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GH replacement therapy has been shown to improve abnor-
malities in body composition, bone mineral density (BMD),
lipid profile, and other changes resulting from GH deficiency
(GHD) in adults. There is, however, need to determine appro-
priate dosing in young adults who were treated for GHD as
children, to bridge the interval between childhood (in which
relatively high doses are used) and older adulthood (in which
only lower doses are tolerated). This multicenter, random-
ized, double-blind, placebo-controlled study compares the
safety and efficacy of two doses of GH (25 and 12.5 �g/kg�d)
with placebo, maintained for 2 yr, in adults with GHD who
were treated as children and were off GH for at least 1 yr
(mean, 5.6 yr).

The 64 treated subjects were less than 35 yr of age (mean,
23.8 yr) and had maximum serum GH responses, on retesting
less than 5 �g/liter (mean, 0.7 �g/liter). At baseline, 22% had
spine BMD below �2 SD, 59% were overweight or obese, and
45% had serum total cholesterol more than 200 mg/dl. A sig-

nificant dose response was seen for percent increase in spine
BMD at 24 months (mean of 1.3%, 3.3%, and 5.2% in the placebo,
12.5-, and 25-�g/kg�d groups, respectively, P � 0.018). Both
GH-treated groups had similar changes in body composition
at 6 months (decreased fat mass, increased lean mass); how-
ever, some gains were subsequently lost in the lower dose
group. A significant decrease in low-density lipoprotein cho-
lesterol was seen only in the higher GH dose group. Signifi-
cant changes were not observed in quality of life and echo-
cardiographic measures. The groups were similar with regard
to adverse events and laboratory measurements, except for a
higher incidence of edema in the GH-treated groups.

We conclude that this dose-response study confirms the
benefits of GH-replacement therapy in GHD adults and indi-
cates that, to achieve treatment goals in younger adults,
higher doses may be needed than those generally used in older
adults. (J Clin Endocrinol Metab 88: 5273–5280, 2003)

DURING THE FOUR decades since therapy with GH
was begun, attention was directed initially at its use

to promote statural growth in children with GH deficiency
(GHD) and with short stature from other causes. Over the last
several years, however, GH treatment of adults who have
GHD has been shown to decrease their excess fat mass and
increase lean mass (1–6), increase bone mineral density
(BMD) (5–10), improve lipid profile (1, 11–14), and (in some
cases) improve quality of life (3, 13, 15, 16) and physical
performance (6, 12, 17).

Although considerable insight has been gained into the
use and benefits of GH therapy in short children and in
individuals with adult-onset GHD, information on the use of
GH in young adults who were treated for GHD as children
is more limited (2, 6, 12, 18–20). In particular, there is need
to determine the doses of GH that are appropriate to bridge
the interval between the completion of statural growth,
where relatively high doses are used (21), and the time in
mature adults at which lower doses are required to avoid
undesirable side effects. The present multicenter, double-
blind, placebo-controlled dosing study examines the effects
of GH replacement therapy in young adults (age � 35 yr)

who had been treated for GHD during childhood but had not
received therapy for at least 1 yr. The study participants were
randomized into one of three groups. The two active treat-
ment groups each received doses of GH less than those
usually administered to adolescents but greater than those
commonly prescribed for older adults. The third group re-
ceived daily placebo injections for the full duration of the
study. Observations on the effects of treatment or placebo
were made over a 2-yr period.

Subjects and Methods
Study design

This was a multicenter, randomized, double-blind, placebo-con-
trolled study performed at 12 centers in the United States and five
centers in Canada. The study consisted of a screening visit, baseline visit,
three-monthly visits to month 24, and a posttreatment visit 4–6 wk after
ending treatment.

Patient population

Study participants were young adults (39 males, 25 females) with
childhood-onset GHD who had received GH replacement therapy dur-
ing childhood, had reached their adult height, and had not received GH
treatment for at least 1 yr before enrollment. Some prospective partic-
ipants were invited to participate during their regular pediatric endo-
crinology clinic visits. Other former patients were invited by phone or
mail. Requirements for enrollment included a chronological age no more
than 35 yr, bone age at least 14 yr for females and at least 15 yr for males,
and a maximum serum GH concentration of less than 5 �g/liter in

Abbreviations: BMD, Bone mineral density; BMI, body mass index;
DEXA, dual-energy x-ray absorptiometry; GHD, GH deficiency; HbA1c,
glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; SDS, sd score.
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response to clonidine and l-dopa stimulation tests performed at screen-
ing. These tests were selected for two reasons: 1) their proven utility in
children; and 2) the reluctance of some investigators to administer the
insulin tolerance test. Of the 64 subjects, 54 were stabilized on l-T4, 34
on glucocorticoids, and 47 on sex steroid replacement, according to a
predetermined, standardized regimen, for at least 6 months before ini-
tiation of the study protocol. Individuals with a history of malignancy
(except for central nervous system tumors), chemotherapy or radiation
therapy within the previous 12 months, or diabetes mellitus were
excluded.

Randomization to ensure balance among the three treatment groups
was based on age, sex, height sd score (SDS), body mass index (BMI),
and need for hormone replacement therapy other than GH. An adaptive
randomization procedure that is a variation of the biased coin method
(22, 23) was used. The protocol was reviewed and approved by the
human-subject research committee of each of the participating centers,
and informed consent was obtained from each subject.

Study protocol

The participants were randomized to receive daily sc injections of
recombinant human GH (somatropin, Nutropin, Genentech, Inc.) at
doses of 25 �g/kg�d (0.175 mg/kg�wk; GH 25-�g group), or 12.5-�g/
kg�d (0.085 mg/kg�wk; GH 12.5-�g group), or injections of placebo. The
subjects in each group received one-half the indicated dose for the first
3 months of therapy. Placebo was provided as lyophilized excipient
identical in appearance to the active drug. Subjects returned to their
study center for evaluation every 3 months for the 24 months of treat-
ment. The participating investigators were blinded to whether the sub-
ject was receiving GH or placebo.

