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Context: The effect of GH therapy in short non-GH-deficient children, especially those with idio-
pathic short stature (ISS), has not been clearly established owing to the lack of controlled trials
continuing until final height (FH).

Objective: The aim of the study was to investigate the effect on growth to FH of two GH doses given
to short children, mainly with ISS, compared with untreated controls.

Design and Setting: A randomized, controlled, long-term multicenter trial was conducted in Sweden.

Intervention: Two doses of GH (Genotropin) were administered, 33 or 67 �g/kg�d; control subjects
were untreated.

Subjects: A total of 177 subjects with short stature were enrolled. Of these, 151 were included in the
intent to treat (AllITT) population, and 108 in the per protocol (AllPP) population. Analysis of ISS subjects
included 126 children in the ITT (ISSITT) population and 68 subjects in the PP (ISSPP) population.

Main Outcome Measures: We measured FH SD score (SDS), difference in SDS to midparenteral
height (diff MPHSDS), and gain in heightSDS.

Results: After 5.9 � 1.1 yr on GH therapy, the FHSDS in the AllPP population treated with GH vs.
controls was �1.5 � 0.81 (33 �g/kg�d, �1.7 � 0.70; and 67 �g/kg�d, �1.4 � 0.86; P � 0.032), vs.
�2.4 � 0.85 (P � 0.001); the diff MPHSDS was �0.2 � 1.0 vs. �1.0 � 0.74 (P � 0.001); and the gain
in heightSDS was 1.3 � 0.78 vs. 0.2 � 0.69 (P � 0.001). GH therapy was safe and had no impact on
time to onset of puberty. A dose-response relationship identified after 1 yr remained to FH for all
growth outcome variables in all four populations.

Conclusion: GH treatment significantly increased FH in ISS children in a dose-dependent manner,
with a mean gain of 1.3 SDS (8 cm) and a broad range of response from no gain to 3 SDS compared
to a mean gain of 0.2 SDS in the untreated controls. (J Clin Endocrinol Metab 93: 4342–4350, 2008)
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GH has been used therapeutically in humans since the 1950s
(1). Children with short stature of various etiologies were

treated soon thereafter, but owing to a supply shortage, the use
of GH was restricted to children with very low GH secretion (2, 3).
When biosynthetic GH became available in the late 1980s (4), the
cutoff level defining GH deficiency (GHD) changed (5–8). Data-
bases were initiated to monitor the safety and efficacy of GH treat-
ment in children, and these data support the good safety profile of
biosynthetic GH that has been seen in clinical trials (9, 10). How-
ever, there was limited information on the effect of GH for non-
GHD short children with idiopathic short stature (ISS) (11–13).
Therefore, to investigate the GH effect in short non-GHD children
especially, randomized, controlled trials were initiated in both the
United States (14) and Sweden in children born either slightly small
for gestational age (SGA) or appropriate for gestational age (AGA).
The results of some of these trials have been published; however,
some lack randomized control groups, whereas others have a
limited number of subjects who were followed to final height
(FH) (14 –16).

The aim of the present study was to investigate in a long-term
trial the effects of GH therapy on FH in short non-GHD children
as compared with randomized, untreated controls. Secondary
aims of the study were to determine whether there was a dose-
response relationship, to evaluate whether GH therapy induced
earlier onset of puberty, and to evaluate if and how the variation
in FH could be explained.

Subjects and Methods

Ethics
The study was approved by the Ethical Committees of Sweden at

Göteborg, Lund, Linköping, Uppsala, Huddinge, Umeå, and Karolinska
Institutet. Informed consent was obtained from all the children and their
parents.

Subjects

Inclusion
Short children, defined as height below �2 SD score (SDS) according

to the Swedish population-based reference (17), whose chronological age
was 8–13 yr for girls and 10–15 yr for boys, with a corresponding bone
age no more than 11 yr in girls and no more than 13 yr in boys according
to Tanner-Whitehouse, were included.

