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Since the effects of recombinant human growth hormone (rhGH) replacement therapy on glucose metabolism are still a
matter of debate, the aim of the present study was to evaluate the impact of long-term rhGH treatment on insulin sensitivity.
Simple indices of insulin resistance (IR) and insulin sensitivity (IS), based on fasting glucose and insulin, such as the
homeostasis model assessment of insulin resistance (HOMA-IR) and the quantitative insulin check index (QUICKI), were used
to estimate the degree of IR and IS in 20 normoglycemic patients (11 men and 9 women; mean age, 44 + 14 years) with severe
adult-onset GH deficiency (GHD). Measurements were determined at baseline and after 1 and 5 years of continuous rhGH
therapy. Basal values were compared to those obtained in 20 healthy sex- and age-matched controls. Starting rhGH dose
ranged from 3 to 8 ug/kg/d in keeping with sex and age, then doses were titrated according to insulin-like growth factor-I
(IGF-1) levels. At baseline all patients had low IGF-I levels (10 + 5.4 nmol/L), high body mas index (BMI; 27.5 + 4 kg/m?), and
elevated body fat percentage (BF%; 31.8 + 9.6). Fasting glucose and insulin levels, as well as HOMA-IR and QUICKI, did not
differ significantly from those recorded in the control group. After 1 year of rhGH replacement therapy, normalization in IGF-I
levels and a significant reduction in BF% were observed (P < .001), and these effects were maintained after 5 years of
treatment. Fasting glucose increased from 79 + 10 to 87 + 13, and 87 = 12 mg/dL (P < .05) after 1 and 5 years of therapy,
respectively. Fasting insulin significantly increased after 1 year, without further modifications in the long-term follow-up.
HOMA-IR significantly increased from 2.1 = 1.7 to 2.5 = 1.7 (P < .05) after 1 year, then decreased to 2.3 = 1.5 (P = not
significant [NS] v basal) after 5 years. A specular decrease in QUICKI from 0.37 + 0.05 to 0.34 + 0.03 (P < .01) occurred after
1 year, with a trend to increase (0.35 = 0.04; P = NS v basal) after 5 years. No patient developed impaired fasting glucose. In
conclusion, rhGH therapy determined an increase in fasting glucose and insulin levels, causing in the short-term period a
worsening of IS. The sustained reduction in BF%, without further deterioration of IS, suggests that long-term beneficial
effects on body composition may overcome the negative influence of GH on glucose metabolism.
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ROWTH HORMONE deficiency (GHD) in adults is a
well-defined clinical syndrome characterized by several
metabolic alterations, such asincreased body fat (BF), impaired
physical performance, altered lipid profile, and insulin resis-
tance (IR). Recombinant human GH (rhGH) replacement ther-
apy has been shown to reverse many of the above-mentioned
alterations. The role of GH as an important regulator of me-
tabolism has been well established.12 However, the effects of
rhGH treatment of GHD adults on glucose metabolism are till
matter of debate. Short-term studies (<12 months) mainly
reported a deterioration of insulin sensitivity (1S).3-5 Long-term
trials (from 30 months to 10 years) mostly showed that, after
this initial worsening, insulin sensitivity returned toward base-
line values.-9 By contrast, some studies reported that 1S during
rhGH treatment was still lower than at baseline.19-11 Moreover,
al long-term studies examined small numbers of patients (10 to
12 subjects).
The aim of the present study is to evaluate the long-term
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impact of 5 years of rhGH treatment on IS, using simple and
validated indices such as the homeostasis model assessment of
insulin resistance (HOMA-IR) and the quantitative insulin
check index (QUICKI).

MATERIALS AND METHODS
Subjects

Twenty normoglycemic patients (11 men and 9 women; mean age,
44 + 14 years, body mass index [BMI], 27.5 + 4 kg/m?) with
adult-onset GHD were studied. The diagnosis of GHD was made on the
basis of a peak response of serum GH less than 3 ug/L to a GH
provocative test (insulin tolerance test or arginine + growth hormone—
releasing hormone [GHRH]) as previously reported.i2 All of the pa-
tients showed insulin-like growth factor-1 (IGF-1) levels under the
lower limit of the age-related reference range. Five patients had a
history of clinically nonfunctioning pituitary adenoma, 5 prolactinoma,
9 craniopharyngioma, and 1 meningioma. In all patients, GHD was one
of multiple pituitary hormone deficiencies, appropriately substituted.
Twenty sex- and age-matched healthy subjects were studied as a
control group for basal evaluation of HOMA-IR and QUICKI. Starting
rhGH dose ranged from 3 to 8 wg/kg/d in keeping with sex and age,
then it was individually titrated according to the combination of serum

The final dose, after the titration, was 0.3 = 0.1 mg/d.

