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Height-specific body mass index reference curves for Japanese
children and adolescents 5-17 years of age

Abstract

MITSUAKI TOKUMURA, SEIICHIRO NANRI, KEIKO KIMURA, TETSUYA TANAKA AND
HISAYO FUJITA

Health Center, Keio University, Hiyoshi Kouhoku-ku, Yokohama, Kanagawa, Japan

Background: Body mass index (BMI) reference values in consideration of height variation have not
previously been reported. This study established height-specific BMI reference curves for Japanese children
and adolescents aged from 5 to 17 years.

Methods: The 2001 nationwide survey data were utilized for the study. First, the range of variation in BMI
corresponding to height (mean +2SD) at each age was compared with the range of variation in BMI
corresponding to age (from minimum to maximum) at every cm height. Second, various age groups were
combined, and percentile values of BMI (3rd, Sth, 15th, 50th, 85th, 95th, and 97th) were calculated for every
cm height, regardless of age, and height-specific BMI reference values (males 100-179 cm, females
100169 cm) were prepared.

Results: Variation in BMI due to variation in height at each age was significantly (P < 0.05) greater than
variation in BMI due to age at every cm height [males, 12.7 £ 0.4 vs 9.2 £ 0.4; females, 11.7 £ 0.8 vs 8.8 £0.3
(mean + SE)].

Conclusion: Although the use of standard values established in consideration of age and height is desirable
for BMI-based guidelines for determining childhood overweight and obesity, to simplify the procedure for
practical use, it is necessary to establish standard values by height, not by age. Height-specific BMI reference
curves are useful for BMI-based evaluation of childhood overweight and obesity in the school health service
and follow-up of obese children until adulthood.

Key words

Body mass index (BMI) is widely used as a measure of
inadequate and excessive weight in adults, and has been
recently recommended as a measure of excessive weight in
children."? BMI as an international index of excessive weight
in children and adults may be useful in conducting effective
health education aimed at both preventing obesity in early
childhood and reducing the risk of future chronic diseases.
However, BMI in childhood is affected by maturity rates, and
widely varies not only with age but also with height, within
age groups.>® Although pediatric BMI reference values by
age have been published in several countries, reference
values that consider height variation have not yet been
reported. 410
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This study established height-specific BMI reference
values for Japanese children and adolescents aged from 5 to
17 years, using the 2001 nationwide survey data.

Methods

Subjects

We used data from the ‘Correlation table between height and
weight and mean weights by height’ in the 2001 School
Health Statistical Survey Report for the present study.!” The
survey was conducted throughout Japan in 2001 by The
Japanese Ministry of Education, Culture, Sports, Science,
and Technology, and involved data from 695 600 Japanese
subjects aged between 5 and 17 years, with the aim of
establishing a body size database for contemporary Japanese.
These data sets of height and weight are available in the form
of the means (M), standard deviations (SD), and correlation
tables between height and weight at each age. We treated the
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Table 1 Body mass index (BMI) variations due to age and height

BMI variation due to  BMI variation due to P
age at each height height at each age

Males 92+04 12.7+£04 0.0002
(2.6-13.2) (9.5-14.6)

Females 8.8+03 11.7+038 0.0011
(3.7-14.7) (7.2-16.7)

Values are mean + SE (range). P-values were determined by
unpaired t-test.

frequency distributions of height and weight by gender
and age as relative frequencies per 10 000 population, and
calculated BMI [weight (kg)/square height (m?)].

Comparison of Bll variation between at each age and at
every cm of height

The range of variation in BMI corresponding to height
(mean + 2SD) at each age was compared with the range of
variation in BMI corresponding to age (from minimum to
maximum) at every cm height. Differences in mean values
were tested by unpaired t-test. P-values <0.05 were
considered significant.

Height-specific BMI reference values

Data from various age groups were combined, and percentile
values of BMI (3rd, 5th, 15th, 50th, 85th, 95th, and 97th)
were calculated for every cm height, regardless of age, and
height-specific BMI reference curves (males 100-179 cm;
females 100-169 cm) were prepared. The percentile curves
were smoothed using four-degree polynomial regression
models.

Results

Comparison of BMI variation between at each age and at
every cm height

In males and females aged 5-17 years, the variation in BMI
due to variation in height (mean + SD) at each age was
significantly greater than the variation in BMI due to age
(from minimum to maximum) at every cm height (Table 1).

