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Abstract

Background: Currently used growth charts for Japanese girls with Turner syndrome (TS) were constructed with
auxological data obtained before the secular trend in growth reached a plateau. These charts were published in 1992 and
may no longer be valid for the evaluation of stature and growth in girls with TS in clinical settings. Thus, we need to
establish new clinical growth charts.

Methods: The samples for analysis were obtained by a retrospective cohort study. A total of 1867 Japanese girls with
TS were registered between 1991 and 2004 for growth hormone (GH) treatment and their pretreatment anthropometric
measurements were obtained. Reference growth charts were newly constructed using the LMS method from 1447 girls’
cross-sectional data after exclusion of measurements derived from those with the presence of puberty. with previous
growth-promating treatment, or without cytogenetic evidence of TS.

Results: The new clinical reference growth charts differ from the old charts. Secular trends can be detected in both
height and weight. Mean adult height on the new chart is 141.2 cm, 3.0 cm taller than the old data. This result seems

attributable to the secular trend observed during the same period in Japanese women.

Conclusions: The newly constructed clinical reference growth charts for Japanese girls with TS seem to be better for the
evaluation of growth in girls with TS born after approximately 1970, although selection bias and some other limitations

in the present study should be kept in mind.

Key words  growth chart, LMS method. secular trend, Turner syndrome.

Background

Turner syndrome (TS) is the most common chromosomal disor-
der in girls and affects about one in 1500 to 2500 live-born
female infants.' One of the most significant features of the syn-
drome is short stature. Untreated girls are reported to be approxi-
mately 20 cm shorter than normal girls within their respective
populations.” Growth hormone (GH) has been used to accelerate
growth, and it is known to increase adult height.’

Growth patterns of girls with TS are different from those
in normal populations mainly because of the short stature
homeobox-containing gene on the X chromosome (SHOX) hap-
loinsufficiency and their ovarian insufliciency. TS-specific
growth curves have been published in various countries®"
including Japan.'” and they have been clinically used for the
evaluation of stature and growth. Those of the Japanese were
constructed with data from subjects whose body measurements
were obtained by sending questionnaires to their follow-up hos-
pitals. The data consisted of 6255 measurements from 705 girls
born between 1955 and 1989.
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Japan has experienced extremely rapid changes in eating
habits together with vast socioeconomic changes since the end of
the Second World War, and these changes have affected Japanese
children’s growth. The physical size of Japanese children has
increased along with these environmental changes, and nutrition
is thought to be the most important contributing factor. In Japan
the food supply has been sufficient or even excessive since 1970.
The acceleration of growth is reported to have been most promi-
nent between 1955 and 1970." but it has reached a plateau since
around 1990, as discussed later. Thus the subjects analyzed in the
currently used charts were born before the secular trend
approached the recent plateau. Therefore. use of the presently
available growth charts may be inadequate for the evaluation of
recent cases of TS. In this context. construction of new reference
charts and their validation have become necessary.

Methods
Population

The samples were obtained from a database compiled by the
Foundation for Growth Science, Japan. The Foundation has been
controlling the use of GH through its registration system in
Japan, which judges candidates’ eligibility for supplemental GH
treatment according to the diagnostic criteria for GH deficiency
established by the Ministry of Health, Labor and Welfare’s Study
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Table 1 Age distribution

Age (years) Number
0 1
| 9
2 14
3 41
4 74
5 104
6 105
7 104
8 113
9 152

10 160

11 168

12 131

13 75

14 68

15 52

16 38

17 22

18 11

19 2

20 3

Total 1447

Group for Hypothalamo-Pituitary Disorders." Medical doctors
are encouraged to have each candidate registered for GH treat-
ment at the Foundation using an application form that includes
his/her pre-treatment anthropometric measurements. karyotype
(in the case of TS). presence or absence of puberty, and evidence
of informed consent from each subject regarding the use of the
data for scientific purposes.

Between 1991 and 2004, 1867 girls were registered as TS
subjects in this cohort. The diagnosis of TS was confirmed by
reviewing all the reported karyotypes of cultured peripheral
blood lymphocytes. In this study TS was defined as a karyotype
that contains a cell line of monosomy lacking at least a distal
major part in the short arm of the X chromosome. Subjects
having no evidence of such karyotypic features, missing a
description regarding puberty status, with secondary pubertal

Table 2 Karyotypes of 1447 subjects

signs, with a history of previous growth-promioting therapy, or
whose age was over 20 were excluded.

Statistical analysis

Data were cleaned in several stages. Bivariate plots of height and
weight were used to identify gross disproportions. Data points
were scrutinized, going back to the source data if necessary, and
transcription errors were corrected. If a value was deemed highly
unlikely (more than 5 standard deviation scores [SDS] from the
mean), such a point was deleted. even in the absence of any
evidence of a transcription error.

Reference growth charts were obtained using the LMS
method.”> which assumes that the data can be transformed to
normality by a suitable power transformation (L), the distribution
is then summarized by the median (M) and the coefficient of
variation (S). The values of L, M. and S are constrained to change
smoothly with age, and fitted values can be used to construct any
required centile curves. The karyotypes of 45,X and non-45,X
were compared for body height using analysis of covariance
(ancova) with covariates of age and age-karyotype interaction.
This analysis was performed using JMP 6.0.3 (SAS Institute Inc.,
Cary, NC, USA.) and P-values less than 0.05 were considered
statistically significant.

Results

In total, 420 subjects were excluded because of insufficient or
inadequate cytogenetic evidence for the diagnosis (31 subjects).
secondary pubertal signs (107 subjects), lack of records about
puberty (14 subjects), previous growth-promoting treatment (264
subjects), age over 20 (one subject) and highly unlikely measure-
ments (three subjects). The remaining 1447 subjects were ana-
lyzed. Table | lists the number of subjects according to age. Their
birth years range from 1970 to 2002 (median: 1985). Perinatal
information and their parents’ anthropometric measurements
were collected whenever possible. Gestational age is 39.6+/-1.6
weeks (n = 1268), birth length 46.84+/-2.7 cm (n = 633), birth-
weight 2.68+/-0.44 kg (n = 1322). and target height 157.6+/
—7.2 cm (n = 1289). Target height was calculated by the formula
adjusted for the Japanese before the secular trend reached a

Non-Mosaic Number of Mosaic Number of
subjects subjects

Aneuploidy 45X 432 45.X/46.XX 87
45 X/47.XXX 91
45.X/46.XY 16
45 X/46.XX/47 XXX 6
432 200.
Structural abnormality 46, X,{(Xq) 128 45,X/46.X.1(Xq) 309
46,X,del(Xp) 55 45,X/46.X del(Xp) 22
46,X,1(X) 3 45,X/46 X.1(X) 106
others 10 45,X/46,X +mar 109
others 73
196 619
Total 628 819

© 2009 Japan Pediatric Society
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Table 3 LMS values of height and weight for the Japanese girls with Turner syndrome

Height Weight

Age (years) L M S Age (years) L M S

i I 66.75 0.024 1 1.63 6.92 0.094
1.5~ | 71.25 0.025 1.5 1.37 8.02 0.094
2 | 75.44 0.026 2 1.1 9.10 0.094
25 | 79.1 0.026 2.5 0.86 10.06 0.095
3 | 82.39 0.027 3 0.64 10.90 0.096
35 | 85.46 0.028 35 0.44 11.65 0.097
4 1 88.38 0.028 4 0.24 12.37 0.099
4.5 1 91.11 0.029 4.5 0.06 13.04 0.102
5 1 93.68 0.029 5 -0.12 13.71 0.106
5.5 1 96.23 0.030 55 -0.32 14.44 0.111
6 i 98.75 0.030 6 -0.51 15.24 0.117
6.5 I 101.24 0.031 6.5 -0.69 16.10 0.124
7 i 103.81 0.031 7 ~0.87 17.12 0.131
7.5 1 106.39 0.032 7.5 -1.03 18.32 0.139
8 1 108.79 0.032 8 -1.14 19.58 0.147
8.5 | 11102 0.033 8.5 -1.19 20.83 0.154
9 | 113.18 0.033 9 —-L.16 22.12 0.160
9.5 i 115.32 0.034 9.5 -1.04 23.52 0.165
10 I 117.53 0.034 10 -0.84 35.08 0.170
10.5 I 119.89 0.035 10.5 -0.60 26.76 0.176
11 | 122.35 0.035 1 -0.40 28.51 0.182
11.5 1 124.76 0.036 1.5 -0.28 30.26 0.187
12 | 127.03 0.036 12 -0.25 31.94 0.189
12.5 l 129.14 0.037 12.5 -0.26 33.50 0.190
13 1 131.03 0.037 13 -0.26 34,93 0.191
13.5 1 132.69 0.037 13.5 -0.23 36.23 0.191
14 i 134.14 0.038 14 - =0.17 37.40 0.191
14.5 1 135.37 0.038 14.5 -0.10 38.43 0.191
15 1 136.38 0.038 15 -0.01- 39.33 0.192
15.5 i 137.24 0.038 15.5 0.08 40.11 0.192
16 l 137.96 0.039 16 0.16 40.79 0.192
16.5 1 138.56 0.039 16.5 0.23 41.39 0.192
17 | 139.07 0.039 17 0.28 41.93 0.192
17.5 1 139.49 0.039 17.5 0.32 42,43 0.192
18 I 139.87 0.039 18 0.37 4291 0.192
18.5 I 140.23 0.039 18.5 0.40 43.36 0.191
19 | 140.58 0.039 19 0.44 43.81 0.191
19.5 | 140.91 0.039 19.5 0.47 44.24 0.191
20 { 141.24 0.039 20 0.51 44.67 0.190

