers who were the supervisors of extracurricu-
lar activities, which were badminton, tennis, and
handball. The duration of the subjects’ involvement
in these extracurricular activities was 2.1 £ 1.5 years.

Ten female junior high school students who did not

exercise regularly were selected as the control group.
We obtained voluntary consent to enroll in the study
from the subjects and their parents after explaining
to them the intention and contents of the study both
orally and in writing. The Oshikawa Orthopedics
Review Committee approved this study, and written
consent was obtained from all subjects.

2.2 . Instruments and sites of measurements
The body composition was measured by DXA
(DPX, Lunar Inc.) before and after a one-year of ex-
ercise intervention in the radioisotope examination
facility of an orthopedic clinic in Miyazaki City.
Errors of measurements using this instrument were

within 1% coefficient of variation.

2. 3. ltems of measurements

Concerning the morphology, the height (cm),
body mass (kg) (fat mass + BMC + lean tissue mass),
body mass index (kg/m?) (BMI), fat-free mass (kg)
(BMC + lean tissue mass), and percentage of body fat
(%) were determined. The body mass, fat-free mass,
percentage of body fat, and bone mineral density of
the femoral neck were measured by DXA. From the
fat mass, BMC, and lean body mass, and on the basis
of the literature (Forbes et al., 1953; Keys et al., 1953;
Widdowson et al., 1951), the fat density, bone density
and lean tissue density were assumed to be 0.9007,
2.982, and 1.060 mg/cm®, respectively (Miyamoto et
al., 2002). The percentage of body fat, fat mass,
and fat-free mass were estimated as follows by
densitometry using the body density. The percentage
of body fat was calculated by applying the body den-
sity to the formula of BroZek et al. (percentage of
body fat = (457.0/body density)-414.4). The fat mass
was calculated by multiplying the body mass by the
percentage of body fat, and the fat-free mass was cal-
culated by subtracting the fat mass from the body
mass. The details of measurement of body composi-
tion with DXA have been previously reported
(Miyamoto et al., 2002).

2 . 4, Statistical analyses
Comparisons between the two groups and analy-
sis of the effect of a one-year of exercise intervention

were performed by the Student’s t-test. Comparisons
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between the measurement methods were performed
using the Student’s t-test, Pearson’s correlation coef-
ficient, and Bland-Altman plot (Bland et al., 1986).
The standard error of estimate (SEE) was calculated
‘by the formula [(Y-Y’)?/N]*: in which Y is the
value obtained by DXA, Y’ is the value obtained by
the formula of BroZek et al., and N is the number of
samples. The level of significance in these tests was
p<0.05.

3. Results

Table 1 shows the physical characteristics before
the l-year exercise intervention. The fat-free mass
determined by DXA was 33.5 & 2.4 kg in the exercise
group and 34.5 £ 2.7 kg in the control group, and
that determined by the formula of BroZek et al. was
33.5 £ 2.7kgand 35.1 * 3.2 kg, respectively. The per-
centage of body fat estimated by DXA was 24.0 =
5.7% in the exercise group and 23.8 * 5.3% in the con-
trol group, and that estimated by densitometry was
24.0 £ 4.6% and 22.4 * 5.6%, respectively; the value es-
timated by densitometry was lower in the control
group.

Figure 1 shows the values of fat-free mass deter-
mined by DXA and the formula of BrozZek et al. using
the Bland-Altman plot (Bland et al., 1986). A correla-
tion (r = -0.54, p<0.05) was observed between the ref-
erence value (mean for fat-free mass by DXA and
formula of BroZek et al.) and the difference. The cor-
relation between the fat-free mass determined by
DXA and that estimated by the formula of BrozZek et
al. was significant (r = 0.96; p<0.05, SEE=0.77kg).