Height-specific BMI reference values

The 3rd, S5th, 15th, 50th, and 85th percentiles of BMI were
greater for females than for males at a height of 2149 cm tall.
In contrast, there were no significant gender differences in
95th or 97th percentiles of BMI at any height (Tables 2 & 3)
(Figs 1 & 2).

BMI (kg/m?)

Height (cm)

Fig. 1 Height-specific body mass index (BMI) percentile
curves (3rd, 5th, 15th, 50th, 85th, 95th, 97th) in males.

BMI (kg/m?)

e} wn ) <O N (=TS wy

8 [=] S — 8 o (?1 (S8R~ S Vo RN T o \% =}

— Lol — oy st Rl = ey — — i i — Lol
Height (cm)

Fig.2 Height-specific body mass index (BMI) percentile
curves (3rd, 5th, 15th, 50th, 85th, 95th, 97th) in females.
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Table 2 The height-specific body mass index (BMI) reference values in males

Height (cm) n Age (years) Percentiles BMI (kg/m?)

3rd 5th 15th 50th 85th 95th 97th
100 55 5-6 13.0 13.0 14.0 15.0 17.0 17.0 18.0
101 93 5-6 12.7 13.7 13.7 15.7 16.7 16.7 17.6
102 144 5-7 13.5 13.5 14.4 15.4 16.3 17.3 18.3
103 226 5-7 13.2 13.2 14.2 15.1 16.0 17.9 17.9
104 326 5-7 12.9 13.9 13.9 14.8 16.6 17.6 17.6
105 463 5-7 13.6 13.6 14.5 15.4 16.3 17.2 7.2
106 614 5-7 13.3 133 14.3 15.1 16.0 16.9 17.8
107 749 5-7 14.0 14.0 14.0 14.8 16.6 17.5 17.5
108 856 5-8 13.7 13.7 146 15.4 16.3 17.1 17.2
109 1053 5-8 13.5 13.5 14.3 152 16.8 17.7 17.7
110 1258 5-8 13.2 14.0 14.0 15.7 17.4 17.4 18.2
11 1338 5-9 13.8 13.8 14.6 15.4 16.2 17.9 17.9
[12 1443 5-9 13.6 13.6 14.3 15.1 16.7 17.5 18.3
113 1537 5-9 13.3 13.3 14.1 15.7 164 17.2 18.0
114 1542 5-9 13.9 13.9 14.6 15.4 16.9 17.7 19.2
115 1620 5-9 13.6 13.6 4.4 15.1 16.6 18.1 18.9
116 1622 5-10 13.4 13.4 14.1 15.6 17.1 18.6 19.3
117 1735 5-10 13.1 13.9 14.6 153 16.8 18.3 19.0
118 1691 5-11 13.6 13.6 14.4 15.8 17.2 18.7 19.4
119 1647 5-11 13.4 13.4 14.1 15.5 16.9 19.1 20.5
120 1701 5-11 13.2 13.9 14.6 15.3 174 194 20.1
121 1749 511 13.7 13.7 14.3 15.7 17.1 19.1 20.5
122 1753 5-11 i4.1 14.1 14.8 15.5 17.5 19.5 20.8
123 1753 5-11 139 13.9 14.5 15.9 17.8 19.8 21.2
124 1756 5-11 13.7 13.7 14.3 15.6 17.6 19.5 20.8
125 1748 5-11 13.4 14.1 14.7 16.0 17.9 19.8 21.8
126 1812 5-12 13.9 139 14.9 15.7 17.6 20.2 21.4
127 1802 5-12 13.6 13.6 14.9 16.1 18.0 21.1 22.3
128 1770 5-12 14.0 14.0 14.6 159 18.3 20.8 22.0
129 1809 5-12 13.8 14.4 15.0 16.2 18.6 21.0 222
130 1887 6-12 13.6 14.2 14.8 16.6 18.9 21.3 23.1
131 1803 6-13 14.0 14.0 15.2 16.3 19.2 21.6 22.7
132 1875 613 13.8 14.3 14.9 16.1 18.9 21.8 23.0
133 1813 6-13 14.1 14.1 15.3 16.4 19.2 22.0 23.2
134 1791 6-13 13.9 14.5 15.0 16.7 20.0 22.8 24.5
135 1866 T7-13 14.3 14.3 15.4 17.0 19.8 22.5 24.1
136 1826 7-14 14.1 14.6 15.1 16.7 20.0 232 23.8
137 1789 T-14 14.4 14.4 15.5 17.0 20.5 234 24.5
138 1714 7-14 14.2 14.7 15.2 16.8 20.5 23.1 24.7
139 1729 7-14 14.5 14.5 15.5 17.1 20.7 23.8 254
140 1624 7-14 14.3 14.8 15.3 17.3 20.9 24.0 25.5
141 1540 7-16 14.6 14.6 15.6 17.1 21.1 24.1 25.7
142 1523 7-16 14.4 14.9 154 17.4 21.3 24.3 25.8
143 1506 8-16 14.2 14.7 15.6 17.6 21.5 24.5 254
144 1408 8-16 14.5 14.9 159 17.8 21.2 24.6 25.6
145 1272 8-16 14.7 14.7 15.7 17.6 21.4 24.7 25.7
146 1358 8-17 14.5 15.0 16.0 17.8 22.0 24.9 263
147 1270 8-17 14.8 15.3 16.2 18.0 21.8 25.0 26.8
148 1247 9-17 15.1 15.1 16.0 17.8 219 25.1 26.5
149 1207 9-17 14.9 15.3 16.2 18.0 22.5 26.6 26.1
150 1111 9-17 15.1 15.6 16.4 18.2 21.8 253 27.1
151 1090 9-17 154 15.8 16.7 18.4 21.9 25.4 26.8
152 1107 9-17 15.1 15.6 16.4 18.2 22.1 25.1 26.8
153 1164 9-17 15.4 15.8 16.7 18.4 22.6 26.1 28.6
154 1161 10-17 15.2 15.6 16.4 18.6 22.8 26.1 27.8
155 1244 10-17 15.4 15.8 16.6 18.7 22.5 20.2 27.9
156 1224 10-17 15.6 16.0 16.8 18.9 22.6 26.7 28.4
157 1359 10-17 15.8 16.2 17.0 19.1 22.7 26.8 28.4
158 1374 10-17 15.6 16.0 17.2 18.8 22.4 26.0 28.0