Exclusion
Children were excluded if they had GHD, defined as GHmax value at

two GH stimulation tests below 10 �g/liter (20 mU/liter); had a bone age
retardation of at least 3 yr; or had significant chronic diseases, skeletal
dysplasia, or chromosome aberrations. Children born at a gestational
age less than 35 wk or with extreme intrauterine growth retardation were
also excluded.

Study populations
In total, 177 short children were enrolled into the study, of whom

three did not participate; therefore, 174 children constituted the safety
population. Of the patients enrolled, 26 were not included for the efficacy
analysis, primarily owing to protocol inclusion/exclusion violations in
the GH-treated group (n � 14) and the use of treatment regimens such
as GH or testosterone that were violations of the protocol in the controls
(n � 12). The remaining 151 children constituted the all subject intent to

treat (AllITT) population, of which 108 adhered to the protocol, the all
subject per protocol (AllPP) population, the primary efficacy population
for the analyses.

When the study was initiated, there was no distinction between chil-
dren with ISS and those born SGA. As knowledge about differences
between these two groups became known, we then classified children as
ISS or SGA based on current clinical guidelines (18, 19). The growth
responses of subjects with ISS were further evaluated. Thus, after ex-
clusion of 48 subjects [45 with SGA (20, 21), three without available
birth weight or length data], our analysis included 126 children with ISS
in the ISS intent to treat (ISSITT) population and 68 subjects in the ISS per
protocol (ISSPP) population. The baseline characteristics of the various
populations are described in Table 1.

Methods

Study design
Eligible children were enrolled into this randomized, controlled,

dose-response study at seven university hospitals in Sweden between
1988 and 1999. Children were evaluated during a 12-month prestudy
period, and those who remained prepubertal were randomized to no
treatment (controls, n � 47) or to one of two doses of GH (Genotropin;
Pfizer Inc., New York, NY): 33 �g/kg�d (0.1 U/kg�d), n � 49; or 67 �g/kg�d
(0.2 U/kg�d), n � 50.

The 31 children who entered puberty during the prestudy year were
randomized to either 67 �g/kg�d of GH (n � 16) or an untreated control
group (n � 15).

Children were followed at least once a year at a university hospital for
efficacy and safety measurements, which included bone age determina-
tion, lab tests, auxology, and puberty staging. Children were also clin-
ically evaluated for dose adjustments every third month at their local
children’s hospital. They were followed until they reached FH, which
was defined as the height when growth velocity was less than 1 cm/yr (the
height end point value used for analyses of FH). However, according to
this definition of FH, GH treatment was stopped prematurely in 64
children. All children had passed their peak height velocity; 34 had a
growth rate between 1 and 2 cm/yr, 16 had a growth rate between 2 and
3 cm/yr, and 14 had a growth rate of more than 3 cm/yr at the time they
stopped GH treatment.

Prestudy assessments
During the year before randomization, standing and sitting heights

were measured using a stadiometer every third month, and the mean of
three measurements was recorded. GH provocation tests and a sponta-
neous 24-h GH secretion profile were performed (22); methods for as-
saying GH and IGF-I concentrations were previously reported (6, 23,
24). Bone age was evaluated according to Tanner-Whitehouse by one
radiologist in a blinded manner (Table 1).

Growth outcome variables
Three outcome variables were used for evaluation of response to GH

treatment: 1) FH as measured in centimeters and SDS using the reference
population born in 1974 (17); 2) gain in heightSDS, which was calculated
using FHSDS minus heightSDS at baseline using the childhood component
of the growth reference (25); and 3) FHSDS minus midparental height
(MPH) SDS, referred to as diff MPHSDS. MPHSDS was calculated as
follows: (father’s height SDS � mother’s height SDS)/1.61 (26). Body
mass index SDS was calculated vs. the new Swedish reference (27).

Statistical analyses
The statistical analyses were performed using the standard statistical

package SPSS, version 15.0 (SPSS Inc., Chicago, IL). Results are ex-
pressed as mean � SD unless otherwise specified. Analyses were per-
formed using nonparametric tests of Wilcoxon type. Safety analyses in-
cluded all 173 children in the safety population.

