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GH is often used to treat children with idiopathic short stat-
ure despite the lack of definitive, long-term studies of efficacy.
We performed a randomized, double-blind, placebo-con-
trolled trial to determine the effect of GH on adult height in
peripubertal children. Subjects (n � 68; 53 males and 15 fe-
males), 9–16 yr old, with marked, idiopathic short stature
[height or predicted height < �2.5 SD score (SDS)] received
either GH (0.074 mg/kg) or placebo sc three times per week
until they were near adult height. At study termination, adult
height measurements were available for 33 patients after
mean treatment duration of 4.4 yr. Adult height was greater
in the GH-treated group (�1.81 � 0.11 SDS, least squares

mean � SEM) than in the placebo-treated group (�2.32 � 0.17
SDS) by 0.51 SDS (3.7 cm; P < 0.02; 95% confidence interval,
0.10–0.92 SDS). A similar GH effect was demonstrated in terms
of adult height SDS minus baseline height SDS and adult
height SDS minus baseline predicted height SDS. Modified
intent-to-treat analysis in 62 patients treated for at least 6
months indicated a similar GH effect on last observed height
SDS (0.52 SDS; 3.8 cm; P < 0.001; 95% confidence interval,
0.22–0.82 SDS) and no important dropout bias. In conclusion,
GH treatment increases adult height in peripubertal children
with marked idiopathic short stature. (J Clin Endocrinol
Metab 89: 3140–3148, 2004)

IN MOST CHILDREN with decreased childhood growth,
a specific etiology cannot be identified, a condition

termed idiopathic short stature or non-GH-deficient short
stature. Most such children have a height that is only slightly
below normal, but others have growth failure similar to that
of GH deficiency (1, 2). Many families of such children seek
medical intervention, and GH treatment is often considered.
In a survey of the Lawson Wilkins Pediatric Endocrine So-
ciety, 94% of pediatric endocrinologists reported that they
would recommend GH therapy for some children with this
condition (3). As a result, thousands of children with idio-
pathic short stature receive GH therapy (4, 5).

Randomized trials have demonstrated that GH adminis-
tration accelerates growth in the short term (6–8). Further-
more, most, but not all, nonrandomized long-term studies
suggest that GH increases adult height of children with id-
iopathic short stature (9–18). However, none used a ran-
domized double-blind placebo-controlled design. Only one
previous study, a randomized trial with results from 13 girls

(19), meets the standards for evidence-based medicine (20).
A recent meta-analysis, which included this small random-
ized trial and three studies with nonrandomized, untreated
controls, reported a 5- to 6-cm difference in adult height
between treatment (mean GH dose, 0.31 mg/kg�wk) and
control groups (21).

Thus, many children with idiopathic short stature receive
GH treatment despite a lack of definitive data. This circum-
stance was foreseen in 1983 when an international conference
concluded that “there is an urgent need for therapeutic trials
to determine the effect of growth hormone in short children
who do not have a growth hormone deficiency” (22). In 1987,
the Food and Drug Administration Endocrinologic and Met-
abolic Drugs Advisory Committee called for similar long-
term, well-controlled studies. In response, we initiated this
randomized, double-blind, placebo-controlled trial of GH
therapy in peripubertal children with idiopathic short
stature.

Subjects and Methods
Subjects

Seventy-one patients were enrolled between 1988 and 1999. The orig-
inally planned sample size was 80 subjects, which provided 80% power,
after allowing for dropouts, to detect a 3-cm difference in mean adult
height between the two treatment groups. Inclusion criteria were 1) age

Abbreviations: ANCOVA, Analysis of covariance; CI, confidence in-
terval; SDS, sd score.
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10–16 (boys) or 9–15 yr (girls); 2) bone age of 13 yr or younger (boys)
or 11 yr or younger (girls); 3) testicular volume of 10 ml or less (boys)
or Tanner stage breast development at 2 or less (girls); 4) marked,
proportionate short stature; and 5) peak stimulated GH more than 7
�g/liter. Marked short stature was defined by a height sd score (SDS)
or predicted adult height SDS �2.5 or less within the 12 months before
study initiation, except before 1993, when a cutoff of �2.25 was used (six
patients enrolled based upon a height or predicted height SDS between
�2.25 and �2.5). Children with stimulated GH concentration more than
7 �g/liter were considered GH sufficient based on normative data
generated with the same GH assay (23).

Patients were excluded if they had a chronic illness; a known genetic
syndrome; had ever received GH, estrogen, or androgen treatment; or
were currently receiving other drugs likely to affect growth, including
methylphenidate and similar stimulants. However, low birth weight
was not an exclusion criterion, and six study subjects were born small
for gestational age (birth weight SDS � �2.0). The midparental height
of these subjects was normal. There was no apparent cause for their low
birth weight except in one subject, who was the smaller of dizygotic
twins. Additionally, treated hypothyroidism was not an exclusion cri-
terion. Five subjects were considered to have mild abnormalities of
thyroid function (four with apparent central hypothyroidism, one with
primary hypothyroidism) and had been receiving levothyroxine treat-
ment before the study drug was initiated. None of these patients had
abnormal GH stimulation tests, including the four patients with appar-
ent mild central hypothyroidism.

