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Abstract

Objective: To evaluate the long-term evolution of cardiovascular parameters, lipid metabolism, body composition and bone mass in
untreated and treated adult growth hormone deficient patients (AGHD) comparing the differences between the two groups and
within each group.

Design: Seventy-one AGHD-patients were enrolled; 48 received growth hormone (GH) therapy: treated group (TG) and 23 received
no GH therapy: control group (CG). In the TG, 22 were childhood-onset (CO) GH-deficient patients, 18—44 years (12 males) and 26
were adult-onset (AO) GH-deficient patients, 27-66 years (10 males). In the CG, 10 patients were AGHD-CO, 20-43 years (8 males)
and 13 were AGHD-AO, 25-70 years (8 males). For patients in the TG, GH was administered at a starting dose of 0.1 mg/day,
adjusted to maintain IGF-I levels between 0 and 2 SDS for gender and age. At baseline and during the 4th year of replacement
therapy or follow-up, the following parameters were evaluated: body mass index, waist circumference, blood glucose, total choles-
terol, HDL-cholesterol, LDL-cholesterol, triglycerides, total cholesterol/HDL-cholesterol ratio, systolic and diastolic blood pres-
sure, 2-D echocardiogram with mitral Doppler, bone mineral density (total body, lumbar spine, and femoral neck), bone
mineral content (BMC) and body composition.

Results: In the TG, there was a decrease in diastolic blood pressure (—4.0 + 1.8 mmHg, p < 0.035) and an increase in blood glucose
levels (0.58 4= 0.19 mmol/L, p <0.025), bone mineral content (0.2 + 0.0 kg, p <0.015) and bone mineral density of lumbar spine
(0.3£0.1 SDS, p <0.015) and femoral neck (0.4 £ 0.1 SDS, p <0.001). All other variables did not show significant changes in
any of the two groups. At year 4, changes (delta) differed between patients in the TG and those in the CG with regard to cholesterol
levels (TG: —0.27 £ 0.16 mmol/L, CG: 0.34 4 0.23 mmol/L, p < 0.045), blood glucose (TG: 0.58 4 0.19 mmol/L, CG: —0.12 &
0.19 mmol/L, p <0.025) and BMC (TG: 0.2 £0.0 g, CG: 0.0 £0.0 g, p <0.015). An assessment of the changes in variables over
time, with and without therapy, considering CO and AO separately, revealed a significant difference in total cholesterol levels during
year 4 in CO patients CO (TG: —0.28 # 0.25 mmol/L and CG: 0.84 £ 0.25 mmol/L, p < 0.015). No differences related to the time of
onset of GHD were found in changes in the remaining variables studied. There were no differences related to gender, GHD etiology
or the presence of other pituitary hormone deficiencies in the evolution of the parameters analyzed.

Conclusions: Our 4-year study in GH deficient adults showed significant beneficial effects on some cardiovascular risk parameters
and BMC in treated patients. However, there are still unsettled issues regarding long-term benefits and these patients should be care-
fully monitored.

© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The clinical and biochemical abnormalities in adults
with growth hormone (GH) deficiency are well known.
They involve mainly the cardiovascular system, lipid
metabolism, body composition, mineral metabolism
and quality of life [1,2]. Many studies have demon-
strated that these abnormalities may be reversed by
GH replacement therapy [3-6]. As GH deficiency
(GHD) is in general an irreversible condition, it is essen-
tial to know whether the beneficial effects obtained from
replacement therapy in relatively short periods continue
in the long term [7]. This is a complex analysis, since
many of the parameters evaluated change with age
and with changes in the socioeconomic status over time,
even in normal subjects. For this reason, to evaluate
long-term results of GH therapy, it is also necessary to
compare data on the evolution of patients on replace-
ment therapy for all the pituitary axes, other than the
somatotropic axis [8].

Therefore, we thought it would be interesting to
conduct this study to evaluate a group of GH-replaced
patients and a group of GH-untreated hypopituitary
adults over a period of 4 years. Thus, we were able
to assess the evolution of both groups comparing the
differences between the two groups and within each
group, in an attempt to minimize the changes related
to time.

2. Patients and methods
2.1. Patients

Seventy-one patients with AGDH were enrolled.
Forty-eight patients received GH therapy and consti-
tuted the treated group (TG). The remaining 23 patients
received no GH therapy and constituted the control
group (CG). The patients in the untreated group
received no treatment because of their refusal to receive
medication and/or for economic reasons.

