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A Deliberation of the Body Composition Index of Japanese Children
from 3 to 11 Years Old

Takehira NAKAO", Tetsuro OGAKI?,
Atsushi SAITO? and Shuichi KOMIYA?

Abstract

Recently, a dramatic increase in the obesity of children has been reported in both developed and
under-developed countries. Body Mass Index (BMI) is widely used to assess childhood weight gain and
loss. However, the BMI has a few limitations to its assessment of the development of children. The
Fat-free mass index (FFMI) and Fat mass index (FMI) are known to redeem the faulty results of the
BMI. The aims of this study were to determine the FFMI and FMI of healthy children from 3 to 11 years
old in Japan. Five hundred and ninety-nine boys and seven hundred and forty-seven girls with wide
spectrums of stature, body mass and body composition underwent bioelectrical impedance analysis
(BIA) for the determination of fat-free mass (FFM) and fat mass (FM). Both FFM and FM were divided
by stature’ to give accurate results, as described previously. The FFMI (in children 3-11 yrs) was
12.6-14.4 kg/m” in boys and 11.8-13.7 kg/m’ in girls. The FMI was 2.8-4.0kg/m’ in boys and
3.2-4.5kg/m? in girls. The FFMI of boys was consistently higher than that of girls throughout childhood.
The FMI of girls was higher than that of boys. The body composition indices provide more detailed
information on body composition that is not necessarily clear in traditional analytical procedures. The
development of the body composition chart makes it possible to evaluate the details of the body
composition of the children.
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Table 1. Anthropometric and body composition characteristics of Japanese children by age and gender.

