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Background: Since 2002, the Department of Pediatrics of Nippon Medical School Chiba Hokusoh Hos-
pital has offered educational activities for children with short stature. We analyzed outcomes of growth
hormone (GH) treatment for children with short stature treated at our hospital, particularly outcomes
after the growth spurt.
Methods: We analyzed data from children aged 0 to 17 years who were treated with recombinant GH
during the period from 2000 through 2016 and were followed for at least 2 years after the start of treat-
ment.
Results: Among children with short stature, 85 had GH deficiency, 5 had Turner syndrome, 9 were
small for gestational age, and 1 had Noonan syndrome. The outcomes of GH treatment was similar to
those previously reported in Japan. Children with GH deficiency who started GH treatment before the
growth spurt exhibited marked height catch-up until the second year, but the effect decreased after 3
years. The effect of treatment for GH deficiency that was started after the growth spurt continued for 4
to 5 years after the start of treatment.

Conclusions: Improvement in height standard deviation score was similar when treatment was started

before and after the growth spurt. (J] Nippon Med Sch 2021; 88: 39-44)
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Introduction
Growth hormone (GH) therapy, using a pituitary-derived
GH preparation, was first approved in Japan in 1975
However, the supply was low, and not all patients re-
quiring GH treatment could be treated. Introduction of
recombinant GH preparations, in the 1980s, allowed all
patients to be treated”.

Medical treatment of growth hormone-deficient (GHD)
short stature is often delayed because parents are un-
aware that their child has short stature, that GHD short
stature is treatable, and that the period during which GH
therapy can be given is limited’. Since 2002, the Depart-
ment of Pediatrics of Nippon Medical School Chiba
Hokusoh Hospital has offered educational activities for

children with short stature and their families, and many

children and adolescents with short stature seek treat-
ment at our hospital. In addition, the families of such
children often inquire about treatment options and out-
comes, especially after the growth spurt. Therefore, we
analyzed treatment outcomes, in relation to timing of GH
treatment, for children who received GH treatment at the
Department of Pediatrics, Nippon Medical School Chiba
Hokusoh Hospital.

Methods
Participants
We analyzed treatment effects for children aged 0 to 17
years who were treated with recombinant growth hor-
mone during the period from 2000 through 2016 and

were followed for at least 2 years after the start of treat-
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ment.

Criteria for Administering Growth Hormone Prepara-
tion*®

In brief, the diagnostic criteria for short stature with
GHD are (1) bone age (under 17 years for boys; under 15
years for girls); (2) height growth (current height is short
vs height at same sex and age [standard value, -2 SD or
less] or, if height is within the normal range, growth rate
is less than the standard growth rate [-1.5 SD] for 2
years or more vs growth rate for same age); (3) sympto-
matic hypoglycemia; (4) intracranial organic lesions or
other defects in pituitary hormone secretion; and (5) GH
secretion stimulation test yields a low GH peak value
with insulin loading, arginine loading, L-DOPA loading,
clonidine loading, glucagon loading, or a GHRP-2 load-
ing test. GH level standards and measurements were in
accordance with guidelines established by The Japanese
Society for Pediatric Endocrinology”™.

The diagnostic criteria for initiating treatment for
Turner syndrome are (1) bone age less than 15 years; (2)
height growth (current height is short vs height at same
sex and age [standard value, -2 SD or less] or, if height
is within the normal range, growth rate is less than stan-
dard growth rate [-1.5 SD] for 2 years or more vs growth
rate at same age); (3) chromosomal analysis shows the
basic karyotype with deletion of the distal part of the
short arm of one X chromosome (preferably in a chromo-
some analysis of >20 cells); and (4) physical characteris-
tics indicate a female phenotype.

The diagnostic criteria for small for gestational age
(SGA) are (1) calendar age of at least 3 years; (2) bone
age under 17 years for males and under 15 years for fe-
males; (3) weight at birth and height both less than the
standard 10th percentile equivalent for gestational age,
and weight or height at birth less than 2 SD equivalent
to gestational age; (4) height growth (current height is
short [less than —2.5 SD] vs height for same sex and age
or, if height is within the normal range, growth rate is
less than standard growth rate [0 SD] vs growth rate of
same age); and (5) if the cause of postnatal growth disor-
der is not intrauterine growth retardation, GH treatment
is not indicated.

The dose of growth hormone was 0.175 mg/kg/week
for GHD, 0.23 to 0.47 mg/kg/week for SGA, 0.35 mg/
kg/week for Turner syndrome, and 0.23 mg/kg/week
for Noonan syndrome™”.

Variables Measured
The variables evaluated were sex, age at consultation,

height standard deviation score (SDS)", insulin-like
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growth factor I (IGF-I) standard deviation”" at consulta-
tion, height SDS after treatment, hormone concentrations,
biochemical test values considered to be related to
growth, and severity classified by peak GH value on a
GH secretion stimulation test. This study was approved
(no. 588) by the Ethics Committee of Nippon Medical
School Chiba Hokusoh Hospital.