Total body fat and lean mass, trunk fat mass, total body BMD, and
lumbar spine BMD were measured every 6 months using dual-energy
x-ray absorptiometry (DEXA) scans. BMD z scores, standardized by age
and sex, were either provided by the Lunar Corp. (Madison, WI) or
calculated from a regression equation provided by Hologic, Inc.
(Waltham, MA). Skinfold thickness was determined using Lange cali-
pers at the biceps, triceps, subscapular, and suprascapular regions. The
values obtained at each site were then summed. Cardiac status was
assessed by echocardiography at baseline, 12 months, and 24 months,
and reviewed centrally by a blinded cardiologist. A battery of tests,
designed to access quality of life, included the Index of General Well-
Being, the Beck Depression Index (24), the State-Trait Anxiety Inventory
(25), the Trail Making Test, the Life Situation Survey (26), and the Rathus
Assertiveness Test. These tests were administered every 12 months by
a trained study coordinator at each center and reviewed centrally by a
psychiatrist. Because of the marked age-related differences in serum
IGF-I in this age group, IGF-I values before and during treatment were
converted to SDS values relative to normal individuals matched for age
and sex (27).

Safety was assessed by subject interview and physical examination at
each visit. Every 6 months, each subject had measurement of serum free
T4, TSH, total cholesterol, low-density lipoprotein (LDL) and high-den-
sity lipoprotein (HDL) cholesterol, serum chemistries (aspartate ami-
notransferase, alanine aminotransferase, total protein, albumin, alkaline
phosphatase, total bilirubin, lactate dehydrogenase, uric acid, sodium,
potassium, chloride, CO2), urinalysis, 2-hr glucose tolerance test (75 gm
glucose, orally), and glycosylated hemoglobin (HbA1c). These measure-
ments were performed centrally.

Statistics

Baseline characteristics were compared among the three groups, us-
ing the nonparametric Kruskal-Wallis and two-sided Fisher exact tests
(28). To maximize statistical power in one global test of treatment effect,
the nonparametric Jonckheere-Terpstra test (28) for monotone trend in
dose response was used to test between-group changes in BMD and
body composition. Testing for monotone trend in dose response deter-
mines whether the outcome increases (or decreases) as the dose increases
from placebo to GH 12.5 �g to GH 25 �g. For one subject in the placebo
group and one in the GH 25-�g group who were missing month-24 BMD
results, a conservative approach was taken, and month-18 results were
used.

Within treatment groups, the nonparametric Wilcoxon signed rank

test (28) on changes from baseline is reported. Because the Jonckheere-
Terpstra dose-response test is nonparametric, the nonparametric
Kruskal-Wallis and the Wilcoxon signed rank tests were used for con-
sistency instead of ANOVA and the paired t test, respectively. A Bon-
ferroni adjustment was made in the determination of statistical signif-
icance of the comparison at each time point to account for testing
multiple time points for each outcome measure, i.e. the significance level
was determined as 0.05 divided by the number of time points. Data
handling and statistical analyses were performed using SAS 6.12 and
Proc-StatXact for SAS Users (SAS Institute, Cary, NC) (29). Summary
statistics are reported as mean � sd, except where indicated.

Results
Characteristics of study patients at baseline

Sixty-four subjects (39 males, 25 females) from 17 centers
in the United States and Canada were randomized and
treated in one of the three treatment groups. Their mean age
at enrollment was 23.8 � 4.2 yr. Twenty-seven subjects were
survivors of intracranial tumors (craniopharyngioma, dys-
germinoma, meduloblastoma, or glioma), 23 had idiopathic
multiple pituitary hormone deficiency, and 12 had isolated
GHD. The subjects with multiple hormone deficiency and
those with isolated GHD were distributed equally among the
three study groups. Of the 64 subjects, 45 completed 2 yr of
treatment, whereas 19 (six placebo, four GH 12.5-�g group,
and nine GH 25-�g group) discontinued participation early
(Table 1). There was no significant between-treatment-group
difference in reason for early discontinuation (Table 1). The
treatment groups were similar with regard to age, sex, race,
etiology, duration since diagnosis of GHD, maximum stim-
ulated GH levels (0.7 � 0.5 �g/liter), height standardized for
age and sex, BMI and replacement therapy with thyroid
hormone, glucocorticoid, and sex steroid. The mean duration
since the completion of previous GH therapy was 5.6 � 3.2
yr, and this was similar among the groups.

At baseline, 80% of subjects had spine BMD values below
the mean for normal individuals matched for age and sex,
55% were below �1 sd, 22% were below �2 sd, and 12% were
below �3 sd (Fig. 1). Using the National Institutes of Health
categories for BMI (30), 41% of the subjects were overweight,
12% were obese, and 6% were extremely obese. Eighty-eight
percent (88%) had baseline serum IGF-I values below �2 sd
for age and sex, and 48% had values below �5 sd. Forty five
percent had a total cholesterol more than 200 mg/dl. Quality
of life and echocardiographic results were generally within
normal ranges at baseline.