159 1428 10-17 15.8 16.2 17.0 19.0 225 26.5 28.1
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Table 2 The height-specific body mass index (BMI) reference values in males (continued)

Height (cm) n Age (years) Percentiles BMI (kg/m?)

3rd 5th [5th 50th 85th 95th 97th
160 1792 10-17 16.0 16.4 17.6 19.5 23.0 26.6 28.5
161 1899 10-17 15.8 16.2 174 19.7 22.8 25.8 28.2
162 2084 11-17 16.4 16.8 17.5 19.8 23.2 26.7 29.0
163 2374 11-17 16.6 16.9 17.7 19.9 23.3 274 28.6
164 2476 11-17 16.4 16.7 17.8 20.1 23.4 27.1 29.0
165 2719 11-17 16.2 15.8 17.3 20.2 23.1 26.8 28.7
166 2825 11-17 16.3 17.1 18.1 20.3 23.2 26.1 283
167 2926 11-17 16.5 16.9 17.9 20.1 23.7 26.9 28.0
168 3024 11-17 16.6 17.0 17.1 20.2 23.7 26.9 28.7
169 2934 11-17 16.8 17.2 18.2 203 23.8 273 294
170 2981 12-17 17.0 173 18.3 20.4 235 27.3 29.4
171 2620 12-17 16.8 17.1 18.1 20.5 23.9 28.3 29.8
172 2474 12-17 16.9 17.2 18.3 20.6 23.7 277 29.4
173 2237 12-17 17.0 17.4 18.4 20.7 24.1 28.1 30.1
174 1978 12-17 17.2 17.2 17.8 20.5 24.1 28.1 29.7
175 1565 12-17 17.0 17.3 18.3 20.6 24.2 28.1 29.7
176 1347 12-17 17.1 17.4 184 21.0 24.2 28.4 29.7
177 1102 12-17 17.2 17.6 18.5 20.7 24.3 28.1
178 850 12-17 17.0 17.4 18.6 20.8 24.3 27.8
179 660 12-17 17.2 17.5 18.1 20.6 24.0 28.4
Table 3 The height-specific body mass index (BMI) reference values in females
Height (cm) n Age (years) Percentiles BMI (kg/m?)

