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Trends in Age and Anthropometric Data at Start of Growth
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Abstract. The purpose of this study is to evaluate the trends in age and anthropometric data for girls with Turner
syndrome (TS) at start of growth hormone (GH) treatment in Japan. The data for analysis were obtained from a
retrospective cohort, the Foundation for Growth Science, Japan. We analyzed trends in starting age of GH treatment for
girls with TS in Japan after dividing subjects (n = 1,478) into three registration periods: 1991-1994, 1995-1999 and 2000—
2004. We also assessed the ratio of the subpopulation of subjects under five years of age. As results, the mean age
(standard deviation (SD)) at start of GH treatment was significantly different among the three groups (10.95 (3.63), 10.15
(3.39) and 8.78 (3.61), p<0.0001). The proportion of the subjects under five years of age increased significantly over time
(5.11%, 7.11% and 16.85%, p<0.0001). Mean (SD) height SD scores were also significantly different (-3.41 (0.87), -3.26
(0.81) and —3.17 (0.79), p<0.0001). However, the proportions of the karyotype of 45,X were not significantly different
among the three groups (p = 0.25). We concluded that age and shortness at initiation of GH treatment had been improving
over time. However, these favorable trends have not fully met the conditions recommended by international clinical

guidelines for TS.
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TURNER syndrome (TS) is caused by a complete or
partial absence of the second sex chromosome, and
affects one in 2,000 to 5,000 live-born females [1].
One of the most significant features of the syndrome
is short stature. Untreated adults are reported to be
approximately 20 cm shorter than normal females with-
in their respective populations [2]. Growth hormone
(GH) has been used to accelerate growth, and has been
known to increase adult height [3]. GH is usually in-

Received: May 14, 2008

Accepted: August 7, 2008

Correspondence to: Tsuyoshi ISOJIMA, Clinical Research
Center, National Center for Child Health and Development, 2-10-
1 Ohkura, Setagaya-ku, Tokyo, 157-8535, Japan

Abbreviations TS: Turner syndrome, GH: Growth hormone,
SDS: Standard deviation score, ANOVA: Analysis of variance

troduced after a child’s height falls below the fifth per-
centile for normal girls of the same age [4]. Though
the optimal age for initiation of GH treatment has not
been established [5], it is preferable not to start GH
treatment later than five years of age, because the
height of the majority of girls with TS usually drops
below the fifth percentile of the normal girl growth
curve between two and five years of age [1]. Many
studies on GH treatment in girls with TS have estab-
lished the importance of age at treatment initiation for
long-term height gain [6-14]. Moreover, a recent
study has shown that early GH treatment could nor-
malize height in infants and toddlers with TS, and res-
toration of height close to the average would mitigate
the potential detrimental effects of short stature during
childhood and allow for age-appropriate initiation of
feminization [15]. In Western countries, the age at ini-
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tiation of GH treatment has become younger [16, 17],
although many patients with TS are left undiagnosed
until mid-childhood, adolescence or even adulthood
[17-20].

In Japan, GH treatment for girls with TS was ap-
proved by the Ministry of Health and Welfare in 1991
only for those accompanying GH deficiency with short
stature below —2 standard deviation score (SDS), and
in 1999 for all girls whose height was below —2 SDS.
As in other countries, we speculate that the initiation
age of GH treatment appears to have become younger,
and medical doctors feel that the degree of growth
failure at the start of GH treatment has become less
severe. However, no reports have verified this specu-
lation with large cohort study data. In this study we
evaluated the trends in age and anthropometric data of
girls with TS in Japan at initiation of GH treatment us-
ing data collected at the Foundation for the Growth
Science, Japan [21].

Subjects and Methods
Subjects

The subjects were obtained from a retrospective co-
hort, the Foundation for Growth Science, which has
been controlling the use of GH through its registration
system. The Foundation evaluates the candidate’s
eligibility for GH treatment according to certain diag-
nostic criteria for GH deficiency, TS and other pertinent
disorders [21]. Physicians are encouraged to register
each candidate for GH treatment at the Foundation us-
ing an application form which includes the candidate’s
pre-treatment anthropometric measurements, karyo-
types (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 pur-
poses.