TABLE 1. Patient accountability and reasons for early
discontinuation

Placebo
(n � 21)

GH 12.5-�g
group

(n � 20)

GH 25-�g
group

(n � 23)

Total
(n � 64)

Completed studya 15 16 14 45
Discontinued early

because of:b,c
6 4 9 19

Noncompliance 1 2 2 5
Lost to follow-up 1 0 2 3
Adverse event 2 0 2 4
Requested removal 2 2 3 7

Data represent number of patients.
a Completed study vs. early discontinuation, P � 0.38.
b Early discontinuation reason, P � 0.90.
c Number of months completed, P � 0.99.
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BMD and bone metabolism

A dose-related decline in lumbar spine BMD was observed
among the three groups between baseline and month 6 (P �
0.035; Fig. 2). The 6-month change was significant in the GH
25-�g group (P � 0.001). This was followed by a dose-related
increase, such that the change in BMD of the spine from

baseline to 24 months showed a significant dose response
(P � 0.018). The mean (�sd) percent change from baseline to
month 24 in spine BMD was 1.3 � 2.8% in the placebo group
(P � 0.18), 3.3 � 3.9% in the GH 12.5-�g group (P � 0.007),
and 5.2 � 4.7% in the GH 25-�g group (P � 0.001) (Fig. 2).
Changes in z scores for spine BMD between baseline and 24
months are shown in Table 2. Although there was a trend
toward an increase in total body BMD in the two GH-treated
groups, the dose response for change from baseline was not
statistically significant.

There was a significant dose response in serum alkaline
phosphatase among the three groups, for the change from
baseline at each time point (P � 0.0006, Fig. 3). The mean
alkaline phosphatase concentrations for the placebo group at
baseline, 12 months, and 24 months were 67 � 22, 63 � 20,
and 64 � 17 IU/liter, respectively. Mean levels of alkaline
phosphatase in the GH 12.5-�g group were increased from
baseline at month 6 (P � 0.002) and at month 12 (P � 0.03),
but they returned toward baseline thereafter. The values for
the GH 12.5-group at baseline, 12 months, and 24 months
were 77 � 34, 107 � 94, and 79 � 33 IU/liter, respectively.
In the GH 25-�g group, however, values remained greater
than baseline from months 6–24 (P � 0.002). The alkaline
phosphatase values in this group at baseline, 12 months, and
24 months were 73 � 20, 113 � 27, and 94 � 21 IU/liter,
respectively.

Body composition

Mean body weight and BMI increased slightly and simi-
larly in all three groups over the course of the study. How-
ever, GH treatment was associated with marked changes in
body composition and distribution of fat and lean mass,
which, in the long-term, was maintained better in the GH
25-�g group than in the GH 12.5-�g group (Fig. 4). At 12
months, the placebo group had an increase in total body fat
mass of 1.0 � 2.8 kg, whereas the GH 12.5-�g group lost 2.9 �
3.0 kg, and the GH 25-�g group lost a similar 2.8 � 4.2 kg.
However, at 24 months, a dose-related difference emerged,
with the placebo group gaining 2.3 � 3.4 kg of fat mass
(� 10.7 � 15.2% vs. baseline), the GH 12.5-�g group losing
0.7 � 4.8 kg (�1.4 � 20.1%), and the GH 25-�g group losing
3.7 � 3.6 kg (�18.1 � 15.2%). Similar trends were observed
for trunk mass, which includes the intraabdominal visceral
fat. Increases in the total body lean mass were similar in the
two GH treatment groups at 12 months and 24 months, with
the placebo group increasing lean mass by 3.1 � 5.7% vs.

FIG. 1. Baseline DEXA spine BMD z score, by age, for each patient.
The shaded area represents the normal range (mean � 2 SD). There
was no between-treatment group difference, P � 0.96.

FIG. 2. Percent change from baseline in spine BMD for those patients
with baseline and month-24 data (mean � SE). Dose response: month
0–6, P � 0.035; month 0–24, P � 0.018.

TABLE 2. Changes in spine BMD z score from baseline to month 24

Placebo
(n � 11)a

GH 12.5-�g group
(n � 11)

GH 25-�g group
(n � 14)a P value

Baseline �1.12 � 1.32 �1.34 � 1.36 �1.01 � 1.41 0.92b

Month 24 �1.04 � 1.18 �1.05 � 1.24 �0.61 � 1.30
Month 0–24 change 0.09 � 0.27 0.29 � 0.28 0.41 � 0.42 0.032c

P valued 0.28 0.013 0.0034

Data are mean � SD.
a Month-18 results were used for one subject in the placebo group and one subject in the GH 25-�g group who were missing month-24 results.
b For values among three treatment groups.
c For dose response.
d For change from baseline.
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baseline, the GH 12.5-�g group gaining 13.4 � 8.4%, and the
GH 25-�g group gaining 13.4 � 10.2%.

Body composition data were also analyzed in terms of total
percent fat mass and percent lean mass and trunk percent fat
mass. At baseline, there were no between-group differences
for trunk percent fat, total body percent fat, sum of skinfold
thicknesses, or total body percent lean mass. After the first
6 months of treatment, when the most marked changes in
body composition occurred, no differences between the two
GH groups were observed (Fig. 4). Subsequently, however,
some of the initial gains were lost, particularly among the
subjects receiving the 12.5-�g/kg�d dose, as shown for trunk
percent fat in Table 3. There were significant dose-related
changes in percent fat and percent lean mass from baseline
to months 6, 12, 18, and 24 (P � 0.001) (Fig. 4, A, B, and D).
For the GH 25-�g group, trunk and body percent fat de-
creased, and total body percent lean mass increased, from
baseline to months 6, 12, 18, and 24 (P � 0.001). Similar (but
less pronounced) changes occurred in the GH 12.5-�g group
(P � 0.05 at all time points except month 24). The placebo
group did not change from baseline (P � 0.09). The data
obtained by DEXA were corroborated by significant reduc-
tions in the sum of skinfold thicknesses in the GH 12.5-�g
group through month 12 and in the GH 25-�g group through
month 18; no change occurred in the placebo group (Fig. 4C).

