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Relationship between percent body fat,
body anthropometric indices and body composition
in Japanese elementary school children

Rumiko Kimura

 ABSTRACT

The body compositions of 966 school children were measured and a comparison of the
difference in judgment of obesity was made through a study of the relationship between
body indices and percent body fat, as well as body composition, the Kaup index and per-
cent body fat. Percent body fat showed a strong correlation to body indices, however, upon
comparison of the judgment of obesity by the Kaup index and percent body fat, the Kaup
index showed children with high lean body mass and total body water, as well as well de-
veloped bone and muscular physique, to be obese. Judgment through percent body fat
showed children with high percent body fat to be obese. It was found that the judgement
of obesity for 6" grade boys and girls by percent body fat, showed Kaup index of greater

than 22, indicating obesity.
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Introduction

It has been found that the most effective way to
judge obesity is in the measurement of body fat'’.
From this, in recent years our country has also come
to judge obesity by the measurement of body fat.
However, body indices derived from height and
weight calculations have been used to judge obesity.
In this case of using only anthropometric body indi-
ces to judge obesity, it is necessary to think more
carefully about special characteristics in judging obe-
sity through the use of various body indices. The pre-
sent research presents a standard for judgment of
obesity in children relative to body composition.

Methods

The survey took place in September of 1998, at the
Ibaraki Prefecture Public Elementary School, with 966
children in 3“ to 6™ grade (494 boys and 472 girls)

as subjects. A Sekisui Science Bio-impemeter SS103
(Japan) was used to measure body fat. From height
(H) and weight (W), the three most commonly used
indices of obesity in our country, the Kaup index,
Rohrer index and obesity degree index were used. For
each body index formula, we have for the Kaup
index : Wg/Hent x 10, for the Rohrer index : Wg/H

e x 10", and for the obesity degree index :

{actual measured body weight/standard body
weight—1} x 100%.

Results

From figures 1 through 8, we show the correlation
between body index and percent body fat relative to
school grade and sex of the subjects. Figure 1 shows
the results for 3™ grade girls, with Rohrer index r=
0.709, Kaup index r=0.701, and obesity degree index
r = 0.580, respectively showing strong correlation. Fig.
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Figure 1. Relationship between percent body fat and body indices for 3™ grade girls.
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Figure 2. Relationship between percent body fat and body indices for 3™ grade boys.

2 shows results for 3% grade boys, with Rohrer index
r=0.670, Kaup index r=0.667, and obesity degree
index r=0.562, respectively showing strong correla-
tion, particularly in that boys and girls show strong
correlation in percent body fat relative to Rohrer and
Kaup indices. In comparing boys with girls, girls
showed stronger correlation. Fig. 3 shows results for
4" grade girls, with Kaup index r=0.611, Rohrer
index r=0.099, and obesity degree index r=0.539,

respectively showing strong correlation. Fig. 4 shows
results for 4" grade boys, with Kaup index.r=0.808,
Rohrer index r=10.757, and obesity index r=10.738,
showing strong correlation. For both boys and girls,
Kaup and Rohrer indices showed strong correlation.
In comparing boys with girls in this case, boys
showed stronger correlation. Fig. 5 shows results for
5" grade girls with Kaup index r=0.664, Rohrer
index r=0.660, and obesity degree index r=0.645,
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Figure 3. Relationship between percent body fat and body indices for 4 grade girls.
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Figure 4. Relationship between percent body fat and body indices for 4™ grade boys.

respectively showing strong correlation. Fig. 6 shows
results for 5* grade boys, with Kaup index r=10.726,
Rohrer index r=0.724, and obesity degree index r=
0.694, respectively showing strong correlation. In
comparing boys with girls, boys again showed
stronger correlation. Fig. 7 shows results for 6" grade
girls, with Rohrer index r=0.713, Kaup index r=
0.710, and obesity degree index r=0.709, all showing
strong correlation. Fig. 8 shows results for 6" grade

boys, with Rohrer index r=0.631, obesity degre
index r=0.620, and Kaup index r=0.582, all show
ing strong correlation. In comparing boys with girl
girls showed stronger correlation.