For analyses, the AllPP population of 108 children was used as the
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primary efficacy population. Analyses were also performed in subjects
with ISS (ISSPP, n � 68). Furthermore, growth response in children with
MPHSDS below �2 SDS, i.e. with familial short stature (FSS), was com-
pared with growth in non-FSS children (18, 19). Stepwise multiple for-
ward regression analyses were performed for the analysis of factors that
significantly explained the variance in growth response and FH. In all
analyses, low and high GH doses were included as dummy variables.
Only variables entering the regressions at levels below the significance
level 0.05 were used.

Results

FH outcome

All subject populations
In the AllPP population, GH-treated children (n � 77) reached

a significantly taller FH compared with untreated controls
(n � 31), for both males and females (Table 2). FHSDS, gain
in heightSDS during treatment, and diff MPHSDS also im-
proved significantly in GH-treated subjects compared with
untreated controls (Figs. 1 and 2). When the effects of GH
treatment on growth outcomes in females and males were
evaluated separately, the effects in females were less pro-
nounced; the response in males was significant for all variables
at the P � 0.001 level (FHSDS �1.6, diff MPHSDS �0.35, and
gain in heightSDS 1.0), whereas this was not the case for all
comparisons in females [FHSDS �2.1 (P � 0.002), diff
MPHSDS �0.45 (P � 0.034), and gain in heightSDS 0.71 (P �

0.001)]. The results in the AllITT population were similar to
those found in the AllPP population (Table 2).

ISS populations
In the ISSPP population (n � 68), GH treatment resulted in

significant improvements in FH for both girls and boys com-
pared with untreated control subjects, including FHSDS, diff
MPHSDS, and gain in heightSDS (Table 2). In fact, when growth
parameters of the 24 SGA children in the AllPP population were
compared with the ISSPP population, there were no significant
differences in growth responses (data not shown). A significant
gain in height with GH therapy was also observed in the ISSITT

population, which was similar to that seen in the ISSPP popula-
tion. The 45 SGA children (in the AllITT population) exhibited a
significant growth response to GH therapy similar to the children
in the ISSITT population (data not shown).

Dose response

All subject populations
In the AllPP population, a dose-response relationship was ev-

ident when comparing the FHSDS obtained in those receiving the
higher dose (67 �g/kg�d) of GH vs. the lower dose (33 �g/kg�d):
�1.4 � 0.86 SDS vs. �1.7 � 0.70 SDS; P � 0.032. A significant
dose-response relationship was also observed in the AllITT pop-
ulation for FHSDS (P � 0.008), diff MPHSDS (P � 0.005), and
gain in heightSDS (P � 0.007) (Table 2).

ISS populations
In both the ISSPP and ISSITT populations, significant dose-

response relationships were found for diff MPHSDS (P � 0.05)
(Table 2).

TABLE 1. Subject characteristics at birth, at study start, and at FH of the all subjects and ISS populations

Population

AllPP (n � 108) AllITT (n � 151) ISSPP (n � 68) ISSITT (n � 126)

Control GH Control GH Control GH Control GH

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

At birth/early growth
Gestational age

(wk)
39.3 2.04 39.4 1.66 39.1 2.13 39.5 1.60 39.2 1.67 39.4 1.76 39.1 2.22 39.3 1.67

Birth length SDS �1.25 0.96 �0.94 0.95 �1.18 1.02 �1.16 1.08 �0.62 0.56 �0.71 0.68 �0.71 0.60 �0.73 0.76
Birth weight SDS �0.88 0.97 �0.67 0.95 �0.81 0.96 �0.83 1.08 �0.26 0.78 �0.33 0.70 �0.48 0.72 �0.39 0.72
MPH SDS �1.41 0.88 �1.27 0.88 �1.35 0.81 �1.32 0.85 �1.30 0.64 �1.36 0.79 �1.07 0.70 �1.30 0.82
Mother’s height

SDS
�1.23 0.97 �1.02 0.95 �1.13 0.93 �1.11 0.90 �1.06 0.78 �1.10 0.92 �0.85 0.78 �1.08 0.91

Father’s height SDS �1.04 0.97 �1.02 0.96 �1.04 0.94 �1.02 0.97 �1.03 0.73 �1.09 0.74 �0.87 0.84 �1.01 0.83
� length, birth to