Statistical Analysis

Statistical analysis was performed by using the Mann-
Whitney U-test to determine the significance of differ-
ences between groups. The chi-square test for independ-
ence or Fisher exact probability test was used for com-
parisons within groups. The software package Kaleida-
Graph (Synergy Software, Reading, PA, USA) was used

for correlation coefficient analysis.

Results

Causative Diseases and Number of Patients with
Short Stature

The patients with short stature included 85 with GHD,
5 with Turner syndrome, 9 with SGA, and 1 with
Noonan syndrome. Among the 85 patients with GHD, 1
patient had craniopharyngioma.

GHD

Eighty-five patients with GHD were treated. At the
start of treatment, height SDS was —2.4 = 0.57, and age at
the start of treatment was 9.2 + 2.92 years. Average dura-
tion of treatment was 4.4 + 1.8 years, final measured
height was 149.0 + 14.3 cm, and final measured height
growth SDS was 1.22 + 0.80.

Age at Start of Treatment for GHD

Age at the start of treatment for GHD is shown in Fig-
ure 1a, b. There was no significant difference in age be-
tween boys (average 9.0 + 0.0 years, n=53) and girls (9.4
+ 2.9 years, n=32). Age at the time of the growth spurt
was defined as 11 years for boys and 9 years for girls".
Age at treatment start was more likely to be after the
growth spurt in girls than in boys (p <0.001, chi-square
test; Fig. 1).

Height SDS at the Start of Treatment

Height SDS at the start of treatment was —2.44 + 0.62
for boys and -2.44 + 0.50 for girls. When height SDS be-
fore and after the growth spurt were compared, height
SDS was —2.47 + 0.62 in boys before the growth spurt, —
2.49 + 0.49 in girls before the growth spurt, -2.39 + 0.62
in boys after the growth spurt, and -2.42 + 0.51 in girls
after the growth spurt. There was no significant differ-

ence in height SDS before and after the growth spurt.
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Final measured height standard deviation score.
Among boys, final measured height standard de-
viation score was significantly lower among those
who started treatment before the growth spurt
than for those who started treatment after the
growth spurt (p = 0.05).
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Final Measured Height SDS

It is difficult to measure patients’ final heights because
they rarely come to our hospital after the end of GH
treatment. Moreover, because patients receiving treatment
were included in this study, SDS of the height at the final
measurement was evaluated. There was no significant
difference between boys (-1.13 + 0.68) and girls (-1.12 =
0.65) overall (Fig. 2). In a comparison of final measured
height SDS before and after the growth spurt, height SDS
was —1.29 + 0.55 at the start of treatment, before the
growth spurt, in boys, —0.85 + 0.78 at the start of treat-
ment, after the growth spurt, in boys, —1.03 = 0.56 at the
start of treatment, before the growth spurt, in girls, and —
1.12 + 0.68 at the start of treatment, after the growth
spurt, in girls. The final measured height SDS of boys
who started treatment before the growth spurt was sig-
nificantly lower than that of boys who started treatment
after the growth spurt (p = 0.05).

Treatment Duration

Average treatment duration did not significantly differ
between boys (4.50 + 2.00 years) and girls (4.46 + 1.95
years). However, treatment duration significantly differed
when treatment was started before and after the growth
spurt in boys (4.95 + 2.11 years vs 3.54 + 1.26 years, re-
spectively; p = 0.004) and girls (6.01 + 1.83 years vs 3.80
+ 1.14 years; p = 0.01).

Annual Height Growth

Annual height growth was 6.98 + 1.50 cm per year for
boys and 6.27 = 1.39 cm per year for girls and was sig-
nificantly greater in boys (p = 0.03). Boys grew 6.57 +
1.05 cm per year before the growth spurt and 7.77 + 1.91
cm per year after the growth spurt (p = 0.02); girls grew
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Table 1 Number of GHD patients in relation to GHD severity

Boys Girls
Disease severity Before growth spurt After growth spurt Before growth spurt After growth spurt
Mild 19 12 6 20
Moderate 14 2 4
Severe 2 1 0 0

The chi-square test showed no significant difference in the distributions of GHD severity before and after the growth

spurt.
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Fig. 3 Change in height standard deviation score (SDS).

The extent of height growth was determined by
examining yearly height SDS in relation to its
change (height SDS - height SDS in previous

year).

6.75 + 0.92 cm per year before the growth spurt and 6.1 =
1.5 cm per year after the growth spurt. There was a sig-
nificant difference in height growth between boys and
girls who started treatment after the growth spurt (p =
0.004).