Of the 48 patients in the TG (mean + SEM: 38.2 +
1.8 years) , 22 were childhood-onset (CO) GH-deficient
patients with an age range between 18 and 44 years
(10 females and 12 males) and 26 were adult-onset
(AO) GH-deficient patients with an age range between
27 and 66 years old (16 females and 10 males). The eti-
ologies of GHD for AGHD-CO were: idiopathic
(n=13); craniopharyngioma (n = 5); perinatal trauma
or asphyxia, meningitis, cholesteatoma, and pinealoma

(n=1 each). GHD etiologies for AGHD-AO were:
non-functioning pituitary tumor (rn = 7); prolactinoma
(n=15); Sheehan’s syndrome (n=15); craniopharyn-
gioma (n = 2); pituitary epidermoid cyst, oligodendro-
glioma, Cushing’s disease, pituitary granuloma,
hypophysitis, empty sella, and idiopathic (n =1 each).

Of the 23 patients in the CG (mean + SEM: 42.7 +
3.6 years), 10 were AGHD-CO with an age range
between 20 and 43 years (2 females and 8 males) and
13 were AGHD-AO with an age range between 25 and
70 years (5 females and 8 males). The etiologies of
GHD for AGHD-CO were: idiopathic (n = 6); perinatal
trauma or asphyxia (n = 2); craniopharyngioma and
empty sella (n =1 each). GHD etiologies for AGHD-
AO were: non-functioning pituitary tumor (n = 6); pro-
lactinoma and Cushing’s disease (n = 2 each); disgermi-
noma, myoblastoma and postsurgical hypoxia (n =1
each).

Isolated GH deficiency was found in 4/48 patients in
the TG and in 1/23 patients in the CG, while all other
patients had multiple pituitary hormone deficiencies.

The diagnosis of AGHD was made by the insulin tol-
erance test (ITT) and in patients in whom this test was
contraindicated, an arginine test was performed. In
patients with isolated deficiency and in idiopathic
patients, both tests were performed. Only patients with
severe GH deficiency, defined by a peak GH response
< 0.14 pmol/L to the ITT and < 07 pmol/L for the argi-
nine test, were enrolled.

Patients in the TG received GH at a starting dose of
0.1 mg/day, adjusted to maintain IGF-I levels between 0
and 2 SDS for gender and age. In the AGHD-CO group,
the maintenance dose (mean and range) was 0.52 mg/
day (0.17-1.07) in females and 0.33 mg/day (0.13-0.67)
in males; in the AGHD-AO group, the maintenance
dose was 0.38 mg/day (0.13-0.8) in females and
0.31 mg/day (0.13-0.67) in males. In the AGHD-CO
group, 19 patients had received GH therapy in child-
hood, but had discontinued such therapy at least 1 year
before their enrollment in the study.

All patients in the TG and the CG with any other
hormone deficiency received appropriate replacement
therapy. All females with estrogen deficiency were trea-
ted mainly with oral estrogens (90%), except in cases of
menopause or contraindicated estrogen therapy.

Written informed consent was obtained from all
patients, and the Ethical and the Education and
Research Committees approved the study. The study
was conducted according to the Declaration of Helsinki
IT and the Guidelines for Good Clinical Practice.
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2.2. Evaluated parameters

At baseline and during the 4th year of replacement
therapy in the TG or of follow-up in the CG, the follow-
ing evaluations were performed:

(a) Anthropometric parameters: Body mass index
(BMI) and waist circumference.

(b) Carbohydrate and lipid metabolism: Blood glucose,
glycosylated hemoglobin (Hb A1C), total choles-
terol, HDL-cholesterol, LDL-cholesterol, triglyc-
erides and total-cholesterol/HDL-cholesterol
ratio.

(c) Cardiologic evaluation: Systolic and diastolic blood
pressure (BP), 2D echocardiogram with mitral
Doppler (Esaote Model AU3). Diastolic function
(A/E waves ratio and deceleration time), systolic
function (ejection fraction) and cardiac mass index
(CMD).

(d) Bone mineral density of lumbar spine, femoral
neck and total body, bone mineral content and
body composition (percentages of lean and fat
mass) analyzed with Lunar DPX-L densitometer
(DEXA).