3 yr
�0.48 0.57 �0.63 0.41 �0.48 0.57 �0.60 0.42 �0.69 0.64 �0.73 0.38 �0.63 0.48 �0.70 0.38

At study start
Pretreat yr growth,

SDS
0.03 0.20 �0.02 0.27 �0.12 0.41 �0.09 0.33 �0.13 0.38 �0.08 0.29 �0.14 0.36 �0.08 0.30

Age (yr) 11.4 1.4 11.3 1.4 11.8 1.4 11.5 1.4 12.0 1.6 11.5 1.3 12.0 1.3 11.5 1.3
Height SDS,

childhood
�2.57 0.34 �2.75 0.54 �2.69 0.46 �2.82 0.59 �2.76 0.39 �2.84 0.56 �2.67 0.42 �2.75 0.54

Body mass index
SDS

�1.16 0.86 �1.48 0.96 �1.35 0.88 �1.50 0.94 �0.89 1.00 �0.84 1.07 �0.97 0.83 �0.81 1.05

Diff MPH SDS �0.84 0.95 �0.91 1.05 �0.83 1.00 �0.87 1.02 �1.46 0.77 �1.48 0.91 �1.6 0.79 �1.45 0.91
GHmax AITT/24 h

(mU/liter)
45.6 17.9 48.4 26.1 47.7 17.2 49.7 26.1 46.6 17.7 47.1 24.8 44.8 16.7 46.3 22.8

IGF-I SDS �0.75 1.25 �0.83 1.22 �0.76 1.14 �0.80 1.16 �0.73 0.79 �0.92 1.15 �0.99 0.96 �0.83 1.14
Bone age delay (yr) �1.63 0.92 �1.68 0.90 �1.54 0.94 �1.60 0.95 �1.80 0.69 �1.73 1.01 �1.56 0.87 �1.58 0.94

At FH
Years on GH 5.94 1.12 5.26 1.67 5.64 1.37 5.38 1.54
Age (yr) 19.3 2.73 19.0 1.88 19.7 3.32 19.2 2.14 19.8 2.72 19.3 2.16 20.2 3.04 19.2 1.98

AITT, Arginine insulin tolerance test.
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Prepubertal growth
Sixty-two children from the AllPP population were in the

study for at least 1 yr before the onset of puberty. The mean gain
in � heightSDS after 1 yr on treatment compared with baseline
was 0.53 � 0.20 in the 33 �g/kg�d group (n � 17), 0.76 � 0.22
SDS in the 67 �g/kg�d group (n � 27), and �0.01 � 0.27 in the
untreated controls (n � 18). Children in both GH-treated groups
had significantly greater prepubertal growth than the untreated
controls (P � 0.001), and there was a significant difference be-
tween the two GH dose groups (P � 0.001). During the pre-
treatment year, the change in heightSDS was 0.01 SDS in the low
dose, �0.01 in the high dose, and 0.07 in the untreated controls.
If the same growth velocity was assumed when evaluating the
changes in heightSDS during the first year of treatment with GH
(0.52 in the low dose, 0.77 in the high dose, and �0.076 in the
controls), the changes remained significant within the treated
group (P � 0.001). A GH dose-dependent growth response was
found (P � 0.004).

Time from study start to onset of puberty
In the AllPP population, GH treatment had no effect on time

until puberty onset, which started 22.6 � 9.81 months after the
study start in the GH-treated children and 22.2 � 8.3 months in

the untreated controls. Gain in height from onset of puberty to
FH was significantly greater in both the 33 and 67 �g/kg�d GH-
treated groups (0.95 � 0.79 SDS and 1.10 � 0.94 SDS, respec-
tively) vs. the untreated controls (0.48 � 0.70 SDS; P � 0.02 and
P � 0.006, respectively). There was no significant difference
between the two GH-treated groups.