As shown above, it was recognized that Kaup ar
Rohrer indices showed strong percent body f
correlations for any grade level. On that point, inve
tigations of the present research first of all show tl
relationship between body composition and the Kat
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Relationship between percent body fat and body indices for 5" grade girls.
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Figure 6. Relationship between percent bo

index. The Kaup index, similar to the Body Mass
Index (BMI{Wkg/Sm}), has been used throughout the
US and Europe to judge obesity in adults and chil-
dren, and widely recognized to show strong correla-
tion to percent body fat**’,

In Table 1 are listed height, weight, body composi-
tion, as well as Kaup index with average and stan-
dard deviation, categorized by grade level and sex.
Compared to the national average for height and

dy fat and body indices for 5" grade boys.

weight, the children in this study were average. The
height for 4" graders : F=16.363, P<0.001, around
which there was a difference recognized by sex, in all
cases girls being the taller. There was no difference
recognized for weight. Percent body fat for 3" graders
was : F=7.88, P<0.01, and for 6™ graders, with gitls
significantly higher : ¥=4.727, P<0.03. For lean
body mass, there was a difference between the sexes
recognized only for 5" graders, with girls significantly
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Figure 7. Relationship between percent body fat and body indices for 6" grade girls.
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Figure 8. Relationship between percent body fat and body indices for 6" grade boys.

higher : F=4.150, P<0.04. For total body water, a
difference between the sexes was also recognized for
5th graders, with girls significantly higher : F = 6.314,
P0.012. There was no difference between the sexes
recognized for the Kaup index.

Table 2 shows average height, weight, body com-
position and standard deviation, categorized by grade
and sex for obese children with a Kaup index greater

that 22. For boys, there were 8 subjects (8.2%) in the

3" grade, 13 (10.2%) in the 4" grade, 25 (20.5%)
the 5" grade, and 14 (9.5%) in the 6" grade. I
girls, there were 7 subjects (6.1%) in the 3" grade
(3.8%) in the 4" grade, 34 (26.4%) in the 5" gr:
and 32 (26.0%) in the 6" grade, with a differer
recognized by sex and grade level in the rate of
currence of obesity. With regards to body compc
tion, with increasing grade level for both boys :
girls, there is seen an increase in height, weight, tc
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Table 1 Average height, weight, body composition and Kaup index with standard deviation.

N BH BH YBF
3 grade -
boys g7 130.504% 5.381  20.12945.606  19.19646.027
girls 115 130,017+ 6,147  28.45345.681  21.13813.918
4" grade .
boys 197 135439+ 5.682 31.94046.895  20.13245.957
girls 105 137,580t 7.078  32.71316.862  20.04513.575
5% grade .
boys 199 140,649+ 5.993  35.94847,488  21.02816. 069
girls 129 144,088+ 7.8315  37.66417.502  21.02244.151
6% grade o
boys y4e 147,577+ 7.937  40.74219.851  19.1306.085
girls 193 147.083+13.698 41.7758.196  21.51014.672

TBF
5. 78543, 039
6.10442, 214

6.62813. 381
6. 64912, 438

7. 94044, 180
8. 08112, 938

* *
8. 07414, 353

9, 18043. 639

LBH
23.26513. 178
22, 34413, 854

25.19414. 122
26.06044. 811

*
28.008+4. 565
29,3275, 571

32.86916. 623
32.58515. 231

TBW
16. 90812. 527
16. 308+2. 825

18. 477+2. 894
19. 03613. 518

20. 45743, 348"
91. 58743, 727

24. 00314. 850
23. 80113. 829

Kaup

17.00912. 632
16. 84012, 638

17.35542. 874
17.206%2. 390

18.077+2.793
18.13742, 794

18.45313. 328
18.86113.158

N:no. of subjects BH: body height(cm) BW: body weight(Kg) %BF: percent body fat(%) TBF: total body fat(Kg) LBM: lean body mass(Kg)
TBW: total body water(Kg) Kaup: Kaup index

®:P<0.05 % *:P<0.01 %% *:P<0.001

Table 2 Kaup index greater than 22 for obese children categorized by grade

weight, and body composition with standard deviation.