Lipid profile

Subjects in the GH 25-�g group had significant decreases
in LDL cholesterol (P � 0.04) and LDL:HDL ratio through
month 12 (Fig. 5), whereas there were no significant changes
in the other groups. A significant dose response for the LDL:
HDL ratio was seen at months 6 and 12 (P � 0.006) but not
at month 24.

IGF-I

The mean IGF-I SDS of the GH 25-�g group increased
between baseline (�3.8 � 1.5) and month 6 (1.2 � 1.5) and
remained in the normal range for the duration of treatment
(P � 0.003 vs. baseline) (Fig. 6). In the GH 12.5-�g group,
mean IGF-I SDS increased between baseline (�5.2 � 2.6) and
month 6 (�0.6 � 1.5) and nearly reached the mean for nor-
mals at months 12 and 24. There also were significant dose-
dependent changes in the IGF-I SDS levels across treatment
groups (P � 0.003) except at month 9. In the placebo group,
the mean IGF-I SDS did not change from baseline (�3.7 � 1.7)
through month 24 (�4.2 � 2.4).

Quality of life and cardiac status

At baseline, 79% of the subjects scored in the normal or
asymptomatic category on the Beck Depression Index, 17%
scored in the mild-to-moderate depression range, and 3%
scored moderate-to-severe depression. There were no sig-
nificant between-treatment group differences at baseline in
the Index of General Well-Being, the Beck Depression Index,
the State-Trait Anxiety Inventory, the Trail Making Test, the
Life Situation Survey, or the Rathus Assertiveness Test, and
no between-group differences in changes from baseline were
seen during the study.

Echocardiography measures were normal at baseline, and
there were no statistically significant changes at 12 months
and 24 months in interventricular septal thickness, left ven-
tricular posterior wall thickness, left ventricular inner di-
mensions at the end of the diastole or systole, or percent
fractional shortening. Mean left ventricular mass increased in
the GH 25-�g group to month 24 (P � 0.010) but was un-
changed in the other two groups.

Safety findings

Similar numbers of most adverse events were reported in
the three groups. Edema was reported at least once by seven
patients in the 25-�g group, four in the 12.5-�g group, and
one in the placebo group. Arthralgia was reported by two
patients in the 25-�g group, two in the 12.5-�g group, and
one in the placebo group. Five patients discontinued partic-
ipation because of adverse events: two receiving placebo and
three receiving GH 25 �g. Among the latter three, one had
recurrence of pain in the right wrist and hand, similar to
previously diagnosed carpal tunnel syndrome; another dis-
continued because of excessive weight gain; and a third
elected to discontinue participation when trace glucose was
detected in his urine on one occasion. The remaining 14
patients who discontinued early did so for reasons of non-
compliance, lost-to-follow-up, or personal reasons for re-
questing removal from study.

Both doses of GH produced modest, but significant, in-
creases in fasting glucose values at 12 months and 24 months,
compared with baseline (Table 4). Two-hour post-oral glu-
cose load values, however, were not affected. Fasting insulin
values of the GH-treated patients also showed modest in-
creases after 12 months and 24 months (Table 4). However,
insulin values 2 h after an oral glucose load were not sta-
tistically higher than baseline.

FIG. 3. Change from baseline in serum alkaline phosphatase
(mean � SE) for those patients with baseline and month-24 data.
There was no between-treatment group difference in the actual values
at baseline, P � 0.52. P values are shown for dose response among the
three dose groups for the change from baseline to each visit.
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Mean HbA1c values did not change with GH treatment,
and no patient had a change greater than 0.8%. No clinically
significant changes occurred in measures of electrolytes or
tests of renal, liver, or thyroid function.

Discussion

There is a marked disparity between the relatively high
doses of GH used in GH-deficient children (25–50 �g/kg�d)
and adolescents (up to 100 �g/kg�d) and the lower doses
recommended for long-term therapy of adults with GHD
(starting dose of 0.15–0.3 mg/d; maintenance dose up to 1

mg/d) (31). In children, the principal criterion for dose se-
lection has been relatively empirical, with some modifica-
tions based on their statural growth response. Dose selection
among adults, however, has focused on raising serum IGF-I
values into the normal range while avoiding side effects.
Little attention has been directed at the transition from the
relatively large doses prescribed for growing children and
adolescents to the smaller doses tolerated by older adults.
This study focuses on the benefits and risks of GH therapy
among young adults, most of whom have multiple pituitary
hormone deficiencies. Our patients, after not receiving GH

FIG. 4. Changes (mean � SE) from baseline in trunk
percent fat (DEXA), total body percent fat (DEXA),
and sum of skinfold thicknesses and total body per-
cent lean (DEXA) for patients with baseline and
month-24 data. There were no between-treatment
group differences in the actual values at baseline,
P � 0.54. P values are shown for dose response
among the three dose groups for the change from
baseline to each visit. A, Mean trunk percent fat
decreased from 35.1% at baseline to 27.4% at month
24 in the GH 25-�g group, and from 38.3% to 34.6%
in the GH 12.5-�g group. B, Mean total body percent
fat decreased from 36.1% at baseline to 29.3% at
month 24 in the GH 25-�g group, and from 38.7% to
35.4% in the GH 12.5-�g group. C, Mean sum of
skinfold thicknesses decreased from 99.5 mm at
baseline to 87.1 mm in the GH 25-�g group, and from
97.3 mm to 91.2 mm in the 12.5-�g group. D, Mean
total body percent lean increased from 61.4% at
baseline to 68.0% at month 24 in the GH 25-�g
group, and from 58.6% to 61.9% in the GH 12.5-�g
group.