2.3. Assays

Two different assays were used to determine plasma
levels of GH. First, an IRMA-Magnetic Solid Phase
was used (Serono Maia Clone, Milan, Italy), calibrated
against the 1st IRP 66/217. Then, a two-site chemilumi-
nescent enzyme immunometric assay (ICMA, Immulite,
Diagnostic Products Corporation, Los Angeles, USA)
was used, calibrated against the WHO IRP 80/505.
The equation for the linear regression line comparing
the two methods was log y =0.9069 logx + 0.3172,
where x was the IRMA and y was the ICMA (r:
0.9523). Serum IGF-I level was measured using IRMA
after acid—ethanol extraction (Diagnostic Systems Labo-
ratories, Inc., Webster, TX, USA). Age- and sex-
adjusted IGF-I values were obtained from a reference
population obtained from blood donors: 384 serum
samples from healthy adults (191 males and 193 females)
with an age range between 18 and 70 years. The individ-
ual IGF-I SD scores (SDS) could then be calculated [9].

2.4. Statistical methods

Baseline variables and characteristics were compared
between the TG and the CG using the Chi-square test
(categorical data) and the 7-test (numeric data).
Changes after therapy (TG) and follow-up (CG) are
expressed as changes from baseline for each group
(delta) and analyzed by a repeated-measures ANOVA
or Wilcoxon’s test when distributions were not normal.

The effect of each variable was studied, as well as its
interaction with changes over time with and without
therapy, considering the effect of the other variables
using a factorial ANOVA. The variables analyzed in
both groups were: time of onset of GHD (CO vs.
AO), gender, GHD etiology (organic vs. idiopathic)
and presence of other pituitary hormone deficiencies
(isolated deficiency vs. multiple deficiency).

Values are expressed as mean + standard error of the
mean or median (interquartile range) when a non-para-
metric test was used for comparison.

SPSS software, version 10.1 (SPSS Inc, Chicago, II,
USA) was employed.

3. Results

Clinical characteristics of both groups are depicted in
Table 1. No significant differences in age and clinical
characteristics were observed between the two groups.

Baseline evaluation of the various variables studied in
both groups showed statistically significant differences in
blood glucose levels (TG: 4.46 +0.09 mmol/L, CG:
4.83 + 0.13 mmol/L, p <0.025) without any difference
in glycosylated hemoglobin (TG: 5.3 £0.8%, CG:
5.3 £0.7%, p =0.659). There were, also, differences in
bone mineral density (BMD) total Z-score (TG:
—1.0£0.2, CG: 0.0 £ 0.4, p <0.015). No significant dif-
ferences were found in the remaining variables studied
(Table 2).

At baseline, IGF-1 levels were 5.11 nmol/L (0.92—
20.04) in the TG and 6.03 nmol/L (2.10-23) in the
CG. These levels, expressed as SDS, correspond to
—4.54 + 0.42 and —3.59 4 0.44, respectively. No signif-
icant differences were found in IGF-1 levels between
the two groups. Chronological age was 42.7 + 3.6 years
in the TG and 38.2 + 1.8 years in the CG (p = NS).

Table 3 shows the changes from baseline in the vari-
ous variables after therapy or follow-up (delta) in the
treated and control groups, respectively. In the TG,
there was a significant decrease in diastolic blood pres-
sure (p <0.035) and an increase in blood glucose
(p <0.025), bone mineral content (p <0.015) and bone
mineral density of lumbar spine (p <0.015) and femoral
neck (p <0.001). In the CG, there was a tendency to

Table 1
Clinical characteristics of control group and treated group patients

Control group  Treated group p

Age (year) 42.74+3.6 382+1.8 0.273
Weight (kg) 71.5+4.1 67.5+2.8 0.417
Height (cm) 160.5+2.5 1589+ 1.7 0.612
Body mass index (kg/m?) 275+1.2 26.4+0.7 0.424
Waist circumference (cm) 949 +29 88.0 +2.0 0.051
Hip circumference (cm) 101.5+2.9 99.8 £1.7 0.591

Values expressed as mean + SEM.
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Table 2
Comparison of baseline values between the control group and the treated group
Control group Treated group P