3yr 4yr Syr 6yr Tyr 8yr 9yr 10yr 11yr ANOVA
Boys
n 38 86 109 91 35 61 87 62 30 599
Stature, cm 98.1 £3.4 1029 +£5.1 1089 +4.9 1143 £5.0 121.5+4.1 1287 £5.5 1345+57 1402 +£6.7 1480 +7.2 p<0.001
Body mass, kg 1523 £1.6 1670 £2.3 1847 £2.9 2041 £3.1 2379 £29 2819 £5.6 3129 +£58 3481 £6.2 4035 +7.0 p<0.00]
BM], kg/m2 158 +13 157+13 155+15 156+15 16116 169 +23 172+23 176+24 18429 p<0.00/
Fat-Free Mass, kg 122 +14 13,6 £19 150 2.1 16.7 £24 193 £23 221 £33 240 +34 271+44 31753 p<0.00]
Fat Mass, kg 31+1.0 31 +1.0 35+1.4 37 +1.4 45 +14 6.1 £29 73 +£3.4 7.8 £3.3 8.6 £3.9 p<0.001
%Fat Mass 199 £57 187 +£52 186 +49 179 +48 186 45 207 +59 225+68 21.8+64 21.0+72 p<0.00]
Girls
n 32 93 128 91 59 72 124 92 56 747
Stature, cm 973 £45 1026 +4.8 1092 +4.0 1148 £4.8 122.1 £4.7 1281 £5.6 1340 £63 1409 £6.2 1474 £6.2 p<0.00/
Body mass, kg 14.88 + 1.5 1636 £1.8 18.01 £2.1 20.14 +£3.5 2346 +£3.7 2728 £5.8 3037 £6.1 3439 +6.8 398 £64 p<0.001
BMI, kg/m2 157 £ 1.1 155 +13 151 £12*% 152+17 157 +18 165+26 168 +24 172 +26 182 +22 p<0.001
Fat-Free Mass, kg 11.4 £ 1.4* 12,9 +1.5% 142 +£1.6* 156 £2.2% 18.0 £2.4* 204 +£29*% 227 £34* 259 £3.8 30.0+41 p<0.00/
Fat Mass, kg 35+£1.0 35+£1.0% 38+12 45 +£2.0*% 55+19* 69 £3.6 7.7 £3.5 8.5 +3.9 9.8 £3.4  p<0.001
%Fat Mass 232 +£62% 213 £54% 209 £ 52% 22,0 £ 550 229 £ 4.7 242 £7.1% 244 £63*% 240 £ 62% 242 +59*% p<0.001
Gender difference *p <0.05, **p <0.01, ***p <0.001
Table 2. Descriptive statistics for skinfold thickness by age and gender.
3yr 4yr Syr 6yr Tyr 8yr 9yr 10yr 11yr ANOVA
Boys
Cheek, mm 15.0 £2.7 144 +2.5 13.6 £ 2.1 13.8 +2.4 135 + 1.6 14.6 £ 2.6 145 + 2.6 147 £ 2.7 153 £2.8 p<0.001
Chin, mm 6.0 + 1.6 6.0 2.6 53 +1.6 53 +1.8 56 +1.9 7.0 +2.8 6.8 +2.8 6.7 £3.2 75 +2.7 p<0.001
Chest 1, mm 6.1 1.6 6.5 +2.1 6.6 +2.8 6.6 +3.2 6.9 +3.7 9.5 +59 103 £ 6.1 104 +5.7 11.8 £ 6.7 p<0.001
Chest 2, mm 49 £1.0 50 + 1.5 50 +1.9 51 +23 50 £ 1.7 7.1 +4.6 73 £3.7 7.7 £4.5 9.1 £5.6 p<0.001
Suprailiac, mm 6.6 £1.9 6.9 +£3.0 7.0 £3.9 75 £4.8 8.1 £43 12.7 £ 9.0 134 £83 142 £95 16.4 £9.7 p<0.001
Abdomen, mm 7.0 £ 1.5 7.1 +£2.6 7.0 +34 74 +43 7.8 +3.8 112 £ 7.5 12.5 + 8.0 122 +7.9 145 + 8.2 p<0.001
Triceps, mm 11.6 £ 2.5 11.1 £2.3 10.8 + 2.8 10.9 + 3.0 11.2 + 3.6 12.8 + 4.8 12.8 + 4.9 12.5 + 4.8 132 £5.3 p<0.001
Subscapular, mm 6.7 + 1.4 6.6 +1.9 6.7 +2.6 7.0 +£3.1 72 +£2.6 9.6 +54 102 £5.9 9.8 +5.8 12.0 = 8.5 p<0.001
Back 1, mm 79 £ 1.5 83 +19 8.0 £22 7.7 £29 74 +24 10.3 + 4.8 10.6 + 4.9 10.7 + 4.8 119 £5.9 p<0.001
Back 2, mm 6.1 £13 63 +£1.8 6.0 £2 62 £25 62 +1.8 8.0 +4.0 85 +38 83 +£3.6 93 £55 p<0.001
Knee, mm 11.0 £ 2.7 105 + 2.8 9.5 +29 9.6 £3.5 99 +33 12.6 + 4.7 13.0 £ 4.5 125 £5.3 13.1 £5.5 p<0.001
Thigh 1, mm 127 £29 129 +£3.7 129 + 4 13.1 £43 143 +£5.0 174 + 6.4 17.8 + 6.6 175 £7.3 18.5 £ 7.6 p<0.001
Thigh 2, mm 13.1 £ 4.1 13.5 £ 4.1 13.1 £ 4.1 12.8 £ 5.2 12.9 + 4.8 159 + 7.4 18.6 £ 7.8 19.9 + 8.5 22.6 + 8.7 p<0.001
Calf, mm 12.0 £2.7 133 £35 139 £ 3.6 13.2 £39 14.6 £ 4.3 17.5 £5.7 18.0 +54 18.5 £6.5 183 £5.8 p<0.001
Girls
Cheek, mm 143 + 1.8 143 + 2.1 13.7 £ 1.7 13.8 £2.3 13.7 £ 2.6 135 £2.6% 138 +24* 137 £2.8*% 148 £22 ns
Chin, mm 63 +1.9 57 £ 1.8 54 + 1.6 58 +1.7 62 + 1.8 6.8 + 2.6 6.7 + 2.6 6.9 +2.4 7.0 £2.3 p<0.001
Chest 1, mm 6.4 + 1.6 7.0 £2.7 7.1 +£3 7.1 £35 7.5 £39 9.6 £5.9 104 £ 5.8 114 + 6.1 134 £53 p<0.001
Chest 2, mm 50 £0.8 54 +£15 54 £19 56 £29 5.6 £2.6 7.6 £4.9 75 £52 75 +42 8.2 +£3.0 p<0.001
Suprailiac, mm 8.1 £2.7* 8.0 +29* 8.3 + 3.8% 9.0 +4.1* 9.7 £5.6 13.0 + 7.8 127 £7.5 133 + 7.6 152 +£ 6.5 p<0.001
Abdomen, mm 7.9 + 1.5% 7.9 +2.2% 7.8 £2.9 84 +3.8 89 £49 113 £ 6.7 12.0 + 7.1 129 £ 7.6 155 £ 6.5 p<0.001
Triceps, mm 123 £ 1.9 11.8 +2.2% 11.5 £23 11.6 +3.2 11.7 £ 3.7 13.0 £ 5.1 12.8 + 4.7 129 £ 5.1 13.8 £ 4.0 p<0.001
Subscapular, mm 7.2 £ 1.6 7.3 +£2.5* 73 £25 78 £4.5 8.0 £3.9 102 £ 6.8 9.8 £6.3 10.0 £ 5.6 11.5 £ 4.8 p<0.001
Back 1, mm 88 £22 85 +20 83 £23 83 +29 84 £34 104 + 4.8 103 + 4.6 104 =43 119 £ 42 p<0.001
Back 2, mm 72 £ 1.7%* 6.8 +2.1 6.8 & 2.2%* 7.2 +4.1* 72 +33 89 +£5.0 9.7 £54 10.0 + 4.8% 11.8 +£3.9* p<0.001
Knee, mm 11.7 £ 2.7 114 +£3.4 10.5 + 3.4* 11.0 + 4.6* 11.8 £3.8% 134 +47 12.8 + 4.6 13.1 £5.1 13.9 £ 4.5 p<0.001
Thigh 1, mm 142 £2.5% 147 £ 3.0%% 147 +£ 3.4%* 155 £ 4.8%* 16.7 £5.1* 193 £73 19.6 £ 6.9 209 + 7.2%% 231 + 6.3**  p<0.001
Thigh 2, mm 132 £3.5 13.4 + 4.0 13.7 £ 3.8 14.1 £52 15.1 £54% 163 +6.0 19.0 £7.5 21.5 £ 8.8 27.0 + 8.3* p<0.001
Calf, mm 133 £33 13.2 + 3.0 13.6 £ 3.1 13.8 £ 3.6 148 + 4.8 177 £5.9 183 +5.7 19.9 £6.2 22.9 £ 5.2%*  p<0.001