Based upon available patient histories, mean ages of menarche for
mothers of patients treated with GH and those of placebo-treated pa-
tients were both 12.8 � 1.7 yr. Two of the fathers of GH-treated patients
and one father of a placebo-treated patient provided a history of con-
stitutional delay of growth and adolescence.

Protocol

The protocol was approved by the Institutional Review Board of the
National Institute of Child Health and Human Development (NICHD)
and by a second panel convened by the National Institutes of Health
director. Informed assent/consent was obtained from the patient and a
parent.

Subjects were randomly assigned to receive either recombinant hu-
man GH (Humatrope, Eli Lilly and Co., Indianapolis, IN), 0.22 mg/
kg�wk, or placebo sc divided into three doses per week (a common dose
and frequency when the study was designed). Randomization was strat-
ified by gender and Bayley-Pinneau predicted height (24) into six strata:
predicted height less than 158.5 cm, 158.5–166.0 cm, and more than 166.0
cm for males; and less than 143.6 cm, 143.6–154.0 cm, and more than
154.0 cm for females.

The following evaluations were performed every 6 months: height
(average of 10 stadiometer measurements), Tanner pubertal stage (25),
testicular volume [Prader orchidometer (26)], bone age (27), and fasting
blood sample (obtained 2–3 d after the study drug injection) for blood
count, chemistry panel, insulin, hemoglobin A1C, and IGF-I.

The study drug was continued until growth rate, measured over 1 yr,
decreased to less than 1.5 cm/yr, indicating near adult height. At this
time, bone age was at least 16 yr (boys) or at least 15 yr (girls). A final
evaluation was performed at the study site 1 yr after completing the
study drug, or, for those subjects who discontinued early, at near adult
height based on locally measured height velocity and/or skeletal
maturation.

Beginning in 1993, an independent Data and Safety Monitoring Board
met annually to review interim analyses. In June 2000, the board rec-
ommended study discontinuation and data analysis because the slow
accrual of additional data did not warrant continuation of a placebo
injection control group.

Hormone assays

Insulin concentrations were measured by RIA (assay detection limit,
2.0 �U/ml; Covance Laboratories, Vienna, VA) as were IGF-I concen-
trations (Esoterix Endocrinology, Calabasas Hills, CA) (28).

Statistical analysis

Safety analyses included all patients who received the study drug
(n � 68; Fig. 1). Modified intent-to-treat efficacy analyses included 64
subjects who received the study drug for at least 6 months (Fig. 1). Adult
height was defined as the last height measured after height velocity was
less than 1.5 cm/yr. The prespecified primary efficacy analysis was an
analysis of covariance (ANCOVA) of adult height SDS, incorporating
effects for treatment and baseline predicted height SDS.

Patients were included in the primary efficacy analysis if they re-
ceived the study drug for at least 6 months and had an adult height
measurement (n � 33; Fig. 1). This included 25 patients who received the
study drug until height velocity fell to less than 1.5 cm/yr and eight
patients who discontinued early but returned for adult height measure-
ment. Excluded were three patients who withdrew before receiving the
study drug, three patients treated less than 6 months, 21 patients still
growing when the study was terminated, 10 patients lost to follow-up
(six who could not be contacted after multiple attempts and four who
declined to return), and one patient who was prescribed open-label GH
by an outside physician.

Prespecified secondary efficacy analyses included 1) adult height
minus baseline predicted height and 2) a modified intent-to-treat anal-
ysis of the last observed height SDS for all patients who received the
study drug for at least 6 months, by ANCOVA. Treatment (GH or
placebo) and baseline predicted height SDS (required data available for
62 patients) were used as independent variables for the ANCOVA.

The mean adult height was also estimated for both GH-treated and
placebo patients by fitting a repeated measures model to the available
measured heights at ages 10–18 yr (n � 62). This analysis independently
fit the observed growth patterns in the two treatment groups using 1)
categorical terms for gender and age group (age rounded to the nearest
year), 2) continuous terms for baseline height SDS and baseline predicted
height SDS, and 3) interaction terms for baseline age�treatment,
gender�age group, and treatment�age group. The effect of treatment on
adult height was estimated from the difference in least squares mean
height SDS at age 18 yr.

Intent-to-treat analyses of last observed height SDS were also per-
formed for all 71 randomized patients by both nonparametric (rank
analysis of covariance and generalized Wilcoxon-Mann-Whitney test)
and parametric (ANCOVA incorporating effects for treatment and base-
line predicted height SDS, and ANOVA) approaches.