Table 2 compares the body compositions before

and after the l-year exercise intervention. The body
mass gain was 5.05 kg in the exercise group and 5.14
kg in the control group. The increase in the body fat
mass, which was the greatest factor in the increase in
the body mass, was 2.46 kg in the exercise group and
2.45 kg in the control group by DXA and 2.62 kg and
3.32 kg, respectively, by the formula of BroZek et al.
The BMC increased in the exercise group but de-
creased in the control group. The increase in the lean
tissue mass was 2.49 kg in the exercise group and 2.83
kg in the control group.

4 . Discussion

Recently, advanced somatometric techniques
such as CT, MRI, and DXA have been developed. On
the other hand, the bioelectrical impedance method
has also become popular for simple and inexpensive
measurements of the body fat mass and fat-free mass.
The validity of measurements by these methods has
been evaluated by the formula of BroZek et al. based
on a two-compartment model (Friedl et al., 1992;
Luskaski at al., 1985, Luskaski et al., 1997, Wellens et
al., 1992). However, limitations of densitometric
methods due to changes in the body composition with
age have been reported (Mazess et al., 1990). DXA,
which was used in this study as a reference method, is
known to have high precision, because it is a 3-
compartment model capable of measuring changes in
the BMC and lean tissue mass of the fat-free mass.
We examined the validity of the percentage of body
fat calculated by the formula of BroZek et al. based on
a 2-compartment model given the value obtained by
DXA with less methodological limitation by the

Table 1 Characteristics of exercise and control subjects.

Exercise Control

(n=18) (n=10)
Age (y) 14.0 =+ 0.8 143 £ 0.5
Height (cm) 154.1 + 4.9 156.3 £ 5.0
Body mass (kg) 443 + 5.0 455 £ 5.2
Body mass index (kg/m?) 186 = 1.6 186 = 1.6
Fat-free mass by DXA (kg) 335 + 24 345 £ 2.7
Fat-free mass by densitometry (kg) 335 £ 2.7 351 + 3.2
Percentage of body fat by DXA (%) 24.0 £ 5.7 238 £ 5.3
Percentage of body fat 24.0 & 4.6 224 + 5.6

by densitometry (%)

All data are expressed as mean + SD. DXA, dual energy X-ray absorptiometry.
densitometry, the formula of Brozek et al.: body fat = (457.0/body density) —414.4
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Figurel. Bland-Altman plot of the difference between fat-free mass measured by Brojek’s formula and dual energy X-
ray absorptiometry versus mean of fat-free mass by the 2 methods(r=—0.54,p<0.05). The plot shows a systematic difference

between the 2 methods (SEE=0.77kg).

Table 2 Body composition data before and after the 1 year intervention.

Exercise Control
(n=18) (n=10)
Body mass (kg) Before 44.3 £ 5.0 455 * 5.2
After 494 = 7.0 50.7 £ 4.3
Fat mass by DXA (kg) Before 10.86 + 3.50 11.05 £ 3.11
After 13.32 + 4.21 13.50 + 3.54
Fat mass Before 10.82 + 3.03 10.39 + 3.04
by densitometry (kg) After 13.44 * 4.61 13.71 £ 3.25
Bone mineral content (kg) Before 1.89 + 0.28 2.14 + 032
After 1.98 + 0.31* 2.00 £ 0.27*
Lean tissue mass (kg) Before 31.58 £ 2.25 32.32 £ 241
After 34.07 = 3.67 35.15 = 3.07
Bone mineral density Before 0.93 + 0.09 1.03 + 0.10
of femoral neck (g/cm’) After 095 + 0.13* 0.92 + 0.10*
Body density (g/cm®) Before 1.044 £ 0.010 1.048 + 0.013
After 1.039 + 0.012* 1.038 + 0.010*

All data are expressed as mean * SD. DXA, dual energy X-ray absorptiometry.
densitometry, the formula of BroZek et al.: body fat = (457.0/body density)—414.4

*Significantly different, P<0.05.

subject’s age. The subjects were regularly exercising
female junior high school students.