3rd 5th 15th 50th 85th 95th 97th
100 90 5-6 13.0 14.0 15.0 15.0 16.0 17.0 17.0
101 133 5-6 13.7 13.7 13.7 15.7 16.7 17.6 17.6
102 210 5-7 13.5 135 144 15.4 16.3 17.3 18.2
103 304 5-7 13.2 13.2 14.1 15.1 16.0 17.0 179
104 386 5-7 13.9 13.9 13.9 15.7 16.6 17.6 17.6
105 571 5-7 13.6 13.6 14.5 15.4 16.3 17.2 18.1
106 755 5~7 13.3 13.3 14.2 15.1 16.9 16.9 17.8
107 857 5-8 13.1 14.0 14.0 14.8 16.6 17.5 17.5
108 1020 5-8 12.9 13.7 13.7 154 16.3 18.0 18.0
109 1070 5-8 13.5 13.5 14.3 152 16.8 17.7 18.5
110 1402 5-8 13.2 14.0 14.0 14.9 16.5 17.4 18.2
111 1396 5-9 13.0 13.8 13.8 154 17.0 17.9 18.7
112 1484 5-9 13.6 13.6 143 15.1 16.7 17.5 183
113 1550 5-9 13.3 13.3 14.1 14.9 16.4 18.0 18.8
114 1617 5-9 13.1 139 13.9 15.4 16.9 18.5 19.2
115 1637 5-10 13.6 13.6 14.3 15.1 16.6 18.1 18.9
116 1673 5-10 13.4 134 14.1 15.6 17.1 18.6 19.3
117 1677 5-10 13.1 13.1 14.6 15.3 16.8 18.3 19.0
118 1688 5-10 13.6 13.6 14.4 158 . 17.2 18.7 19.4
119 1726 5-10 13.4 13.4 14.1 15.5 16.9 19.1 19.8
120 1676 5-10 13.2 13.2 14.6 15.3 17.4 18.8 20.1
121 1730 5~11 13.7 137 14.3 15.7 17.8 19.1 20.5
122 1606 5-11 134 134 14.1 15.5 17.5 19.5 20.2
123 1763 5-11 13.2 13.9 14.5 15.9 17.8 19.2 20.5
124 1656 5-11 13.7 13.7 14.3 15.6 17.6 20.2 20.8
125 1606 5-11 13.4 134 14.1 16.0 17.9 19.8 21.1
126 1715 5-12 13.2 13.9 14.5 15.7 17.6 20.2 20.8
127 1600 6-12 13.6 13.6 14.3 16.1 18.0 205 21.1
128 1626 6-12 13.4 14.0 14.6 15.9 18.3 20.1 21.4
129 1703 6-12 13.8 13.8 14.4 16.2 18.6 204 21.6
130 1621 6-13 13.6 142 14.8 16.0 18.9 20.7 22.5
131 1614 6-13 13.4 14.0 14.6 16.3 18.6 21.0 22.1
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Table 3 The height-specific body mass index (BMI) reference values in females (continued)

The variation in BMI due to variation in height at each age
was significantly greater than the variation in BMI due to age
at every cm of height. BMI is an international measure of
obesity for children and adults, and is inexpensive to and easy
to calculate. However, use of BMI for children and adolescents
requires considerations of age as well as height. Although the
use of standard values established in consideration of age and
height is desirable for BMI-based evaluation of childhood
obesity, to simplify the procedure for practical use, it is
necessary to establish standard values by height, not by age.
The height-specific BMI reference values are useful for BMI-
based evaluation of obesity in the school health service and
follow-up of obese children until adulthood.

Height (cm) n Age (years) Percentiles BMI (kg/m?)