Sistolic BP (mm Hg) 1257+ 3.1 120.2 £ 2.1 0.143
Diastolic BP (mm Hg) 81.3+1.8 774+ 1.6 0.132
Total cholesterol (mmol/L) 5.38 +£0.19 5.63+0.19 0.438
HDL cholesterol (mmol/L) 1.18 £ 0.08 1.27 £0.07 0.456
Total cholesterol/HDL ratio 4.8 (2.5-9.8) 4.2 (2.2-14.2) 0.775
LDL cholesterol (mmol/L) 335+0.23 3.52+0.19 0.599
Triglycerides (mmol/L) 1.72 (0.60-4.42) 1.48 (0.54-10.19) 0.868
Glucose (mmol/L) 4.83+0.13 4.46 £+ 0.09 <0.025
Fat mass (%) 33.5+2.0 362+ 1.3 0.260
Lean mass (%) 63.1£19 60.3+1.2 0.237
Lumbar spine BMD (SDS) -1.0+04 —-1.3+0.2 0.605
Femoral neck BMD (SDS) —-0.7+0.4 -1.2+£0.2 0.210
Total BMD (SDS) —-0.0+04 -1.0+0.2 <0.015
BMC (kg) 24+0.1 22+0.1 0.137
Shortening fraction (%) 404+14 42.1+0.7 0.263
Left ventricular mass index (g/m?) 84.1 £9.1 79.2+4.2 0.583
Ejection fraction (%) 652 +2.6 60.7 £ 1.1 0.084
E/A waves 1.4+0.1 1.6 £0.1 0.171
Deceleration time (cm/s) 1949 +17.1 185.1+54 0.501

Values expressed as mean + SEM except for C/HDL and triglycerides expressed as median and interquartile range.

Table 3
Changes after follow-up (Control group) and therapy (Treated group) expressed as changes from baseline for each group (delta)

Control group P Treated group p
Systolic BP (mm Hg) —-0.9+3.5 0.81 —38+2.5 0.15
Diastolic BP (mm Hg) -354+24 0.16 —40+1.8 <0.035
Total cholesterol (mmol/L) 0.34 +0.23 0.15 —0.27 +£0.16 0.10
HDL cholesterol (mmol/L) 0.09 +0.06 0.13 0.06 +0.07 0.37
Total cholesterol/HDL ratio 0.2 (=2.7to —1.7) 0.87 —0.2 (—-10.2 to —8.4) 0.19
LDL cholesterol (mmol/L) 0.33 £0.27 0.24 —0.21 £0.21 0.32
Triglycerides (mmol/L) 0.11 (—3.19 to 12.42) 0.21 —0.07 (—=6.29 to — 1.92) 0.32
Glucose (mmol/L) —0.12+0.19 0.54 0.58 +0.19 <0.025
Fat mass (%) —-02+13 0.86 —-1.8+0.9 0.06
Lean mass (%) 0.6+ 1.0 0.57 1.54+0.9 0.11
Lumbar spine BMD (SDS) 0.3+0.1 0.053 0.3+0.1 <0.015
Femoral neck BMD (SDS) 0.2+0.2 0.50 0.4+0.1 <0.001
Total BMD (SDS) 0.1+0.2 0.52 0.1+0.1 0.59
BMC (kg) —-0.0£0.0 0.31 0.2+0.0 <0.015
Shortening fraction (%) —2.6+22 0.27 09+0.8 0.27
Left ventricular mass index (g/m?) 1.0+3.9 0.80 —-0.0+3.9 0.99
Ejection fraction (%) —234+9.6 0.83 1.1+23 0.65
E/A waves 0.0+0.1 0.74 —0.1£0.1 0.48
Deceleration time (cm/s) —8.9+159 0.60 —-7.8+7.8 0.33

Values expressed as mean - SEM except for C/HDL and triglycerides expressed as median and interquartile range.

increase in bone mineral density of the lumbar spine
(p = 0.053). All other variables did not show significant
changes in any of the two groups.

After therapy (TG) and follow-up (CG), IGF-1 levels
were 28.16 nmol/L (1.27-48.47) and 5.76 nmol/L (0.79—
31.44), respectively. These levels, expressed as SDS,
correspond to 0.36 £ 0.25 and —4.5 £ 0.8, respectively
(p <0.0001). At the year 4 analysis, changes differed
statistically between patients in the TG and those in
the CG with regard to cholesterol levels (TG: —0.27 £+
0.16 mmol/L, CG: 0.34 & 0.23 mmol/L, (p <0.045),

and BMC (TG: 0.2 £0.0 g, CG: 0.0+ 0.0 g, p <0.015).
Blood glucose changes were statistically different
(TG: 0.58 +0.19 mmol/L, CG: —0.12 £ 0.19 mmol/L,
p < 0.025) with no difference in glycosylated hemoglobin
(TG: 4.8 £ 0.6%, CG: 5.4 4+ 0.5%, p = 0.258).

