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Evaluation of growth hormone treatment efficacy in 
short Japanese children born small for gestational age: 
Five-year treatment outcome and impact on puberty
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Abstract.	Some children born small for gestational age (SGA) have short stature and are at an 
increased risk of developing psychosocial or behavioral problems. Here we evaluated the efficacy of 
GH and its effects on the timing of pubertal onset in a 3-yr extension of our previous 2-yr (total 5 yr) 
multicenter, randomized, double-blind, parallel-group clinical trial of 65 short Japanese children born 
SGA. Patients received low or high doses of GH (0.033 or 0.067 mg/kg/day, respectively). Age at onset 
of puberty was not statistically different for male and female patients receiving high- or low-dose 
GH. After the onset of puberty, no difference in height gain was observed between the two GH dose 
groups. At the onset of puberty, height standard deviation scores for chronological age of boys and 
girls improved significantly in both dose groups with evidence of a dose-response effect. Mean bone 
age/chronological age ratios in the low- and high-dose groups were significantly increased compared 
with baseline, being significantly greater in the high-dose group at 5 yr after treatment initiation. 
Delayed bone age at baseline was close to chronological age following GH treatment. GH treatment, 
especially high-dose GH, induced advanced bone age in short children born SGA.
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Introduction

Neonates born small for gestational age 
(SGA), defined in Japan as being below the 

10th percentile of gestational age by weight and 
length at birth (1), are at an increased risk of 
short stature as well as morbidity and mortality 
(2–4). During adulthood, they can also be more 
prone to chronic disorders such as hypertension, 
cardiovascular and cerebrovascular disease, and 
noninsulin-dependent diabetes mellitus (5–8). 
However, not all children born SGA remain 
short in later life (9), and approximately 70–90% 
undergo spontaneous “catch-up” in terms of 
height by 2–3 yr of age (10, 11). Short stature 
in those who do not catch up can lead to the 
development of psychosocial or behavioral 
problems (12).
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A combination of reduced levels of GH (13) 
and IGF-I (14) is found in some SGA children 
and might be related to the pathophysiology of 
the disorder, although other causes might be 
involved including maternal, placental, and 
fetal factors. The age at onset of puberty is 
often normal in SGA children (15, 16). However, 
there is no consistency in the timing of puberty 
onset in SGA children, as some studies showed 
that children born SGA have an earlier onset of 
puberty, especially girls (17–21), whereas other 
studies showed a later onset of puberty in SGA 
children (22, 23) compared with short children 
born appropriate for gestational age or children 
of normal height. However, this association is 
controversial because the studies used different 
methodologies and definitions of SGA, preventing 
their comparison.

Final adult height is determined by the 
height at onset of puberty as well as pubertal 
height gain, which is associated with the age at 
onset of puberty. Longitudinal studies showed 
that SGA children remained short when they 
became adults if they entered puberty with short 
stature (19, 22, 23). GH therapy in short children 
born SGA who do not show spontaneous catch-
up aims to accelerate linear growth of the child 
to achieve normal height at puberty and avoid 
psychosocial problems caused by their short 
stature as well as reach a normal adult height 
(24–27); however, such therapy is less effective 
when started during puberty (28). Moreover, 
it is currently unclear what effect GH therapy 
might have on the timing of the onset of puberty. 
Early onset of puberty appears to play a role in 
the reduced height SD scores (SDS) of children 
born SGA; however, a previous study indicated 
that GH therapy does not affect the age of onset 
or progression of puberty in SGA boys or girls 
(16, 22). Therefore, these studies suggest that, 
to increase the adult height of short children 
born SGA, it is important to start sufficient GH 
therapy well before the onset of puberty.

In 2011 and 2014, we reported the results 
of a 5-yr clinical trial in short Japanese children 

born SGA aged 3–8 yr in which the efficacy and 
safety of continuous long-term GH therapy were 
confirmed (26), and a positive impact of long-
term GH treatment on metabolic parameters was 
observed (29). The aim of the current analysis was 
to determine the relationships among the onset 
of puberty, height parameters, and bone age in 
the patient population used for the previous 5-yr 
clinical trial of GH in short Japanese children 
to determine the most desirable GH therapeutic 
approach that considers its potential effects on 
pubertal onset.

Subjects and Methods

Ethics
The present trial was performed in 

accordance with the Declaration of Helsinki 
and The Ministerial Ordinance on Good Clinical 
Practice for Drugs. Written informed consent 
was obtained from the patients’ parent/legal 
guardians and, where possible, the patients 
themselves. The study protocol was approved 
by the institutional review boards listed in the 
Supplementary Materials.