To determine whether pretreatment variables can predict the mag-
nitude of response to GH, we first developed a multiple linear regression
model for the placebo-treated patients. This model predicted adult
height SDS on the basis of baseline height SDS and chronological age
minus bone age (n � 10; one patient could not be included due to missing
bone age x-ray). We then used this model to estimate the adult height
SDS that GH-treated patients would have achieved had they not re-
ceived GH. Finally, a multiple regression model was developed to es-
timate the difference between adult height SDS actually achieved by the
GH-treated patients and that predicted for the same patients without GH
treatment (n � 20; after exclusion of one outlier with studentized re-
siduals more than 3 and one patient missing IGF-I data).

Results are expressed as mean � sd unless otherwise stated. Height
SDS were based on National Center for Health Statistics (NCHS) data
(29). Gender-adjusted midparental height SDS was calculated using
NCHS data for 18-yr-old adults.

Adverse event frequency was analyzed by Fisher’s exact test. Statis-
tical analyses of IGF-I data were performed on log-transformed data.
Between-group comparisons of IGF-I, insulin, glucose, and hemoglobin
A1C levels were performed by t test. All reported P values are two-sided.

Results
Efficacy

Baseline patient characteristics are shown in Table 1.
Among 68 randomized subjects who received the study
drug, adult height measurements were available for 33 after
mean treatment duration of 4.4 yr (Table 1). At adult height
measurement, or at last observation for analyses that in-
cluded patients without adult height measurements, there
were no statistically significant differences between treat-
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ment groups in treatment duration, chronological age, or
bone age.

Mean height velocity was significantly greater in the GH
group compared with the placebo group during the first 2 yr
of therapy (P � 0.01; Fig. 2C). Consequently, height SDS
increased in GH-treated patients compared with controls
(Fig. 2F), whereas bone age progression was similar (Fig. 2I).
Similar GH effects were observed in subjects with (Fig. 2, A,
D, and G) and without (Fig. 2, B, E, and H) adult height

measurements. In the adult height population, the increases
in height SDS over baseline occurred primarily 3–6 yr before
the adult height measurement (Fig. 3A). During the 3 yr
before adult height measurement, the gain in height SDS
remained essentially stable in both the GH and placebo-
treated subjects. Thus, the difference between the two treat-
ment groups, the GH treatment effect, also changed little
during these last 3 yr (0.42–0.51 SDS). A similar treatment
effect, 0.55 SDS, was also present after treatment for a mean

FIG. 1. Outline of study participation.
Dashed rectangle, Patients included in the
safety analyses; solid-line rectangles, pa-
tients included in the adult height analy-
ses; dashed-dotted rectangles, patients in-
cluded in the other efficacy analyses; *, One
patient was not included in efficacy analy-
ses because she was prescribed open-label
GH by a physician outside the study. FH,
final height; F, female; M, male.

TABLE 1. Clinical characteristics of patients at initiation of treatment and at last observation

Adult height analyses Other efficacy analyses Safety analyses

Placebo (n � 11; 9
males)

GH (n � 22; 18
males)

Placebo (n � 29; 23
males)

GH (n � 35; 27
males)

Placebo (n � 31;
24 males)

GH (n � 37; 29
males)

Treatment initiation
Chronological age (yr) 12.9 � 1.1 12.5 � 1.6 12.3 � 1.3 12.5 � 1.6 12.2 � 1.4 12.5 � 1.6
Bone age (yr) 11.7 � 1.1 11.1 � 1.5 11.0 � 1.6 10.9 � 1.7 10.9 � 1.7 10.9 � 1.7
Height SDS �2.8 � 0.6 �2.7 � 0.6 �2.8 � 0.5 �2.7 � 0.5 �2.8 � 0.5 �2.8 � 0.5
Predicted Height SDS �2.3 � 0.8 �2.1 � 0.7 �2.3 � 0.8 �2.0 � 0.8 �2.3 � 0.8 �2.0 � 0.8
Adjusted midparental

height SDS
�1.3 � 0.7 �1.1 � 1.0 �1.2 � 0.8 �0.9 � 0.9 �1.2 � 0.8 �1.0 � 1.0

Weight SDS �2.1 � 0.7 �2.3 � 0.9 �2.0 � 0.9 �2.3 � 0.7 �2.0 � 0.9 �2.3 � 0.7
Number prepubertal

subjects
2 9 11 17 13 18

Last observation
Treatment duration

(yr)
4.1 � 1.7 4.6 � 1.6 3.5 � 1.4 3.9 � 1.7 3.3 � 1.6 3.7 � 1.9

Chronological age (yr) 19.1 � 1.4 18.6 � 1.8 16.6 � 2.6 17.3 � 2.6 16.7 � 2.6 17.1 � 2.7
Bone age (yr) 18.3 � 1.0 18.0 � 1.2 15.9 � 2.4 16.1 � 3.0 16.1 � 2.4 15.9 � 3.1

Mean � SD.
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of 3.0 yr at last observed height SDS in the patients who had
received the study drug for at least 6 months and lacked adult
height measurements (non-adult height subgroup, Fig. 3B).