plateau."® Table 2 summarizes the number of subjects grouped by
karyotype. There was no significant difference in height between
45X and non-45,X subjects (regression coefficient: 0.19+/
-0.14cm, P =0.17). ] ‘

Centile curves were fitted to the data of all subjects together
using the LMS method. For height, the distribution was assumed
to be normal, while for weight there was appreciable skewness, to
which the age-varying power transformation was adjusted.
Table 3 provides values for L, M and S of height and weight by
age. Clinical growth references for height and weight are shown
in Figures | and 2, respectively. References for height and weight
expressed as SDS are superimposed on those that are currently
used in Figures 3 and 4.

Discussions

We produced new clinical reference growth charts for Japanese
girls with TS who did not present with puberty. The charts were

constructed using the LMS method. which we believe is one of
the most widely applied approaches.'”” The LMS method is often
used to construct age-related references not only of normal popu-
lations'® but also of Down syndrome' and Williams syndrome®
disease-specific populations. The number of subjects analyzed in
this study was sufficient, being comparable to numbers analyzed
in the construction of other TS-specific charts. All subjects were
confirmed by chromosomal analyses to meet the definition of TS
and were properly selected. excluding subjects who had under-
gone pubertal development or previous growth-promoting treat-
ment or both. Although these charts were not derived from a
totally unbiased TS population, they can be presumed to repre-
sent growth in girls with TS who are ordinarily seen in clinical
practice, because the charts were constructed using adjacent data
before GH treatment. We believe that these charts have been
adequately and successfully produced taking these points into
consideration.

© 2009 Japan Pediatric Society
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Fig.1 Height chart for Japanese girls with Turner syndrome
without puberty.

Differences can be detected between the two charts in both
height and weight growth (Figs 3 and 4). For example, the adult
height from the new chart is 141.2 cm, which is 3.0 cm taller
than the previous height when it is defined as the mean height
at the age of 20 years. In the previous study, birth years ranged
from 1955 to 1989 (median unknown). Given the year of pub-
lication, the adult height in the study had to be derived from
subjects born before 1972. The standard adult heights of Japa-
nese women in 1970. 1975, 1980, 1985, 1990, 1995, 2000 and
2005 were 155.6 cm, 156.3 cm, 157.0 cm, 157.6 cm, 157.9 cm.
158.0 cm. 158.1 cm and 158.0 cm, respectively.” This indicates
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Fig.3 Height chart for Japanese girls with Turner syndrome
without puberty in comparison with the currently used one.'? Solid

line, newly established; dotted line, currently used.
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Fig.2 Weight chart for Japanese girls with Turner syndrome
without puberty.

that the secular trend in adult height has reached a plateau since
approximately 1990 in Japan. Judging from the birth-year dis-
tribution, we know therefore that the old Japanese charts for TS
were constructed with data from subjects the majority of whom
were born before growth in height reached a plateau. On the
other hand. the birth years in the present study ranged from
1970 to 2002 and 85.2% of the subjects were born after 1980.
The new TS-specific growth charts therefore differ because they
were constructed with data from a generation in which appre-
ciable advances in secular height growth had disappeared.
Secular growth trends in TS subjects have also been noted and
studied in other countries.”™ In countries where secular trends
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Fig.4 Weight chart for Japanese girls with Turner syndrome
without puberty in comparison with the currently used one.'? Solid
line, newly established; dotted line, currently used.
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have reached a plateau, there is little need to construct newer
charts. Taken together. we conclude that the new charts
can be used hereafter as the more adequate reference for the
cvaluation of the growth of girls with TS bom after
approximately 1970.

There are three limitations to the present study. The first is a
selection bias. This retrospective cohort consists of those diag-
nosed with TS in medical centers, a subpopulation from which
subjects who are not significantly smaller than the normal popu-
lation are more casily omitted. More specitfically, physicians do
not usually register girls with TS if they are taller than -2 SDS of
the female standard, because the registry is designed primarily to
designate candidates for GH treatment. It is of note that in Japan
the indication of GH for TS is limited to subjects shorter than -2
SDS. The heights of the majority of girls with TS usually drop
below the fifth percentile of the normal girl growth curve only
after the subjects are from two to five years old.” This implies that
this kind of bias more severely affects subjects younger than
approximately three years of age. Before general application of
these reference charts for TS. further validation is rewarding,
especially in younger ages. The second limitation is the number
of study samples. The numbers of infants and older children are
small, so at these ages (especially under three years and over
sixteen years) the charts may not be sufficiently reliable. This
limitation is shared by the other reference charts. including cur-
rently used Japanese charts. With regard to older girls. it has
become more difficult to obtain height data from subjects without
previous growth-promoting treatment, because GH treatment for
girls with TS has become very common in Japan and. what's
more, the starting age has been decreasing. Despite this limita-
tion. the adult height in this study is —3.3 SDS of the normal
population® and is considered to be valid by comparison to adult
heights in other countries (—4.2 to 2.5 SDS).? The third limita-
tion is derived from the fact that this study is a cross-sectional
study. We do not know whether subjects without puberty at the
time of registration will or will not develop spontaneous puberty
later. 1t is reported that those with spontaneous puberty are sig-
nificantly taller than those without puberty from 12 years of age
onward, although pubertal development and growth spurt do not
seemn to affect final adult height.” Theoretically. two types of
growth charts may be needed during the peripubertal period. but
we produced one specific for girls without pubertal signs because
of the limited number of pubertal subjects. However, when we
plotted the data from all 107 subjects with pubertal development
on the new chart. with only one exception they were distributed
within +/-2 SDS of the other subjects’ data (data not shown).
Accordingly, the presence of puberty does not influence the
major difference in the pubertal height, though further investiga-
tion is necessary.

Conclusions

We have constructed new clinical reference growth charts for
Japanese girls with TS using data from 1447 subjects who did not
present with puberty. As they are assumed to belong to the gen-
eration beyond the sccular trend in Japan. these charts are

expected to be widely used in various clinical settings with all the
limitations in mind and await further validation.
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Abstract

Aim: To evaluate the prevalence of overweight in girls with Tumer syndrome (TS) as classified by the
two major anthropometric indices, body mass index (BMI) and weight-for-height (WFH) and to make
growth reference charts of them for comparison with those of the normal papulation.

Method: The samples for analysis were obtained from a retrospective cohort. In total, 1447 girls’
cross-sectional data were analysed. Subjects were divided into four groups by ages: group A (0-5.99
years), B (6-10.99 years), C (11~15.99 years) and D (16-20.99 years). The cut-off values of
overweight by BMI and WFH were those of the 90th percentile and 120 percent, respectively and the
prevalence was calculated. For constructing growth reference charts, the LMS method was used.
Results: The prevalence of overweight differed between the two indices. The proportions of the
coincidental classification in all subjects, group A, B, C and D were 82.53%, 89.96%, 91.79%,
69.98% and 60.6 1%, respectively. These differences corresponded to the difference of
age-dependent pattems of the two indices from those of the normal population, as judged from the
growth charts constructed with all subjects.

detected.