TABLE 3. Changes in trunk percent fat (by DEXA) from baseline to month 12 and month 24

Placebo
(n � 12)

GH 12.5-�g group
(n � 13)

GH 25-�g group
(n � 12) P value

Baseline 32.6 � 8.7 38.3 � 14.3 35.1 � 13.4 0.55a

Month 12 34.0 � 9.7 31.9 � 14.7 25.8 � 12.6
Month 24 35.2 � 8.7 34.6 � 13.8 27.4 � 12.3
Month 0–12 change �1.4 � 4.7 �6.5 � 5.4 �9.3 � 3.8 �0.00001b

P valuec 0.37 0.0014 �0.0006
Month 0–24 change �2.6 � 5.1 �3.8 � 6.6 �7.7 � 5.6 0.0001b

P valuec 0.09 0.059 0.0011

Data are mean � SD.
a For values among three treatment groups.
b For dose response.
c For change from baseline.
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for more than 1 yr, were confirmed to have persistent GHD
and were randomized into a 2-yr, placebo-controlled study
that included GH doses intermediate to those received dur-
ing childhood and those administered to most adults with
adult-onset GHD. Our results provide insight into the re-

sponse to and tolerance for these intermediate doses, show-
ing that they are well-tolerated by young adults and that
significant dose responses are evident among certain efficacy
variables.

Our rationale for using higher doses of GH in young adults
than are recommended for older adults is derived from the
dynamics of GH secretion observed through the life span.
GH (32, 33) and IGF-I (27, 34) concentrations in serum peak
during mid- to late-puberty, then begin a steady, protracted
decline. Thus, doses that are not tolerated by older individ-
uals with adult-onset GHD were well tolerated by the young
adults in our study and produced IGF-I values in the normal
range. The mean serum IGF-I values of those in the 12.5-�g
group approached the mean for normal individuals of the
same age, whereas the mean for the 25-�g group reached �1
sd. In contrast, excessive IGF-I SDS values are observed in
older patients in response to doses of GH similar to those
used here, possibly reflecting both a difference in sensitivity
to GH and the decline of the normal range for IGF-I with age.

Many of the patients had significantly reduced BMD at
baseline, despite having received GH treatment during child-
hood. This might result from a hormonal milieu during their
prior treatment that was not sufficient for accrual of normal
amounts of bone mineral (35), and/or the lack of GH for 1
or more years after growth was completed but during a
period when accumulation of bone mineral would have con-
tinued in GH-sufficient individuals. In the first months after
GH therapy is begun, bone mineral resorption predominates
over mineral disposition, as more bone remodeling units are
activated and the remodeling space is expanded (36–39). In
this regard, we observed a dose-related effect of GH, i.e.
subjects in the 25-�g group had a more pronounced dimi-
nution of BMD in the lumbar spine during the first 6 months
than those in the 12.5-�g group. Likewise, the accrual of bone
mineral beginning after the sixth month was more pro-
nounced in those receiving the higher dose, leading to a
significantly positive dose response at month 24. The lack of
a significant increase in BMD among the patients receiving
placebo indicates that GH is driving this process. In keeping
with the effect on spine BMD, we observe dose-related in-
crements in serum alkaline phosphatase, followed by a re-
turn to baseline at 24 months in the 12.5-�g group, but
evidence of persistence of the GH effect in the 25-�g group.
The mean increase in spine BMD of 5.2% in the 25-�g group
after 2 yr of GH therapy is similar to the findings of ter
Maaten et al. (6), who treated a similar group of GH-deficient
subjects with a comparable dose of GH. An additional 3 yr
of treatment in that study resulted in continued increases in
BMD of the spine and hip and in total body bone mineral
content.

Many studies report that replacement of GH in adults with
GHD reduces fat mass and increases lean mass (1–6). In the
first 6 months of therapy, we observe similar changes in body
composition at the two doses of GH used. Later, however, we
observe that much of the response is lost in the group re-
ceiving the lower dose, but not the group receiving the higher
dose, raising doubt about the long-term adequacy of the
12.5-�g dose.

GH treatment of adults with GHD has been reported to
improve quality of life (3, 13, 15, 16). We did not observe

FIG. 5. Change from baseline in LDL:HDL cholesterol ratio (mean �
SE) for those patients with baseline and month-24 data. There was no
between-treatment group difference in the actual values at baseline,
P � 0.85. P values are shown for dose response among the three dose
groups for the change from baseline to each visit.

FIG. 6. Serum IGF-I SDS (mean � SE) for patients with baseline and
month-24 data. The shaded area represents the normal range
(mean � 2 SD). There was no between-treatment group difference in
the actual values at baseline. P values are shown for dose response
among the three dose groups.
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significant effects among our patients. This may be related to
the fact that their test scores at baseline did not deviate
substantially from normal. Also, the number of subjects in
each treatment group may have been insufficient to show
effects of GH treatment on quality of life. It has also been
reported that adults with childhood-onset GHD are less
likely to experience improvement in their quality of life with
GH treatment than those with adult-onset disease (12). Sub-
jects preselected for abnormal quality of life measures at
baseline would likely have derived greater benefit from treat-
ment. Selection of such patients, however, was not part of the
design of this study.

Using echocardiography, we did not observe changes in
cardiac structure or function. Cardiac hypertrophy, as seen
in acromegaly, is a safety concern with chronic treatment
with GH in adults. Long-term studies have thus far not
produced any evidence for progressive increases in cardiac
mass or other echocardiographic changes (6, 13). Regardless
of the direct effects of GH on cardiac structure and function,
reports of decreases in carotid intima-medial thickness (13,
40, 41) may point to a benefit to the cardiovascular system.