Procedures

Investigations were performed at baseline and after 1 and 5 years of
therapy. Evaluated parameters included: IGF-I, body fat percentage
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noassay (RIA) method supplied by Mediagnost, Tilbingen, Germany,
sensitivity 0.01 nmol/L, and the intra- and interassay coefficients of
variation were 3.2% and 7.4%, respectively. Body composition was
evaluated by whole body bioelectrical impedance analysis (BIA), using
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Fig 1. Basal comparisons: pa-
rameters of IR (HOMA) and IS 1
(QUICKI) in 20 controls and 20
patients with GHD.

a portable impedance analyzer (RJL Systems, Detroit, MI), following
the manufacturer’s instructions. BF% was calculated using Segal’s
regression equation3 and the results were compared with those re-
ported by Pichard et a4 in normal subjects matched for age and sex.
Fasting glucose was measured with standard technique. Insulin con-
centration was assessed with an immunoenzymatic one-step assay
(Medgenics Diagnostics, Fleurus, Belgium; sensitivity, 0.15 mU/L). IR
was determined using the HOMA-IR and QUICKI methods, computer-
solved indices based on fasting serum insulin (FI) and glucose concen-
trations (FG). The formulae are as follows: HOMA-IR = FI (mU/L) X
FG (mmol/L)/22.5 and QUICKI = 1/[log FG (mg/dL) + log FI
(mU/L)].1516 HOMA-IR can be used to predict the degree of IR, while
QUICKI is an index of IS.

Satistical Analysis

Basal comparisons between GHD patients and controls were per-
formed using Student’s t test for unpaired data. Differences before and
after treatment values (1 and 5 years of therapy) were sought using
1-way repeated-measures analysis of variance (ANOVA). After check-
ing the Gaussian distribution of the data, the level of significance was
then determined using Student’s paired t test. P < .05 was considered
significant. Data are expressed as the mean = SD.

RESULTS

At basdline, all patients showed IGF-1 levels under the nor-
mal range for age, high BMI, and elevated BF%. Fasting
glucose and insulin values, as well as HOMA-IR and QUICKI,
did not significantly differ from those recorded in the control
group (Fig 1). None of the 20 patients showed adverse reactions
or side effects during rhGH therapy. Baseline and post-treat-
ment values are listed in Table 1.

After 1 year of rhGH replacement therapy IGF-I levels
significantly increased, normalizing in all patients, and BF%
significantly decreased (P < .01). Fasting blood glucose and
insulin significantly increased, along with a significant increase
of HOMA-IR and a specular and significant decrease of
QUICKI. No patient developed impaired fasting glucose.

At the fifth year, IGF-1 levels were still in the normal range
for age and BF% further decreased. Fasting glucose was still
significantly higher than at baseline, while fasting insulin
showed a trend to decrease and was not significantly different
form baseline. Again, no patient showed impaired fasting glu-
cose. Consistently with the sustained reduction in BF%, both
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HOMA-IR and QUICKI showed atrend to return towards basal
values (Fig 2).

DISCUSSION

The results of the present study demonstrate that rhGH
therapy, at the doses used to achieve normal IGF-I levels, does
not cause IR. In fact, despite the transient worsening of IS, in
the long-term, along with a further reduction of BF%, both
HOMA-IR and QUICKI tended to return to baseline.

The problem of IR during rhGH therapy in adult patients is
still open and relevant. rhGH treatment of GHD adults is now
well indicated and widely used, and patients have to undergo
life-long therapy; thus, the importance of surveillance of ad-
verse events is manifest. Many studies have been performed to
establish the effect of rhGH on glucose metabolism in GHD
adults, but there is no agreement, with some reports showing
increased and other unchanged IR. The reasons for these dis-
crepancies may be related to either the different rhGH doses
employed or different study protocols or the various methods
used to evaluate glucose tolerance. Moreover, long-term trials
examined small groups of patients (no more than 10 to 12
subjects).