: 3rd 5th 15th 50th 85th 95th 97th
132 1537 6-13 13.8 13.8 14.9 16.1 18.9 21.2 22.4
133 1463 6-13 13.6 14.1 14.7 16.4 19.2 21.5 22.6
134 1433 6-13 13.9 13.9 15.0 16.7 19.5 21.7 22.8
135 1366 7-14 13.7 14.3 14.8 16.5 19.8 219 24.1
136 1471 T7-15 13.5 14.1 14.6 16.2 19.5 22.2 238
137 1433 717 13.9 14.4 14.9 16.5 19.7 21.8 23.4
138 1356 7-17 13.7 14.2 15.2 16.8 19.4 22.6 23.1
139 1368 T7-17 14.0 14.5 15.5 17.1 20.2 223 23.8
140 1340 T-17 13.8 14.3 15.3 16.8 19.9 22.4 24.0
141 1420 8-17 14.1 14.6 15.1 17.1 20.1 22.1 24.1
142 1361 817 14.4 14.4 154 17.4 20.3 22.8 24.3
143 1312 817 14.2 14.7 15.6 17.6 20.5 23.0 24.9
144 1413 8-17 14.5 149 15.4 17.4 20.7 23.1 24.6
145 1513 8-17 14.3 14.7 15.7 18.1 214 24.3 25.7
146 1767 8-17 14.5 15.0 16.0 18.3 22.0 24.4 253
147 2019 8-17 14.8 153 16.2 18.5 22.2 25.0 26.4
148 2251 8-17 15.1 15.5 16.4 19.2 22.4 24.7 26.5
149 2514 9-17 15.3 15.8 16.7 19.4 22.5 25.7 27.0
150 3089 9-17 15.6 15.6 16.9 19.6 22.7 25.3 26.7
151 3347 9-17 15.8 16.2 17.1 19.7 22.8 254 26.8
152 3753 9-17 16.0 16.4 17.3 19.9 23.4 26.0 273
153 4177 9-17 15.8 16.2 17.5 20.1 235 25.6 27.3
154 4268 9-17 16.0 16.4 177 20.2 23.2 26.1 27.4
155 4434 9-17 16.2 16.6 17.9 20.4 23.3 25.8 27.5
156 4483 10-17 16.4 16.8 18.1 20.1 234 26.3 27.9
157 4542 10-17 16.2 16.6 17.9 20.3 23.1 26.0 28.0
158 4305 10-17 16.4 16.8 18.0 30.4 23.6 264 28.4
159 3980 10-17 16.2 17.0 17.8 20.2 23.7 26.9 28.1
160 3533 10-17 16.8 17.2 18.0 20.3 23.4 26.2 28.1
161 2988 10-17 16.6 17.0 18.1 20.4 23.1 26.6 28.5
162 2534 10-17 16.4 16.8 18.3 20.6 23.6 26.7 28.2
163 2006 11-17 16.6 16.9 18.1 20.7 233 26.7 29.4
164 1610 11-17 16.7 17.1 18.2 20.8 234 26.0 294
165 1069 11-17 16.5 16.9 18.0 20.6 23.5 26.4 294
166 800 11-17 16.7 17.1 18.1 20.7 23.6 26.9 29.0
167 598 12-17 16.9 17.2 18.3 20.8 23.7 26.9 29.0
168 418 12-17 16.7 17.4 184 21.3 24.8 26.6 29.1
169 256 12-17 16.8 17.2 18.2 21.7 25.2 28.4 294
Discussion In our study, the 3rd, 5th, 15th, 50th, and 85th percentiles

of height-specific BMI values were greater for females than
for males at a height of 149 cm or taller. The most likely
explanation for the sex-based differences in height-specific
BMI values is differences between the sexes in pubertal
development. That is, skeletal and sexual maturation in
Japanese children occurs approximately 1 year earlier in
females than in males.'® An advantage of using height-
specific BMI reference values is that these are less affected
by differences in pubertal development than age-specific
BMI values.

There were no significant sex-based differences in the
95th and 97th percentiles of BMI at any height, suggesting
that the ratio of overweight children was higher among males
than among females."?
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A recent workshop on childhood obesity concluded that
the pediatric percentiles identified in late adolescence by a
BMI of 25 kg/m? and a BMI of 30 kg/m? should constitute
the cut-offs for identifying childhood overweight and
obesity.!? International cut-offs for BMI by age in children
aged 2—18-years-old that are based on international data and
linked to a BMI of 25 kg/m? and a BMI 30 kg/m? in adult
have been reported.’ A recent study has reported that the
international overweight and obesity cut-offs were predictive
of coronary heart disease risk factors in childhood and ado-
lescence.? In our study, the upper limit of the 85th percentile
curve of the height-specific BMI was approximately a BMI
of 25kg/m? in females, and the upper limit of the 97th
percentile curve was approximately a BMI of 30 kg/m? in
both males and females. Therefore, the 85th and 97th
percentiles of the height-specific BMI may be used as inter-

national cut-off values for identifying overweight and obesity

in Japanese children and adolescents. Further studies in
consideration of ethnicity are needed to establish cut-off
values for height-specific BMI.

Conclusion

We established height-specific BMI reference values for
Japanese children and adolescents aged from 5 to 17 years
old, based on a large data set obtained by a nationwide
survey. Although the use of standard values established in
consideration of age and height is desirable for BMI-based
evaluation of childhood obesity, to simplify the procedure for
practical use, it is necessary to establish standard values by
height, not by age. The height-specific BMI reference curves
are useful for BMI-based evaluation of childhood overweight
and obesity in the school health service and follow-up of
obese children until adulthood.
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