The primary efficacy analysis (ANCOVA using baseline
predicted height SDS as the covariate) demonstrated that the
GH group achieved a significantly greater adult height than
the placebo group (�1.81 vs. �2.32 SDS; Table 2) by 0.51 SDS
[3.7 cm; P � 0.02; 95% confidence interval (CI) � 0.10–0.92
SDS]. A similar GH effect was demonstrated by the second-
ary efficacy analyses of adult height SDS, adult height SDS
minus baseline height SDS, adult height SDS minus baseline
predicted height SDS, and adult height SDS minus gender-
adjusted midparental height SDS (Table 2). A similar GH
effect was also seen when the primary efficacy analysis was
restricted to patients with a normal birth weight (0.49 � 0.20
SDS; n � 27; P � 0.02). Individual patient results for adult

height SDS, adult height SDS minus baseline height SDS, and
adult height SDS minus baseline predicted height SDS are
provided in Fig. 4.

Because many subjects lacked adult height measurements,
two modified intent-to-treat analyses were performed for
patients treated for at least 6 months who had all data re-
quired for the analyses (n � 62; mean treatment duration 3.8
yr). The prespecified analysis of last observed height SDS
gave a GH treatment effect similar to the primary efficacy
analysis (0.52 SDS; 3.8 cm; P � 0.001; 95% CI � 0.22–0.82 SDS;
Table 2). A somewhat greater GH effect (0.69 SDS; 5.0 cm; P �
0.0001; 95% CI � 0.43–0.94 SDS; Table 2) was suggested by
the repeated measures model of height SDS at age 18 yr.

Intent-to-treat analyses of last observed height SDS for all
71 randomized patients were also performed. The GH-
treated patients had significantly greater last observed height

FIG. 2. Mean (�SD) height velocity (A–C), height
SDS (D–F), and bone age (G–I) in subjects re-
ceiving GH (solid circles) or placebo (open circles).
A, D, and G, Patients with adult height measure-
ments; B, E, and H, Patients treated for at least
6 months but without adult height measure-
ments; C, F, and I, All study patients treated for
at least 6 months. The number of patients at each
time point is indicated (GH, GH group; P, placebo
group). *, P � 0.05; **, P � 0.01; ***, P � 0.001.
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SDS by rank analysis of covariance (P � 0.002), generalized
Wilcoxon-Mann-Whitney test (P � 0.002), ANCOVA incor-
porating effect of baseline predicted height SDS [0.40 � 0.15
(sd) SDS; P � 0.011], and ANOVA (0.52 � 0.17 SDS; P �
0.003).

Adult height of placebo-treated patients was best pre-
dicted by the following multiple regression model (r2� 0.83;
P � 0.002; Fig. 5A): AH � 0.00722 � 0.878(BH) � 0.047 (BA �
CA), where AH � adult height SDS; BH � baseline height
SDS; BA � bone age (years); and CA � chronological age
(years).

Gain in adult height attributable to GH treatment was best
predicted by the following regression model (r2 � 0.84; P �
0.0001; Fig. 5B): AH � BPH � 1.311–0.305(BH-MPH) �

0.34(BA-CA) � 0.154(HV) � 0.00428(IGF-I), where BPH �
baseline predicted height SDS; MPH � gender-adjusted mid-
parental height SDS; HV � pretreatment height velocity
(centimeters per year); and IGF-I � baseline IGF-I (nano-
grams per milliliter).

For the 21 GH-treated patients for whom the required data
for the model were available, there was 100% sensitivity and
100% specificity in identifying those patients with a gain in
height SDS above 0.5.

Safety

Mean compliance (the percentage of prescribed doses that
were administered according to drug diaries) was 89% for
subjects receiving GH and 84% for those receiving placebo.
Compliance was also monitored by counting returned empty
vials. No statistically significant differences between treat-
ment groups were detected in incidence of adverse effects
historically associated with GH therapy. Examination for
scoliosis, performed per protocol at each study visit, iden-
tified mild or trace scoliosis in 11 patients (seven GH treated,
four placebo treated; P � 0.74). Pubertal gynecomastia was
observed in two GH-treated patients and one placebo-treated
patient (P � 1.00). No patients developed benign intracranial
hypertension, diabetes mellitus, or slipped capital femoral
epiphysis during the study. One patient was diagnosed with
stage IIIB Hodgkin’s disease after 19 wk of GH treatment. A
chest radiograph 2 months before enrollment had been in-
terpreted as showing possible mediastinal widening. Addi-
tionally, one male patient, whose testes were unusually small
before GH treatment, had mild hypergonadotropic hypogo-
nadism. The onset and progression of puberty were similar
between GH-treated and placebo-treated boys (previously
reported) (30) and girls.