Evidence for the safety of the larger (25 �g/kg�d) dose
includes the observations that the occurrence of side effects
detected by clinical examination was generally not increased
and glucose homeostasis was not disrupted. The higher in-
cidence of edema in the active treatment groups might have
been attenuated by a more gradual titration of dose, as is
commonly done in practice (18). Recent concerns regarding
elevated IGF-I levels and long-term oncogenic risk support
the need to monitor IGF-I concentrations in serum during
treatment, especially during dose titration and periodically
thereafter as patients grow older.

The results of our study provide a step toward defining the
appropriate GH dose for young adults with GHD. Dose-
response studies, such as this one, help define requirements
by age, based on both efficacy and safety endpoints, and lead
us to conclude that, once growth is complete, it is not ap-

propriate to shift immediately from the higher doses of GH
commonly used for children and adolescents to those rec-
ommended for older adults. Importantly, this study indicates
that a dose response exists for BMD and body composition
endpoints that generally becomes evident only after approx-
imately 2 yr of treatment.

The results of this and other studies suggest that at least
a 5-fold variation in dose requirement may exist among
adults. The gradual decline of serum GH and IGF-I as adults
age (27, 32–34) suggests that parallel adjustments in GH dose
may be appropriate. More study is needed in young adults
to define other determinants of dose, including any sex-
related differences in response, and the influence of various
forms of estrogen therapy (42, 43).

Acknowledgments

We thank the study coordinators at each study center and members
of the clinical research and biostatistics departments at Genentech. We
specifically thank James Wilson and Lecia Shaffer of Clinimetrics and
Bernice Welles, James Frane, and Joyce Kuntze at Genentech.

Consultants who helped design and review data in their area of
expertise were: Ingela Schnittger (cardiology), Lawrence Koran (psy-
chiatry), Hologic Medical Data Management; and Andrew Poznanski
(radiology), Kevin Yarasheski (physical performance), and Ronen
Roubenoff (DEXA).

Received February 7, 2003. Accepted July 30, 2003.
Address all correspondence and requests for reprints to: Louis E.

Underwood, M.D., Department of Pediatrics, University of North Caro-
lina School of Medicine, CB no. 7039, Chapel Hill, North Carolina 27599.
E-mail: louis_underwood@med.unc.edu.

This study was supported by Genentech, Inc.
The investigators who participated in this study as part of the Ge-

nentech Collaborative Study Group are: Steven Chernausek, Children’s
Hospital Medical Center, Cincinnati, OH; Heather Dean, Children’s
Hospital, Winnipeg, Manitoba; Mitchell Geffner, Mattel Children’s Hos-
pital at University of California Los Angeles, Los Angeles, CA; Ronald
Gotlin, The Children’s Hospital, Denver, CO; Raymond Hintz, Stanford
University Medical Center, Stanford, CA; Nancy Hopwood, University
of Michigan Medical Center, Ann Arbor, MI; Morris Jenner, Children’s
Hospital of Western Ontario, London, Ontario; Khalil W. Khoury, Cen-

TABLE 4. Glucose metabolism: changes in fasting and postprandial glucose, insulin, and HbA1c

Baseline Month 12 Month 24

Fasting glucose (mg/dl)
Placebo (n � 14) 84 � 10 91 � 18 88 � 12
GH 12.5-�g group (n � 16) 79 � 8 85a � 9 90a � 13
GH 25-�g group (n � 14) 85 � 7 94a � 13 90a � 11

Postprandial glucose (mg/dl)
Placebo (n � 14) 105 � 18 102 � 26 108 � 34
GH 12.5-�g group (n � 14) 100 � 26 103 � 22 102 � 22
GH 25-�g group (n � 12) 101 � 34 114 � 35 118 � 38

Fasting insulin (mU/liter)
Placebo (n � 14) 7 (3-18) 8b (4-12) 9 (3-19)
GH 12.5-�g group (n � 14) 9 (4-15) 11a,b (4-20) 10a (3-39)
GH 25-�g group (n � 13) 10 (3-45) 20a,b (6-165) 14a (5-53)

Postprandial insulin (mU/liter)
Placebo (n � 13) 32 (7-164) 28 (9-144) 21 (11-169)
GH 12.5-�g group (n � 14) 52 (28-91) 61 (12-159) 52 (14-178)
GH 25-�g group (n � 14) 42 (5-134) 46 (14-490) 59 (4-334)

HbA1c (% total hemoglobin)
Placebo (n � 14) 5.3 � 0.4 5.4 � 0.3 5.3 � 0.2
GH 12.5-�g group (n � 15) 5.1 � 0.3 5.1 � 0.3 5.2 � 0.3
GH 25-�g group (n � 11) 5.3 � 0.4 5.6 � 0.3 5.5 � 0.6

Data for glucose and HbA1c are mean � SD. Data for insulin are median (range).
a Change from baseline, P � 0.03.
b Dose response for change from baseline, P � 0.00001.

Underwood et al. • GH Dose-Response in Childhood-Onset Adult GHD J Clin Endocrinol Metab, November 2003, 88(11):5273–5280 5279

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/11/5273/2656480 by guest on 10 April 2024



tre Hospitalier Universitaire de Sherbrooke, Sherbrooke, Quebec; Andre
Lacroix, Research Centre of Hotel-Dieu de Montreal, Montreal, Quebec;
Stephen LaFranchi, Oregon Health Sciences University, Portland, OR;
Wayne V. Moore, University of Kansas Medical Center, Kansas City, KS;
Paul Saenger, Montefiore Medical Center, Bronx, NY; Julio V. Santiago,
St. Louis Children’s Hospital, St. Louis, MO; Francois Szots, Centre
Hospitalier de L’Universite Laval, Ste.-Foy, Quebec; Louis Underwood,
University of North Carolina School of Medicine, Chapel Hill, NC;
David Wyatt, Medical College of Wisconsin, Milwaukee, WI.