Patients
The study population consisted of 65 short 

children born SGA aged 3–8 yr who were 
randomly assigned to groups receiving a low or 
high dose (0.033 or 0.067 mg/kg/day, respectively) 
of GH (n = 31 and 34, respectively). Inclusion and 
exclusion criteria were described previously (26).

Study design
This was a 3-yr extension of a 2-yr (5 yr 

total) multicenter, randomized, double-blind, 
parallel-group trial investigating the efficacy and 
safety of a low or high dose of GH administered 
to short SGA children. The trial product was 
injected subcutaneously once daily before 
bedtime. Patient visits were planned at 13-wk 
intervals with a ± 14-day window, and 15 visits 
were scheduled over the course of the 5-yr trial. 
The trial was performed between July 2003 and 
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December 2009.
The endpoints in the present additional 

analyses were: 1) age, age at onset of puberty, 
height, and height SDS for chronological age 
at onset of puberty; and 2) changes in bone age 
and chronological age. Calculation of the height 
SDS for chronological age was based on the 
Japanese data on standard height by gender and 
age reported in a national survey in 2000 by the 
Ministry of Health, Labour and Welfare, and the 
Ministry of Education, Culture, Sports, Science 
and Technology, Japan. Bone age was determined 
annually using the Tanner−Whitehouse 2nd 
edition–radius, ulna, and short bones (TW2-
RUS) method standardized for Japanese children 
(30, 31). Bone age was determined by readers 
blinded to the subjects’ characteristics.

Pubertal stage for boys was determined based 
on pubic hair and penis development according 
to Tanner (32) (Tanner stage I–V) criteria 
and testicular volume using an orchidometer. 
Pubertal stage for girls was determined based 
on pubic hair and breast development according 
to Tanner (32) (Tanner stage I–V) criteria and 
menarche. The age at onset of puberty was 
defined as the age at which the following pubertal 
signs were first recorded in the case record forms: 
1) one Tanner parameter of stage II or more; and 
2) testicular volume of 4 mL or more (for boys).

We comprehensively reassessed the age at 
onset of puberty based on physical measurement 
data, which validated the investigators’ initial 
judgments. We assessed the bone age and 
auxological changes by referring to growth charts 
in addition to the above criteria. The age at onset 
of puberty based on auxological changes was the 
time of the inflection point of growth velocity 
pattern for boys and 6 mo after the time of the 
inflection point of growth velocity pattern for 
girls (33).

Study preparations
Drug preparations were indistinguishable 

from one another and the packaging of the trial 
products was randomized and blinded (26). Both 

GH doses were injected using a GH injection 
device (NordiPen® 5 and PenNeedle®; Novo 
Nordisk A/S, Bagsvaerd, Denmark) to maintain 
blinding.

Statistical analysis
Change in height SDS after 1 yr of treatment 

was evaluated by an analysis of variance model 
using the treatment group as a fixed effect and 
baseline height SDS and age as covariates. A 
significance level of 5% was used. At the end of 
1 yr of treatment, two hypotheses were tested 
using a closed testing procedure. To control the 
family-wise error rate, the statistical tests after 
1 and 5 yr of treatment were performed at a 
significance level of 2.53% (Sidak inequality). 
Summary statistics (mean ± SD) were calculated 
for height, height SDS, chronological age, age 
at onset of puberty, bone age, and bone age/
chronological age.

Results

Patient demographics
Baseline patient demographic characteristics 

in the low- and high-dose groups are shown in 
Table 1. Apart from the ratio of males to females, 
the groups were similar in terms of age, height, 
height SDS, and bone age.

Onset of puberty and the growth-promoting 
effect of GH therapy

The distribution of age at onset of puberty 
in the low- and high-dose GH groups is shown 
by sex in Supplementary Table 1 (online only). 
In most patients, puberty for both sexes started 
between 8 and 12 yr of age, which is within the 
typical age range of pubertal onset in the general 
Japanese population (34, 35). By conventional 
criteria (Tanner stage), five boys showed signs 
of puberty before the age of 9. However, after 
reassessment (by auxology), the same was seen 
in only two boys.

In the reassessment of the five boys in which 
the onset of puberty was determined to have 
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occurred before 9 yr of age, the onset age changed 
from 5.7 to 10.7 yr for one child by reference to 
the auxological changes. Three other children 
were excluded from the assessment, as there 
were no clear signs of puberty, and the onset 
age did not change for the fifth child. One boy 
was reassessed as having started puberty at the 
age of 8.9 yr according to auxological changes, 

although he showed no signs of puberty onset by 
the conventional criteria. Cumulative frequency 
curves of age at onset of puberty demonstrated no 
differences in the age of puberty onset for male or 
female patients receiving high- or low-dose GH 
by conventional criteria or after reassessment 
(Fig. 1).