Between 1991 and 2004, 1,867 girls were registered
as TS subjects in this cohort, and 1,760 girls were
judged to be eligible for GH treatment. These subjects
comprise approximately two-thirds of all TS girls
treated with GH in Japan, judging from the data com-
piled in medical aid programs for chronic pediatric
diseases of specified categories in Japan [22, 23].
Although subjects with TS shorter than —2 SDS were
approved for GH treatment in Japan, 24 subjects above
—2 SDS were judged to be eligible on an individual
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basis. The diagnosis of TS was confirmed by review-
ing all the reported karyotypes of cultured peripheral
blood lymphocytes. In this study TS was defined as a
karyotype which contains a monosomic cell line lack-
ing at least a major portion of the distal part in the
short arm of the X chromosome. Subjects having no
evidence of such karyotypic features, or with a history
of previous growth-promoting therapy such as GH or
anabolic steroids or both were excluded. Two reasons
are listed as to why GH treatment was introduced
before registration: the first is that some subjects had
participated in clinical studies for the governmental
approval; the second is that some subjects had initially
been treated for GH deficiency, and then reregistered
with the Foundation after diagnosis of TS. In this
study, we excluded all these subjects with prior growth-
promoting therapy, because our aim was to study
trends not only of age of GH initiation but also of the
degree of growth retardation at start of GH treatment
as girls with TS.

Methodls

First of all, all subjects were analyzed for the differ-
ence between karyotypes of 45,X and non-45,X. In
Belgium, a negative correlation was detected between
age at diagnosis and height SDS for the normal popu-
lation, which suggested delayed diagnosis of TS [24].
As our retrospective cohort did not contain ages at ini-
tial diagnosis, we studied the correlations between age
at initiation of GH treatment (instead of age at initial
diagnosis) and height SDS for the normal population
or TS-specific population.

Many girls with TS who had been diagnosed well
before the start of the study period appeared to have
been registered in the first two years after the start of
registration (1991), but registration numbers went
down to relatively constant figures in the following
two years. Thereafter, all the girls with TS shorter
than —2 SDS irrespective of GH secretion status be-
came eligible for GH treatment in November 1999.
The subjects were therefore divided into three registra-
tion periods: 1991-1994, 1995-1999 and 2000-2004.
We also analyzed the subpopulation of subjects under
five years of age in each period to clarify the trend
toward younger ages.
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Statistical analysis

The results are expressed as the mean (SD), or by
frequency and percent. Ages are also expressed as the
median. Height SDS, TS-specific height SDS and
body mass index (BMI) SDS were calculated by com-
parison with the Japanese 1990 growth reference [25],
the currently used Japanese TS growth chart [26], and
the Japanese BMI-for-age chart [27], respectively.

Comparisons of groups were assessed by one-way
analysis of variance (ANOVA) or unpaired t-test for
numeric variables, and chi-square test for categorical
variables. When the result was significant, the differ-
ences between groups were subjected to two-by-two
comparisons with post-hoc Bonferroni correction for
multiple comparisons. Correlations were performed
by Pearson’s test. All analyses were made using JMP
6.0.3 (SAS Institute Inc., Cary, NC, USA) and P val-
ues less than 0.05 were considered statistically signifi-
cant.

Results

In total, 282 subjects were excluded because of
insufficient or inadequate cytogenetic basis of the
diagnosis (24 subjects), previous growth-promoting
treatment (255 subjects), and highly unlikely measure-
ments (3 subjects). In the total of 255 subjects with
previous growth-promoting treatment, the subjects in
the three periods (i.e. 1991-1994, 1995-1999 and
2000-2004) are 163, 61 and 31 subjects, respectively.
There were 217 subjects (85.1%) who had been treated
with GH. The remaining 1,478 subjects formed the
cohort of analysis. In the analysis of all subjects, nei-
ther age nor anthropometric indices were significantly
different between 45,X and non-45,X subjects (Table
1). There was a strong negative correlation between
age at initiation of GH treatment and height SDS for
the normal population (r=-0.36, p<0.0001) (Fig. 1),
and a strong positive correlation between age and TS-
specific height SDS (r = 0.36, p<0.0001) (Fig. 2).