Because height growth was clearly lower in boys that
started treatment before the growth spurt than in the
other groups, we examined if the difference was related
to disease severity, as determined by the severity classifi-
cation of the stress test". The chi-square test showed no
significant difference in the distributions of disease sever-
ity before and after the growth spurt (Table 1). Analysis
of final measured height SDS in relation to disease sever-
ity in boys showed no significant difference. In addition,
there was no significant difference in final measured
height among children with mild, moderate, and severe

disease, before or after the growth spurt.
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Change in Annual Height SDS After the Start of
Treatment

The extent of height growth was determined by exam-
ining yearly height SDS in relation to its change (height
SDS — height SDS in previous year). That is, when height
extends along with the standard growth curve, change in
height SDS is zero. In GHD patients before the growth
spurt, catch-up growth was substantial until the second
year and decreased after 3 years, and boys exhibited the
same growth as normal children after 6 years. Girls ex-
hibited the same tendency after age 7 years (Fig. 3).

In contrast, among children with GHD who started
treatment after the growth spurt, the treatment effect of
catch-up growth persisted even after 4 to 5 years. Be-
cause the average duration of treatment for GHD pa-
tients who started treatment after the growth spurt was
about 4 years, height did catch up, even when treatment
was ended for financial reasons, such as ineligibility to
receive medical support to continue GH treatment, be-
cause of the patient’s age.

Factors That Predicted Final Measured Height

Analysis of factors that predicted final measured
height included height SDS at treatment start and IGF-1
value before treatment. Starting height SDS was signifi-
cantly positively correlated with final measured height (R
= 0.46, p < 0.05; Fig. 4). However, there was no signifi-
cant correlation between pretreatment IGF-1 level and fi-
nal measured height SDS (data not shown) or between
IGF-1 (SD) and final measured height SDS (data not
shown).

Turner Syndrome

Five patients were treated for Turner syndrome. At the
start of treatment, height SDS was —3.5 = 0.94, and age at
the start of treatment was 8.0 + 2.99 years. Average dura-
tion of treatment was 7.6 + 2.3 years, final measured
height was 148.9 + 5.2 cm, and final measured height
growth SDS was 2.74 + 1.34.

SGA

Nine patients were treated for SGA. Height SDS at the

start of treatment was -2.73 + 0.42, age at the start of

J Nippon Med Sch 2021; 88 (1)



GH Therapy at NMS Chiba Hokusoh Hospital

1
—¥=0.37742 + .6568% R=0.46335
k [+] +]
0 @ ® o n'c @
& o o
o
) o0 % tuoy
a o ﬂ;_ﬂr’ﬁ o
o o og o B
E w5, Lo @
s % e 2%
B o o
= (__'_,-/-"" o
g b
= -3 g...i8
= [+]
=
4k
-5

45 4 35 3 25 -1 15 -1
height SDS at start treatment

Fig. 4 Correlation between starting height standard devi-
ation score (SDS) and final measured height. Start-
ing height SDS was significantly positively corre-
lated with final measured height (R = 0.46, p<0.05).

treatment was 8.50 + 3.96 years, and average duration of
treatment was 3.24 + 1.69 years (at this writing). Final
measured height was 138.4 + 13.1cm, final measured
height growth SDS was 1.27 + 0.79, and annual increase
in height was 6.62 = 1.62cm. Growth in height was

greater in children treated before the growth spurt.

Discussion

We investigated GH treatment over a period of 15 years
in Nippon Medical School Chiba Hokusoh Hospital. The
effects of GH treatment were similar to those previously
reported in Japan”. Among boys, height was significantly
shorter among those who started GH treatment before
the growth spurt than among those who started GH
treatment after the growth spurt. Among children with
GHD who started GH treatment before the growth spurt,
the degree of height catch-up was marked until the sec-
ond year, decreased after 3 years, and was identical to
normal growth after 6 years (for boys) and after 7 years
(for girls). The treatment effect persisted—even 4 to 5
years after the start of GH therapy—among GHD pa-
tients that started treatment after the growth spurt. There
was no significant difference in height SDS in relation to
whether treatment was started before or after the growth
spurt, except for boys who started treatment before the
growth spurt. Finally, boys and girls who started treat-
ment after the growth spurt had good height growth.

J Nippon Med Sch 2021; 88 (1)

Treatment of GHD is believed to be more effective
when patients are young. Some institutions do not ac-
tively test or treat children with short stature in upper
elementary school grades and junior high school, per-
haps because they believe that the treatment effects
would be disappointing when compared with those for
children beginning GH treatment before the growth
spurt. We have been actively testing and treating patients
with short stature, even those at older ages. The present
analysis indicates that GH treatment yields similar im-
provement in height SDS when started before or after the
growth spurt. Thus, if bone age satisfies the treatment
criteria, active evaluation and treatment of short stature
are not futile, even when a child or adolescent might be

regarded as too old to benefit.
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