The height and height SDS for chronological 
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Table 1.	 Patient demographics

GH 0.033 mg/kg/day
n = 31

GH 0.067 mg/kg/day
n = 34

Sex, number of males/females (%) 20 (64.5) / 11 (35.5) 20 (58.8) / 14 (41.2)
Age ± SD (yr) 5.34 ± 1.46 5.27 ± 1.15
Height ± SD (cm) 95.9 ± 8.4 94.9 ± 7.3
Height SDS –2.95 ± 0.64 –2.90 ± 0.67
Bone age (yr)* 4.61 ± 1.40, (n=30) 4.03 ± 1.25, (n=33)

* Bone age data were unavailable for one case in each group. SDS, standard deviation scores.

Fig. 1.	 Frequency curves of age at pubertal onset for males or females receiving GH treatment. 
Frequency curves for puberty age (yr) in males and females by conventional criteria (a, b) 
or reassessment (c, d) in the GH 0.033 mg/kg/day (blue) and GH 0.067 mg/kg/day (light 
blue) groups as well as total cases (black).
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age at onset of puberty are shown by sex and 
GH dose in Table 2. No difference in height was 
observed between the two GH dose groups at 
baseline or at onset of puberty by conventional 
criteria or reassessment (Table 2). However, by 
onset of puberty, height SDS for chronological 
age using the combined data from males and 
females improved from approximately −2.9 at 
baseline to −1.83 and −0.97 in the low- and high-
dose groups, respectively, as evaluated by either 
conventional criteria or reassessment (Table 2). 
In both males and females, the height SDS for 

chronological age improved significantly in the 
high-dose group compared with the low-dose 
group, indicating a dose-response effect (Table 2).

Effect of GH therapy on bone age
The mean bone age/chronological age ratio at 

baseline was < 1 in almost all subjects in the two-
dose groups receiving GH therapy, indicating a 
delay in bone age compared with chronological age 
(Figs. 2 and 3). The mean bone age/chronological 
age ratios in the low- and high-dose groups was 
significantly increased (p < 0.05 in the low- and 
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Table 2.	 Height and height standard deviation scores (SDSs) at onset of puberty by conventional criteria 
or reassessment

Analysis

Conventional Reassessment

GH 0.033  
mg/kg/day

GH 0.067  
mg/kg/day

Inter-
group 

compari-
son*

GH 0.033  
mg/kg/day

GH 0.067  
mg/kg/day

Inter-
group 

compari-
son*

Height 
(cm)

Male n 9 11 7 8
Mean (SD) 122.71 (10.05) 129.85 (15.47) NS 128.41 (7.16) 134.91 (4.43) NS
Min 
Median 
Max

97.7 
127.2 
130.3

99.1 
136.1 
142.7

119.60 
129.40 
141.50

125.20 
135.50 
139.90

Female n 7 11 4 11
Mean (SD) 126.36 (7.47) 129.38 (5.03) NS 127.15 (7.18) 130.12 (5.85) NS
Min 
Median 
Max

116.4 
130.2 
136.0

120.6 
130.2 
139.3

116.40 
130.40 
131.40

120.60 
130.20 
139.30

Height 
SDS

Male n 9 11 7 8
Mean (SD) –1.91 (0.73) –0.81 (0.89) p < 0.01 –1.70 (0.78) –0.65 (0.39) p < 0.01
Min 
Median 
Max

–2.72 
–1.93 
–0.38

–2.55 
–0.55 
0.18

–2.66 
–1.77 
–0.38

–1.32 
–0.68 
–0.20

Female n 7 11 4 11
Mean (SD) –1.73 (0.58) –1.13 (0.57) p < 0.05 –1.97 (0.55) –1.10 (0.60) p < 0.05
Min 
Median 
Max

–2.72 
–1.74 
–0.88

–2.17 
–0.86 
–0.40

–2.72 
–1.86 
–1.43

–2.17 
–0.86 
–0.40

Total n 16 22 11 19
Mean (SD) –1.83 (0.65) –0.97 (0.75) p < 0.001 –1.80 (0.69) –0.91 (0.56) p < 0.001
Min 
Median 
Max