Conclusion: A discrepancy in the prevalence of overweight as dassified by BMI and WFH for girls with TS was

INTRODUCTION

Turner syndrome (TS) is the most common chromosomal
abnormality in females and affects about one in 1500 to 2500
live-born female infants (1). A cardinal clinical feature of TS
is linear growth failure resulting in extreme short stature.
Growth patterns of girls with TS are different from those of
the normal population mainly because of haploinsufficiency
of the short stature homeobox-containing gene on the X
chromosome (SHOX) and ovarian insufficiency. Moreover,
girls with TS are reported to frequently become overweight
as they grow up (2-5). Many problems of females with TS in
adult life are compounded by obesity (6). Therefore, it seems
very important to pay attention to overweight in clinical
practice.

There is a growing global epidemic of childhood obesity,
with a large variation in secular trends across countries (7,8).
At present, there is still no widely agreed standard for classi-
fying overweight in children and adolescents (7). Previously,
many researchers chose to use weight-for-height (WFH) for
this purpose, especially for children under 10 years of age
(7). In recent years, body mass index (BMI) has been more

Abbreviations )

TS, Turner syndrome; GH, growth hormone; BMI, body mass
index; WFH, weight for height; SDS, standard deviation score;
EDF, equivalent degrees of freedom.

often accepted as a valid indirect measure of adipose tissue
in both children and adolescents for survey purposes (9,10),
although there are several reports that many pediatricians
do not use BMI in clinical situations (11,12). For girls with
TS, BMI is sometimes applied as one of the surrogate mark-
ers of adiposity (13,14). However, it is unknown whether
BMI can be adequately used for this group of people whose
growth patterns are different from the normal population.

In this study, we compared the prevalence of overweight
determined by two major anthropometric indices, BMI and
WEH, in girls with TS and made growth reference curves
of both BMI and WFH to compare them with those of the
normal population.

METHODS

Population

The samples were obtained from a database registered at
the Foundation for Growth Science, Japan. The Foundation
has been controlling the use of growth hormone (GH) by its
registration system in Japan through judging eligibility for
GH treatment (15). Medical doctors are encouraged to have
each candidate registered for GH treatment at the Founda-
tion using an application form which includes his/her pre-
treatment anthropometric measurements, karyotypes (in the
case of TS), presence or absence of puberty and evidence of
informed consent from each subject regarding the use of the
data for scientific purposes.

€2008 The Author(s)/Joumal Compilation ©2008 Foundation Acta Paediatrica/Acta Paediatrica 2009 8, pp. 513-518 513
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Inconsistent determination of overweight in Turner girls

Between 1991 and 2004, 1867 girls were registered as TS
subjects in this cohort. The diagnosis of TS was confirmed
by reviewing all the reported karyotypes of cultured periph-
eral blood lymphocytes. In this study, TS was defined as a
karyotype, which contains a cell line of monosomy lacking
at least a distal major part in the short arm of the X chromo-
some. Subjects having no evidence of such karyotypic fea-
tures, missing a description regarding puberty status, with
pubertal signs, with a history of previous growth-promoting
therapy or whose age was over 20 were excluded.

Classification of overweight

Japan Society for the study of obesity recommends that
children who have 120% or more of the standard weight
are classified as overweight (16). WFH is one of the most
available and useful standard weights in Japan (17). There-
fore, in this study we calculated percent overweight using
WEH. The calculation formula was 100 x (weight value —
WFH}/WFH. With regard to BMI, the cut-off values of over-
weight in Japanese children have been reported to be those
above the 90th percentile of normal standards (18,19). In
this study, the values of the 90th percentile for normal
Japanese sex-specific BMI-for-age (20) (which was estab-
lished by the LMS method) were used for the cut-off values
of overweight. BMI was calculated as weight in kilograms
divided by square of height in meters.

Statistical analysis
Data were cleaned in several stages. Bivariate plots of height
and weight were used to identify gross disproportions. Data
points were scrutinized, going back to the source data if
necessary and transcription errors were corrected. If a value
was deemed highly unlikely (more than 5 standard deviation
scores [SDS] from the mean), such a point was deleted, even
in the absence of any evidence of a transcription error.
Populations were divided arbitrarily into four groups ac-
cording to age: group A (age of 0-5.99 years), B (age of
6-10.99 years), C (age of 11-15.99 years) and D (age of 16-
20.99 years). The anthropometric data were calculated to
BMI and percent overweight if there were standard data of
normal Japanese values corresponding to the same ages.
Reference growth charts were obtained by the LMS
method (21). This assumes that the data can be transformed
to normality by a suitable power transformation (L) and the
distribution is then summarized by the median (M) and co-
efficient of variation (S). Using penalized likelihood, three
curves (L, M and S) can be fitted as cubic splines by non-
linear regression and the extent of smoothing was controlled
by equivalent degrees of freedom (EDF). Fitting and smooth-
ing were done with ImsChartMaker Pro ver.2.3 (Medical Re-
search Council, London, UK).

RESULTS

In total, 420 subjects were excluded because of insufficient
or inadequate cytogenetic basis of diagnosis (31 subjects),
presence of pubertal signs (107 subjects), lack of records

Isojima et al.
Table 1 Age distribution
Age (years) Number
0 1
1 9
2 14
3 41
4 74
5 104
6 105
7 104
8 13
9 152
10 160
1 168
12 131
13 75
14 68
15 52
16 38
17 22
18 11
19 2
20 3
Total 1447
Table 2 Karyotypesof- 1447 subjects - - [
Non-mosaic Number of  Mosaic Number of
subjects subjects
Aneuploidy 45X 432 45X/46,XX 87
45,X/47 XXX 91
45X/46,XY 16
45 X/46,XX/4T XXX 6
432 200
Structural 46,X1(Xq) 128 45,X/46,Xi(Xq) 309
Abnormality  46Xdel(Xp) 55 45X/46Xdel(Xp) 22
46,Xr(X) 3 45X/46,X,r(X) 106
Qthers 10 45X/46,X, + mar 109
Others 73
196 619
Total 628 819

about puberty (14 subjects), previous growth-promoting
treatment (264 subjects), age over 20 (one subject) or highly
unlikely measurements (three subjects). The remaining 1447
subjects were analysed for constructing reference curves.
Table 1 lists the number of the subjects by age. It is to
be noted that none of the data from the girls with TS was
collected after GH administration. Their birth years ranged
from 1970 to 2002 (median: 1985). Perinatal information
and their parents’ anthropometric measurements were col-
lected whenever possible. Average birth length was 46.8 £
2.7 em (n = 633), birth weight 2.68 + 0.44 kg (n = 1322)
and target height 157.6 + 7.2 cm (n = 1289), which was
very similar to the average adult height for Japanese females
(157.9 cm) in 1990 (22). Target height was calculated by the
formula adjusted for Japanese before the secular trend had
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Table 3 Prevalence of overweight

Inconsistent determination of overweight in Turner girls

Group BMI (4)/ BMI (=)/ BMI (+)/ BMI (—)/ The number of the The number of the
same classification same classification®

WFH (+) WFH (+) WFH (-) WFH (~) [Total number [Total number

A 9 4 20 206 215/239 213/233
(3.77%) (1.67%) (8.37%) (86.19%) (89.96%) (91.429%)

B 184 44 8 397 581/ 633 554/633
(29.07%) (6.950%0) (1.26%) (67.72%) (91.79%) (87.52%)

C 176 148 0 169 345/ 493 314/493
(35.70%) (30.02%) (0%) (34.28%) (69.98%) {63.69%)

D 16 26 0 24 40/66 39/66
(24.24%) (39.39%) (0%) (36.36%) {(60.61%) (59.09%)

All 385 222 28 796 1181/1431 1120/1425

Subjects (26.90%) (15.51%) (1.96%;) (55.63%) (82.53%) (78.60%)

Definition of each group is wntten i the text.

BMI (+) indicates overweight subjects defined by BMI; (—) no overweight subjects.

WFH (4) indicates overweight subjects defined by WFH; (—) no overweight subjects.

Numbers in parentheses show percentages of the total number in each group.

*Figures in this particular column indicate the same classification of overweight determined by BMI and WFH when International cut-off values of BMI (10) instead
of Japanese cut-off values were used. It 1s of note that the numbers of the subjects analysed are different, because International cut-off values can be obtained

only for girls older than two years of age.

reached a plateau (23). Table 2 summarizes the number of
the subjects grouped by karyotypes.