After 6 months of treatment, changes in plasma IGF-I
concentrations 12, 24, and 36 h after injection were signifi-
cantly greater in the GH-treated group than in the placebo
group. The maximal mean difference occurred at 24 h [335 �
121 vs. 271 � 147 ng/ml (43.8 � 15.8 vs. 35.4 � 19.2 nmol/
liter); P � 0.04], corresponding to SDS values of �0.1 � 0.3
vs. �1.2 � 0.3 (mean SDS � sem). By 48 h, IGF-I concentra-
tions did not differ significantly between groups. As previ-

FIG. 3. Mean (�SEM) gain in height SDS over baseline in subjects
with (A) and without (B) adult height measurements receiving GH
(solid circles) or placebo (open circles). The x-axis represents the
number of years before the last observed height. The number of
patients at each time point is indicated (GH, GH group; P, placebo
group). The values listed between the two curves represent the mean
GH treatment effect (mean gain in height SDS for the GH group
minus the gain for the placebo group, rounded to the nearest 0.1 SDS).

TABLE 2. Analyses of adult height

Analysis Placebo GH GH treatment effect (95% CI) P value

Adult height analyses
Adult height SDS (t test)a �2.34 � 0.17 �1.77 � 0.17 0.57 (0.03–1.10) 0.04
Adult height SDS minus baseline height SDS (t

test)a
0.42 � 0.07 0.93 � 0.16 0.51 (0.04–0.97) 0.03

Adult height SDS minus baseline predicted height
SDS (t test)a

�0.14 � 0.19 0.32 � 0.12 0.46 (0.02–0.89) 0.04

Adult height SDS minus gender-adjusted
midparental height SDS (t test)

�1.02 � 0.25 �0.66 � 0.19 0.36 (�0.31–1.04) 0.28

Adult height SDS (ANCOVA using baseline
predicted height SDS as a covariate)a

�2.32 � 0.17 �1.81 � 0.11 0.51 (0.10–0.92) 0.02

Intent-to-treat analyses
Last observed height SDS (ANCOVA using baseline

predicted height SDS as a covariate)b
�2.40 � 0.11 �1.89 � 0.10 0.52 (0.22–0.82) 0.001

Height SDS at age 18 yr (repeated measures linear
model)b

�2.20 � 0.12 �1.52 � 0.11 0.69 (0.43–0.94) 0.0001

Least squares mean � SEM.
a Subjects with measured adult height, n � 33, values are least squares means.
b Subjects included in the ANCOVA of last observed height and repeated measures linear model, n � 62, values are least squares means.
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ously reported, the modest GH-induced increase in IGF-I
levels was associated with transient suppression of endog-
enous GH secretion (31).

Fasting insulin (Fig. 6A), fasting glucose (Fig. 6B), and
hemoglobin A1C (Fig. 6C) concentrations (2–3 d after injec-
tion) did not differ significantly between GH and placebo
groups. After 6 months of treatment, fasting plasma glucose
was measured 12, 36, and 60 h after an injection to assess
transient effects. At 12 h, glucose was significantly greater in
the GH group [95.3 � 6.8 vs. 88.2 � 8.3 mg/dl (5.29 � 0.38
vs. 4.90 � 0.46 mmol/liter); mean � sd; P � 0.001]. There was
no significant difference at 36 or 60 h. Insulin, measured only
at 12 h, did not differ significantly between groups [13.5 �
6.5 vs. 12.1 � 9.4 �U/ml (96.9 � 46.6 vs. 86.8 � 67.4 pmol/
liter); GH vs. placebo; P � 0.50; normal range, 2–20 �U/ml].
During treatment, five subjects (four GH, one placebo) had
a single fasting plasma glucose level of 110–125 mg/dl (6.1–
6.9 mmol/liter), but all had glucose of less than 110 mg/dl
(6.1 mmol/liter) at the preceding and following visit.

Discussion

This study, which demonstrates a positive GH effect on
adult height of peripubertal children with idiopathic short
stature, is unique in using a randomized, double-blind, pla-
cebo-controlled design to adult height. This design mini-
mizes bias throughout the research process (32); avoids pos-
sible systematic errors from the use of historical controls or
the subject’s own baseline predicted height, as study com-
parator (32–34); and controls for possible placebo effects (35).

For the 33 patients for whom adult height was available,
GH-treated patients achieved mean height 3.7 cm greater
than placebo-treated patients. However, at study discontin-
uation, many patients lacked adult height measurements.
This limitation, which applies to other studies (9), could lead
to bias if the treatment effect differed systematically between
patients with adult height measurements and those without
adult height measurements. However, this was not the case
with respect to height velocity, height SDS, or bone age
during the study. Furthermore, two modified intent-to-treat
analyses, of last observed height SDS and of estimated height
SDS at age 18 yr, showed a similar GH treatment effect (3.8
and 5.0 cm, respectively), as did four intent-to-treat analyses
of last observed height SDS.

FIG. 4. Mean (�SD) adult height (ht)
SDS (A), adult height SDS minus base-
line height SDS (B), and adult height
SDS minus baseline predicted height
SDS (C) in patients receiving GH or pla-
cebo. A, Horizontal lines denote the fifth
and 10th percentiles for the normal pop-
ulation. *, P � 0.05.