–2.72 
–1.90 
–0.38

–2.55 
–0.84 
0.18

–2.72 
–1.77 
–0.38

–2.17 
–0.83 
–0.20

* Two-sample t-test. SDS, standard deviation scores.
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high-dose groups) over time from baseline values 
(0.87 and 0.77, respectively) to approximately 
1 (1.01 and 1.09, respectively) by 5 yr after the 
start of treatment. This finding indicated that 
bone age at 5 yr after treatment was closer to 

the chronological age. Furthermore, the mean 
change from baseline to 5 yr was significantly 
greater in the high-dose group than in the low-
dose group (0.32 vs. 0.13, p = 0.0001). Bone age at 
the start of GH therapy was behind chronological 
age in most of the subjects. However, by 5 yr 
after the start of treatment, bone age exceeded 
the chronological age in > 50% of the subjects in 
both dose groups (Fig. 3).

Discussion

This study presents data on the effects 
of long-term high- and low-dose GH therapy 
initiated before the onset of puberty in Japanese 
children born SGA. In both dose groups, the age 
distribution at the onset of puberty in GH-treated 
short children born SGA was not different from 
that in children of normal height. GH therapy 
significantly improved height SDS and induced a 
dose-dependent advancement of bone age, which 
approached or exceeded the chronological age. The 
catch-up of bone age with chronological age in 
children whose height SD scores were still below 
zero might negatively influence the adult height.

Vol.26 / No.2

Fig. 2.	 Comparison of bone age and chronological 
age in pre-puberty small for gestational age 
subjects. Changes in bone age/chronological 
age ratio in the GH 0.033 mg/kg/day (blue) 
and GH 0.067 mg/kg/day (light blue) groups 
are shown over 5 yr. The dotted line has 
a value of 1 that indicates equal bone age 
and chronological age. Values are mean ± 
standard deviation.

Fig. 3.	 Bone age and chronological age correlation in small for gestational age subjects receiving GH. Scatter 
plots show bone age and chronological age of small for gestational age subjects in the GH 0.033 mg/
kg/day (blue) and GH 0.067 mg/kg/day (light blue) groups at (a) initiation of GH treatment and (b) 
after 5 yr of GH treatment.
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Onset of puberty and the growth-promoting 
effect of GH therapy

We previously reported changes in growth 
rate SDS in short Japanese children born SGA 
aged 3–8 yr after starting GH therapy (26, 29). 
However, the analysis in the previous study did 
not consider the impact of puberty on growth 
because the data were obtained from all subjects 
and not divided into pre- and post-pubescent 
subject groups. The effect of GH treatment on 
the onset of puberty is still not fully understood, 
particularly in short Japanese children born 
SGA. In the current study, the age distribution 
at the onset of puberty was within the normal 
range in those patients, who had already 
entered puberty. Furthermore, we observed no 
differences in age at the onset of puberty for male 
or female patients receiving high- or low-dose GH 
by conventional criteria or after reassessment. 
This finding is in agreement with previous 
reports of GH therapy in children born SGA who 
showed similar age at the onset of puberty to the 
normal population (16, 22, 27, 36, 37). However, 
the age distribution at the onset of puberty in 
short Japanese children born SGA who are not 
receiving GH therapy has not been identified. 
Because short children have a delayed onset 
of puberty in general, the possibility cannot be 
ruled out that GH therapy accelerated the onset 
of puberty that would have been initially delayed 
in these children. Moreover, it is difficult to make 
accurate inter-study comparisons because the 
definition of puberty can differ between studies 
in different countries.

Regarding the investigation of age at 
onset of puberty, another issue is that the 
assessment by investigators using conventional 
criteria (Tanner) is not necessarily consistent in 
multicenter studies including the present study. 
In clinical practice, it is perfectly reasonable to 
change the assessment for the onset of puberty 
in the absence of the development of secondary 
sexual characteristics during long-term follow-
up. However, the need for the collection of 
case report forms in a timely manner makes 

it difficult for investigators to review the 
assessment themselves. This must be taken 
into consideration. For these reasons, in this 
study, we conducted reassessments by combining 
biochemical and physical measurement data. 
This allowed us to determine a more appropriate 
assessment through scientific validation of the 
investigators’ individual judgments.