An assessment of the changes in variables over time,
with and without therapy, considering CO and AO sep-
arately, revealed a significant difference in total choles-
terol levels during year 4 in CO patients (TG:
—0.28 + 0.25 mmol/L and CG: 0.84 + 0.25 mmol/L,
p <0.015). No differences related to the time of onset
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Table 4

Changes after follow-up (Control group) and therapy (Treated group) in childhood onset (CO) and Adult onset (AO) GHD patients

Control group CO AO

Treated group CO AO

Sistolic BP (mm Hg) 4.5+42
Diastolic BP (mm Hg) 7.5+£3.7
Total cholesterol (mmol/L) 0.84 +0.25
HDL cholesterol (mmol/L) 0.12+0.10
Total Cholesterol/HDL ratio 0.24+0.5
LDL cholesterol (mmol/L) 0.71 £0.31
Triglycerides (mmol/L) 0.41 £0.21
Glucose (mmol/L) -0.22+£0.32
HbA, ¢ (%) 0.0 +£0.7
Fat mass (%) -1.1+1.7
Lean mass (%) 1.1+1.7
Lumbar spine BMD (SDS) 04+0.1
Femoral neck BMD (SDS) 04+0.6
Total BMD (SDS) 03+02
BMC (kg) ~0.1£0.1
Shortening fraction (%) —-2.2+3.1
Left ventricular mass index (g/m?) 22+56
Ejection fraction (%) —20+ 18
E/A waves 0.14+0.2
Deceleration time (cm/s) -3.6+t21.4

—1.9+53 8.6+44 —-03+27
04+28 5.6+3.1 27+19
—0.16 +0.30 —0.28 £0.25 —0.26 £0.21
0.07 +0.07 0.06 4 0.09 0.06 £ 0.10
—0.1+04 —-1.1+£0.7 —0.3+0.6
0.0+ 0.40 —0.07 +£0.32 —0.32+0.28
1.10 +1.32 —0.72 £ 0.64 —0.35+0.23
—0.03+0.24 0.28 +0.18 0.87 +0.31
—-04+02 —-0.9+0.2 —0.1+0.2
03+1.8 -2.0+1.6 —-1.6+0.9
03+1.3 1.3+1.6 1.6+0.8
0.3+0.2 0.5+0.2 0.1 +0.1
0.0£0.1 0.5£0.2 04£0.2
0.1+0.2 0.0+0.2 02+0.2
0.0£0.0 0.3£0.1 0.1 £0.1
—-33+33 1.3+1.2 0.6+ 1.1
-1.9+0.2 6.8+t54 —57£53
6.5+6.5 —-2.0+29 32433
—-0.1£0.2 —0.1+0.2 —0.1£0.1
—22.0+22.0 —-153+12.9 -1.24+94

Values expressed as mean + SEM.
* p<0.015 vs. CO control group.

of GHD were found in changes in the remaining vari-
ables studied (Table 4). There were no significant differ-
ences related to gender, GHD etiology or the presence of
other pituitary hormone deficiencies in the evolution of
the parameters analyzed.

4. Discussion

There are still many controversies over the benefits of
GH replacement therapy in AGHD patients in the med-
ium and long term. This becomes more evident when the
various parameters studied are analyzed separately [10—
13]. In order to know the actual efficacy of long-term
GH therapy, the gold standard would be to conduct ran-
domized, double-blind and placebo-controlled trials [8].

From a practical viewpoint, it is almost impossible to
conduct these studies for long periods. Hence, only a few
reports have been published of long-term controlled tri-
als in a significant number of patients [14-16].

In this first study in Argentinean population, we ana-
lyzed the evolution of clinical, metabolic, bone, cardio-
vascular and body composition parameters, on both,
GH-treated and non-treated AGHD patients followed
during 4 years. It is worth noting that patients on GH
therapy received individualized doses to maintain serum
IGF-I levels appropriate for gender and age.

In our study, the evaluation of cardiovascular param-
eters showed changes in diastolic BP, with a statistically
significant decrease of 4 mmHg in treated patients. This
finding is consistent with a publication by Maison et al.,
who in an important metaanalysis also reported

improved diastolic BP with a weighted mean difference
of —1.80 mmHg [15]. It is worth noting that only 1/48
patients of the treated group was taking antihyperten-
sive medication at the time of enrollment in the study,
therefore its relationship with the results obtained is
highly unlikely.

As regards lipid profile, we found a significant
improvement in total cholesterol levels in treated
patients. It should be noted that this improvement was
observed in the AGHD-CO subset of patients and not
in AGHD-AO patients. In a previous study (data not
published) where we analyzed only the childhood-onset
subset of patients, we also found an improvement in
total cholesterol, accompanied by an increase in lean
mass unrelated to the obesity parameters evaluated.