FIG. 5. Adult height prediction models for placebo-treated (A) and
GH-treated (B) patients. A, Adult height prediction model for placebo-
treated patients with idiopathic short stature. B, Model for height
SDS gain of GH-treated patients relative to the adult height SDS that
they were predicted to reach without treatment (from the model in A).
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When the study was initiated, we considered the possi-
bility that GH might accelerate not just height velocity but
also skeletal maturation. In this case, the height SDS of the
GH-treated children would transiently increase more than
the control group, but this gain over controls would not be
sustained because of the earlier cessation of growth in the
GH-treated patients. If this were true, the inclusion of non-
adult height SDS in an intent-to-treat analysis could lead to
an overestimate of the GH treatment effect. However, the GH
treatment regimen used in this study did not accelerate bone
age advancement. In addition, the height SDS of the GH-
treated patients relative to controls increased for 2–3 yr, and
then the treatment effect stabilized, but did not diminish, as
the subjects approached adult height. This evidence against
a transient increase and decline in the GH treatment effect
removes the principal objection to including non-adult
height SDS data in intent-to-treat analyses. For this treatment
regimen, there is no basis for concern that such data would
overestimate the GH treatment effect.

Since this study began, new information has emerged re-
garding GH dose and frequency. Studies in children with
both GH-deficient (36, 37) and non-GH-deficient short stat-
ure (6) report greater efficacy (after 1–4 yr) of daily vs. thrice
weekly administration. Currently, GH is usually adminis-
tered daily. In a recent dose-response study, patients with
idiopathic short stature who received 0.37 mg/kg�wk of GH
had 27% (after 4 yr) (38) and 42% (in a limited number of
subjects followed to adult height) (39) greater increase in
height SDS than those who received 0.24 mg/kg�wk. Even
higher doses (0.6–0.7 mg/kg�wk) have been used in other
conditions (40–42). However, these doses carry increased

risk of supraphysiological IGF-I concentration (42), carbo-
hydrate abnormalities (43–45), and development of acrome-
galic features (42). By contrast, the 0.22-mg/kg�wk dose used
in the current study caused only a moderate increase in
serum IGF-I and had minimal effect on carbohydrate me-
tabolism. Thus, the optimal GH dosage in terms of risk-
benefit and cost effectiveness is still unclear.

To predict how much height gain an individual patient
with idiopathic short stature would achieve from GH treat-
ment, a height gain prediction model was developed. The
model explained 84% of the variation in height gain, com-
pared with 36–66% in models reported previously (16, 39, 46,
47). Greater height gain due to GH treatment was associated
with lower baseline height SDS relative to gender-adjusted
midparental height SDS, lower baseline IGF-I concentration,
greater delay in bone age, and lower pretreatment height
velocity. Each of these four variables contributed a signifi-
cant amount to the multivariate model; when each variable
was examined individually, however, only delay in bone age
was significantly correlated with the height gain due to GH
treatment. The model predicted correctly in all patients
whether they were high or low responders as defined by a
cut-off of 0.5 SDS (the mean height gain over the placebo-
treated group). However, the model will require validation
in an independent cohort of patients.

Most previous nonrandomized trials have also suggested
that GH increases adult height. A recent meta-analysis of
four controlled studies (one with a randomized, untreated
control group and three with nonrandomized, untreated
controls) reported a 5- to 6-cm difference in adult height
between treatment and control groups (21). The smaller GH

FIG. 6. Mean (�SD) fasting plasma in-
sulin (A), fasting serum glucose (B), and
plasma hemoglobin A1C (C) concentra-
tions in subjects receiving GH (solid cir-
cles) or placebo (open circles). Blood
samples were drawn 2–3 d after injec-
tion of the study drug. To convert insu-
lin concentration to picomoles per liter,
multiply by 7.175; to convert glucose
concentration to millimoles per liter,
multiply by 0.05551. The number of pa-
tients at each time point is indicated
(GH, GH group; P, placebo group).
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treatment effect in the current study, 3.7 cm, might be ex-
plained by the randomized, placebo-controlled design; the
lower mean GH dose (0.22 vs. 0.31 mg/kg�wk); the lower
dose frequency (three times per week vs. six times per week);
and/or the greater mean age of treatment initiation (12.4 vs.
10.8 yr) in the current study compared with the four studies
in the meta-analysis.

There were no cases of benign intracranial hypertension,
slipped capital femoral epiphysis, or type 2 diabetes mellitus.
The incidences of aching joints or hip pain, scoliosis, otitis
media, gynecomastia, hyperlipidemia, and hypothyroidism
were not significantly greater among GH- vs. placebo-treated
children in the current trial. However, the power of this study
was not sufficient to assess the relative incidence of these
uncommon adverse events.

These observations do not imply that GH should be used
routinely to treat children with short stature. Mild short
stature appears to have only mild or no psychological con-
sequences (48) and is usually not treated medically. For more
extreme short stature, similar to the GH-deficiency pheno-
type, the adverse psychological consequences and the po-
tential impact of treatment are more controversial (49, 50).
Thus, the current study was limited to patients with height
or predicted height of at most �2.25 SDS (1.2 percentile)
before 1993 or �2.5 or less SDS (0.6 percentile) after 1993.
Ultimately, any benefit derived from an increase in height
must be weighed against the risk of adverse events (4, 5), the
cost (51), and the discomfort of GH injections.