FSS vs. non-FSS
Of the 108 children in the AllPP population, there were 21

with FSS of whom 13 were GH-treated. The non-FSS individuals
grew significantly better than those with FSS; the difference be-
tween FSS and non-FSS in FHSDS was 1.0 in the untreated con-
trols (P � 0.019) and 0.7 (P � 0.011) in the GH-treated indi-
viduals; the difference in gain in heightSDS was 0.7 (P � 0.034)
in the controls and 0.4 (P � 0.041) in the GH group; and the
difference in diff MPHSDS was 0.7 (P�0.020) in controls and 1.0
(P � 0.001) in GH-treated children. The FH of FSS children was
closer to their parents’ height than non-FSS children. The 36
non-FSS children treated with high-dose GH showed the highest
growth response: the FHSDS was �1.18, gain in heightSDS was
1.53, and diff MPHSDS was �0.20. The corresponding values of
the AllITT population are presented in Table 2.

TABLE 2. Outcome results at FH of the four populations

Population Outcome

Controls 33 mg/kg�d 67 mg/kg�d P <

Mean n SD Mean n SD Mean n SD

Control
vs.33

Control
vs.67

33 vs.
67

AllPP (n � 108) FH, cm boys 165 23 5.4 170 23 4.0 172 35 5.9 0.007 0.001 0.053
FH, cm girls 150 8 4.8 155 9 5.2 157 10 4.0 0.059 0.001 NS
FH, SDS �2.4 31 0.85 �1.7 32 0.70 �1.4 45 0.86 0.001 0.001 0.032
Gain height SDS 0.2 31 0.69 1.0 32 0.77 1.4 45 0.76 0.001 0.001 0.056
Diff MPH SDS �1.0 31 0.74 �0.1 32 0.99 0.4 45 1.04 0.009 0.001 0.057

AllITT (n � 151) FH, cm boys 165.5 32 5.83 168 33 6.3 171 47 6.1 NS 0.001 0.014
FH, cm girls 151.8 14 5.64 155 10 5.1 157 15 4.8 NS 0.006 NS
FH, SDS �2.3 46 0.82 �2.0 43 0.85 �1.5 62 0.89 0.053 0.001 0.008
Gain height SDS 0.4 46 0.85 0.9 43 0.81 1.3 62 0.82 0.005 0.001 0.007
Diff MPH SDS �1.0 46 0.83 �0.3 43 0.96 0.2 62 1.05 0.096 0.001 0.005

ISSPP (n � 68) FH, cm boys 166 14 4 169 14 4.4 171 24 5.8 0.062 0.001 NS
FH, cm girls 151 5 3.9 159 4 4.8 157 7 3.9 0.063 0.018 NS
FH, SDS �2.2 19 0.75 �1.7 18 0.68 �1.5 31 0.84 0.004 0.001 NS
Gain height SDS 0.4 19 0.62 1.2 18 0.82 1.3 31 0.73 0.004 0.001 NS
Diff MPH SDS �1.0 19 0.77 �0.1 18 0.64 0.4 31 1.03 0.057 0.001 0.042

ISSITT (n � 126) FH, cm boys 166 36 7.38 169 26 5.2 172 39 5.7 0.042 0.001 0.059
FH, cm girls 154 9 5.45 158 5 4.2 157 11 4.7 0.083 NS NS
FH SDS �2.1 45 0.71 �1.7 31 0.77 �1.4 50 0.86 0.019 0.001 NS
Gain height SDS 0.5 45 0.79 1.1 31 0.86 1.3 50 0.78 0.005 0.001 NS
Diff MPH SDS �0.6 45 0.8 �0.1 31 0.68 0.3 50 1.12 0.005 0.001 0.047

Non-FSS in AllITT

(n � 121)
FH, cm boys 167a 24 4.3 168 28 6.1 172b 36 5.3 NS 0.001 0.005
FH, cm girls 153 12 4.6 156 9 5.1 158 12 4.9 NS 0.014 NS
FH SDS �2.1 36 0.71 �1.9 37 0.80 �1.3 48 0.81 NS 0.001 0.002
Gain height SDS 0.5 36 0.78 0.9 37 0.80 1.4 48 0.79 0.019 0.001 0.007
Diff MPH SDS �0.7 36 0.79 �0.4 37 0.93 0.1 48 1.02 0.041 0.001 0.011