Our study showed a trend towards a decrease in fat
mass with no changes in BMI or waist circumference.
The beneficial effects of GH therapy on body composi-
tion have been reported in many studies [17-20]. How-
ever, these results must be interpreted with caution,
since they involve a relatively low number of patients
when follow-up periods are long [8,21]. Furthermore,
many of these trials are uncontrolled. In addition, dur-
ing long-term follow-up in open-label trials, eating hab-
its, physical activity and the socioeconomic status of
patients may change, which might contribute to changes
in the final outcome that cannot be easily weighed.

As regards bone densitometry findings, it is interest-
ing to highlight the increase in lumbar and femoral
BMD in treated patients. However, patients in the con-
trol group also showed some improvement in the lumbar
spine. Therefore, caution is required in the interpreta-
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tion of these results. Anyway, the increase in BMC, seen
only in treated patients, is consistent with reports from
various studies, some of them being long-term trials
[22,23]. Different degrees of impairment of bone mass
and structure have been reported, depending not only
on GH therapy but also on the association with other
pituitary deficiencies and their treatment [24]. In this
regard, it have shown that, even if both isolated GHD
patients and those with multiple deficiencies had a severe
impairment of bone mineral content, the prevalence of
fractures was markedly increased in patients with multi-
ple deficiencies [24]. The different variables studied
(BMC, areal BMD and volumetric BMD) also contrib-
ute to the discrepancies in the interpretation of results
among different investigations. In most studies, both
BMD and BMC have been used; however, prospective
studies have based their fracture predictions mainly on
BMD [25,26]. Measurement by DEXA includes bone
mass and projected surface area and uses both parame-
ters to calculate areal BMD. This measurement, in fact,
underestimates volumetric density when the size of
bones is small. Therefore, we should be cautious when
drawing conclusions, since some AGHD-CO patients,
particularly those with poor treatment during child-
hood, have short stature with a severely reduced areal
BMD and normal volumetric BMD [24]. Finally, results
obtained should also be analyzed considering the dura-
tion of treatment, since a three-phase effect of GH on
BMD has been reported: a decrease during year 1, a sus-
tained increase during a period of up to 5 years, and a
subsequent stable plateau [22].

There is a known relationship between GH therapy
and alterations in glucose tolerance, and even diabetes
[27]. However, GH effects on fasting glucose and insulin
vary among different studies [15]. The action on carbo-
hydrate metabolism could be explained by the antagonic
effect of GH on insulin. However, it has been published
that the administration of low fixed doses of GH
(0.1 mg/day) improves insulin sensitivity and could have
a beneficial effect, reducing the risk of type 2 diabetes in
adults with severe GHD [28]. Different studies show, in
general, that the mean glucose concentration remains
within normal ranges [15]. In our study, in patients
under GH therapy, baseline blood glucose levels signif-
icantly increased, remaining within normal ranges. As
patients in the TG had significantly lower blood glucose
levels at baseline, the increase in year 4, though signifi-
cant, resulted in blood glucose levels that did not differ
statistically between the TG and the CG. No significant
differences were found in glycosylated hemoglobin levels
at year 4 between these two groups. Anyway, it should
be noted that, in terms of cardiovascular morbidity,
the consequences of an increase in fasting glucose levels
have not been defined yet, but a positive correlation has
been established between blood glucose levels and the
occurrence of cardiovascular events in the short term,

even below the diabetes threshold [29,30]. The analysis
of published data has shown that males are more sensi-
tive to the effect of GH on insulin sensitivity [15]. Even if
in this study we could not measure insulin concentra-
tions throughout follow-up or treatment, we have not
found gender-related differences in blood glucose levels.

In conclusion, our 4-year study in GH deficient adults
on GH replacement therapy vs. untreated GH deficient
adults showed significant beneficial effects on some car-
diovascular risk parameters and BMC. Even if we have
not found deleterious effects on glucose, we cannot rule
out the possibility of alterations of the carbohydrate
metabolism in a larger number of patients or in a longer
follow-up period. In spite of the fact that GH replace-
ment therapy has been in use for almost two decades,
there are still unsettled issues regarding its long-term
benefits and GH-treated patients should be carefully
monitored. Finally, it should be noted that the number
of AGHD patients under treatment and long-term fol-
low-up in Argentina, and even throughout South Amer-
ica, is still relatively low. However, the results obtained
from our study are similar to the findings published in
papers worldwide.
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