BMI-for-age can be obtained for girls older than 1.5 years
of age, and WFH can be given for the heights taller than
70 c¢m in Japan. Therefore, we could not have the 90th per-
centile value of BMI and/or percent overweight in 16 sub-
jects. Finally, 1431 subjects were evaluated for the difference
of prevalence of overweight between the two indices, BMI
and WFH. Prevalence of overweight by the two definitions
of each group is shown in Table 3.

Centile curves were fitted to the data all together using
the LMS method. For both BMI and WFH there were ap-
preciable skewness and the age-varying power transforma-
tion were adjusted for them. EDF for (L, M, S) of BMI and
WFH are (3,7 4) with age transformed and (2,5,4) with age
rescaled, respectively. Growth references for BMI and WFH
are shown in Figures 1 and 2, respectively. These references
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Figure 1 BMI chart for Japanese girls with Turner syndrome without puberty.
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Figure 2 WFH chart for Japanese girls with Turner syndrome without puberty.

are superimposed on those of the normal population in
Figures 3 and 4.

DISCUSSIONS

Evaluation of overweight is usually made with anthropom-
etry for practical reasons. Among the various anthropomet-
ric indices, BMI is the most widely used both clinically and
academically, especially after the International Obesity Task
Force recommended BMI as a valid surrogate marker of adi-
posity (7). However, different measures and references have
been used in each country for classification of overweight,
as is the case in Japan, where percent overweight has been
used in preference to BMI. It is also reported that in nor-
mal children aged 2-19 years, no differences were found
between BMI and WFH in detecting overweight in terms
of percentage body fat or total fat mass as determined by
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Figure 8 WFH chart for Japanese girls with Tumer syndrome without puberty
in comparison with normal population (17). Only the 50th percentile curves
are shown, because WFH for the Japanese normal population has only values
of the 50th percentile.

dual-energy X-ray absorptiometry (24). In this study, we
found that in TS, percentages of overweight differed between
the two methods and the ratio of discordance became larger
with age (Table 3). Considering the consistency of the two
indices in the normal population, it is surprising that more
than 30% of subjects with TS older than 10 years of age were
classified differently. When International cut-off values of
BMI (10) instead of Japanese cut-off values were used for
classification of overweight, we obtained the similar results
(Table 3). These results indicate specific difficulty in defin-
ing overweight for girls with TS by anthropometric indices.
The TS consensus study group recommends females with TS
should aim to have a BMI less than 25 kg/m? in an updated
clinical practice guideline (6). And the clinical report of the
American Academy of Pediatrics states that diet and exer-
cise for weight control should be discussed for girls with TS,
because obesity may be a particular problem for them (25).
Although it is reported that BMI is a good marker of obesity

Isojima et al.

and associated cardiovascular risk in adult females with TS
(26), it is still unknown whether or not BMI should be used
as a surrogate marker of overweight for girls with TS in clini-
cal practice. The answer to this question is beyond the scope
of our present study. Nevertheless, discrepancies of classifi-
cation of overweight by the two indices were shown in this
study and therefore attention should be paid to the deter-
mination of overweight for girls with TS by anthropometric
indices.

In an attempt to uncover the reason for the discrepan-
cies discussed above, we thought that it would give us new
insight to compare the growth patterns of the two indices
between girls with TS and normal subjects. As the first step,
we produced clinical reference charts of BMI and WFH
for Japanese girls with TS who did not develop puberty,
because these charts had not been produced before. They
were constructed by the LMS method, which is thought to
be one of the most widely applied approaches (27). In ad-
dition, diagnoses of all the subjects were confirmed by the
definition of TS based on the chromosomal analyses and
properly selected by excluding the cases of pubertal devel-
opment and/or previous growth-promoting treatment. From
this perspective, we believe that these charts have been ad-
equately and successfully produced and can be used as ap-
propriate standards in clinical practice. To our knowledge,
these are the first charts of BMI and WFH for TS girls in an
Asian population,

The newly constructed reference growth chart for BMI of
girls with TS in comparison with that of the normal popula-
tion (Fig. 3) shows that the difference of the 50th percentile
values between girls with TS and the normal population in-
creases towards approximately 11 years of age, and then
tends to decrease with age. This phenomenon is also seen
in another TS-specific BMI chart (5). It is of note that peak
growth velocity of Japanese girls occurs around 11 years of
age (28). This coincidence of the age may suggest that the dif-
ferent BMI growth pattern is associated with lack of puberty
in TS girls. However, the difference cannot be explained only
by pubertal development, because growth patterns of girls
with TS differ from the normal population also in the pre-
pubertal stage (2-5). In addition, when we investigated the
appropriate power (p) of the weight/height? index according
to ages, the optimal value of p was not appreciably different
from that in the normal girls (data not shown), which was
approximately two in pre-school children, increased gradu-
ally to around three at age 11 and fell back to the level of two
thereafter (29,30). As for the WFH reference, we find that
WEH is quite normal below the height of 100 cm, but above
120 cm there is a more rapid increase of the WFH in TS girls
(Fig. 4). This finding is consistent with observations, which
have been reported in western countries (2,4,5). Through
comparison of TS-specific reference growth charts for BMI
and WFH with those of the normal population, we could
illustrate the different degrees of distinction of growth pat-
terns between girls with TS and normal girls in each index.
Therefore, our finding of discrepancy in the prevalence of
overweight as classified by the two indices for girls with TS
probably corresponds to these differences of growth patterns
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in the two indices from the normal population, although the
nature of the differences remains unclear.

This study has two limitations. The first one is a selection
bias. This retrospective cohort consists of those diagnosed
as TS in medical institutes, which means that subjects who
are not significantly smaller than the normal population are
probably missing, More specifically, physicians do not usu-
ally register girls with TS if they are taller than —2SDS of the
female standard, because the registry is primarily for candi-
dates of GH treatment. It is of note that indication of GH
for TS is limited to subjects shorter than —2SDS in Japan.
The height of the majority of girls with TS usually drops
below the fifth percentile of the normal girl growth curve
only after an age between two and five years (1). This im-
plies that a selection bias occurs more severely in subjects
younger than approximately three years of age. Therefore,
values under three years of age in the BMI reference chart
for girls with TS are not very reliable. The second limitation
is the fact that we cannot know which indices are better
for identifying overweight for girls with TS from this study.
Our present study only illustrated a discrepancy in the clas-
sification of overweight between the two indices, although
medical practitioners are eager to know which index is bet-
ter for evaluating weights in clinical settings. This research
question needs to be answered. However, our study does
not make any proposals, because there were no other clini-
cal data on obesity than the anthropometric measurements
in this retrospective cohort. Further investigation is needed
to understand the characteristics of overweight of girls with
TS in relation to obesity and metabolic syndrome in adult-
hood, and to develop an adequate anthropometric screening
method for possible obesity in TS.

CONCLUSIONS

A discrepancy in the prevalence of overweight as classi-
fied by BMI and WFH for girls with TS was detected and
it became larger with age. This specific discordance corre-
sponded to the different degrees of distinction of growth pat-
terns in two indices compared with the normal population.
Careful interpretation of the anthropometric indices is es-
sential for the determination of overweight for girls with TS.
Further investigation is required to reveal a better method
for evaluating obesity by anthropometric measurements.

ACKNOWLEDGEMENT

We wish to thank all the patients and doctors for the regis-
tration into this retrospective cohort. This study was partly
supported by the grant from the Foundation for Growth
Science, Japan.

CONFLICT OF INTEREST
The authors have no conflict of interest.

References

1. Saenger P. Turner’s syndrome. N Engl | med 1996; 335:
1749-54.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Inconsistent determination of overweight in Turner girls

. Ranke MB, Pfliiger H, Rosendahl W, Stubbe P, Enders H.

Bierich JR, et al. Turner syndrome: spontaneous growth in 150
cases and review of the literature. Eur | Pediatr 1983; 141:
81-8.

. Suwa S. Standards for growth and growth velocity in Turner’s

Syndrome. Acta Paediatr Jpn 1992; 34: 206-21.

. Bernasconi S, Larizza D, Benso L, Volta C, Vannelli S, Milani

S, et al. Turner's syndrome in Italy: farnilial characteristics,
neonatal data, standards for birth weight and for height and
weight from infancy to adulthood. Acta Paediatr 1994; 83:
292-8.