When data in the present study were 
stratified by the onset of puberty, the height 
SDS for chronological age using the combined 
data from males and females was significantly 
improved in the low- and high-dose groups. 
Furthermore, the mean height SDS for 
chronological age after 5 yr was −1.78 in the 
low-dose group and −0.82 in the high-dose group 
(26), indicating that the improvement in height 
SDS for chronological age occurred mainly before 
the onset of puberty. The height gains might 
not differ if they received GH treatment after 
the onset of puberty (16, 22), and these findings 
suggest that the attainment of sufficient height 
gain before the onset of puberty might play a 
major role in the improved adult height. The 
pubertal height gains of Japanese children who 
were short without endocrine dysfunction were 
25.8 cm in boys and 18.9 cm in girls (38). We 
assumed that short children born SGA on GH 
therapy have similar height gains (as reported 
here) during puberty. Therefore, according to 
the mean height at the onset of puberty, only the 
high-dose group was expected to reach an adult 
height greater than −2 SDS (low-dose group 
males = 154.2 cm, females = 146.1 cm; high-
dose group males = 160.7 cm, females = 149.0 
cm). Because the therapeutic dose range in the 
current clinical practice is 0.23–0.47 mg/kg/wk, a 
higher dose of GH can be used to achieve normal 
adult height if a lower dose is not effective.

Effect of GH therapy on bone age
Bone age that was delayed at the beginning 

of the trial was closer to the chronological age 
following GH treatment, and the ratio of bone 
age/chronological age increased gradually but 
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only slightly exceeded 1. However, a bone age/
chronological age ratio of 1 in children who do 
not catch up to the mean height suggests that 
their adult height may not improve more than 
the current height SD scores. The mean change 
in bone age/chronological age ratio from baseline 
to 5 yr after the start of treatment was 0.13 in 
the low-dose GH group and 0.32 in the high-dose 
group, indicating a statistically significant dose-
response effect. Thus, high-dose GH therapy 
induced a more rapid advancement of bone age, 
which was initially delayed in short Japanese 
children born SGA. In contrast, a previous 
study demonstrated that the bone maturation 
rate was slower in SGA children aged 3.0–5.9 
yr receiving high-dose (0.2 or 0.3 IU/kg/day) GH 
treatment compared with children aged 6.0–8.9 
yr, although the changes in height SDS for bone 
age were increased in both age groups (39).

Conclusions

This study evaluated the effects of high- 
and low-dose (0.033 and 0.067 mg/kg/day, 
respectively) GH therapy on age and height 
at the onset of puberty in short children born 
SGA. We observed no difference in the age at 
onset of puberty between the normal population 
and GH-treated children but demonstrated 
that height SDS at the onset of puberty was 
higher in the high-dose group than in the low-
dose GH group. Importantly, we demonstrated 
that GH therapy, especially high-dose GH, 
induced an advancement of bone age that was 
initially delayed in short children born SGA 
and was considered to influence the magnitude 
of height gain during puberty. Our findings 
suggest that GH treatment does not affect the 
timing of pubertal onset, although we could not 
make statistical comparisons with the general 
Japanese population or SGA children without 
GH treatment. The results of our long-term post-
marketing study are awaited.

Acknowledgements

This study was funded by Novo Nordisk 
Pharma Ltd. The authors thank J. Ludovic 
Croxford, PhD, for providing medical writing 
support as well as our patients, their families, all 
physicians, and the study sites who participated 
in this study.

References

	1.	 Tanaka T, Yokoya S, Nishi Y, Hasegawa Y, 
Yorifuji T, Fujieda K, et al. Management of the 
short children born small for gestational age. J 
Jpn Pediatr Soc 2007;111: 641–6.

	2.	 Karlberg J, Albertsson-Wikland K. Growth in 
full-term small-for-gestational-age infants: from 
birth to final height. Pediatr Res 1995;38: 733–9. 
[Medline]  [CrossRef]

	3.	 Fitzhardinge PM, Steven EM. The small-for-date 
infant. II. Neurological and intellectual sequelae. 
Pediatrics 1972;50: 50–7. [Medline]

	4.	 Low JA, Galbraith RS, Muir D, Killen H, 
Karchmar J, Campbell D. Intrauterine growth 
retardation: a preliminary report of long-term 
morbidity. Am J Obstet Gynecol 1978;130: 
534–45. [Medline]  [CrossRef]

	5.	 Hales CN, Barker DJP. Type 2 (non-insulin-
dependent) diabetes mellitus: the thrifty 
phenotype hypothesis. Diabetologia 1992;35: 
595–601. [Medline]  [CrossRef]

	6.	 Lever AF, Harrap SB. Essential hypertension: 
a disorder of growth with origins in childhood? 
J Hypertens 1992;10: 101–20. [Medline]  
[CrossRef]

	7.	 Barker DJP, Winter PD, Osmond C, Margetts 
B, Simmonds SJ. Weight in infancy and death 
from ischaemic heart disease. Lancet 1989;2: 
577–80. [Medline]  [CrossRef]