level, sex, and average height,

BH BH %BF

Boys

Grade g 131.27545.380 40.638% 3.351  31.13844.971
4 13 136.96945,237  45.008% 6.271  30.85423.760
5% 25  144.0246.694 47.608% 6.741  28.95246. 288
6% 14 154.93617.265 61 T71t11.766  27.743:8.316

Girls

Grade o 135.84345.341 43.043+ 3.797  28.00042.905
4 4 144.07537.298  49.675: 6.240  27.17541.033
5 34 147.441%4.782  46.524% 5.833  24.83514.108
g% 32 151.10346.269 51.572¢ 8.285  26.50614.671

TBF

12.63842. 374
13.12344. 029
14.38414. 618
17.57147. 498

12.014+1. 431
13.425%1. 217
11.73512. 684
13.78443. 790

LBM

28.000£2. 979
29.96216. 611
33.20815. 989
44.20016. 976

31.02913. 265
36, 25045. 039
34,78813. 944
37, 78815, 559

TBW

20.45012. 176
22.72313.129
24.280+4. 383
32.30045.113

22.68612.383
26.50013. 665
25. 41812, 890
217.60614. 071

Kaup

23.57411. 244
23.894141. 965
22.69111. 821
25.64913. 977

23.83711. 560
24.06512. 015
21.91311. 898
22.957+3. 154

N: no. of subjects BH: body height(cm) BW: body weight(Kg) %BF: percent body fat(%) TBF: total body fat(Kg) LBM: lean body mass(Kg)
TBW: total body water(Kg) Kaup: Kaup index

%BF greater than 25% for obese children categorized by grade level, sex, and average height, weight,

Table 3
body composition and Kaup index with standard deviation.
Boys N BH BW #BF TBF
Grade 16 132.88141.965 37.269% 4.308 30.71343.170  11.50042.249
g 23 136.93945.733  40.885% 7.619  30.230£2.924  12.02213.679
sb 26 144.55816.699 44,1581 8.293  30.18114.724  14.02714, 749
gh 25 149.67617.168  50.104114.710 29.360+4.357  15.42816.164
Girls
Grade
g¢ 17 131.28847.795 35.565% 6.385  27.9472.8717 9.94112. 143
a0 11 142,47345. 777  43.673t 7.281  26.809+1.328  11.70012. 047
st 19 144.92646.096 45,258+ 8.276  28.326%2.189  12.847+2.892
g 23  150.01747.480 51.528110.117 29,13412.685 15.06213.494

LBM

25.76912.523
217.75745.711
30.11545. 563
35.87647.808

25.62414.637
31.97345. 337
32.41115.642
36. 45717, 009

TBW

18.813+1.829
20. 73513, 445
22.01514. 084
26.22015.720

18.71213. 399
23.35513.909
23.67914. 143
26.63045.123

Kaup

21.119£2. 332
21.72612. 974
21.19143. 264
22.66914. 426

20. 867+2. 699
21.47412. 672
21.76412. 791
22.73742, 907

N: no. of subjects BH: body height(cm) BW: body weight(Kg) %BF: percent body fat(%) TBF: total body fat(Kg} LBM: lean body mass(Kg)
TBW: total body water(Kg) Kaup: Kaup:index

body fat and total body water, while a decrease in
percent body fat.

Table 3 shows average height, weight, body com-
position and standard deviation, categorized by grade
and sex, for obese children with percent body fat

greater than 25%. For obese children with percent
body fat greater than 25%, for boys, there were 16
subjects in the 3” grade (16.5%), 23 (18.1%) in the
4" grade, 26 (21.3%) in the 5" grade, and 25
(16.9%) in the 6" grade. For 3" grade girls as
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subjects, there were 17 (14.8%), 11 (10.5%) in the
4" grade, 19 (14.7%) in the 5" grade, and 23 (18.7%)
in the 6" grade. There was no clear difference seen
in the rate of occurrence of obesity based on grade
level or sex. With regards to body composition, for
both boys and girls, as grade level increased, height,
weight, total body fat, lean body mass, and total body
water increased, while the Kaup index also increased
slightly.