. Rongen-Westerlaken C, Corel L, Broeck JVD, Massa G,

Karlberg J, Albertsson-Wikland K, et al. Reference values for
height, height velocity and weight in Turner's Syndrome. Acta
Paediatr 1997; 86: 937-42.

. Bondy CA for The Tumer Syndrome Consensus Study Group.

Care of girls and women with Turner syndrome: a guideline of
the Turner syndrome study group. / Clin Endocrinol Metab
2007; 92: 10-25.

. Lobstein T, Baur L, Uauy R, IASO International Obesity

TaskForce. Obesity in children and young people: crisis in
public health. Obes Rev 2004; 5(Suppl 1): 4-104.

. Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihiil

C, Roberts C, et al. Health behavior in school-aged children
obesity working group. Comparison of overweight and obesity
prevalence in school-aged youth from 34 countries and their
relationships with physical activity and dietary patterns. Obes
Rev 2005; 6: 123-32.

. Dietz WH, Robinson TN. Use of the body mass index (BMI)

as a measure of overweight in children and adolescents. |
Pediatr 1998; 132: 191-3.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a
standard definition for child overweight and obesity
worldwide: international survey. Brit Med ] 2000; 320:
1240-3.

Voelker R. inproved use of BMI needed to screen children for
overweight. JAMA 2007; 297: 2684-5.

Barlow SE, Dietz WH, Klish W], Trowbridge FL. Medical
evaluation of overweight children and adolescents: reports
from pediatricians, pediatric nurse practitioners, and
registered dietitians. Pediatrics 2002; 110: 222-8.

Corel LJA, Van Den Broeck ], Rongen-Westerlaken C, Massa
G, Wit JM. Body weight in children with Turner syndrome
treated with growth hormone. It | Obesity 1996; 20: 957-62.
Gravholt CH, Naeraa RW, Brixen K, Kastrup KW, Mosekilde
L. Jogensen JOL, et al. Short-term growth hormone treatment
in girls with Turner syndrome decreases fat mass and insulin
sensitivity: a randomized, double-blind, placebo-controlled,
crossover study. Pediatrics 2002; 110: 889-96.

Tanaka T, Takano K, Hanew K, Nishi Y, Igarashi Y, Hirano T,
et al. Registration system for growth hormone (GH) treatment
with standardized immunoreactive GH values in Japan.
Endocr ] 1998, 45: 459-65.

Asayama K, Ohzeki T, Sugihara §, Ito K, Okada T, Tamai H,
et al. Criteria for medical intervention in obese children: a
new definition of ‘obesity disease’ in Japanese children.
Pediatr Int 2003; 45: 642-6.

Ito Y, Fujieda K. Obesity (in Japanese). Shoonikashinryo
2003; 66: 1913-19.

Japan Society for the Study of Obesity. Manual for the
treatient of obesity disease in children (in Japanese). Tokyo,
Ishiyaku Publishers Inc, 2004.

Guillaume M. Defining obesity in childhood: current practice,
Am | Clin Nutr 1999; 70(Suppl 1): 1265-30S.

Inokuchi M, Hasegawa T, Anzo M, Matsuo N. Standardized
centile curves of body mass index for Japanese children and

€ 2008 The Author(s)/joumnal Compilation ©2008 Foundation Acta Paediatrica/Acta Padiatrica 2009 98, pp. 513-518 517

— 126 —



Inconsistent determination of overweight in Turner girls

adolescents based on the 1978-1981 national survey data. 26.
Anin Hum Biol 2006; 33: 444-53.

21. Cole T}, Green P}. Smoothing reference centile curves: the
LMS method and penalized likelihood. Stat Med 1992; 11:
1305-19.

22. Ministry of Education: Annual report of school health 27.
statistics (in Japanese). The Printing Office, The Ministry of
Finance, Tokyo, 1990.

23. Ogata T, Matsuo N, Tamai S, Osano M, Tango T. Target 28.
height and target range for the Japanese (in Japanese). Jpn |
Paediatr 1990; 94: 1535-40.

24, Mei Z, Grummer-Strawn LM, Pietrobelli A, Goulding A,
Goran M1, Diez WH. Validity of body mass index compared 29.
with other body-composition screening indexes for the
assessment of body fatness in children and adolescents. Am ]
Clin Nutr 2002; 75: 978-85.

25. Frias JL, Davenport ML, Committee on Genetics and Section 30.
on Endocrinology. Health supervision for children with
Turner syndrome. Pediatrics 2003; 111: 692-702.

Isojima et al.

Ostberg JE, Attar JH, Mohamed-Ali V, Conway GS. Adipokine
dysregulation in Turner syndrome: comparison of circulating
interleukin-6 and leptin concentrations with measure of
adiposity and c-reactive protein. | Clin Endocrinol Metab
2005: 90: 2948-53.

Wright EM. Royston P. A comparison of statistical method for
age-related reference intervals. J R Statist Soc A 1997; 160:
47-69.

Suwa S, Tachibana K. Tanaka T. Maesaka H, Yokoya S.
Longitudinal standards for height and height velocity for
Japanese children from birth to maturity. Clin Pediatr
Endocrinol 1992; 1: 5-13.

Cole T]. Weight/height? compared to weight/height? for
assessing adiposity in childhood: influence of age and bone
age on p during puberty. Ann Hum Biol 1986; 13:

433-51.

Hattori K, Hirohata T. Age change of power in weight/height?
indices used as indicators of adiposity in Japanese. Am | Hum
Biol 2002; 14: 275-9.

518 ©2008 The Author(s)/Joumal Compilation ©2008 Foundation Acta Padiatrica/Acta Peediatrica 2008 98, pp. 513-518

— 127 —



T T T e e e e e e s e s e W e T e Ve Ve e Ve e e e DY

&fagﬁmmﬁ-%gmﬁﬁt%m%m

—REIRD NICU BRFEORE L ZORE—

£

RER O kPR, ERRhE @

ViRl .

AEREAEAFAEFZEFEEE T TSR RY LY LE EE XL KE A T AN ¢

[FUHIC—SGARE AGA R

A AER T, ZREMOFERPRENI L
IS TW S, LinL, A RIS
Bwk vy F=2 Bt d ke, RUERER
BRCHLEERCHIMEYOHEFKETH >R
(AGA 'R) & Aflic e U AR 8 2 (SGA 1]) T
R OREIZ R > TV 3 EEED D B,
—47C, {EHR 30 HARMORERTIE, AGART
HoThH SGA W & FARD R MEHC A TRRERE I
B¢ 2 RUREDSEE Z B ATREME S 1, WRED
5CH-TH SGA ROBEE X FAMOMEL 2
LHEEMESEVEEZ NS, F, ZXRERD
BREHTHLT7 FL T —F LEN 2RI O
#HiE, FENFKEERLEDH -k SGA RTIHR Y
iz H h, VWbwd 7y Ful visg o RED
EonPTvEIhTw3 Y, 7L —FiRIE
W MERAD Tk A TH B0, EFERFKT FL
F=FA VA VPR LBEL TR, ZD
CEDBBABDORA YR v JIEHEHOY AV 2R
»BAHMEIC DA B Z LRI THB Y, A
fcld, Bic RIS E SRR O RE R Z D
R0 EINBENRIOBERBED AGARZE DT
EHIAEARBERICOWTEZL, 7L —X Ok
WEZolESEICOWTHHRS,

. TEARRECESM

TREM I, MR - R ONE - BIE QR

Eh b e ERZREER LY Y — AR
T 157-8535  BULTHEFME AR 2-10-1

2RO LRITH B, HERADRHBZHRET 5D
VM RO L ' v I R V€ v (gonad-
otropin releasing hormone : GnRH) D IRE Y77
Wb TH 5, GnRH IZHMEETE L 2 S
N, TEMEICEITZERIE S Ve [T F
0 vy, Gn: # {1 K V€ ¥ (luteinizing
hormone : LH) & ¥ i il # + 0 € > (follicle-
stimulating hormone : FSH) ] D IR E) #957 Wh 11 %5
LWIEED ER &R L, LH & FSH i3l
WTPHERVE Vi E RO R RE T B
(HPG R)?, ZOfER, BRTBBRAHROMA
ENEROBRFEDEZ Y, HRTIEAERE(T
)V % :thelarche) & H & F k(A F — F:
menarche) AR Z %, F7z, WT - WF OB
AT %, GnRH O BFHIL v D IREIFY 37 H
FeEld77—b0K2HIOP“TFFA
Zw " ThHh, 2O LHICH 5 “developmental
clock” th %, ZOIFF FAR¥ v b, HPG%
SRICHEL RIZTOR, IEFIEFLRRERTFT
H5, ZOBERTO—DI, REHOKELD
Tohs, BIERTIE, REMOEIEICLS
TENHKEEESH S L, M7y P TIIERHRE
sens, W7 v 1 CHBEIEROTHER S DD,
FREEHH DR B e  TEBDEFED AT,
T i3 BB B REH I A I I RN
ek b,

t b DOgE, HERBFOESIC L HHEBDOKE
BEE, BrEbIcBERHDI A Iy 72RO 5
ZEBHISNTLS Y, b b ORERIORE L%
BENREEMROY A 2 v T RIFTREICODVT
B, TEIEHMEVINTBD, —EDRMBI