Table 2 summarizes the characteristics of girls with
TS at initiation of GH treatment grouped by registra-
tion years. Mean ages (SD) in the three periods (i.e.
1991-1994, 1995-1999 and 2000-2004) were signifi-
cantly different (10.95 (3.63), 10.15 (3.39) and 8.78
(3.61), p<0.0001). Means of height SDS for normal
girls were also significantly different (-3.41 (0.87),
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Table 1. Characteristics of girls with TS at initiation of GH
treatment according to karyotype
45X non-45,X P value

(n=422) (n = 1,056) vau

Age (year) 10.07 (3.68) 10.22 (3.65) 0.46
median: 10.25 median: 10.42

Height SDS —3.26 (0.87) —3.32(0.82) 0.17
TS Height SDS 0.35 (1.00) 0.30 (0.91) 0.36
BMI SDS 0.70 (1.15) 0.64 (1.22) 0.36

All the data are expressed as means (SD) unless otherwise indi-
cated. P values refer to differences between groups as determined
by unpaired t test. Height SDS indicates height SDS for normal
girls; TS Height SDS, height SDS for girls with TS.
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Fig. 1. Correlation between age at registration for GH treat-

ment and height SDS for the normal population [25]

(r=-0.36, p<0.0001). Although girls with TS shorter

than —2 SDS receive approval for GH treatment in

Japan, exceptional subjects above —2 SDS are judged

eligible on an individual basis.
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Fig. 2. Correlation between age at registration for GH treatment
and height SDS for TS [26] (r = 0.36, p<0.0001).
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Table 2. Characteristics of girls with Turner syndrome at initiation of GH treatment grouped by registration years
1991-1994 1995-1999 2000-2004 Total P val
(n = 665) (n=451) (n=362) (n=1,478) value
45,X karyotype 204 (30.68%) 123 (27.27%) 95 (26.24%) 422 (28.55%) 0.25
Age (year) 10.95 (3.63) 10.15 (3.39)@ 8.78 (3.61)®° 10.18 (3.66) <0.0001
median: 11 median: 10.33 median: 8.79 median: 10.33
Subjects under five years of age 34 (5.11%) 32 (7.11%) 61 (16.85%)® 127 (8.59%) <0.0001
Height SDS —3.41(0.87) —-3.26 (0.81)® -3.17 (0.79)® -3.30(0.84) <0.0001
TS height SDS 0.34 (0.91) 0.37 (0.92) 0.21 (1.00) 0.32 (0.94) 0.032
BMI SDS 0.69 (1.20) 0.72 (1.18) 0.51 (1.21)© 0.65 (1.20) 0.023

P values refer to differences between groups as determined by ANOVA and chi-square test for numeric variables and categorical vari-

ables, respectively.

a: p =0.0002 for 1991-1994 vs 1995-1999, a": p = 0.00027 for 1991-1994 vs 1995-1999, b; p<0.0001 for 1991-1994 vs 2000-2004,
¢; p<0.0001 for 1995-1999 vs 2000-2004, c'; p = 0.010 for 1995-1999 vs 2000-2004.