FSS in AllITT

(n � 30)
FH, cm boys 160 8 7.0 164 5 6.8 166 11 6.3 NS 0.062 NS
FH, cm girls 145 2 7.6 150 1 153 3 2.5 NS NS NS
FH SDS �2.9a 10 0.94 �2.6 6 0.94 �2.2b 14 0.86 NS 0.064 NS
Gain height SDS �0.09a 10 0.97 0.5 6 0.77 0.9 14 0.83 NS 0.022 NS
Diff MPH SDS 0.05b 10 0.71 0.4 6 0.86 0.8a 14 0.99 NS NS NS

NS, Not significant.
a P � 0.05; b P � 0.01, FSS vs. non-FSS within same treatment group.
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Multivariate analyses
With the use of multivariate analyses in the AllPP population,

the factors explaining the variance in growth outcomes were:
1) at birth and infancy—length at birth, height difference to the
parents, infancy growth, high/low GH dose; and 2) at baseline—
bone age delay, heightSDS, and IGF-ISDS. These variables ex-
plained 58% of the variation in FHSDS, 47% of the variation in
gain in heightSDS, and 50% of the variation in diff MPHSDS.
Table 3 illustrates the order of entrance and the regression co-
efficients for the predictors of growth response. The high dose
always entered the regression before the low dose independent
of the study population, indicating a dose-dependent growth
response.

In the AllITT population relative to the AllPP population, the
variables explained approximately 10% more of the variability
in FHSDS, gain in heightSDS, and diff MPHSDS being 60, 68, and
61%, respectively (Table 3). The corresponding figures of the
ISSPP and ISSITT populations are presented in Table 3.

Safety
The safety population consisted of 112 subjects treated with

GH and 61 controls. No serious adverse events were attributed
to GH therapy. Six children were withdrawn from the study
owing to adverse events: four in the low-dose GH-treated group,
and two controls. Dissociative identity disorder, pituitary cyst,
mood swings, and irritability were the adverse events leading to
discontinuation of GH therapy in the treated groups; in the un-
treated control group, discontinuations were due to a road traffic
accident and a brain tumor. There was no effect found on thyroid
or liver function during this long-term study. Fasting glucose and
insulin levels increased in a dose-dependent fashion; however, no
individual had persistently elevated glucose and insulin levels.
During GH treatment, 29 subjects had an elevated glucose and
insulin level that was subsequently normal on the following
assessment.

IGF-I levels remained within � 3 SDS throughout the study in
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FIG. 1. Primary outcome. FHSDS of the AllPP population (n � 108) of the three
randomized groups: untreated (n � 31), GH 33 �g/kg�d (n � 32), and GH 67
�g/kg�d (n � 45). Box and whisker plot shows median, interquartile range (IRQ),
and values within � 1.5 IRQ of baseline and FHSDS. The dotted line represents
the mean MPHSDS of the study population. Open boxes, Height at study start;
filled boxes, FH.
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all but 21 children (20 on GH and one untreated control). During
the first year of GH treatment, 14 children (seven on each GH
dose) had one instance of an IGF-I level between 3 and 3.5 SDS.
In six children (five high-dose GH and 1 low-dose GH), two to
four subsequent IGF-I levels were above �3 SDS during the first
and second years of GH therapy, whereas it remained high in
only one child during the third year. Thereafter, all levels were
below �3 SDS in all children while on GH treatment. Figure 3

illustrates the mean levels of IGFSDS and ratio IGF-I/IGFBP3

binding protein-3 (IGF-I/IGFBP3) SDS for the three groups.