In conclusion, this study makes two unique contributions.
First, it demonstrates through a randomized, double-blind,
placebo-controlled trial that GH treatment increases adult
height in peripubertal children with idiopathic short stature.
This is critical evidence because the nonrandomized trials
that have shown no GH treatment effect (11, 13), or even a
decrease in adult height (10), have created uncertainty about
this key issue (20). Second, this study provides the best es-
timate to date of the height increase that can be expected from
GH treatment, an essential aspect of risk-benefit assessment.
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16. López-Siguero JP, Garcı́a-Garcia E, Carralero I, Martı́nez-Aedo MJ 2000
Adult height in children with idiopathic short stature treated with growth
hormone. J Pediatr Endocrinol Metab 13:1595–1602

17. Coutant R, Rouleau S, Despert F, Magontier N, Loisel D, Limal J-M 2001
Growth and adult height in GH-treated children with nonacquired GH defi-
ciency and idiopathic short stature: the influence of pituitary magnetic reso-
nance imaging findings. J Clin Endocrinol Metab 86:4649–4654

18. Hindmarsh PC, Brook CGD 1996 Final height of short normal children treated
with growth hormone. Lancet 348:13–16

19. McCaughey ES, Mulligan J, Voss LD, Betts PR 1998 Randomised trial of
growth hormone in short normal girls. Lancet 351:940–944

20. Taback SP, Dean HJ 2002 Evidence-based case reviews: management of short
stature. West J Med 176:169–172

21. Finkelstein BS, Imperiale TF, Speroff T, Marrero U, Radcliffe D, Cuttler L
2002 Effect of Growth hormone therapy on height in children with idiopathic
short stature. Arch Pediatr Adolesc Med 156:230–240

22. Underwood LE 1984 Report of the conference on uses and possible abuses of
biosynthetic human growth hormone. N Engl J Med 311:606–608

23. Marin G, Domene HM, Barnes KM, Blackwell BJ, Cassorla FG, Cutler Jr GB
1994 The effects of estrogen priming and puberty on the growth hormone
response to standardized treadmill exercise and arginine-insulin in normal
girls and boys. J Clin Endocrinol Metab 79:537–541

24. Bayley N, Pinneau SR 1952 Tables for predicting adult height from skeletal
age: revised for use with the Greulich-Pyle hand standards. J Pediatr 40:423–
441

25. Tanner JM 1986 Normal growth and techniques of growth assessment. Clin
Endocrinol Metab 15:411–451

26. Zachmann M, Prader A, Kind HP, Hafliger H, Budliger H 1974 Testicular
volume during adolescence: cross-sectional and longitudinal studies. Helv
Paediatr Acta 129:61–72

Leschek et al. • GH for Idiopathic Short Stature J Clin Endocrinol Metab, July 2004, 89(7):3140–3148 3147

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/89/7/3140/2844076 by U
.S. D

epartm
ent of Justice user on 16 August 2022



27. Greulich WW, Pyle SI 1959 Radiographic atlas of skeletal development of the
hand and wrist. 2nd ed. Stanford, CA: Stanford University Press

28. Hintz RL, Liu F, Chang D, Seegan GA 1988 Sensitive radioimmunoassay for
somatomedin C/insulin-like growth factor-1 based on synthetic insulin-like
growth factor 57–70. Horm Metab Res 20:344–347

29. Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, Grummer-
Strawn LM, Curtin LR, Roche AF, Johnson CL 2002 Centers for Disease
Control and Prevention 2000 growth charts for the United States: improve-
ments to the 1977 National Center for Health Statistics version. Pediatrics
109:45–60

30. Leschek EW, Troendle JF, Yanovski JA, Rose SR, Bernstein DB, Cutler GB,
Baron J 2001 Effect of growth hormone treatment on testicular function, pu-
berty, and adrenarche in boys with non-growth hormone-deficient short stat-
ure: a randomized, double-blind, placebo-controlled trial. J Pediatr 138:406–
410

31. Rose SR, Baron J, Bernstein D, Yanovski J, Troendle JF, Leschek E, Chipman
J, Cutler GB 2000 Suppression and recovery of GH secretion after GH injection
in non-GH deficient short children. J Pediatr Endocrinol Metab 13:281–288

32. Sacks H, Chalmers TC, Smith H 1982 Randomized versus historical controls
for clinical trials. Am J Med 72:233–240

33. Zachmann M, Sobradillo B, Frank M, Frisch H, Prader A 1978 Bayley-Pin-
neau, Roche-Wainer-Thissen, and Tanner height predictions in normal chil-
dren and in patients with various pathologic conditions. J Pediatr 93:749–755

34. Bramswig JH, Fasse M, Holthoff ML, Vonlengerke HJ, Vonpetrykowski W,
Schellong G 1990 Adult height in boys and girls with untreated short stature
and constitutional delay of growth and puberty: accuracy of five different
methods of height prediction. J Pediatr 117:886–891