In this study, a correlation (r = -0.54, p<0.05)
was observed between the mean value for fat-free
mass by DXA and the formula of BrozZek et al. (1963)
and the difference. Results showed the validity of the
formula of Brozek was inferior to that of DXA. In
the equations for estimating percentage of body fat
from densitometry, a formula for pre-puberty chil-
dren and a formula for elderly people are made be-
sides a formula for adults. The densitometry method

is related to density and closeness of lean body

including bone mineral content. From the results in
figure 1, the Bland-Altman plot is greatly influenced
by five junior high students of the left (r=0.54). As
for these subjects, we can assume that their body
composition is similar to that of pre-puberty children
because their fat-free mass is light. One of the prob-
lems in this research is the small number of the sub-
jects, but this research has found a non-age influenced
part in the body composition of female junior high
school students.

Lohman et al. (1984) presented a formula for the
calculation of the body composition in pre-pubescent
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children, because densitometry is affected by the bone
mineral density. In this study, the bone mineral den-
sity of the femoral neck in regularly exercising fe-
male junior high school students was 0.93 £ 0.09
g/cm®. This value was 94% of one value in females
aged 20~-24 years (Orimo et al., 1996). Although the
BMC accounts for only 6.0% of the lean tissue mass in
female junior high school students, the bone mineral
density was suggested to affect the estimation of the
percentage of body fat by the formula of BroZek et al.
However, the SEE between the fat-free mass esti-
mated by the formula of BroZek et al. and that deter-
mined by DXA was 0.77 kg, which is much smaller
than the data provided by Van Itallie et al. (1985).
Therefore, the accuracy of estimation of the fat-free
mass using the formula of BrozZek et al. was judged
from the SEE to be acceptable in female junior high
school students.

Next, according to Lohman et al. (1984), there
are 3 conditions for the formula of Brozek et al. to be
valid, one of them being the individual being assessed
differs from a “standard reference individual,” upon
which a given equation is based, only in the amount of
depot fat possessed. BrozZek et al. (1963) overfed 10
healthy males for 6 months and calculated the density
of the increased mass to be 0.948 g/cm® and the per-
centage of fat to be 64%. In this study, the body mass
of the exercise (control) group increased by 5.05 kg
(5.14 kg) after a 1-year exercise intervention. Of this
increase, fat accounted for 2.46 kg (2.45 kg) by DXA
and 2.62 kg (3.32 kg) by densitometry. As shown in
Table 2, BMC increased in the exercise group, but not
in the control group.

The percentage of the increase in the mass occu-
pied by fat was smaller in the female junior high
school students than in adult females, and changes in
the fat mass could be detected similarly by the two
methods. Thus, changes in the percent of body fat
were shown to be accurately estimated by the formula
of Brozek et al. In this study, however, the percent of
body fat was 24.0 = 5.7% in the exercise group and
23.8 £ 5.3% in the control group in the female junior
high school students. The percent of body fat in pu-
bescent females is distributed in a range of 20-25% in
Japanese (Kitagawa, 1988; Tahara, 1993) and 20-28%
in other races (Harsha et al., 1978; Nielsen et al., 1993;

Parizkova et al., 1961; Slaughter, 1984). The percent
of body fat in our subjects was slightly higher than
the average but was in the normal range.

Considering changes in BMC during the develop-
mental period and due to the exercise load, a slight
concern was posed in the calculation of %fat by the
formula of BroZek et al. DXA was originally con-
firmed by hydrodensitometry; thus, the %fat values
obtained by DXA and the formula of BroZek et al. are
correlated, but the formula of Brozek et al. was sug-
gested to accurately determine exercise-induced
changes.

In conclusion, the validity of estimation of the
fat-free mass using the formula of BroZek et al. in
regularly exercising female junior high school stu-
dents was inferior to that by DXA, but its errors
were considered to be in a tolerable range. After a 1-
year exercise intervention, changes in the body fat
mass could be accurately estimated by the formula of
Brozek et al. as well as by DXA. These results sug-
gest that it is unnecessary to use a formula for
densitometric calculation of the body composition for
regularly exercising female junior high school stu-
dents. However, as the BMC of female junior high
school students is still in the process of maturation,
errors of the values obtained by densitometry based

on a 2-compartment model need further evaluation.
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