Discussion

This randomized, controlled trial in non-GHD children with
short stature and ISS demonstrated that GH treatment for a mean

TABLE 3. Regression coefficients, adjusted R2 signs, and order of entrance of the significant predictors in the multiple forward
regression analyses are given for all four populations

At baseline

GH dose At birth At baseline

Rsq
Adj (%) High Low Length SDS Diff MPH Growth 0–3 yr Height SDS BA delay Diff MPH IGF SDS

AllPP (n � 108)
FH SDS 50 0.952 0.347 0.401 0.526 0.713 �0.254 �0.255

Gain SDS 47 0.742 0.234 �0.271 �0.483

Diff MPH SDS 58 0.772 0.341 0.395 �0.264 �0.413

AllITT (n � 151)
FH SDS 61 1.172 0.705 0.551 �0.174 0.493 0.696 �0.277 �0.174 �0.128

Gain SDS 59 1.171 0.723 0.195 �0.302 �0.186 �0.134

Diff MPH SDS 68 1.142 0.714 0.191 �0.275 0.673 �0.146

ISSPP (n � 68)
FH SDS 40 1.021 0.624 0.982 �0.295 0.833

Gain SDS 41 0.952 0.624 0.343 �0.611

Diff MPH SDS 58 0.962 0.624 0.353 0.401

ISSITT (n � 126)
FH SDS 40 0.821 0.445 0.227 1.042 �0.203 �0.446 �0.144

Gain SDS 40 0.852 0.455 0.244 �0.251 �0.453

Diff MPH SDS 59 0.832 0.455 0.343 0.437 �0.194 0.461 �0.146

Superscripts represent order of entrance of the significant predictors in the multiple forward regression analyses. RsqAdj, Adjusted R2; BA, bone age.

FIG. 3. Mean levels and 95% confidence intervals of AllITT population for IGFSDS (left) and ratio IGF-I/BP3 SDS (right) at baseline, 3 months, 1 yr, and the mean value of
the individual mean between 1 yr and GH stop for the three different randomization groups. On GH 33 �g/kg�d, the ratio IGF/BP3 increased from �0.52 � 0.93 to a
mean level of 0.01 � 1.5, whereas on GH 67 �g/kg�d the corresponding figures were from �0.99 � 0.94 to 0.57 � 0.8. IGF-I levels in the low-dose GH group
increased from �0.66 � 1.11 to 0.63 � 1.10, and for the high-dose GH group, levels increased from �0.94 � 1.2 to 1.11 � 1.08. In the untreated controls, the
corresponding data for IGF/BP3 SDS ratio was from �0.88 � 0.83 to �0.70 � 1.24, and for IGF-I SDS from �0.78 � 0.96 to �0.77 � 1.06.
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of 5.9 � 1.1 yr, given from near start of puberty, significantly
increased the FH of subjects to a height close to that of their
parents. The GH effect was dose-dependent, and the children
with parents of normal heights responded best, their mean FH
being �1.2 SDS and only 0.2 SDS below MPH after a gain of 1.5
SDS (approximately 9 cm). The FH in untreated controls was
�2.4 SDS, and �1.0 SDS from their parents after a gain of only
0.2 SDS from the start of the study. Notably, one third of indi-
viduals receiving the high GH dose and one fifth of those receiv-
ing the low dose reached a FH above �1 SDS compared with
none of the controls.

Since the study commenced in 1988, other long-term stud-
ies evaluating the growth effect of GH treatment in children
with ISS have been reported (14 –16). However, our study
provides more conclusive results in that it is the only random-
ized, controlled study using two doses of daily GH with a start
in prepubertal children who were followed to FH. Impor-
tantly, 88% of the prepubertal children enrolled in the study
were part of the primary PP population of this study; 65% of
children receiving the low dose, 90% of children receiving the
high dose, and 66% of untreated control children were fol-
lowed to the study endpoint of FH. It can be argued that those
with the lowest growth response were those who decided to
stop prematurely. If so, the dose effect may be somewhat over-
estimated. Placebo-controlled studies would have been supe-
rior to the present design with an untreated control group.
However, placebo-treated subjects tend to show an even
higher dropout rate; the only such GH trial reports as much as
90% dropouts (14).