JEFEREZ Vol. 39 No. 5  2009-5 609

— 128 —



BE-STwy, ZHZOWTRBRT 3,
HPG 20 HED LFAKH 5 WidkiTL T, &l
BB AR T v Fay vy aho ERPE

@%h%ovme\ W27 FLF—F

(adrenarche) TH %, 7 FLF—Fi&, WK

12 1% dehydroepiandrosterone-sulfate (DHEA-S)

DERICE) LR TREND,
FRUF—F LB L ZHREE LT, HBERE

(7°78—% : pubarche) 3% %, HFEIIEE LT

D3 BB, % FEBDHETT S0 7 —F i

BERHKELIFIFELVEEZONS, BRI, K

IBCIEE KBS P2 oWNElcE N, e it

BERCHRL TR, BRTIEREDHED

¥ 5, HPGRZBMREI- LT T, BIF 7T~ Fo

FonELEETH D LI WERBTIE, TN —
¥l EDoNLELH > TCHATLELE LD

TN—% iTFVf_%ui5Mﬁ7/}U7/

SwERITEBbDEEZ NS, TS—XFIG

i3, AH, IESELR ETENIRD NS,
DHEA-S OFERIFRIXIEAIA <, AZEDIKE

v 4)0
EAEFRRC I BAZE, BicErH 5, B

AN RO HEEABIRFENL T 9~9.5 iR,

WIFAERIEERN 123 AR EEAGN S, &

B L D b 1ER BEHOZRLE

250, REMBROZNMREIEDRG & ¥ —

) IC3 2 F0ERD D, BREDIESR

HIFESEREHA O 2.5 SD OfIX +2~ 35 TH D,

IR ARICEBFHRRE, X OEEHE

FIE LI NG, BRESR (premature pubar—

che) iz, BIRT10RUBNTIIIM), KRTS

AR CTOBERRELERIN, @%Mﬂ®uﬁ

WD T B ERIGE RO RN E I NS,
BEHORYE, Hr0EAVI—vaviy, B

I BV 2 R BRI O ZRE 22 Tk

VW, BT 5 X 9T, SGA HHEE R CIREE

SRR BRI T, Z ORODMETHIE

TH5,

7 RUF—F O

BIE7 v FurvofEekam b7z Fu
F—F kv, BRTIER7REDLS, RTIRE
BRED GBI N5,

BB 7y FPay v RO, BIREEAT
o4 FARBEOEE L FHRAROEMICHE
ACTHAWICRIG L TEEINSATUuA P
EHELT 2RO EELLNE T, Thbb,
ACTH &I A S A5 a4 F(A70H 7'V 7%
Juyv, FeFuxrt7?y Furxiuy DHEA)
NA 42594 FA70H Furxruay, 7V
FaxsFro4y) L lENc%E ERT 5,
ZOFER L L ¢, DHEA-sulfate (DHEA-S) 23+
D177 b ATaA FOEL OET%2 LD S XD
e’ %, DHEA-SIX, 7 FL i —F%Dw—A—1L
k%, ZOWK, FREMELL) DS —IVE
HERARETHALDT, aLF V= NVIINT 3
DHEA EE b MWz LR T3, 20 kI %
170H a4 25 wu v, DHEA, DHEA-S DESE
RIS RERRECTbN, EICHERBEICET S
Z5a4 FERBEROZRI S Lickb T
FLF—FDR Ve BT 5 Y,

P RLF—FNRERI 20, T OHEF LR
HENTwabiT Tk, —, B0zl
T BRAGD H - 7205, BEIX T RIKDRBIH)
bDEEZLZOBPERTH S, TEENPGD
ACTH OHIEBIE TH 5 POMC, /v 77 F v,
BVS R E 7 v R a s v i@+ v E > (cortex
androgen-stimulating hormone : CASH) 7z £ D
s, 7 FLF—FOFEEHME T3 210,
ZDiED, 4 v¥—u4 %6 bRAIBTREMRE
i2# ¢ B L, DHEA A # {86 5 1V, 7,
BRTRBOEREE L 7F vl EFM8 17, 20 7
4 I.— A& % LR & C DHEA-S FE4: % {2

LR, KEEDI BICBBRREL L0 Ta2IEbHLER>TERLY, LAY P
HMABEMETFLTCLES, Lokl EHRE  IGF] BEFVEVOBELEZ SNE DL )
610 EEMES Vol.39 No.5 2009-5

— 129 —



i, chsolEic kb, MRERIEOEK
PR L T3, MEOBEREE b o LRIEREIR
Byt - gL T, Bgrv Fay
VOREEDNTET 2D THA I LEZILND,

By FLF—FicBwTE, 7FLF—XD
< —%—T¥ % DHEA-S Ol i#EE, BL%Z
40 pg/dL Bl L & 7 % %3, DHEA-S i i3 fEHAE
BAEVED, COMERHETEEMELEEX
5°mﬂmsﬁuﬁﬁ;u§%$@®v«w%ﬁ
222 i3k, 130 pg/dL 22 5541, 8
#|7 F L F — ¥ (exaggerated adrenarche) &% X
S, REPRICHEETS, £/, TAMATH
V1340 ng/dL, 7 ¥ FRAF VYA VIE75 ng/dL
W ERO ERERT Y, BET FLF—XOWH
S H Tk oS, B EIE B REIRE O B
PMEAEERICY 7 P LRI TR, fa] & 2D A
Fu4 PEAMEOHREmEESE LSS Y,

EHEREREBEY -
SETERERE

7 RUF—F&

1. EEHOETERER

ABGEO/MNI VIR, BEHERERICDH
2 LIEINTVWSE W, BRI, SGA PRE
B BT TR ESFCRERDME O £ ) IR
Hohs, EEOWE T, BT LbEFHRRAER
FIDSEIE X L TIE VLRV,

2% —FyDak—kR¥F 4 TiE, BRIC
BWTIESGA 7V —7 & AGA 7' v — 7 ClEM
GBI BB e h o 7S, LR TIE SGA
5 — T DIE S ST S A BRI 7
Bl OMWE T SGA DEIRTI, RIEBFRS
HEEIZ AGA EEBEE IR RV, RIEE
DUEFFHIE  MEIR D 1 R o e Vo — T
77/xﬁ6®ﬁ%<m,ﬁﬁwuﬁﬁﬁﬁﬁ
W AR AGA R L EEEE koY
L Lahs, e LToEBOEREEIIRD
BT, BEMEXKEZRTROEEIXSGA D
Z9)HE L,

% BT C BRI T IR

WL RATTEEERN L CABE, HAERKE
SDS A3 b HBEANE >0 72,

ZD I, BEERRELICO W TIEmD
BHNTVDEIATH BN, BRELDWTI
% OWETRD LN TS, BRTE, ELA
ro@ecRENREREREROTRESTY, —
W oamsEEmE E L LA, Yy T
7y THARLBEICERD BEHRERZEDODL LV
SEnH 5, —H, BEROBRENSERRE
REEICH 27 EE L ARREE, RICBRTHE
BRERBIR T % % 72 U CREHHER P ARIEOVER
MERBIE T & 72 2 WHEME S & 5, —HEDRESBIT
&, s RETROEE LRLED S Y,

R EERER TR TS, BRERT
BB DI EENHEKT S, VHWBRERIIHL
CHERH BB (R R AT 2389
22E0%L, TNBRABROETZ2L0T
BEHEE BTV, BICBRILAT 2 =T VD
F—yTdh, BEHFKREOERDPSGAT ¢
AGA L b d S emiEhotz, ZORDIBRAER
PMMETTBELEZIOND,