Discussion

Percent body fat and body index showed strong
correlation, however the obesity degree index, most
considered in development, showed a rather low value
in comparison with the other two body indices. The
Kaup index, equivalent to the BMI, showed strong
correlation to percent body fat, and the results of

5 agree (figure 1-8). From com-

other researchers
parative results of body change categorized by grade
level and sex, as grade level increased for both boys
and girls, height and weight increased. Along with
body development, total body fat, lean body mass,
and total body water also reflected increase, with
Kaup index also gradually showing a high value. For
3¢ grade and 6" grade boys, percent body fat de-
creased. This is because, due to the fact that lean
body mass is high, total body fat is low relative to
weight. This matches reports that reflect this trend
from ages 8 to 20°’. Also, 4" and 5" grade girls are
taller than boys, the results reflecting values for lean
body mass and total body water, and the observance
of differences in compositional development between
boys and girls (Table 1).

It is recognized that for children judged to be
obese with a Kaup index of 22, as their grade level
increases, there is an increase in height, weight, total
body fat, lean body mass, and total body water.
However, percent body fat decreased. Although an in-
crease in weight reflects an increase in total body fat,
lean body mass and body composition such as total
body water, the decrease in percent body fat with in-
creasing grade level indicates that the total body fat
ratio is low and by this, it is suggested that the Kaup
index does not reflect percent body fat, but that it
strongly estimates weight as a body index. Also, the
ratio of occurrence of obesity for 3 and 4" graders

was high for boys, trending high for 5" and 6" grac
girls, and depending upon the conditions for develoj
ment of each sex in the various grade levels, tk
Kaup index judgment of obesity differed (Table 2).

For obese children with percent body fat greate
than 25%, as grade level increased, height, weigh
total body fat, lean body mass and total body wate
increased, while the Kaup index increased slightly
For boys, the 6" grade Kaup index value was rathe
high compared to other grades, however this is onl
after entering the 6" grade that lean body mass an
total body water clearly increased, and here, the Kau
index for 6" grade boys reflects weight rather tha
percent body fat. Furthermore, compared to othe
grades, this indicates a small correlation between per
cent body fat and Kaup index for 6" grade boys
Similarly, the Kaup index increased for 4" grade girls
while the correlation between percent body fat an
Kaup index showed its lowest value for all girls. Al
of these results show the change in body compositios
of boys and girls as they approach puberty.

In comparing results for the judgment of obesit
according to Kaup index and percent body fat, th
average weight of those judged by the Kaup inde:
had a percent body fat greater than 25%, a valu
much greater than for the average weight of childre:
judged to be obese. Boys were especially high for a
grades, with 3“ to 5" graders around 4 kg and 6"
graders around 11.5 kg. Girls were not as high a
boys. However, the lower the grade level, the highe
the difference, with 3% and 4" graders showing a dif
ference of as much as 7kg. Moreover, for obesit
judged by the Kaup index, for both boys and girl
percent body fat for boys and girls was low, an
those with high lean body mass, total body water an
heavy weight were judged to be obese. For thos
judged to be obese by percent body fat, the Kau
index showed a normal range, compared to judgmer
by the Kaup index, and those with low lean bod
mass and total body water and high percent body f:
were judged to be obese (Table 3). Following, tb
Kaup index showed a strong correlation to percer
body fat. However, in the judgment of obesity, tt
estimates for body composition showed a clear diffe
ence. Here, the expected limitations of body indic
through height and weight can be seen”’.
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Conclusion

Percent body fat showed a strong correlation to
body indices. However, judgment of obesity by per-
cent body fat gives a Kaup index within the normal
range for non-obese children, and children with high
percent body fat were judged obese. On the other
hand, by the judgment of obesity by the Kaup index,
heavy children with good physique were judged to be
obese. Categorized by sex, from the 6" grade, boys,
and from the 4" grade, girls show a clear change in
body composition. It follows that in the field of
health in the schools, the results of this study will aid
in the realization of the necessity to accurately judge
obesity, to detect obesity early and to enact interven-

tion in its early stages.
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