In agreement with previous studies in GHD (28) and in ISS
(16), we found that the higher the daily GH dose, the better the
growth response, corresponding to the correlation between
height and GH secretion in healthy children (22). In addition, a
daily injection compared with a three times weekly administra-
tion schedule affects outcomes (29), although the spontaneous
GH secretion is blunted owing to a negative feedback mechanism
after each GH injection (30). Both the doses and the frequency of
injections used contribute to the better growth in the present
study compared with previous studies (14–16).

During puberty, the GH secretion rate more than doubles
in boys and quadruples in girls compared with before puberty
(22, 31). Consequently, giving boys and girls the same numerical
GH dose during puberty will lead to a biologically lower dose in
girls. In fact, the boys in the present study grew more than girls
during puberty on GH treatment, although both girls and boys
significantly responded to GH therapy.

Children with short stature are diagnosed with ISS when all
known causes of short stature are excluded (18, 19). It is
presumed that within subgroups of children with ISS, there are
different causes for their short stature including genetic dis-
orders of the GH axis (32). Until more knowledge is gained on
GH responsiveness, prediction models for growth response,
based on estimations of the heterogeneity in GH sensitivity,
can be clinically used to assess the individual responsiveness
to GH therapy (33–36). The dose of GH in our study was
chosen for each child based only on a strict randomization
procedure and not on his or her own responsiveness to GH,

which may account for the broad variation in the response to
GH therapy, i.e. from no gain up to 3 SDS (18 cm), similar to
findings in other studies (14 –16). This variation may have
been less if a dose estimated from the best available prediction
model had been applied, rather than a fixed dose per kilogram
of body weight (34). We recently demonstrated a reduction in
the growth response variation using a prediction model for
selection of the individual GH dose (33, 37).

There are many variables known to affect the growth re-
sponse to GH treatment. In the present study, the results of the
multivariate analyses showed that already at an early age, low
and/or high GH dose, birth length, diff MPHSDS, and early
growth during the first years of life (38) were significantly
correlated to growth response, confirming the results of other
studies (14 –16). The greater the height difference between the
child and his or her parent, the better the response will be to
GH (14, 15). In other words, children from parents of normal
height (non-FSS) respond better than those from short parents
(FSS). Similarly, bone age delay has been shown to be an impor-
tant predictor of response to GH treatment (14, 16). In our study,
there were no entry criteria regarding diff MPHSDS; therefore,
the genetic potential of the child’s predicted height was not ac-
counted for. Relative to other studies, the children of our study
were taller. They were below �2 SDS vs. the population born
in the mid-1970s, but in other trials, the height criteria for
study entry were shorter and related to older reference values.
Despite these variables, there was an even better growth out-
comes in the individuals of our study relative to those of other
studies (14 –16).

Children born SGA were not excluded from the GH trials in
children with ISS initiated in the 1980s (12, 14, 15), as was the
case for the present study. In a population of short prepubertal
children, approximately 30% of children would have been born
SGA (20). We found that size at birth, as a continuum, is an
important predictor of the variation in response. However, chil-
dren born SGA responded at the same magnitude as those born
AGA, suggesting a low value of the arbitrarily chosen statistical
cutoff level of �2 SDS for the definition of SGA as an indicator
of different GH responsiveness (20, 34).

In conclusion, GH treatment that commenced as late as
near the start of puberty in children with short stature and
with ISS resulted in a dose-dependent increase in FH of ap-
proximately 1 SDS more than the control group randomized
to no treatment. GH therapy was safe and had no impact on
the time until onset of puberty. This long-term, randomized,
controlled trial is unique in that so many individuals were
followed to FH. Although there was variation in the growth
response owing to individual GH responsiveness, most indi-
viduals receiving the high-dose GH regimen reached normal
adult height. However, the demonstration of a significant
height gain in the GH-treated individuals compared with the
nontreated group does not mean that such treatment is rec-
ommended for all children with ISS. On the contrary, it should
be recommended to those predicted to have a good growth
response (33, 34), and only after thorough discussions with
the subjects and parents to determine, on a case-by-case basis,
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those who suffer substantially from their short stature, thus
justifying this long-term therapy.
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