	8.	 Phipps K, Barker DJP, Hales CN, Fall CHD, 
Osmond C, Clark PMS. Fetal growth and 
impaired glucose tolerance in men and women. 
Diabetologia 1993;36: 225–8. [Medline]  
[CrossRef]

	9.	 Fancourt R, Campbell S, Harvey D, Norman AP. 
Follow-up study of small-for-dates babies. BMJ 
1976;1: 1435–7. [Medline]  [CrossRef]

Vol.26 / No.2

http://www.ncbi.nlm.nih.gov/pubmed/8552442?dopt=Abstract
http://dx.doi.org/10.1203/00006450-199511000-00017
http://www.ncbi.nlm.nih.gov/pubmed/5038108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/629308?dopt=Abstract
http://dx.doi.org/10.1016/0002-9378(78)90072-8
http://www.ncbi.nlm.nih.gov/pubmed/1644236?dopt=Abstract
http://dx.doi.org/10.1007/BF00400248
http://www.ncbi.nlm.nih.gov/pubmed/1313473?dopt=Abstract
http://dx.doi.org/10.1097/00004872-199202000-00001
http://www.ncbi.nlm.nih.gov/pubmed/2570282?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(89)90710-1
http://www.ncbi.nlm.nih.gov/pubmed/8462770?dopt=Abstract
http://dx.doi.org/10.1007/BF00399954
http://www.ncbi.nlm.nih.gov/pubmed/986220?dopt=Abstract
http://dx.doi.org/10.1136/bmj.1.6023.1435


GH in small for gestational age children 71

	10.	 Fitzhardinge PM, Inwood S. Long-term growth 
in small-for-date children. Acta Paediatr Scand 
Suppl 1989;349: 27–33, discussion 34. [Medline]  
[CrossRef]

	11.	 Itabashi K, Mishina J, Tada H, Sakurai M, Nanri 
Y, Hirohata Y. Longitudinal follow-up of height 
up to five years of age in infants born preterm 
small for gestational age; comparison to full-term 
small for gestational age infants. Early Hum Dev 
2007;83: 327–33. [Medline]  [CrossRef]

	12.	 Lundgren EM, Cnattingius S, Jonsson B, Tuvemo 
T. Intellectual and psychological performance in 
males born small for gestational age with and 
without catch-up growth. Pediatr Res 2001;50: 
91–6. [Medline]  [CrossRef]

	13.	 Albertsson-Wikland K. Swedish Paediatric 
Study Group for Growth Hormone Treatment 
Growth hormone secretion and growth hormone 
treatment in children with intrauterine growth 
retardation. Acta Paediatr Scand Suppl 1989;349: 
35–41, discussion 53–4. [Medline]  [CrossRef]

	14.	 Chellakooty M, Juul A, Boisen KA, Damgaard IN, 
Kai CM, Schmidt IM, et al. A prospective study 
of serum insulin-like growth factor I (IGF-I) and 
IGF-binding protein-3 in 942 healthy infants: 
associations with birth weight, gender, growth 
velocity, and breastfeeding. J Clin Endocrinol 
Metab 2006;91: 820–6. [Medline]  [CrossRef]

	15.	 Leger J, Levy-Marchal C, Bloch J, Pinet A, 
Chevenne D, Porquet D, et al. Reduced final 
height and indications for insulin resistance 
in 20 year olds born small for gestational age: 
regional cohort study. BMJ 1997;315: 341–7. 
[Medline]  [CrossRef]

	16.	 Boonstra V, van Pareren Y, Mulder P, Hokken-
Koelega A. Puberty in growth hormone-treated 
children born small for gestational age (SGA). 
J Clin Endocrinol Metab 2003;88: 5753–8. 
[Medline]  [CrossRef]

	17.	 Veening MA, van Weissenbruch MM, Roord JJ, de 
Delemarre-van Waal HA. Pubertal development 
in children born small for gestational age. J 
Pediatr Endocrinol Metab 2004;17: 1497–505. 
[Medline]  [CrossRef]

	18.	 Persson I, Ahlsson F, Ewald U, Tuvemo T, 
Qingyuan M, von Rosen D, et al. Influence of 
perinatal factors on the onset of puberty in boys 
and girls: implications for interpretation of link 

with risk of long term diseases. Am J Epidemiol 
1999;150: 747–55. [Medline]  [CrossRef]

	19.	 Ibáñez L, Ferrer A, Marcos MV, Hierro FR, 
de Zegher F. Early puberty: rapid progression 
and reduced final height in girls with low birth 
weight. Pediatrics 2000;106: E72 Early puberty. 
[Medline]  [CrossRef]