References

1. Salomon F, Cuneo RC, Hesp R, Sonksen PH 1989 The effects of treatment with
recombinant human growth hormone on body composition and metabolism
in adults with growth hormone deficiency. N Engl J Med 321:1797–1803

2. Jorgensen JO, Pederson SA, Thuesen L, Jorgensen J, Ingemann-Hansen T,
Skakkebaek NE, Christiansen JS 1989 Beneficial effects of growth hormone
treatment in GH-deficient adults. Lancet 1:1221–1225

3. Bengtsson BA, Eden S, Lonn L, Kvist H, Stokland A, Lindstedt G, Bosaeus
I, Tolli J, Sjostrom L, Isaksson OG 1993 Treatment of adults with growth
hormone (GH) deficiency with recombinant human GH. J Clin Endocrinol
Metab 76:309–317

4. Hansen TB, Vahl N, Jorgensen JO, Christiansen JS, Hagen C 1995 Whole
body and regional soft tissue changes in growth hormone deficient adults after
one year of growth hormone treatment: a double-blind, randomized, placebo-
controlled study. Clin Endocrinol (Oxf) 43:689–696

5. Baum HB, Biller BM, Finkelstein JS, Cannistraro KB, Oppenhein DS,
Schoenfeld DA, Michel TH, Wittink H, Klibanski A 1996 Effects of physi-
ologic growth hormone therapy on bone density and body composition in
patients with adult-onset growth hormone deficiency. A randomized, placebo-
controlled trial. Ann Intern Med 125:883–890

6. ter Maaten JC, de Boer H, Kamp O, Stuurman L, van der Veen EA 1999
Long-term effects of growth hormone (GH) replacement in men with child-
hood-onset GH deficiency. J Clin Endocrinol Metab 84:2373–2380

7. Vandeweghe M, Taelman P, Kaufman JM 1993 Short and long-term effects
of growth hormone treatment on bone turnover and bone mineral content in
adult growth hormone-deficient males. Clin Endocrinol (Oxf) 39:409–415

8. O’Halloran DJ, Tsatsoulis A, Whitehouse RW, Holmes SJ, Adams JE, Shalet
SM 1993 Increased bone density after recombinant human growth hormone
(GH) therapy in adults with isolated GH deficiency. J Clin Endocrinol Metab
76:1344–1348

9. Johannsson G, Rosen T, Bosaeus I, Sjostrom L, Bengtsson BA 1996 Two years
of growth hormone (GH) treatment increases bone mineral content and density
in hypopituitary patients with adult-onset GH deficiency. J Clin Endocrinol
Metab 81:2865–2873

10. Finkenstedt G, Gasser RW, Hofle G, Watfah C, Fridrich L 1997 Effects of
growth hormone (GH) replacement on bone metabolism and mineral density
in adult onset of GH deficiency: results of a double-blind placebo-controlled
study with open follow-up. Eur J Endocrinol 136:282–289

11. Cuneo RC, Salomon F, Watts GF, Hesp R, Sonksen PH 1993 Growth hormone
treatment improves serum lipids and lipoproteins in adults with growth hor-
mone deficiency. Metabolism 42:1519–1523

12. Attanasio AF, Lamberts SW, Matranga AM, Birkett MA, Bates PC, Valk NK,
Hilsted J, Bengtsson BA, Strasburger CJ 1997 Adult growth hormone (GH)-
deficient patients demonstrate heterogeneity between childhood onset and
adult onset before and during human GH treatment. Adult Growth Hormone
Deficiency Study Group. J Clin Endocrinol Metab 82:82–88

13. Gibney J, Wallace JD, Spinks T, Schnorr L, Ranicar A, Cuneo RC, Lockhart
S, Burnand KG, Salomon F, Sonksen PH, Russell-Jones D 1999 The effects
of 10 years of recombinant human growth hormone (GH) in adult GH-deficient
patients. J Clin Endocrinol Metab 84:2596–2602

14. Colao A, di Somma C, Cuocolo A, Spinelli L, Tedesco N, Pivonello R,
Bonaduce D, Salvatore M, Lombardi G 2001 Improved cardiovascular risk
factors and cardiac performance after 12 months of growth hormone (GH)
replacement in young adult patients with GH deficiency. J Clin Endocrinol
Metab 86:1874–1881

15. McGauley GA, Cuneo RC, Salomon F, Sonksen PH 1990 Psychological well-
being before and after growth hormone treatment in adults with growth
hormone deficiency. Horm Res 33(Suppl 4):52–54

16. Burman P, Broman JE, Hetta J, Wiklund I, Erfurth EM, Hagg E, Karlsson FA
1995 Quality of life in adults with growth hormone (GH) deficiency: response
to treatment with recombinant human GH in a placebo-controlled 21-month
trial. J Clin Endocrinol Metab 80:3585–3590

17. Jorgensen JO, Thuesen L, Muller J, Ovesen P, Skakkebaek NE, Christiansen
JS 1994 Three years of growth hormone treatment in growth hormone-
deficient adults: near normalization of body composition and physical
performance. Eur J Endocrinol 130:224–228

18. Bengtsson BA, Abs R, Bennmarker H, Monson JP, Feldt-Rasmussen U,
Hernberg-Stahl E, Westberg B, Wilton P, Wuster C 1999 The effects of treat-
ment and the individual responsiveness to growth hormone (GH) replacement

therapy in 665 GH-deficient adults. KIMS Study Group and the KIMS Inter-
national Board. J Clin Endocrinol Metab 84:3929–3935