The present report evaluates the long-term effects (5 years)
of rhGH therapy on glucose metabolism in a considerable
number of subjects (20 patients). Our results are in agreement
with those reported in the literature, describing a short-term
deterioration of IS, followed by a subsequent return to baseline.
In fact, in short-term studies, rhGH replacement therapy has

Table 1. Metabolic Parameters Before and After 1 and 5 Years of
rhGH Therapy

Basal 1 Year 5 Years
IGF-I (nmol/L) 84+4.4 24.8 = 9.6* 22.2 = 8.0*
BF% 34.4+10.9 32.3 £9.2% 29.9 £ 9.4*
BMI (kg/m?) 275+ 4.0 27.9 £ 44 27.2 £45
FBG (mg/dL) 76.6 = 9.9 86.8 = 12.7* 87.3 £ 12*
FI (mU/L) 9.5+ 8.7 11.4 = 7.5% 1174

Abbreviations: BF, body fat; FBG, fasting blood glucose; Fl, fasting
insulin.
*P < .05 v basal.
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Fig 2. Modifications of BF%, HOMA, and QUICKI during rhGH
replacement therapy. *P < .05 v basal values.

induced an increase in fasting blood glucose and insulin#10.17.18
and a reduction in 1S.41011 This short-term deterioration in
glucose tolerance may be partly due to the relatively high doses
used in previous studies, still based on body weight (from 7 to
12 pg/kg/d). Hence, the reported short-term increase of IR may
be a consequence of supraphysiological rhGH treatment. This
hypothesis is well supported by at least 2 interesting studies.
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The first, by Yuen et al,1° compared the effect of 2 physiolog-
ical rhGH doses (intermediate: 3.3 wo/kg/d; low: 1.7 pwo/kg/d)
with a standard replacement dose (8 wg/kg/d) in healthy adults.
This study was conducted over 7 days, and IS and beta-cell
function were calculated by HOMA.. The authors demonstrated
that the lower the rhGH dose was, the less IS was impaired,
with an improvement of IS, especialy in males, with lower
doses. The second study, by Bilow and Erfurth,2° examined the
effect of alow individualized GH dose (~6 ng/kg/d) in young
patients with childhood-onset GHD, and found that 9 months
rhGH treatment caused no significant deterioration of glucose
tolerance.

Few long-term studies (>12 months) evaluating glucose
tolerance have been published. Estimated by the oral glucose
tolerance test (OGTT) and the insulin clamp technique, unal-
tered glucose tol erance has been demonstrated after 3to 7 years
of treatment689.21 and unaltered fasting glucose and insulin
after up to 10 years of treatment.” In all of these studies no
more than 10 to 12 subjects received long-term rhGH replace-
ment therapy. There is also a report describing a small but
significant improvement in 1S after 12 months of GH replace-
ment therapy. However, the selected patients were lean (mean
BMI, 22.8 kg/m?) and young (mean age, 29.5 years), and thus
less prone to develop IR.22

The initial worsening of 1S observed in long-term trials may
be partly due to the supraphysiological doses used in the
titration period.

The mechanisms by which rhGH therapy induces IR are
complex and not yet fully understood; they may be at least
partially explained by its lypolitic action. GH increases lipid
oxidation and free fatty acids (FFA) availability. According to
the glucose-FFA cycle postulated by Randle et al,23 these
increased FFA concentrations may decrease the uptake of glu-
cose in skeletal muscle. Later studies have confirmed the in-
verse relationship between circulating FFA and IS in GHD
adults using a blocker of FFA release, acipimox.2425

The long-term improvement of IS may reflect the beneficial
effects of rhGH on body composition. In fact, rhGH replace-
ment therapy has been shown to induce a sustained increase in
lean mass and a sustained decrease in fat mass. In our series of
patients the reduction in BF% was significant and progressive
during the whole study period.

In conclusion, long-term rhGH replacement therapy, at the
doses used to achieve IGF-I levels in the middle of the normal
range, does not determine IR, suggesting that the positive and
persistent effect of rhGH in reducing BF% may overcome the
negative influence of GH on glucose metabolism. The present
data, obtained in a large group of patients, are encouraging
about the safety of long-term rhGH replacement therapy.
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