	20.	 Hernández MI, Mericq V. Impact of being born 
small for gestational age on onset and progression 
of puberty. Best Pract Res Clin Endocrinol Metab 
2008;22: 463–76. [Medline]  [CrossRef]

	21.	 Ghirri P, Bernardini M, Vuerich M, Cuttano AM, 
Coccoli L, Merusi I, et al. Adrenarche, pubertal 
development, age at menarche and final height 
of full-term, born small for gestational age 
(SGA) girls. Gynecol Endocrinol 2001;15: 91–7. 
[Medline]

	22.	 Lienhardt A, Carel JC, Preux PM, Coutant R, 
Chaussain JL. Amplitude of pubertal growth in 
short stature children with intrauterine growth 
retardation. Horm Res 2002;57(Suppl 2): 88–94. 
[Medline]

	23.	 Vicens-Calvet E, Espadero RM, Carrascosa 
A, Spanish SGA Collaborative Group. Small 
for Gestational Age Longitudinal study of the 
pubertal growth spurt in children born small 
for gestational age without postnatal catch-up 
growth. J Pediatr Endocrinol Metab 2002;15: 
381–8. [Medline]  [CrossRef]

	24.	 Van Pareren Y, Mulder P, Houdijk M, Jansen 
M, Reeser M, Hokken-Koelega A. Adult height 
after long-term, continuous growth hormone 
(GH) treatment in short children born small for 
gestational age: results of a randomized, double-
blind, dose-response GH trial. J Clin Endocrinol 
Metab 2003;88: 3584–90. [Medline]  [CrossRef]

	25.	 Sas T, de Waal W, Mulder P, Houdijk M, Jansen 
M, Reeser M, et al. Growth hormone treatment 
in children with short stature born small for 
gestational age: 5-year results of a randomized, 
double-blind, dose-response trial. J Clin 
Endocrinol Metab 1999;84: 3064–70. [Medline]

	26.	 Tanaka T, Yokoya S, Seino Y, Togari H, Mishina 
J, Kappelgaard AM, et al. Long-term efficacy and 
safety of two doses of growth hormone in short 
Japanese children born small for gestational age. 
Horm Res Paediatr 2011;76: 411–8. [Medline]  
[CrossRef]

April 2017

http://www.ncbi.nlm.nih.gov/pubmed/2750529?dopt=Abstract
http://dx.doi.org/10.1111/j.1651-2227.1989.tb17164.x
http://www.ncbi.nlm.nih.gov/pubmed/16930872?dopt=Abstract
http://dx.doi.org/10.1016/j.earlhumdev.2006.07.002
http://www.ncbi.nlm.nih.gov/pubmed/11420424?dopt=Abstract
http://dx.doi.org/10.1203/00006450-200107000-00017
http://www.ncbi.nlm.nih.gov/pubmed/2750530?dopt=Abstract
http://dx.doi.org/10.1111/j.1651-2227.1989.tb17166.x
http://www.ncbi.nlm.nih.gov/pubmed/16394092?dopt=Abstract
http://dx.doi.org/10.1210/jc.2005-0950
http://www.ncbi.nlm.nih.gov/pubmed/9270455?dopt=Abstract
http://dx.doi.org/10.1136/bmj.315.7104.341
http://www.ncbi.nlm.nih.gov/pubmed/14671164?dopt=Abstract
http://dx.doi.org/10.1210/jc.2003-030512
http://www.ncbi.nlm.nih.gov/pubmed/15570986?dopt=Abstract
http://dx.doi.org/10.1515/JPEM.2004.17.11.1497
http://www.ncbi.nlm.nih.gov/pubmed/10512428?dopt=Abstract
http://dx.doi.org/10.1093/oxfordjournals.aje.a010077
http://www.ncbi.nlm.nih.gov/pubmed/11061809?dopt=Abstract
http://dx.doi.org/10.1542/peds.106.5.e72
http://www.ncbi.nlm.nih.gov/pubmed/18538286?dopt=Abstract
http://dx.doi.org/10.1016/j.beem.2008.02.003
http://www.ncbi.nlm.nih.gov/pubmed/11379014?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12065935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12008684?dopt=Abstract
http://dx.doi.org/10.1515/JPEM.2002.15.4.381
http://www.ncbi.nlm.nih.gov/pubmed/12915640?dopt=Abstract
http://dx.doi.org/10.1210/jc.2002-021172
http://www.ncbi.nlm.nih.gov/pubmed/10487666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22156542?dopt=Abstract
http://dx.doi.org/10.1159/000334152