SGA THBEX v v F T v 7TDAH GNP
SGA MRS BRI L, RETILVEY (GH)IER
BfFbinTw 3, GHIGFI RIS L, in
vitro Tl F F rar B icitd 3 B2t L2 ILET
LR 2ET 272019, GHIEE, FcEHRD
GH #8513 “ R B L EfT 2 RET 2 J
RPN, nE ’C“@%ﬁﬁbf‘biﬁﬁﬁmﬁﬁ
b%?,uﬁﬁ%%ﬁﬁwﬁﬁi , HEITH
GH a2 Tbhh o kL RAKT 3)’) 7z 317
O Eds, BfTO GH B SGA tHEH R
B2 BEMAEMT S LR EEZD
ns,

2. T BERHE

MR 1, SGA IR TIxBL L HIZ AGA
X b b IR FSHEMEMETH D, 2 OFEEEHE
FRAK I hEECHS, LH, {1 vEEYBE
SGA £ AGA TREDRVI L6, REHDHE

EREBEY Vol.39 No.5 2009-5 611

— 130 —



birthweight *
SDS "
1k
- *
O+ —_
[ = 1 L
1
—oL  x p<0.01 L a
—— £ Std.Dev. -
—3+ +Std.Err.
o mean —_

precocious pubarche  — + + +
ovarian hyperandrogenism  — — + -
hyperinsulinism  — _— — +

n=31 n=25 n=12 n=11

E1 BRIN—+, WRES7Y RO VIE, &1V

Z U VIGE & HERHEAE SDS D& (Tbanez 5,
1998)1¢

HEEZFSH-A Y BOAL—7 DY b
ZHol, ALA YEEYBDOL UL TYH FSH
DRGSR L o Twb EEZ6NE Y, &
7=, SGA/AGA IR 5§, EHAEKEITIZEEY
B LH, FSH EME L, 4 v ey BMEET
H2IEbHEINTHE Y, ZoMEEHAS Y
Tk, B oOBRE eV Y R & R
BEIADORBEALE L6 ThOTERLPLE
260, 0O ERLRTORRBIPIEEDRD,
B IR RS HEAR LT ROWA &/ L T
DIETFIcDkh 5 2 LB TFHREINS,

¥ 72, SGA IRClx AR EIVNE T 8 Rk
» BMI DS v IE &, DHEA-S A2 & fE T dH
% V. Veening & '® 13 BHEHIATD SGA Jid AGA
Bt b DHEA-SEDEMETH 5 LWEL T
%75, —7C Boonstra & YV I3 FEEN RV LW
HLTw5,

3. 7 RUF—F & H4TEEEE
SGADETIX, BHE7 FLF—XPRAEBEN
o hoTwEEZ LN T A, HENRERE

bz D, % oWMETIE, SGA RicBVLTHRIZ

7 DHEA/DHEA-S EfH #2370, Kic
EHAS IR A ERNSE L WHITE LD

DHEA-S DEfiZ# RO T w3 W, BFE7 FL
F—xik, BT Y FurVIEEZFECRT L, &
v R vEIRA v A viEbitE e TEL
T, BABOAY R v VIEFEHO VAT 2&ED
2 EEZ 6N TWEY, Ibanez 691, SGA R
LR FLF—X O AR L, HAEREE
PMET T 2 I 2N S ORGHET & S BN
My A7 EFRT S EL(E1), Rosenfield
SHBHK7 LI —X2@OLRD 20%IZ,
ARy VTEBRBOYVAR I 7778 —THb%
NI A A 2 LWE L Y, Z1UESGA R
BT BRFET FLF—F L SEREINEOBE
AT B, —MRIYIC PCOS &, ZHAREDREE
D—f%E ED B, PCOSDY AIHBEEWT) T
E, BRAHERBVAZEL A -NETH D
LIZTREDSRE 500 L \wds, RIREMEIERIR
INns,

SGA BT 2 2 s 0 24{kiZ, Barker {RFLF
DOHAD R#H(BIFMESR) o HH S L 5,
Ibanez 51X, BEHOFETMMEIC L2 70 I
VS LCEA v A Y vIIES CRH &
DRBZ D, EA v A VIER SHBG & T % free
IGF-1O FRZERL, choePEm7y Fuyr v
e - B 7 FLF—%2ER L HER, PCOS
DN FRET B L L O (®2), —F, A
ARERM % b 7\ SGARIRD Vv — 7T,
BMI %= v F X472 AGA 7' )V — 7 & DHEA-S{H
L7 v P ERERENRL, iV 7 F Y
EEEOEME, BEHEHOA v RV v EFUEEE
HeNBEOHELHY W, BTLLETY PR
2 EDATEDSHA TR R AR b RR S
2. BIEOWME T, IGRIZEKDOL R L
HE7FLF—FoB#EPREINTY
% 20, SGA OJRIA E LT IGE-I ZAKREDNH
FonsZtds, SGAIKBIARET L —
¥ L IGF-I1 % & OBEPRRIND,

612 EEMES Vol.39 No.5 2009-5

— 131 —



SGA
\4
[ hyperinsulinemia |

B2 SGAEBECAVAUVIGE, 72 RO55N
fiE, SEMMSIISERBONAT—R

v A\ v
CRH 1 [IGFBP-11] [ SHBG! |
A\ 4

free IGF-1 t l

v v \

| adrenal androgens 1 H ovarian androgens 1 ”free androgens 1 |

v v

| circulating androgens 1 |— l
v

| premature adrenarche {:,

BHbIc

EHARRER, K2 SGA R L BE AGAIRICE
FAREBHHE RO A S v, ZREREET, T
FLF—% & PCOS®AYRY v 7EEREHEDY
A7, EEEEREIC O W TR, % oG
HHRHPHETH Y, NFEHHD I EFIETHS
TEMG, HREEmOHH EIALDHEHD,
T L CHRIC SGA RT3 BB HORE L&
TEMSRE DR T, BRABORBMERK OV A7 2ET
52 E3HSPTHY, RlO7 40 —7 v 7
HEEBRDbNS,

SRR

1) Ibanez L, Dimartino-Nardi ], Potau N, et al:
Premature adrenarche—normal variant or forerunner
of adult disease? Endocr Rev 21 @ 671, 2000

2) Bourginigon JP : Chapter 19 Control of the onset of
puberty. Pediatric Endocrinology, Lippincott Williams
& Wilkins, Philadelphia, pp285-298, 2004

3) Hernandez MI, Mericq V : Impact of being born small
for gestational age on onset and progression of
puberty. Best Practice Res Clin Endocrinol Metab
22 1 463-476,2008

4) /PNRFLHEEAYE AR EANNR ORI EE(E,
HANRE SIS, pp 441, 453, 457, 1997

S) SRNET - BEHOSROFE - RO TR O
R.ANRBESHE S 1 68, 2005

6) Rich BH, Rosenfield R, Lucky A, et al : Adrenarche :
Changing adrenal response to adrenocorticotropin. J

(Ibanez, Silfen 5D 7 —% £ b Garcia 6 %L
%, 2004)%7

Clin Endocrinol Metab 52 : 1129, 1981

7)  Gell JS, Carr BR, Sasano H, et al ! Adrenarche results
from development of a 3 B -hydroxysteroid dehy-
drogenase-deficient adrenal reticularis. J Clin
Endocrinol Metab 83 : 3695, 1998

8) Parker LN : Adrenarche. Endocrinol Metab Clin
North Am 20 : 71,1991

9) Taha D, Mullis PE, Ibanez L, et al : Absent or delayed
adrenarche in Pit-1/POU1F1 deficiency. Horm Res
64 : 175, 2005

10) Ehrhart-Bornstein M, Hinson JP, Bornstein SR, et al :
Intraadrenal interactions in the regulation of adre-
nocortical steroidogenesis. Endocr Rev 19: 101, 1998

11) Biason-Lauber A, Zachmann M, Schoenle EJ ! Effect
of leptin on CYP17 enzymatic activities in human
adrenal cells ! new insight in the onset of adrenarche.
Endocrinology 141 : 1446, 2000

12) Rosenfield RL : Clinical review : Identifying children
at risk for polycystic ovary syndrome. J Clin
Endocrinol Metab 92 : 787, 2007

13) Preece MA : Puberty in children with intrauterine
growth retardation. Horm Res 48 (Suppl 1) ® 30,
1997