—3.26 (0.81) and -3.17 (0.79), p<0.0001). However,
the proportions of the karyotype of 45,X in the three
groups were not significantly different (p=0.25).
Post-hoc analysis between 1991-1994 and 2000-2004
revealed that the average age decreased significantly
(p<0.0001), and that the height SDS for normal girls
increased significantly (p<0.0001). Average age was
also significantly different between subjects in 1995—
1999 and those in 2000-2004 (p<0.0001), but height
SDS for normal girls did not change significantly be-
tween the two groups (p = 0.12). Among all the 1,478
subjects, the number of subjects under five years of
age was 127 (8.59%). The proportion in each group
changed significantly by registration year group
(5.11%, 7.11% and 16.85%, p<0.0001), and post-hoc
analysis showed a significant increase in the propor-
tion of subjects under five years of age (p<0.0001)
(Table 2). When we performed the same analysis with
1,733 subjects including previous growth-promoting
treatment, we obtained the same trends as the results
from 1,478 subjects (data not shown).

Discussions

The age of girls with TS at initiation of GH treat-
ment has been getting younger in Japan as evidenced
by this retrospective large cohort (Table 2). Moreover,
the proportion of subjects under five years of age has
grown significantly over time. These trends are favor-
able for the better management of girls with TS. These
desirable trends have also been observed in Western
countries. From the Pharmacia and Upjohn Interna-

tional Database (KIGS) in the UK [16], the mean age
of starting GH treatment has reduced from 10.4 in
1986 to 8.5 in 1996. The database of the Belgian
Study Group for Pediatric Endocrinology [17] re-
vealed that the median age at diagnosis was 11.2 years
of age in 1991 and 6.6 in 2003. Taking both foreign
and Japanese trends together, the age of GH initiation
in Japan has come closer to that in Western countries.
We found a negative correlation between age and
height SDS for the normal population (Fig. 1). This
finding is conceivable, because girls with TS generally
tend to lose height SDS as they grow. However, we
also found a positive correlation between age and TS-
specific height SDS (Fig. 2), suggesting that relatively
small girls in the TS population tended to undergo GH
earlier, and that relatively tall ones often suffered from
short stature for many years before GH treatment. Re-
garding height SDS, it has been improving significant-
ly when we compare subjects in 1991-1994 with those
in 2000-2004. We do not think this improvement is
not due to the character of the subjects on their GH se-
cretion status. Girls with TS generally have a normal
GH secretory pattern [3, 5], and their height does not
differ irrespective of their GH secretory status [28].
Height SDS for the normal population was not signifi-
cantly different between subjects in 1995-1999 and
those in 2000-2004. Judging from the fact that mean
height SDS at initiation in the most recent group
(2000-2004) was —3.30 (0.84) in all subjects, and
—2.98 (0.65) in subjects under five years of age, the
majority of girls with TS initiated GH treatment only
after their growth retardation had become serious. The
most recent clinical practice guideline issued by the
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Turner Syndrome Consensus Study Group recom-
mends that the goal of growth-promoting therapies
should be to attain normal height as early as possible,
and that the diagnosis of TS should be considered in
any female with unexplained growth failure or puber-
tal delay or any other stigmata such as edema of the
hands or feet, nuchal fold, or left-sided cardiac anom-
alies [5]. Therefore, we have to conclude that the
present situation in Japan concerning GH treatment for
girls with TS is still not satisfactory for their optimal
care.

In this study, no difference was detected in ages or
all the anthropometric indices between 45,X and non-
45,X karyotypes (Table 1). This finding was the same
in the subgroup limited to subjects under five years of
age (data not shown). According to reports from coun-
tries other than Japan, girls with 45,X karyotype are
usually diagnosed earlier than girls with non-45,X
karyotype because of their more typical and severe
clinical manifestations [17-19, 29, 30]. One possible
explanation is that diagnosis at infancy is not very
common in Japan. However, further study is needed
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to uncover whether diagnosis delay exists in Japan, be-
cause this retrospective cohort study was not designed
for epidemiological investigation and did not contain
ages at initial diagnosis.

In conclusion, the age of girls with TS at initiation
of GH treatment has been getting younger, and the
proportion of subjects receiving GH treatment under
five years of age has grown significantly. However,
despite these favorable trends the situation of GH
treatment for girls with TS in Japan has not reached
the optimal levels recommended in clinical guidelines
issued by the Turner Syndrome Consensus Study
Group.
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