19. Vahl N, Juul A, Jorgensen JO, Orskov H, Skakkebaek NE, Christiansen JS
2000 Continuation of growth hormone (GH) replacement in GH-deficient
patients during transition from childhood to adulthood: a two-year placebo-
controlled study. J Clin Endocrinol Metab 85:1874–1881

20. Koranyi J, Svensson J, Gotherstrom G, Sunnerhagen KS, Bengtsson B, Jo-
hannsson G 2001 Baseline characteristics and the effects of five years of GH
replacement therapy in adults with GH deficiency of childhood or adulthood
onset: a comparative, prospective study. J Clin Endocrinol Metab 86:4693–4699

21. 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. Ge-
nentech, Inc., Cooperative Study Group. J Clin Endocrinol Metab 85:3653–3660

22. Efron B 1971 Forcing a sequential experiment to be balanced. Biometrika
58:403–417

23. Frane J 1998 A method of biased coin randomization: its implementation and
validation. Drug Information Association 32:423–432

24. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J 1961 An inventory for
measuring depression. Arch Gen Psychiatry 4:561–571

25. Spielberger CD 1983 Manual for the state-trait anxiety inventory (form Y).
Palo Alto: Consulting Psychologists Press

26. Clayton KS, Chubon RA 1994 Factors associated with the quality of life of
long-term spinal cord injured persons. Arch Phys Med Rehabil 75:633–638

27. Juul A, Bang P, Hertel NT, Main K, Dalgaard P, Jorgensen K, Muller J, Hall
K, Skakkebaek NE 1994 Serum insulin-like growth factor-I in 1030 healthy
children, adolescents, and adults: relation to age, sex, stage of puberty, tes-
ticular size, and body mass index. J Clin Endocrinol Metab 78:744–752

28. Hollander M, Wolfe DA 1973 Nonparametric statistical methods. New York:
John Wiley and Sons

29. Mehta C, Patel N 1997 Proc-StatXact for SAS users. Cambridge: CYTEL Soft-
ware Corporation

30. NHLBI Obesity Education Initiative Expert Panel 1998 Clinical guidelines on
the identification, evaluation, and treatment of overweight and obesity in
adults. Bethesda: National Institutes of Health: National Heart, Lung and
Blood Institute

31. 1998 Consensus guidelines for the diagnosis and treatment of adults with
growth hormone deficiency: summary statement of the Growth Hormone
Research Society workshop on adult growth hormone deficiency. J Clin En-
docrinol Metab 83:379–381

32. Vermeulen A 1987 Nyctohemeral growth hormone profiles in young and aged
men: correlation with somatomedin-C levels. J Clin Endocrinol Metab 64:
884–888

33. Zadik Z, Chalew SA, McCarter Jr RJ, Meistas M, Kowarski AA 1985 The
influence of age on the 24-hour integrated concentration of growth hormone
in normal individuals. J Clin Endocrinol Metab 60:513–516

34. Hilding A, Hall K, Wivall-Helleryd IL, Saaf M, Melin AL, Thoren M 1999
Serum levels of insulin-like growth factor I in 152 patients with growth hor-
mone deficiency, aged 19–82 years, in relation to those in healthy subjects.
J Clin Endocrinol Metab 84:2013–2019

35. de Boer H, Blok GJ, van Lingen A, Teule GJJ, Lips P, van der Veen EA 1994
Consequences of childhood-onset growth hormone deficiency for adult bone
mass. J Bone Miner Res 9:1319–1326

36. Parfitt AM 1988 Bone remodeling: relationship to the amount and structure
of bone, and the pathogenesis and prevention of fractures. In: Riggs BL, Melton
LJ, eds. Etiology, diagnosis, and management. New York: Raven Press; 45–93

37. Bravenboer N, Holzmann P, de Boer H, Roos JC, van der Veen EA, Lips P
1997 The effect of growth hormone (GH) on histomorphometric indices of bone
structure and bone turnover in GH-deficient men. J Clin Endocrinol Metab
82:1818–1822

38. Ohlsson C, Bengtsson BA, Isaksson OG, Andreassen TT, Slootweg MC 1998
Growth hormone and bone. Endocr Rev 19:55–79

39. Attie KM 2000 The importance of growth hormone replacement therapy for
bone mass in young adults with growth hormone deficiency. J Pediatr Endo-
crinol Metab 13(Suppl 2):1011–1021

40. Pfeifer M, Verhovec R, Zizek B, Prezelj J, Poredos P, Clayton RN 1999
Growth hormone (GH) treatment reverses early atherosclerotic changes in
GH-deficient adults. J Clin Endocrinol Metab 84:453–457

41. Borson-Chazot F, Serusclat A, Kalfallah Y, Ducottet X, Sassolas G, Bernard
S, Labrousse F, Pastene J, Sassolas A, Roux Y, Berthezene F 1999 Decrease
in carotid intima-media thickness after one year growth hormone (GH) treat-
ment in adults with GH deficiency. J Clin Endocrinol Metab 84:1329–1333

42. Cook DM, Ludlam WH, Cook MB 1999 Route of estrogen administration
helps to determine growth hormone (GH) replacement dose in GH-deficient
adults. J Clin Endocrinol Metab 84:3956–3960

43. Janssen YJH, Helmerhorst F, Frolich M, Roelfsema F 2000 A switch from oral
(2 mg/day) to transdermal (50 �g/day) 17�-estradiol therapy increases serum
insulin-like growth factor-I levels in recombinant human growth hormone
(GH)-substituted women with GH deficiency. J Clin Endocrinol Metab 85:
464–467

5280 J Clin Endocrinol Metab, November 2003, 88(11):5273–5280 Underwood et al. • GH Dose-Response in Childhood-Onset Adult GHD

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/11/5273/2656480 by guest on 10 April 2024