Chest 1; Diagonal fold just superior and lateral to the nipple, Chest 2; Vertical fold on the midaxillary line at the level of the xiphoid process, Back 1; Vertical fold just
adjacent to and level with the vertebra prominens, Back 2; Vertical fold just adjacent to the spinal column and level with and just below the arcus costalis, Thight 1; Vertical
fold on the anterior aspect of the thigh midway between the superior aspect of the patella and anterior superior iliac spine, Thight 2; Vertical fold on the posterior aspect of the

Gender difference *p <0.05, **p <0.01, ***p <0.001
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ANOVA  O;p<0.001 @;p<0.001

22.0
21.0
20.0
19.0
18.0
17.0
16.0
15.0
14.0
13.0

BMI, kg/m?

ANOVA* O;p<0.001 ®;p<0.001
17.0

16.0
15.0
14.0
13.0
12.0 -
11.0
10.0

FFMI, kg/m?

ANOVA  O;p<0.001 @;p<0.001
TU0 [t

FMI, kg/m?

*p<0.05, **p<0.01, ***p<0.001
. L . )

1.0

3 4 5 6 7 8 9 10 .11
’ Age, yr

Fig 1. Changes in BMI, FFMI and FMI of boys and girls.

7 LT 3.6£1.2 kg/m?, 8 mRIET 4.121.9 kg/m?, 9 %I T
42417 kg/m?, 10 m% 2T 4.2+1.8 kg/m?, 11 52T 4.5¢1.5
kg/m* T o7z, FFMI IZ2FE#HTHTH L BT 03E RIS
B <, FMLIZ 47500 7T E CR TR ARBICEVEZ R L
7zo F7z, BMI TiL, 5 R &K FTA &3 2 Adiposity
rebound & FEIFN DL HERD BTz,

# 313, HE L BML FEMIL, FMI & OZ 2o+ B
A - IR Lz, R EFRY 3 B L ORI
EhD L 3BIEE L L b HR L BMI FFMIL FMI i

BRMBERO bR, 4R TEBTFOHE L
FFMI [, 7D &R L BMIE L O FMI BICA B 2 B A3
RO BNz, 5 HEETIIETFOHEE L BML FFMI 8 XY
FMI BUCHEEZRMAREBES D), £ TR bR
minolz, 6 AT, BToH KL BMI B KO FFMI,
T OEEE BMIE L O FMI BICAERMEREIZRD b
72 TR TIELFDOH R L BMI & LU FFMI MICH E 7R
FERARFE O NP, BFTCIERBO LN hoTo, 8l
EBZELETOERIZBOCHEANRD b, 9mE
B FOHE L BMI B X OFMI, 41 Cix BMIL, FFMI &
L O ML ICHEEARMERRO bz, 10 EIxE o8
L FRML, 7O HE & BMIE L O FMI BIZ A & 72 B
DFD BT, 1 5L T FFMI ZBRUVCH B 22 HH RS
IR N hoTlz,

Table 3. Coefficient of correlation (r) between stature and BMI, FFMI and FMI by age and gender.

Stature vs BMI Stature vs FFMI Stature vs FMI
Boys
3yr 0.012 0.164 -0.15
4yr 0.174 0.317 * -0.119
Syr 0.344 ** 0.319 ** 0.197 *
6yr 0.368 ** 0.354 ** 0.159
Tyr 0.064 0.146 -0.197
8yr 0.462 ** 0.425 ** 0.345
Oyr 0.315 * 0.074 0.266
10yr 0.112 0.254 * -0.064
1lyr -0.114 0.198 -0.336
Girls
3yr -0.276 -0.042 -0.233
4yr -0.24 * -0.035 -0.26 *
Syr 0.138 0.064 0.118
6yr 0.33 * 0.204 0.271 *
Tyr 0.279 * 0.272 0.201
8yr 0.408 *k 0.251 0.406 *
9yr 0.321 ** 0.237 0.292 **
10yr 0.248 * 0.174 0.235 *
11yr 0.259 0.361 * 0.105

Gender difference *p <0.05, **p <0.01, ***p <0.001
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WHRTWD, UL, BMI KT 2 & E & IRE O
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