Horikawa et al.72

	27.	 Tanaka T, Yokoya S, Fujieda K, Seino Y, Tada 
H, Mishina J, et al. Efficacy and safety of up to 
8 yr of long-term growth hormone treatment in 
short children born small for gestational age in 
Japan: analysis of the subpopulation according to 
the Japanese guideline. Clin Pediatr Endocrinol 
2012;21: 57–68. [Medline]  [CrossRef]

	28.	 Bozzola E, Lauriola S, Messina MF, Bona G, 
Tinelli C, Tatò L. Effect of different growth 
hormone dosages on the growth velocity in 
children born small for gestational age. Horm 
Res 2004;61: 98–102. [Medline]

	29.	 Kappelgaard AM, Kiyomi F, Horikawa R, Yokoya 
S, Tanaka T. The impact of long-term growth 
hormone treatment on metabolic parameters in 
Japanese patients with short stature born small 
for gestational age. Horm Res Paediatr 2014;81: 
272–9. [Medline]

	30.	 Murata M, Matsuo N, Tanaka T, Ohtsuki F, 
Ashizawa K, Tatara H, et al. Standard atlas of 
skeletal maturity for Japanese children -based 
on TW2 method-. Tokyo: Kanehara Shuppan; 
1993.

	31.	 Ashizawa K, Asami T, Anzo M, Matsuo N, 
Matsuoka H, Murata M, et al. Standard RUS 
skeletal maturation of Tokyo children. Ann Hum 
Biol 1996;23: 457–69. [Medline]  [CrossRef]

	32.	 Tanner JM. Growth at adolescence. 2nd ed. 
London: Blackwell Scientific Publications, 1962. 
p. 28–39.

	33.	 Tanaka T, Naiki Y, Horikawa R, Satoh M. Adult 
height prediction method for pubertal short 

children (Growth Potential II Method). J Jpn 
Ass Hum Auxo 2009;15: 17–22.

	34.	 Fujieda K, Matsuura N. Growth and maturation 
in the male genitalia from birth to adolescence. 
I. Change of testicular volume. Acta Paediatr 
Jpn 1987;29: 214–9. [Medline]  [CrossRef]

	35.	 Matsuo N. Skeletal and sexual maturation in 
Japanese children. Clin Pediatr Endocrinol 
1993;2: 1–4.  [CrossRef]

	36.	 Prasad HK, Khadilkar VV, Chiplonkar SA, 
Khadilkar AV. Growth of short children born 
small for gestational age and their response 
to growth hormone therapy. Indian Pediatr 
2013;50: 497–9. [Medline]  [CrossRef]

	37.	 de Zegher F, Albertsson-Wikland K, Wollmann 
HA, Chatelain P, Chaussain JL, Löfström A, et 
al. Growth hormone treatment of short children 
born small for gestational age: growth responses 
with continuous and discontinuous regimens 
over 6 years. J Clin Endocrinol Metab 2000;85: 
2816–21. [Medline]

	38.	 Tanaka T, Naiki Y, Horikawa R. Clinical factors 
related to the short adult height: early puberty 
for height. J Jpn Ass Hum Auxo 2011;17: 17–23.

	39.	 de Zegher F, Butenandt O, Chatelain P, 
Albertsson-Wikland K, Jonsson B, Löfström A, et 
al. Growth hormone treatment of short children 
born small for gestational age: reappraisal of 
the rate of bone maturation over 2 years and 
metanalysis of height gain over 4 years. Acta 
Paediatr Suppl 1997;423: 207–12. [Medline]  
[CrossRef]

Vol.26 / No.2

http://www.ncbi.nlm.nih.gov/pubmed/23926412?dopt=Abstract
http://dx.doi.org/10.1297/cpe.21.57
http://www.ncbi.nlm.nih.gov/pubmed/14654718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24526136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8933912?dopt=Abstract
http://dx.doi.org/10.1080/03014469600004682
http://www.ncbi.nlm.nih.gov/pubmed/3150904?dopt=Abstract
http://dx.doi.org/10.1111/j.1442-200X.1987.tb00035.x
http://dx.doi.org/10.1297/cpe.2.Supple1_1
http://www.ncbi.nlm.nih.gov/pubmed/23255677?dopt=Abstract
http://dx.doi.org/10.1007/s13312-013-0151-8
http://www.ncbi.nlm.nih.gov/pubmed/10946888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9401574?dopt=Abstract
http://dx.doi.org/10.1111/j.1651-2227.1997.tb18418.x