14) Hernandez MI, Martinez A, Capurro T, et al :
Comparison of clinical, ultrasonographic, and bio-
chemical differences at the beginning of puberty in
healthy girls born either small for gestational age or
appropriate for gestational age ! preliminary results. J
Clin Endocrinol Metab 911 3377,2006

15) Horikawa R, Asakawa K, Hizuka N, et al : Growth
hormone and insulin-like growth factor I stimulate
Leydig cell steroidogenesis. Eur ] Pharmacol 166 :
87-94, 1989

16) Ibanez L, Potau N, Francois I, et al ¢ Precocious
pubarche, hyperinsulinism, and ovarian hyper-

androgenism in girls : relation to reduced fetal

FEMES Vol 39 No.5 2009-5 613

— 132 —



growth. ] Clin Endocrinol Metab 83 : 3558-3562,
1998 ,

17) Horikawa R, Tanaka T : Growth hormone trearment
in short Japanese children born small for gestational
age. Horm Res 62 (suppl 3) : 128-136,2004

18) Veening MA, van Weissenbruch MM, Roord JJ, et al :
Pubertal development in children born small for
gestational age. ] Pediatr Endocrinol Metab 17 :
14971505, 2004 '

19) Boonstra V, van Pareren Y, Mulder P, et al : Puberty in
growth hormone-treated children born small for

gestationa age(SGA). J Clin Endocrinol Metab 88
(12) : 5753-5758,2003

20) Garcia MH, Muzumdar RH, Saenger P : Chapter 14
Endocrinopathies in infants who are small for
gestational age. Pediatric Endocrinology Mechanisms,
Manifestations, and Management, Lippincott
Williams & Wilkins, Philadelphia, pp224-230, 2004

2.1) Roldan MB, White C, Witchel SF : Association of the
GAA1013 — GAG polymorphism of the insulin-like
growth factor-1({IGF1R)gene with premature
pubarche. Fertil Steril 88 : 410-417, 2007

— 133 —



Clin Pediatr Endocrinol 2009; 18(1), 41-49
Copyright© 2009 by The Japanese Society for Pediatric Endocrinology

Original Article

Wide Range of Biotin (Vitamin H) Content in Foodstuffs
and Powdered Milks as Assessed by High-performance
Affinity Chromatography

Kou Hayakawa', Noriyuki Katsumata', Kiyomi Abe’, Masahiko Hirano', Kazuyuki Yoshikawa',
Tsutomu Ogata’, Reiko Horikawa' and Takeaki Nagamine?

!Department of Endocrinology and Metabolism, National Research Institute for Child Health and
Development, Tokyo, Japan

2School of Health Science, Gunma University Faculty of Medicine, Maebashi, Japan

Abstract. The biotin (vitamin H) contents of various foodstuffs were determined by using a newly
developed high-performance affinity chromatography with a trypsin-treated avidin-bound column.
Biotin was derivatized with 9-anthryldiazomethane (ADAM) to fluorescent biotin-ADAM ester. A
wide range of biotin contents were found in various foodstuffs depending upon the species (strain),
season, organ (of plants and animals), geography, freshness, preparation method and storage method.
Among the foodstuffs and fermented foods tested, it was found that wide distributions of biotin content
were observed in powdered milk, natto, sake (rice wine), beer, edible oil and sea weed. Since powdered
milk is important for child health and development, 14 kinds of powdered and special milks for use
in children’s diseases were intensively measured. We found that several special milk powders for
children with allergies contained low levels of free biotin. Use of these powdered milks caused skin
diseases and alopecia in some patients possessing thermolabile serum biotinidase, and administration
of free biotin improved their symptoms dramatically. Therefore, it is essential to estimate the total
and free biotin contents on each foodstuff in order to improve effective biotin intake and support
better health and quality of life for people.

Key words: total biotin, free biotin, wide distribution, foodstuffs, powdered milk

Introduction

Determination of biotin, especially free-form
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biotin, in foodstuffs is important, because
appropriate biotin intake is beneficial in attaining
a good quality of life (QOL), better health and
development of children and adults, improved
physical mechanisms that combat aging and
disease and efficient mental capacity.
Recently, we developed a new high-
performance affinity chromatographic (HPAC)
determination method for biotin using a trypsin-
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treated avidin-bound column (1). In this new
method, biotin is derivatized by
9-anthryldiazomethane (ADAM) to an ester of
fluorimetric biotin-ADAM and detected
fluorimetrically at an excitation wavelength of
365 nm and emission wavelength of 412 nm
(1-3). Thisis a simple chromatographic method
using the affinity of avidin for biotin. We recently
found that avidin is a bifunctional binding
protein; i.e., avidin (a well-known biotin-binding
protein) can also strongly recognize lipoic acid
(4). However, biotin and lipoic acid can be
separated and measured safely using this new
chromatographic technology. It is a rapid
(analysis requires one day per sample), reliable
and sensitive fluorometric detection method that
makes use of the linear calibration line through
the origin. Furthermore, other nutrients and
antibiotics do not interfere with this chemical
method; i.e., other biological biotin assay methods
are sensitive to nutrients and antibiotics in
serum samples.

Herein, we describe the wide ranges of biotin
contents detected among various foodstuffs
depending on the species (strain), season, organ
(of plants and of animals), geographical area,
freshness and preparation and storage methods.
The importance of the free biotin content in
powdered milk in relation to babies, who have
unstable biotinidase and exhibit biotin deficiency
symptoms, 1s also discussed.

Materials and Methods

Chemicals and reagents

Highly pure form of methanol, acetonitrile,
ethanol and ethyl acetate (>99.8%), D-biotin,
activated charcoal (acid washed; for column
chromatography; P/N 035-18081), 2-propanol
(HPLC grade), ethylene glycol (amino acid
analysis grade), 25% ammonia water (metal
analysis grade), sulfuric acid, sodium chloride,
lithium chloride (anhydrous; amino acid analysis
grade; >97%) and sodium dihydrogen phosphate
dihydrate were purchased from Wako Pure

Vol.18/No.1

Chemical Industries (Osaka, Japan).
D-Desthiobiotin (5-methyl-2-oxo0-4-imidazolidine
hexanoic acid; D 1411), biocytin (¢-N-biotinyl-L-
lysine, Mr 372.5; B 4261) and biotin methyl ester
(B 7883) were purchased from Sigma-Aldrich
(St. Louis, MO, USA), and 9-anthryldiazomethane
(ADAM) was purchased from Funakoshi
Pharmaceutical (Tokyo, Japan). A 0.25% (w/v)
trypsin-EDTA solution was purchased from
Invitrogen Corporation (Grand Island, NY,
USA).

Alight-intercepting microtube with a cap (2
ml; P/N 72.693.018) and a microtube with cap
(2 mL; P/N 72.694.007) were obtained from
Sarstedt Aktiengesellschaft & Co. (Niumbrecht,
Germany). Microcentrifuge tubes (1.5 ml,,
polypropylene, lock-cap; P/N 96.8668.9.01) were
obtained from Treff AG (Degersheim,
Switzerland). Ekicrodisc 13 CR (0.2 um; PTFE;
P/N E135), Ekicrodisc 13 (0.2 um; Versapor; P/N
E134) and Ekicrodisc 25 membrane filters (0.2
um; Versapor; PIN E254) were obtained from
Nihon Pall Ltd. (Tokyo, Japan). Paper pH
indicator (pH 6.4-8.0, narrow range) were
obtained from Whatman Ltd. (Maidstone, Kent,
England). Blades and disposable scalpels were
obtained from Feather Safety Razor Co. (Osaka,
Japan).

An affinity column, Bioptic AV-1 (250 x 4.6
mm [.D.; with chicken egg-white avidin bound
to a 5 um diameter silica gel), was purchased
from GL Sciences Inc. (Tokyo, Japan). The
contents of the column were removed using an
HPLC pump. Bioptic AV-1 affinity gels (6 um
diameter silica gel) are now available (1 g and/
or 10 g) from GL Sciences Inc.

Trypsin-treated avidin-bound gel was
prepared as described previously (1). A trypsin-
treated avidin-bound column (33 x 4.6 mm 1.D.)
was then prepared.

Ten types of natto (a Japanese food made
from fermented soybeans), thirteen sakes (rice
wines), ten beers, four coffees, three red wines,
four breads, four cheeses, three vinegars, four
bananas (three from the Philippines and one
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