35. Boulton TJC, Smith R, Single T 1992 Psychosocial growth failure: a positive
response to growth hormone and placebo. Acta Pediatr 81:322–325

36. Rosenbloom AL, Knuth C, Shulman D 1990 Growth hormone by daily in-
jection in patients previously treated for growth hormone deficiency. South
Med J 83:653–655

37. MacGillivray MH, Baptista J, Johanson A 1996 Outcome of a four-year ran-
domized study of daily versus three times weekly somatropin treatment in
prepubertal naı̈ve growth hormone-deficient children. J Clin Endocrinol Metab
81:1806–1809

38. Rekers-Mombarg LTM, Massa GG, Wit JM, Matranga AMC, Buckler JMH,
Butenandt O, Chaussain JL, Frisch H, Leiberman E, Yturriaga R, Aarskog D,
Chatelain PG, Colle M, Dacou-Voutetakis C, Delemarre-van de Waal HA,
Girard F, Gosen JJ, Irle U, Jansen M, Jean R, Job JC, Kaar ML, Kollemann
F, Lenko HL, Mublenberg R, Keizer-Schrama SMPFDM, Oostdijk W, Otten
BJ, Piersson M, Preece MA, Price DA, Rayner PHW, Rouwe C, Schmitt K,
Sippell WG, Blumel P, Vulsma T, Waelkens JJJ 1998 Growth hormone ther-

apy with three dosage regimens in children with idiopathic short stature.
J Pediatr 132:455–460

39. Wit JM, Rekers-Mombarg LTM 2002 Final height gain by GH therapy in
children with idiopathic short stature is dose dependent. J Clin Endocrinol
Metab 87:604–611

40. de Muinck Keizer-Schrama SM, Sas TC 1999 Growth hormone treatment
regimens in girls with Turner syndrome. Dutch Advisory Group on Growth
Hormone. Acta Paediatr Suppl 88:126–129

41. De Zegher F, Ong K, van Helvoirt M, Mohn A, Woods K, Dunger D 2002
High-dose growth hormone (GH) treatment in non-GH-deficient children born
small for gestational age induces growth responses related to pretreatment GH
secretion and associated with a reversible decrease in insulin sensitivity. J Clin
Endocrinol Metab 87:148–151

42. Mauras N, Attie KM, Reiter EO, Saenger P, Baptista J 2000 High dose re-
combinant human growth hormone (GH) treatment of GH-deficient patients
in puberty increases near-final height: a randomized, multicenter trial. J Clin
Endocrinol Metab 85:3653–3660

43. Jorgensen JO, Flyvbjerg A, Lauritzen T, Alberti KG, Orskov H, Christiansen
JS 1988 Dose-response studies with biosynthetic human growth hormone (GH)
in GH-deficient patients. J Clin Endocrinol Metab 67:36–40

44. Tanaka T, Seino Y, Fujieda K, Igarashi Y, Yokoya S, Tachibana K, Ogawa
Y 1999 Pharmacokinetics and metabolic effects of high-dose growth hormone
administration in healthy adult men. Endocr J 46:605–612

45. Walker J, Chaussain JL, Bougneres PF 1989 Growth hormone treatment of
children with short stature increases insulin secretion but does not impair
glucose disposal. J Clin Endocrinol Metab 69:253–258

46. Rekers-Mombarg LT, Kamp GA, Massa GG, Wit JM 1999 Influence of growth
hormone treatment on pubertal timing and pubertal growth in children with
idiopathic short stature. Dutch Growth Hormone Working Group. J Pediatr
Endocrinol Metab 12:611–622

47. Wit JM 1999 Growth hormone treatment of idiopathic short stature in KIGS.
In: Ranke MB, Wilton P, eds. Growth hormone therapy in KIGS—10 years’
experience. Heidelberg: Johann Ambrosius Barth Verlag; 225–243

48. Downie AB, Mulligan J, Stratford RJ, Betts PR, Voss LD 1997 Are short
normal children at a disadvantage? The Wessex growth study. BMJ 314:97–100

49. Voss LD 2001 Short normal stature and psychosocial disadvantage: a critical
review of the evidence. J Pediatr Endocrinol Metab 14:701–711

50. Stabler B, Siegel PT, Clopper RR, Stoppani CE, Compton PG, Underwood
LE 1998 Behavior change after growth hormone treatment of children with
short stature. J Pediatr 133:366–373

51. National Institute for Clinical Excellence 2002 Technology appraisal guid-
ance no. 42. Full guidance on the use of human growth hormone (somatropin)
in children with growth failure. May 22, 2002. London: National Institute for
Clinical Excellence; pp 1–24, www.nice.org.uk

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

3148 J Clin Endocrinol Metab, July 2004, 89(7):3140–3148 Leschek et al. • GH for Idiopathic Short Stature

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/89/7/3140/2844076 by U
.S. D

epartm
ent of Justice user on 16 August 2022


